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DAMAGE DETECTION IN BEAMS USING VIBRATION CHARACTERISTICS
(CHAN POAN HU HONG TRONG KET CAU DAM SU DUNG CAC PAC TRUNG DAO

DPONG)

Chi-Khai Nguyenl’z, Vi-Khang Tranl’z, Tran-De-Nhat Truongl’z, Duc-Duy Ho'*’
"Ho Chi Minh City University of Technology (HCMUT), 268 Ly Thuong Kiet Street, District 10, Ho Chi Minh City,

Vietnam

? Vietnam National University Ho Chi Minh City, Linh Trung Ward, Thu Duc City, Ho Chi Minh City, Vietnam

* Corresponding author: hoducduy@hcmut.edu.vn

Abstract

In this paper, three methods are presented to detect the damage in beam-like structures using vibration
characteristics: natural frequency change-based method, mode shape change-based method, and mode
shape curvature change-based method. A steel beam is simulated and analysed vibration with undamaged
and damaged cases by SAP2000 software, in which damage is created by reducing the bending stiffness of
the beam element. In detecting the damage's occurrence, the mode shape change-based method shows
higher accuracy than the natural frequency change-based method. Additionally, the mode shape curvature
change-based method, which is used for identifying the damage location, is also proposed in this study.
Finally, a damage threshold and a damage index are proposed to evaluate the accuracy of the method.

Keywords: damage detection, natural frequency, mode shape, mode shape curvature, vibration

1. INTRODUCTION

Nowadays, beam-like structures are common in civil
infrastructures. Due to the beam's important roles, it is
necessary to detect and reinforce the damage in beam-like
structures early. This effort ensures the structure’s safety,
reduces unfortunate accidents for humans, and minimizes
economic losses. Therefore, Structural Health Monitoring
(SHM) has received significant attention and development
from researchers. In particular, studies related to the
application of vibration characteristics (frequency, mode
shape) for the purpose of detecting damage have been
researched since the 1970s and are now widely applied in
the field of SHM (Adams et al. (1978) [1], Pastor et al.
(2012) [2], Wahab et al. (2023) [3]...)

In this paper, the vibration characteristics-based detection
method is proposed to identify the damage's occurrence and
location in beam-like structures. The methods based on the
change of the natural frequency and the mode shape (Modal
Assurance Criteria index) are the simplest method for
practical applications to warn of the occurrence of damage
in the structure. Moreover, the damage location is detected
through the mode shape curvature change-based method.
The steel beam is simulated and analysed vibrations with
undamaged and damaged states via SAP2000 software.
When damage occurs in the beam, it results in a change in
the bending stiffness. Additionally, the bending stiffness
has a proportional relationship with the elastic modulus (£)
and the moment of inertia (/). Due to this relationship, the
damage case is simulated by reducing the beam element’s
bending stiffness. This study has four main works. Firstly,
vibration characteristics (natural frequency and mode
shape) are collected in undamaged and damaged cases by
SAP2000 software. Secondly, the occurrence of the damage
is evaluated by changes in the natural frequency and the

mode shape (MAC). Thirdly, the mode shape curvature
change-based method is used for identifying the damage
location. Finally, a damage threshold and a damage index
are proposed to evaluate the accuracy of the mode shape
curvature change-based method.

2. METHODOLOGY
2.1. Natural frequency change-based method

According to Adams et al. (1978) [1], with damaged or
undamaged states, the natural frequencies can be obtained
variously. The damaged structure has a natural frequency
less than the natural frequency of the undamaged structure.
Based on that change, the occurrence of the damage is
detected. The change in frequency is expressed as shown in

Equation (1):
If — £l

Af% = x 100% (1)

where Af% is the percentage change in natural frequency
(%). f and f* are the natural frequency in undamaged and
damaged cases of the beam (Hz), respectively.

Based on the percentage change of the natural frequency
Af(%) in mode shape, we can evaluate the damage's
occurrence in the steel beam. If damage occurs, the
percentage change of the natural frequency Af% will be
different from 0.

2.2. Mode shape change-based method

MAC (Modal Assurance Criteria) index is a formula that
indicates the difference of mode shapes in undamaged and
damaged cases [2]. If the MAC value is less than "1", it
signifies the occurrence of the damage in the beam. MAC
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index is expressed as shown in Equation (2):
IS (padilexdil”

MAC(4,X) =
4.5 (IZ 1 toa)l®) (IZ2 tox3l*)

(2)

where A and X are structural models in the undamaged case
and damaged case, respectively. MAC(A, X) reflects the
correlation between two mode shapes, which are obtained
from undamaged and damaged states. ¢4 and ¢y are
displacement vectors of undamaged and damaged models,
respectively.

2.3. Mode shape curvature change-based method

According to Pandey et al. (1991) [4], when damage occurs,
resulting in a change in the mode shape curvature.
Therefore, the mode shape curvature, which is used for
detecting the damage location, is calculated by using a
central difference approximation algorithm. The formula is
shown below:

i+1— 20+ iy
potintht? ®

where: o ) .
¢!" : The second derivative of the displacement vector i‘";

¢; :The displacement vector i‘";

¢;_, : The displacement vector (i — 1)t%;
¢;41 : The displacement vector (i + 1)¢%;
h : The length of the beam's element.

2.3.1. Proposed damage threshold

The damage threshold Zo, which is calculated as a percentage
of the largest Z; index in beams, is proposed to identify the
damage zones, as follows:

. Z; = Zy: element beam ith is damaged.

. Z;< Zy: element beam ith is undamaged.
0.08 Case 1 ‘e R cal Damage Zone
0.07 s Damage Detection Zone - = Z0=50%Zmax

= == Zo0=10%Zmax = == Zo=20%Zmax
0.06 Zo = 30%Zmax Zo= 40%Zmax
0.05 - = Zo=60%Zmax - = Zo=70%Zmax
Soo4 T TSI Z =tE = s B e S
003 v = o o f——) g oo
0.02
001 B e e e e e
0

0 0.19 0.38 0.57 0.76 0.95 1.14 1.33 1.52 1.71 1.9
Beam length (m)

Figure 1. The damage index chart

In this study, the damage threshold is surveyed according to
the following levels Zg = 10%Zmax ; - . . ; 70%Zmax.
Finally, the damage threshold Z( = 50%Zmayx is used for
detecting the damage zone and evaluating the accuracy of the
detection method (Fig. 1).

Z()

L L N O

0 019 038 057 076 095 L14 133 152 171 19
Beam length (m)
Figure 2. Convention of the damage detection zone and

real damage zone
2.3.2. Damage index

Damage index is defined as the ratio of the damage
detection zone within the real damage zone to the actual
damage zone's length, as shown in Fig. 2. This index is used
for evaluating the method's accuracy, the formula is shown
below:

predict

A= % x 100% (4)

dam

where L%ﬁiff is the damage detection zone's length
within the length of the actual damage zone. L'2% is the

real damage zone's length (Fig. 2).

2.3.3. Influence of boundary condition

For the ends of the beam boundary, the data of nodes i-/ and
i+] are not available for the left boundary and right
boundary nodes, respectively. According to Ho et al. (2018)
[5], for the free and hinged conditions, determining data at
two end nodes according to the principle of symmetry as
follows:

o The left boundarynode : ¢;—1 = —41.
o Theright boundary node : ¢;41 = —¢;_1.

3. NUMERICAL VERIFICATION
3.1. Beam model

This study considers a steel beam, span L = 19 m,
rectangular cross-section 7 =20 mm, b= 150 mm. The beam
has the following material properties: elastic modulusE =
2.06 x 10> MPa, mass density p = 7850 kg/m?, Poisson’s
coefficient u = 0.3. In the finite element model, the beam is
divided into 20 elements and 21 nodes (Fig. 3).

1330
1140

1
"
e %)

DREE@EIEI@EGWEE3E s {4920
234567891011121314151617181920521
N wim

N Xy
1900 Nodes

Element beams
-

A

Figure 3. Finite element model of the simply supported
beam

The damage cases are investigated by reducing the bending
stiffness of the beams at different locations. Assume that the
it" element has a 10% decrease (or damage index = 0.1) in
bending stiffness, i.e. (ED)jth = 0.9(El)undamaged. The

damage is simulated by reducing the bending stiffness of the
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beam element with 6 damage cases as shown in Table 1.

Table 1. Damage scenarios

Damage case Damage Damage index
element (%)

Case 0 0 0
Case 1 12th 10

Case 2 12th 30

Case 3 12th 50

Case 4 6th 12th 20, 50

Case 5 6th 10

Case 6 6th 12th 50, 50

3.2. Natural frequency

To check the accuracy of the simulation, the natural
frequencies of the intact beam are compared with the results
calculated from the analytic theory [6]. The comparison
results are presented in Table 2. In addition, with each
damage case, the natural frequency peaks have deviation and
are shown in Fig. 4.

Table 2. Natural frequency (Hz) comparison between this
study and analytic theory (Case 0)

f}liezrt)]uency This study tﬁ::gt[lg] 3}gerence
Mode 1 12.867 12.869 0.015
Mode 2 51.446 51.477 0.060
Mode 3 115.667 115.823 0.135
Mode 4 205.403 205.907 0.246

In accordance with the results presented in Table 2, natural
frequency values obtained from the numerical simulation
and the analytic theory are almost identical, indicating that
the SAP2000 model is highly reliable. For Mode 1 and Mode
2 of Case 0, there is nearly no difference between thetwo
methods when it approaches zero. The number of elements
affects the accuracy of the result, the finer the division, the
more accurate the result. In engineering problems, the results
with less than 5% difference are acceptable. The more severe
the damage, the lower the vibration frequency. In all mode
shapes, the vibration frequency decreases corresponding to
the increasing tendency of the damage index.

Table 3. Natural frequency (Hz) with different damage

cases
Mode Case 1 Case 2 Case 3 Case 4 Case S Case 6
1 12.800 12.615 12.299 12.219 12.826 11.987
2 51.388 51.223 50.950 50.319 51.175 48.632
3 115.306 114.317 112.716 112.328 115.492 111.339
4 204.691 202.807 199.938 199.663 205.265 198.895

225
200
175
150
125
100

@ACase 0 BCasel
mCase2 OCase3
Case4 @HECase5

~
W

W
(==

Natural frequency (Hz)

N
W

(=]

Mode 2 Mode 3
Figure 4. Natural frequencies with damage cases

3.3. Mode shape

S
S

Case 6
— — -Case 0

—

Modal amplitude
[=E = - ]
N W

(=}

0 0.19 0.38 0.57 0.76 0.95 1.14 1.33 1.52 1.71 1.9
Beam length (m)

Figure 5. The 1 mode shape

Generally, the half-sine shape in the first mode of the beam
in all damage cases is identical, consistent with the simply
supported beam vibration theory. The larger the damage is,
the larger the deviation in the mode shape between two cases
is.

0.4

3 Case 6
02 |——-Case0
§ ase /
g 0
o
E -02
[=] —_—
= 0.4

0 0.190.380.570.76 0.95 1.14 1.33 1.52 1.71 1.9
Beam length (m)

Figure 6. The 2™ mode shape

Similar to the first mode shape, the second mode shape of the
beam in the damage cases is nearly unchanged. The stiffness
of the beam is greatly reduced in case 6, leading to the local
extrema value at the damage position having a larger
deviation compared to the remaining damage cases.

0.4
N = z
E 0.2 7/
g 0
<
-‘é’ -0.2 Case 6 \/
> 04 L=—-Case0

0 0.19 0.38 0.57 0.76 0.95 1.14 1.33 1.52 1.71 1.9

Beam length (m)

Figure 7. The 3" mode shape

The deviation of the third mode shape is larger than the first
and second modes. Similar to mode 2, with the appearance
of an additional damage beam element (from 0.475 m to
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0.57 m), at the range from 0.19 m to 0.57 m, the results of
case 4 and case 6 have larger deviations than the rest of the

cases.
0.4 R
Q ase —
< A
E ___Case/\
g o
<
5 -02
3 4 \//
= 04

0 0.19 0.38 0.57 0.76 0.95 1.14 1.33 1.52 1.71 1.9
Beam length (m)

Figure 8. The 4™ mode shape

In mode 4, the comparison charts clearly show the
significant deviation between the two curves corresponding
to the undamaged and damaged beams.

4. DAMAGE OCCURRENCE
4.1. Natural frequency change-based method

The larger the deviation, the more severe the damage. The
largest frequency deviation occurs in the first mode shape
because in this case, there are no insensitive points that do
not represent the change in displacement between damaged
and undamaged cases. In addition, observing case 6, there
is the most obvious frequency change between the mode
shapes (Table 4, Fig. 9). The disadvantage of this method is
that small frequency changes are difficult to identify the
damage occurrence in beam-like structures accurately. In
addition, it is impossible to detect the damage location in

the beam.
8

Mode 1
BMode 3

OMode 2
BMode 4

Percentage (%)
O =, N WAL

Casel Case2 Case3 pasp 4 Case5 Caseb
Figure 9. Natural frequency deviation (%) to undamaged

case

Table 4. Natural frequency deviation (%) compared to
the undamaged case

Case
Mode
1 2 3 4 5 6
1 0.52% 1.96% 441% 5.03% 032% 6.84%
2 0.11% 043% 096% 2.19% 0.53% 547%
3 0.31% 1.17%  2.55% 2.89% 0.15% 3.74%
4 0.35% 1.26% 2.66% 2.79% 0.07% 3.17%

4.2. Mode shape change-based method

Case 6
Case 5
L
é’u’ Case 4
& Case 3
«
g Case 2
Case 1
Case 0
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U 999RYST57]
09998006071
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T

0.9997 0.99975 0.9998 0.99985 0.9999 0.99995 1

MAC
Figure 10. MAC value of the 1 mode shape
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[}
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0.999980769 |

(.999274509]

0.999495763 |

0.999896674 ]

0.999992607

)|

0.9985 0.999 0.9995 1

MAC
Figure 11. MAC value of the 2" mode shape
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Figure 12. MAC value of the 3 mode shape

Case 6 09941093387
Case 5 (L99998 75T ]
(% Case 4 U.995710826 ]
& Case 3 996085541
é Case 2 999TTRIRE]
Case 1 .999933191]
Case 0 1
0991 09925 0994 009955 0.997 0.9985 1
MAC

Figure 13. MAC value of the 4™ mode shape

As shown in Figures 10-13, in the same mode shape, the
more severe the damage case is, the lower the MAC value is
and further away from the value 1. The decline in the MAC
valueis obvious in case 6 — the most severe damage case.
This method gives more accurate results than the natural
frequency change-based method. However, the results are
still not great because the MAC value is comparatively close
to 1. The method also cannot determine the damage location

in the beam.
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5. DAMAGE LOCATION

In this study, the first four mode shapes are used for the mode
shape curvature change-based method. Figures 14, 15, and
16, 17 show respectively the change in the mode shape
curvature graphs without and using the Spline function in
MATLAB, which is a series of polynomials joined at knots.
The Splines can be used to smooth data and perform
interpolation.

0.08
= =Zo=50%Zmax —=Real damage zone
0.07 —=Damage detection zone —Case 1
0.06 = = Zo=10%Zmax = =Zo =20%Zmax
Zo = 30%Zmax Zo =40%Zmax
0.05

= = Zo = 60%Zmax = =Zo = 70%Zmax

5’0.04
003 | _ ol
0.02 F==kF==EF==F==t=={ e et

0.01
0

0 0.190.380.570.76 0.951.14 1.33 1.52 1.71 1.9
Beam length (m)

Figure 14. The change in mode shape curvature without
using Spline function (1 damage beam element)

1.4

= =Zo=50%Zmax
——=Damage detection zone 1
—=Damage detection zone 2
= = Zo=20%Zmax

Zo = 40%Zmax
= =Zo="70%Zmax

——Case 4

1.2 | ===Real damage zone 1
===Real damage zone 2
1 = =Zo=10%Zmax

Zo = 30%Zmax
- =Zo0=60%Zmax

@0.8
No.6
0.4
0.2

0

0 0.190380.570.76 095 1.14 1.33 1.52 1.71 1.9
Beam length (m)
Figure 15. The change in mode shape curvature without

using Spline function (2 damage beam elements)

Table 5. Damage zone accuracy-A index
(Without using Spline function-1 damage zone)

Case 1 Case 2 Case 3 Case 5

Mode  pamage Damage Damage Damage

Table 6. Damage zone accuracy-A index
(Without using Spline function-2 damage zones)

Case 4 Case 6
Mode Damage Damage Damage Damage
zone 1 zone 2 zone 1 zone 2
1 0% 100% 100% 100%
2 100% 100% 100% 100%
3 0% 100% 71% 100%
4 0% 100% 29% 100%

Average 20% 100% 73% 100%

zone 2 zone 2 zone 2 zone 1

1 100% 100% 100% 100%

2 100% 100% 100% 100%

3 100% 100% 100% 100%

4 100% 100% 100% 72%
Average  100% 100% 100% 84%

—Case 1

== Simulate damage zone
0071 _ _ Z0=10%Zmax
- = Z20=20%Zmax
0.06[| = = Z0=30%Zmax
- — Z0=40%Zmax
—~ = Z0=50%Zmax
L] e Z0=60%Zmax
2, = — Z20=70%Zmax
= 0.04 =
N
0.03
(1)) R e e
LU iy ey g e e i (R P S S s S

0 ! . . L L \ A :
0 0.19 038 057 076 095 1.14 133 152 171 19
Beam length (m)

Figure 16. The change in mode shape curvature by using
Spline function (1 damage beam element)

14 T T
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1.2} |me 70=10%Zmax
= = Z0=20%Zmax
— — Z0=30%Zmax
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Figure 17. The change in mode shape curvature by using
Spline function (2 damage beam elements)
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Table 7. Damage zone accuracy-A index
(Using Spline function-1 damage zone)

Casel Case2 Case3 CaseS
Mode Damage Damage Damage Damage
zone zone zone zone 1
2 2
1 100% 100% 100% 100%
2 100% 100% 100% 100%
3 100% 100% 100% 100%
4 100% 100% 100% 78%
Average 100% 100% 100% 95%
Table 8. Damage zone accuracy-A index
(Using Spline function-2 damage zones)
Case 4 Case 6
Mode  pamage Damage Damage Damage
zone 1 zone 2 zone 1 zone 2
1 0% 100% 100% 100%
2 100% 100% 100% 100%
3 0% 100% 98% 100%
4 0% 100% 39% 100%
Average 20% 100% 84% 100%

According to the results of the accuracy, the proposed
method shows high accuracy. The results with 100%
accuracy are in the majority, not only for the case of 1
damage zone (Cases 1, 2, 3, and 5) but also for the case of 2
damage zones simultaneously (Case 4 and Case 6).
Specifically, Mode 1 and Mode 2 are capable of detecting
the damage location well in all cases. In addition, the
detection results also depend on the selection of the damage
threshold Zo and the amount of mode shape data.

The damage zone in which the method can detect properly
(A index = 100%) is the 12" beam element (from 1.045 m to
1.14 m). In contrast, the method cannot detect accurately the
damage position for cases that have damage at the 6™ beam
element (from 0.475 m to 0.57 m). With a sufficiently large
amount of mode shape data, each mode shape will detect
damage at a certain position on the structure; at the same time,
there will be some damage position on the structure where
the mode shape cannot detect. More specifically, only Mode
2 can detect the damage position fordamage zone 1 of case 4.
Therefore, using multiple mode shape data to detect
structural damage is necessary.

6. CONCLUSION

Overall, the main findings from this study were summarized
as follows:

1. Both the natural frequency change-based method
and the Modal Assurance Criteria (MAC) index
identify the damage's occurrence.

2. The mode shape curvature change-based method
detects the location of the damage with two damage
locations occurring simultaneously.

3. This study surveyed various damage thresholds and

proposed the optimal damage threshold which is
50%Zmax -

4. The A-index is also applied to evaluate the accuracy
of the detection method. Therefore, the study shows
that the mode shape curvature change-based
method, which is combined with the Spline
function, gives the best detection results.
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Abstract

Cement is one of the most widely used construction materials in the world. As a result, the cement
industry is often considered as a field consuming too much energy and causing serious environmental
pollution. There is extensive research interest in ecological cement produced from waste materials such
as municipal solid waste, construction waste, demolition materials, and industrial by-products to
minimize their environmental impact. This study focuses on reusing sludge from Thu Duc water supply
plant in replacinga part of cement to make interlocking concrete bricks. Three replacements of cement
by such sludge were 5%, 10%, and 15%. The experimental results from the comparison of compressive
strength at 3, 7, and 28 days of interlocking concrete bricks with and without the use of sludge showed
that the compressive strength of brick samples tended to decrease gradually when increasing the
replacement of cement by suchwaste sludge. The compressive strengths at 28 days of interlocking
concrete bricks with the replacements of cement by 5%, 10%, and 15% sludge were lower by 1%, 18%,
and 26%, respectively, as compared with those of the control sample without sludge. Additionally, the
water absorption of the samples decreased corresponding to the increase in sludge replacement. In
summary, the replacement of cement by such sludge at 5% was optimal in terms of the compressive
strength of interlocking concrete brick samples.

Keywords: compressive strength, ecological cement, interlocking concrete brick, waste sludge,
water absorption

1. INTRODUCTION

low pozzolanic reactivity and high porosity of SSA, the
addition of SSA to traditional concrete decreases the

The production of cement is accompanied by high energy
consumption and high carbon emissions, which adversely

impact the environment. Therefore, it is necessary to
replace cement with other supplementary cementitious
materials (SCMs), particularly industrial by-products and
solid wastes, to achieve better economic and environmental
benefits. The utilization of industrial by-products, such as
fly ash (FA) and granulated blast furnace slag (GGBS) in
concrete has been investigated in detailed in previous
research and adopted in actual construction to achieve
certain economic and environmental benefits [1][2].
However, with the development of cleaner fuels, the
availability of industrial by-products has decreased,
resulting in increased research interest in other waste
materials that can replace cement [3].

Sewage sludge ash (SSA) is the final by-product during the
procedure of sewage sludge incineration. The main SSA
components include SiO», Al,O3, Fe; O3, and CaO which are
consistent with the components of cement and other SCMs
such as FA and GGBS [4]. Thus, recycling SSA as a
building material has been done for several years. Previous
research confirms that SSA had a certain pozzolanic
reactivity and it could be used as a SCM to partly replace
cement in traditional concrete [5]. However, owing to the
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compressive strength [6]. The compressive strengths at 28
days of the blended mortar samples with the SSA additions
of 10, 20 and 30% by mass were 20%, 40% and 50% lower
than that of pure cement mortar without SSA, respectively
[7]. However, little research on the practical utilization of
waste sludge has still been done in Vietnam. In 2006,
Nguyen et al. [8] used hydraulics to separate organic
components and get inorganic sludge. Inorganic substances
account for 70+93% used to produce building materials
such as wall bricks, pavement bricks, or leveling by the
plasticmethod. In 2017, Hoang et al. [9] studied the use of
urban sewage sludge from canals to make burnt clay bricks.
The results showed that the replacement of sludge can be
up to 30% to make bricks by plastic method to meet the
technicalrequirements of TCVN 1451:1998 [10].

This paper focuses on researching the reuse of waste sludge
from Thu Duc water supply plant to replace the part of
cement and make interlocking concrete bricks (ICB). The
purpose of this research was to utilize such waste sludge and
reduce the amount of cement to protect the environment.
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The following studies were carried out to achieve the above
goal: (1) selecting a system of raw materials available in the
country to make ICB; (2) investigating the reuse and
treatment process of waste sludge for cement replacement;
(3) evaluating the effect of waste sludge content on
compressive strength and water absorption of ICB. Based
on the experimental results, the present study proposed an
optimal waste sludge content as an appropriate limit to
replace cement for producing ICB with similar good
workability, compressive strength and water absorption
which were satisfied with TCVN 6476:1999 [11].

2. EXPERIMENTS
2.1. Materials
2.1.1. Aggregate and water

The natural coarse and fine aggregates (NA) used in this
experiment were crushed stone (CS) and river sand (S),
respectively. The density and bulk density of CS tested
following TCVN 7572:2006 [12] were 2.65 and 1.46 g/cm’,
respectively. Similarly, the density and bulk density of S
were 2.56 and 1.47 g/cm’. As fine aggregate, sand with a
fineness modulus of 1.6 was used from a local source in
Vietnam. Crushed stone with particle sizes ranging from 5
to 10 mm was used as coarse aggregate. Additionally, tap
water used in the experiment was confirmed as per TCVN
4506:2012 [13].

2.1.2. Cement

Type I Portland cement used in this study with a strength
grade of 40 MPa for the preparation of ICB specimens was
supplied by Nghi Son company and was compliant with the
requirements of TCVN 2682:2020 [14]. The density and
bulk density of cement used following TCVN 4030:2003
[14] were 3.1 and 1.1 g/cm’, respectively.

2.1.3. Waste sludge

The sludge transported from the Thu Duc water supply plant
was dried in air until no longer moist. Before drying, the
sludge was manually pulverized until the particle size was
about 5 mm to reduce drying time. The sludge was heated
at 110°C by a dry oven until the mass was unchanged. After
that, a ball milling machine was used to finely grind the
cement-like sludge. The sludge after being ground was
sieved to select a particle size of less than 0.14 mm in
diameter. Figure 1 shows a procedure of sludge preparation
and Figure 2 shows a treating process of waste sludge by
using the dry oven and a ball milling machine.

Raw waste
sludge

Sieve

—/

Chemical
composition

(particle size < 0.14 mm)
Heat at 110°C
in 24 hours

Finely ground

Figure 1. Procedure of preparing for sludge

Fineness

Physical
properties

" | '

Figure 2. Treating process for waste sludge
(a) air-dried sludge; (b) heated sludge at 110°C in a
dry oven; (c) grinding sludge in a ball milling machine

2.2. Mixture proportions

The mixture proportion without sludge replacement was
designed following TCVN 6476:1999 [11]. In Vietnam,
where traffic jams occur frequently during rush hour, it's not
uncommon for motorbike drivers to "climb" onto the
sidewalk and cause cracking bricks. Therefore, the design
concrete strength grade of the present study was proposed
to be M400 in order to make a precaution for the
deterioration of the sidewalk. In addition, this mixture
proportion was used for I-shaped ICB samples for testing
compressive strength and water absorption. A water-to-
cement ratio of 0.6 was proposed for all the mixture
proportions. The volume ratio of sand-to-aggregates
(S/(S+CS)) was 0.41 to ensure the degree of coverage of
mortar. Three proposed replacements percentage of cement
by sludge were 5%, 10%, and 15% by mass, which were
referred to in the previous studies of Rezaee et al. [16]. All
the mixture proportions are shown in Table 1. The mixture
proportion ID designated as BO was the control concrete
without sludge as a reference. Meanwhile, B5, B10, and
B15 as alternative samples contained 5%, 10%, and 15%
waste sludge replacement, respectively.

2.3. Casting and curing

The experimental procedure for casting the ICB was
conducted as follows: (1) all the materials need to be
carefully prepared and quantified by a technical
balance; (2) after mixing binders and fine aggregate
(cement, sludgeand sand) together, a half volume of water
content was added to a tilting drum mixer and then the
mixer was operated for two minutes before stopping to
grind the lumpsinto small pieces; (3) remaining water and
coarse aggregate(crushed stone) were added to the mixer
and then operating for the additional three minutes to
achieve a uniform fresh concrete; (4) the fresh concrete
was placed into I-shaped molds and cubic molds; (5) the
placing surface of concrete specimens were all then
wrapped in polyethylene sheets forcuring in 20+4 hours
for preventing evaporation and carbonation. After that, all
the specimens were de-molded and then cured in normal
atmospheric conditions (air curing) while the cubic
concrete samples were cured in water.

2.4. Test procedure
2.4.1.  Slump of fresh concrete

After mixing all the materials together, the Abrams cone
received three injections of fresh concrete. The cone was
compacted 25 times using a steel rod for each layer. After
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Table 1. Mixture proportions of ICB samples
Mixt Waste sludge Unit (kg/m’)
ro :;t;i:: (% .by mass Cemen Waste Crushed San Wate  S/(S+CS)
i)D P ofbinder) t(C) sludge stone d r(W)
(WS) (CS) ()
B0 0 350 0 1051 718 210 0.41
B5 5% 333 18 1051 715 210 0.41
B10 10% 315 35 1051 711 210 0.41
B15 15% 298 53 1051 708 210 0.41

that, the slump of fresh concrete was tested according to
TCVN 3106:1993 [17].

2.4.2.  Compressive strength of concrete brick

The compressive strength of the hardened concrete samples
was measured according to TCVN 3118:1993 [18]. The
cubic concrete samples with dimensions of 100x100x100
mm were prepared for 27 days of water curing (i.e., at the
age of 28 days). Meanwhile, for ICB samples, the procedure
for determining compressive strength was done as per
TCVN 6476:1999 [11]. The I-shaped ICB samples with
dimensions of 140x200x60 mm were cured in the air for
designated ages (i.e., 3, 7, and 28 days). After that, two steel
plates with a length of 120+£0.2 mm, width of 60+0.2 mm,
and thickness not less than 15 mm were put on the top and
bottom surfaces of ICB samples which had been covered
with Sona-Cap 40 mortar. The rate of load should be
gradual and equal to 0.6+0.2 N/mm? per 1 second as per
TCVN 6476:1999 [11]. Figure 3 shows the I-shaped brick
mold used for casting ICBs and Figure 4 shows the position
of steel plate at center of ICB samples when testing
compression strength. It is noted that the compressive
strength of all samples including the cubic concrete and ICB
samples were tested by using a compressive machine with
a capacity of 2000 kN.

-

o
g
Figure 3. The I-shaped brick mold

Figure 4. Steel plate position on the sample and that onthe
compression testing machine
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2.4.3. Water absorption

The water absorption test was conducted according to
TCVN 6355-4:2009 [19]. Water absorption is used to
determine the amount of water absorbed under specified
conditions. A procedure was done as follows: (1) the
samples were dried in an oven at 110°C for 24 hours for the
water absorption test and then placed in a desiccator to cool;
(2) after cooling, the samples were weighed and then
emerged in water at 23°C for 24 hours. After that, the
samples were weighed in the air. Water absorption was
expressed as an increase in weight percent following Eq.
(D).

Tz T 100% (1)

my

WA =

where, m; is mass of sample after drying in oven (g); m, is
mass of sample after emerging in water for 24 hours (g).

3. RESULTS AND DISCUSSION
3.1. Slump of fresh concrete

Workability is defined as the ease of freshly mixed concrete
that can be placed, compacted, and finished. In this study,
the slump test was chosen as the workability test for fresh
concrete. Every different batch of fresh concrete was tested
for slump test to ensure the workability of the concrete.
Figure 5 illustrates the slump of fresh concretes of all the
mixture proportions where the highest slump of 4.5 cm for
the control concrete without slump (BO) and the slump
decreased as the replacement percentage of cement by
waste sludge increased. The slump of fresh concrete with
5%, 10%, and 15% sludge replacements was 4.0, 2.5 cm,
and 2.0 cm, respectively. Ing et al. [20] showed that the
higher the waste sludge content, the lower the slump of the
fresh concrete. Waste sludge which has the ability to absorb
water as compared to cement powder, slightly reduced the
slump of the fresh concrete [20]. The decrease in
workability can be explained by two factors, which are the
irregular morphology of sludge particles and the high-water
absorption on sludge particle surfaces [21]. The shape of
waste sludge particles were not spherical which caused a
negative influence on workability [22]. The sludge could
slightly decrease the workability of cement-based concrete
due to the high-water demand of sludge [20].
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Figure 5. The slump of the concrete mixtures
3.2. Compressive strength of cubic concrete samples

Figure 6 illustrates the compressive strength of cubic
concrete samples with and without waste sludge
replacements at the age of 28 days. The strength grade of
concrete corresponds to compressive strength of a
150x150x150 mm cubic concrete specimen at 28 days as
per TCVN 4453:1995 [23]. Figure 6 illustrated the
compressive strengths of cubic concrete samples without
waste sludge (B0) reached 63.4 MPa which was satisfied
with the designed strength grade of M400. Meanwhile, the
compressive strengths of cubic concrete samples with the
replacements of cement by 5%, 10%, and 15% waste sludge
were 52.0, 39.2, and 354 MPa respectively. The
compressive strengths of the concrete samples declined as
waste sludge replaced more cement in the mixture. With
respect to the cubic specimens with sludge, the
replacements of cement by 5% waste sludge showed the
higher compressive strength which was satisfied with the
designed strength grade of M400. According to Ing et al.
[20], SSA decreases the compressive strength of cubic
concrete samples due to the high water demand of SSA.

70.0
63.4
60.0
—_
L 52.0
S 50.0
39.2
g 40.0 35.4
&b
© 30.0
=
S 20.0
S 10.0
0.0
BO B5 B10 B15

Mixture proportion ID

Figure 6. Compressive strength of cubic concrete samples
at the age of 28 days

3.3. Compressive strength of ICB samples

The compressive strength results of various ICB samples
with and without waste sludge are shown in Table 2. Based
on the experimental results as shown in Table 2, all the
concretes with waste sludge showed lower compressive
strength at all days of aging as compared with the control

concrete without sludge (B0). In terms of the concrete with
sludge, the replacement of cement with 5% waste sludge
showed the highest compressive strength of 46.7 MPa at 28
days while the lowest compressive strength corresponded to
the concrete with 15% sludge replacement (B15), which
was 34.9 MPa. Because waste sludge has a high porosity
and low pozzolanic reactivity, it reduces the compressive
strength of traditional concrete [6].

Table 2. Compressive strength of ICB with and without
waste sludge at 3, 7, and 28 days

Mixture Compressive strength (MPa) at
proportion
D 3 days 7 days 28 days
BO 27.5 38.0 47.2
BS 25.5 35.5 46.7
B10 24.2 324 38.7
B15 20.3 27.0 34.9

Figure 7 shows the compression strength ratio of the
alternative ICB sample to the control sample. The
compressive strengths at 28 days of ICBs with the
replacements of cement by 5%, 10%, and 15% sludge were
99%, 82%, and 74%, respectively, as compared with the
control sample without sludge (B0). Standard deviation of
compressive strength of ICB with and without waste sludge
at 3, 7, and 28 days is shown in Table 3. The standard
deviation was calculated from a set of three specimens
corresponding to the age and mixture proportion of ICBs.
120%

mB0 0BS5S 8B10 OBIS

100%

100% 99¢
100% — e

88%
80%

Percentage
D
S
X

40%
20%
0%
3 Days 7 Days 28Days
Age

Figure 7. The compression strength ratio of the alternative
ICB sample to the control sample

Table 3. Standard deviation of compressive strength of
ICB with and without waste sludge at 3, 7, and 28 days

Mixture Standard deviation (MPa) at
proportion
ID 3 days 7 days 28 days
BO 4.4 4.0 3.9
BS 2.0 2.4 3.0
B10 1.0 1.4 1.6
BIS 0.5 2.0 1.4
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The compressive strength at 28 days of ICBs with the 5%
waste sludge (B5) was nearly the same as that of the control
concrete without sludge (B0). Therefore, the replacement of
cement by waste sludge was optimal at 5% when the
compressive strength of concrete tended to decrease sharply
at 10% sludge replacement. The compressive strength
decreased as the replacement percentage of cement by
waste sludge increased. According to Jamshidi et al. (2012)
[24], the sewage sludge ash concrete showed an increase in
compressive strength with curing time and the compressive
strength loss which is proportional to the percentage
increment of sludge content. Furthermore, Yagiie et al.
(2005) [25] stated that the mechanical strength of hardened
concrete is decreased when sludge is added, and with the
addition of 10% sludge in proportion to the amount of
concrete, the mechanical strength is dramatically reduced,
making it unsuitable for medium to high-strength reinforced
concrete.

3.4. Water absorption of ICB samples

The water absorption of ICB samples was tested after 28-
day of curing in air. Figure 8 illustrates the water
absorption of the ICB samples with and without waste
sludge at 28 days. For the ICB samples with sludge
replacement, the ICB sample with the 5% sludge
replacement (B5) had the lowestabsorption capacity where
the average mass increment ratio was only 3.63%, as
compared to that of the control sample (BO) (i.e., 3.54%).
The high porosity of the waste sludge results in excellent
water absorption ability [26].

5.00%

4.600
AU 3.54% .63%
3.00%
2.00%

1.00%

Water absorption

0.00%

BO B5 B10 B15
Mixture proportion ID

Figure 8. Water absorption of the ICB samples with
andwithout waste sludge at 28 days

4. CONCLUSION

From the analysis of the results of this study, the
followingconclusion can be established:

1.  Waste sludge was a potential cement replacement
as the major oxides of such sludge (SiO,, CaO, and
Al,O3) were similar to those of Portland cement.

2. In terms of the concrete containing waste sludge,
the replacement of cement with 5% waste sludge
showed the highest compressive strength of the
concrete which was nearly the same as the control
sample.

3. In terms of the concrete containing waste sludge,
the replacement of waste sludge in the IBC sample
of 5% had the lowest water absorption value.

Briefly, the 5% Thu Duc waste sludge replacement was
beneficial for compressive strength and water absorption of
ICB samples.
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Abstract

Piles under lateral load are usually applied in the foundation of harbor bridge construction as well as the
foundation of power transmission towers. In reality, there are various regions in which laterally loaded piles
are located near or even on the slope, such as mountains, river basins and coastal areas. Because of the
slope soil condition, the lateral load of soil in front of piles will be weaker than that in the flat soil condition,
therefore, the calculation of lateral load on piles becomes much more complicated and needs to be studied
carefully. In the current practice, there are many methods to study the laterally loaded piles, however, they
are mostly applicable to the flat soil condition. Meanwhile, approaches used to investigate the piles
subjected to lateral loading in the slope condition are limited. In this study, we use the finite element method
(FEM) implemented in the PLAXIS commercial software to investigate the behavior of laterally loaded
pile groups located on sloping ground, considering the variation in slope angle, foundation axis rotation
angle, and soil condition. The obtained results show that the behavior of pile groups, illustrated by the P-y
(load-displacement) curves, depends on not only the number of piles, the distance between the piles, the
slope angle but also the angle between the direction of load and the axial axis of pile groups.

Keywords: compressive strength, ecological cement, interlocking concrete brick, waste sludge,

water absorption

1. INTRODUCTION

In the current context of economic recovery after the Covid-
19 pandemic, there is a strong emphasis on transportation
infrastructure and industrial facilities, both globally and
specifically in Vietnam. As we can see, hundreds of harbor
bridges and power transmission towers have been built
annually and most of them are exposed to impacts of lateral
load. In reality, there are various regions where laterally
loaded piles are located near or even on the slope, such as
mountains, river basins and coastal areas. The constructions
such as bridges, ports, and high-voltage power pylon
foundations have been loaded laterally in slope soil
condition, which makes its structure weaker than in flat soil
condition. Because of irregular slope geometry, it’s
challenging to determine the distribution and magnitude of
lateral forces. Another reason is soil behavior, which is
often different from that in flat conditions. Slopes are
subjected to increased stress and strain due to the effects of
gravity and lateral loads. The soil's shear strength,
displacement characteristics, and drainage properties can
vary significantly along the slope, making the analysis of
lateral loads more complex. In flat conditions, the soil
behavior tends to be more homogeneous and easier to
characterize. Therefore, the piles under lateral load on
slopes are more complicated and need to be studied
carefully.

Scientists have been studying the behavior of laterally
loaded piles for the past 40 years, with many methods have
been used but the approaches used to investigate the piles
subjected to lateral loading in the slope condition are
limited. Therefore, it is necessary to enrich the research on
the lateral response of the pile group’s in sloping ground. In
this paper, our team proposes the use of the Finite Element
Method (FEM), implemented in the commercial Plaxis
software, to analyze the behavior of laterally loaded pile
groups under various conditions, including different slope
angles, pile axis rotations, and geological conditions.

2. METHODOLOGY AND IMPLEMENTATION
2.1. Finite Element Method — PLAXIS 3D software

The Finite Element Method (FEM) is a numerical technique
used to solve complex engineering problems involving
differential equations. It is commonly used in structural,
geotechnical, and civil engineering applications.
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Plaxis 3D is a geotechnical finite element software used for
the analysis of soil and rock deformation and stability in
three-dimensional ~ (3D)  geotechnical  engineering
applications. It allows engineers to model and simulate
complex geotechnical problems by creating a 3D numerical
representation of the soil or rock mass and applying
appropriate boundary conditions. The software utilizes the
FEM to solve the governing equations of soil and rock
behavior, including soil mechanics, plasticity, and
consolidation.

The geometry and meshes of the FEM model are shown in
Figure 1. The deformation of each pile in the pile group
subjected to lateral loading under different circumstances
(soil conditions, slope angles, pile axis rotation...) will be
analyzed by Plaxis.

Pile spacing

Figure 1. Connectivity plot by using Plaxis 3D

2.2. Case study
2.2.1. General information

According to the laboratory model test conducted by Chen
et al. (2022), a soil sample was created in different cases of
slope angle and pile spacing. In this case study, solid piles
will replace the hollow piles in the laboratory test in order
to simplify the test model using Plaxis 3D, however, it is
necessary to remain the moment of inertia stable at 2.188 x
105 mm*. All other dimensions as well as the properties of
piles and soil samples are still the same as in the laboratory
test model by Chen et al. (2022) as shown in Figure 2.

The formula of inertia moment of a circle (diameter D) with

respect to any axis passing through its center is given as

1, = i D*. Then the moment of inertia of piles in this study

is calculated by the following equations:

Council: 1
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Figure 2. Sketch of lateral load soil sample of the two-pile
group 1

Moreover, interfaces (R, = 0.6) need to be used to
create joint elements added to allow for a proper modelling
of soil-structure interaction. Table 1 represents all the cases
of slope angle (0), lateral load, pile spacing and horizontal
axis rotation angle (p).

Table 1. Properties of piles group

Slope angles (6°) 15 30 45

Pile spacing

(d=diameter of 2d 3d 44 5d

pile=0.046m)

Horizontal axis
rotation angles (B°)

Lateral load (N) 500 1000 | 1500 | 2000
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3. RESULTS AND DISCUSSION
3.1. Validation

Verification with previous results
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Figure 3. Validation of load-displacement curve

By using Plaxis 3D, a soil model with the same properties
as the previous study was built to investigate. The results
indicate that FEM by Plaxis 3D gives a similar trend of line
with the past study in all three different situations (as shown
in Figure 3).

3.2. Factors affecting the displacement of the pile group

First and foremost, the soil sample has been created in some
specific cases of pile spacing ranging from 2d to 5d. When
steadily increasing the value of lateral force, a comparison
among the graphs of different slope angles is considered to
recognize the effect of the displacement of the piles. As
shown in Figure 4, in all cases of pile spacing, the higher
the slope angles, the larger the displacements of the pile
group will be. When comparing three separate slope angles
of 15°, 30° and 45°, it is obvious that the soil sample with
45° slope angle will result in the highest displacement of
pile groups, while the sample with 15° case of slope angle
brings about the lowest values of displacement. All in all,
the displacement of pile group is considered to be increases
when rising the slope angle.
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Figure 4. Effect of slope angle to the displacement of piles

In another case, when considering the change of
displacement of pile group related to alternative value of
pile spacing, the same step has been conducted. Different
case of pile spacing has been compared when the horizontal
axis rotation still remained unchanged at 90°. Figure 5
represents the results of this case study.

For the 2d spacing of the pile, the displacement of pile
group is always at the highest value because the contact
surface is inversely proportional to the stress on the pile
group. As can be seen in Figure 5, in the slope angle cases
of 15° and 30°, the displacement of the pile group seems to
increase gradually when accelerating the lateral load from
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500 to 2000. Generally, it can be concluded that the
displacement of the pile group will be larger in the case that
the piles are more adjacent to the others.

Slope angle of 15 degrees

——2d

—0—3d

—t—4d

—0—5d

Deformation (mm)

500 1000 1500 2000

Load (N)

Slope angle of 30 degrees

—0—2d

—0—3d

——4d

—O0—5d

Deformation (mm)

500 1000 1500 2000

Load (N)

Slope angle of 45 degrees

—0—2d

1t

—0—3d

o

——dd

—0—5d

Deformation (mm)

=3

3
=3

1000 1500 2000

Load (N)

Figure 5. Effect of pile spacing to the displacement of
piles

In this paper, to investigate the effect of horizontal axis
rotation on displacement by utilizing remaining all the
properties of the soil sample as well as pile spacing (2d), we
rotated just the horizontal axis of pile groups, we want to
compare the displacement between pile in (pile near the
slope) and pile out (pile on the slope) under the same slope
angle and between slope angles (Figure 6). Generally, we
chose 3 cases of slope angles (15°, 30°, 45°) under different
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lateral loads (500 N, 1000 N, 1500 N, 2000 N) and
horizontal axis rotation (0°, 30°, 60°, 90°).

Direction of slope

Horizontal axis
rotation angle (j3)

™—Cresh of slope
Figure 6. Pile group with horizontal axis rotation of

Generally, in the case of f=0°, the displacement value is
always the highest case in both inner and outer piles,
because when the outer pile disfigures it makes the soil
around destroyed so that the inner pile gets nothing left to
hold when it’s lateral loaded. Furthermore, f= 90° is the
most stable case because the deformation of each pile does
not affect each other. After calculation, we can conclude
that when we increase the load to pile group it leads to a
growth of the difference between two piles under every
condition. The results are shown in Figure 7 below.

Inner pile - Slope angle of 15 degrees

—0—Beta_0
2 —o—Beta_30
—
=) —a—Beta_60
é —0—Beta_90
g
s
£
S
)
a)
0
500 1000 1500 2000
Load (N)
Quter pile- Slope angle of 15 degrees
—0—Beta_0
2 —o—Beta_30
_
=) —t—Beta_60
é —0—Beta_90
(=1
.2
=
<
1
=
B
jo)
o)

0

500 1000 1500 2000

Load (N)
Figure 7a. Effect of horizontal axis rotation to the
displacement of piles on slope angle of 15°
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Inner pile- Slope angle of 30 degrees
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Figure 7b. Effect of horizontal axis rotation to the
displacement of piles on slope angle of 30°

Quter pile- Slope angle of 45 degrees
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Figure 7c. Effect of horizontal axis rotation to the
displacement of piles on slope angle of 45°

4. CONCLUSION

In general the proposed method to investigate the pile’s
displacement under many conditions of slope angles, pile
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spacing and horizontal axis rotation is a helpful
methodology that gives censorious data to help designing
the pile groups on soil slope. In addition, this method is
validated with laboratory tests to ensure accuracy.
Moreover, based on the results of displacement analyzed by
Plaxis 3D by 3 factors: slope angles, pile spacing, horizontal
axis rotation angles. Some summaries can be drawn as
follows:

In the slope angles condition, the higher the slope angles,
the bigger the deformation of the pile group will be. In three
cases of slope angles, the biggest deformations always
occur at 45°.

Therefore, it is shown to conclude that the piles must be
reinforced carefully when it’s on a high-degree slope.

When checking out the impact of the pile spacing factor, a
conclusion can be figured out if pile spacing is too close,
the structure of pile groups can be endangered.

Last but not least is the effect of horizontal axis rotation
angles, the 90 ° is the most stable case because the
deformation of each pile does not affect each other.
Furthermore, after calculation, a conclusion can be made
that when increasing the load to the pile group, it leads to a
growth of the difference between two piles under every
condition.

In conclusion, the most stable way to build a pile group on
soi slope condition is with the horizontal axis rotation of 90°
with a moderate pile spacing to ensure the sustainability of
the structure.
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Abstract

Flat slab is considered a new step in the construction industry, with many outstanding
advantages compared to the traditional slab, and has attracted the attention of many firms to
find out the designing process. Therefore, this paper is a study focusing on the construction of
these beamless slabs. First, the paper examines the theory and structural properties of flat slabs
used in civil engineering. Second, the study provides the procedures to design the floor using
ETABS software and export the model. Based on the results, the comparison of ETABS with
other software and a conclusion can be made and presented.

Keywords: flat slab, ETABS, drop panels, structure, load

1. INTRODUCTION

Slabs are horizontal plate elements and normally carry ‘
vertical actions. Reinforced concrete slabs are used in Im {am
floors, roofs and walls of buildings and as the deck of
bridges. The floor system of a structure can take many
forms such as in situ solid slabs, ribbed slabs or precast y 0 L
units. Slabs may span in one direction or two directions ]
and they may be supported on monolithic concrete beams,
steel beams, walls or directly by the structure’s columns.

Continuous slabs should in principle be designed to
withstand the most unfavorable arrangements of loads, in
the same manner as beams.

A flat slab floor is a reinforced concrete slab supported Floor without drop Floor with column Floor with drop
directly by concrete columns without the use of panel or column head but no drop panel and column
intermediary beams. The slab may be of constant head pene hexd

thickness throughout or in the area of the column it may Figure 1. Drop panels and column heads [1]

be thickened as a drop panel. Drop panels help to increase

the overall capacity and sturdiness of the flooring system The drop panels are effective in reducing the shearing
beneath the vertical loads thereby boosting the cost- stresses where the column is liable to punch through the
effectiveness of the construction. The height of drop slab, and they also provide an increased moment of
panels is usually about two times the height of the slab. resistance where the negative moments are greatest.

The column may also be of constant section or it may be
flared to form a column head or capital. These various
forms of construction are illustrated in Figure 1.
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Flat slabs are considered suitable for asymmetrical
column layouts such as floors with curved shapes and
ramps. The flat slab floor has many advantages over the
beam and slab floor. The simplified formwork and the
reduced story heights and foundation load, make it more
economical. Architects are able to introduce partition
walls anywhere required, this allows the owner to
change the size of the room layout. Use of flat slab
allows a choice of omitting false ceiling and finishing
soffit of slab with skim coating. Windows can extend up
to the underside of the slab, and there are no beams to
obstruct the light and the circulation of air. The absence
of sharp corners gives greater fire resistance as there is
less danger of the concrete spalling and exposing the
reinforcement.

In other words, applying flat slabs can solve the problem
of depth and flexibility in design. Although the cost
might be expensive, flat slabs provide architects and
engineers with immense freedom in design.

2. METHODS AND IMPLEMENTATION

Mostly, the concrete slab is designed to govern
deflection criteria and not by shear in general. Because
the load on the slab is uniformly distributed and shear
stress due to this distributed load is generally small,
hence shear reinforcement will not be often required for
such load. Even concrete has shear capacity to withstand
such small shear stress.

The support shear is maximum for that alternate bent-up
provided in slab to withstand diagonal shear and prevent
cracking. Also, the use of bent-up bar permitted the
development of tensile strength also they acted as shear
reinforcement.

2.1. EC2 particular rules for flat slabs
e Section 6 Ultimate Limit States

— cl 6.4 Punching (shear) & PD 6687 cl 2.16, 2.17 &
2.1.8

e Section 9 Detailing of members and particular
rules

— C1 9.4 Flat slabs
9.4.1 Slab at internal columns
9.4.2 Slab at edge and corner columns

9.4.3 Punching shear reinforcement

e Annex I (Informative) Analysis of flat slabs and
shear walls

1.1 Flat Slabs

1.1.1 General

[.1.2 Equivalent frame analysis
.1.3 Irregular column layout

All of these relevant sections are according to “The
Concrete Society, Technical Report 64 - Guide to the
Design and Construction of Reinforced Concrete Flat
Slabs”

The distribution of moments is given according to EC2
as shown in Figure 2 and Table 1.

o
1 |
! ! 3
Column strip ' t —i
H i |
! ! |
Middle strip ! | e !
Column strip | O i i i
e
Column strip Middle strip Column strip
Figure 2. Positioning of the middle strip and column

strip [2]

Table 1. EC2 moments design for flat slabs [3]

Negative moments Positive moments

60% - 80% 0% - 70%

LCLERT I 40% - 20% 50% - 30%

Notes
The total negative and positive moments to be resisted by the column and middle strips together should
always add up to 100%

The distribution of design moments given in BS 8110 (column strip: hogging 75% sagging 55%; middle
strip: hogging 25% sagging 45%) may be used
* Arrangement of reinforcement should reflect behaviors
under working conditions.
* At internal columns 0.5At should be placed in a width
= 0.25 x panel width.
* At least two bottom bars should pass through internal
columns in each orthogonal direction.
* Design reinforcement at edge and corner

reinforcement should be placed within b,

= -

i_‘ -
b9=!z+y/2
}.—.

Figure 3. Parameters for edge and corner
reinforcement [2]

* The maximum moment that can be transferred from the
slab to the column should be limited to 0.17b,d?f,
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Note that edge and corner columns have limited capacity
to transfer moments from slab. This is why
redistribution may be necessary.

Figure 4. Slabs behavior around column [2]

2.2. Design constraints
a. Fire resistance

Table 2 gives the minimum dimensions and adequate
fire resistance cover, referred to as axis distances a, of
the reinforcement in the lower layer for flat slabs (taken
from Table 5.9 of Eurocode 2, Part 1.2).
Table 2. Minimum slab thickness and axis distances
for flat slabs [3]

mmm_ Axis distance,a

b. Punching shear

The punching shear rules of Eurocode 2 are based on the
CEB/FIP Model Code 1990(20). The basic control
perimeter is set at 2d from the loaded area and has
rounded corners as shown in Figure 5.

2 2d, s "

Figure 5. Typical basic control perimeters around a
column[2]
Where the punching shear reinforcement is required, the
shear resistance is the sum of the concrete and shear

reinforcement resistances. Punching shear
reinforcement is not necessary if:
Vea < Vra,c

*Calculating effective applied shear stress Veq
The effect of slab/column moment transfer on punching
shear may be considered as a uniform increase of shear
stress at the control perimeter considered. The resulting
effective applied shear stress is given in the following
equation:

Vea = BVea/uid
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Where:
Vg4 = applied shear force
B =1+k(Med/Vea)u/Wi
u; = length of the control perimeter considered

d =mean effective depth (dy+ d,)/2
For structures where:
* Lateral stability does not depend on frame action.
* Adjacent spans do not differ by more than 25%
The approximate value for f shown may be used:

p=15

BA=14 p=115

Figure 6. Approximate value of § in simple
arrangement [2]
For other situations, there is plenty of guidance on
determining B given in Cl 6.4.3 of the Eurocode 2 which
will not be discussed here.
As for the basic perimeter u;, it can be determined from
the following figure:

EC2: CL. 6.4.2 =S
Near to an edge

Concise: Figure 8.4

Near to an ¢l N
opening : D —
Concise: Figure 8.6 3 ,

) Wherel, 51, b) Wherel, > [,

Figure 7. Control perimeter [2]

The outer control perimeter at which shear

reinforcement is not required, should be calculated from:
Uouter = BVea/Vra,cd

The outermost perimeter of shear reinforcement should

be placed at a distance not greater than kd ( k = 1.5)

within the outer control perimeter.

EC2: Cl..:6:4:5

Cluter perimeter of shear
Outer control, © feinforcemest _ . o~ - - ©-._ ©
perimeter . N it %
. \g--0--0o---0---0"a

0.0 o --04--0C---6 oo

i 6 o $ o 4 o o

L ka L oo =1. sd(zan > 2dfrom

— o .

’ o 1E e s column)
A . 6 o o o o 6 o

Flgure 8 Outer perlmeter [2]
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*Calculating punching shear stress resistance V.

Check for punching shear resistance without shear
reinforcement using the following expression:

Veae = 0.12k(100p, f,;)/3 = 0.035k3/%f,, '/
Where:

k =1+ ,/(200/d) < 2.0

pr = /(ply + p12)

In which p;,, and p,, are the mean values of the tension
steel, A;/bd, in the y- and z-directions for a width, b, of
slab equal to the column width plus 3d on each side.

c. Deflection

For flat slab analysis, the deflection limit in accordance
with Eurocode 2 is Span/250 and span over effective depth
ratio. Furthermore, it also limits the deflection that occurs
due to the construction of finishes and partitions to
span/500. However, during construction, the slab will be
supported by slab formwork, we will take the deflection
limit as the operation condition, which is span/250.

d. Moment transfer from slab to column

Edge and corner columns have limited capacity to transfer
moments from slab — redistribution may be necessary
(Annex 1.1.2 (5), EC2 ¢c1 9.4.2 & TR 64)

Mt,max = 0-17bed2fck

@ -l
= |

IA;/‘y/Z

Effective
width, b,.

[A] Slab edge

Note: y can be > ¢, Note: zcanbe > ¢, and ycanbe > ¢,

a) Edge column b) Corner column

Figure 9. Column at the edge and corner of the slab [2]

2.3. Model of analysis
For the analysis of flat slab, we will establish the following
model of a typical low-rise building:
e Number of stories: 3
e Typical story height: 3.5m
e The length from the top level of foundation to
base: 1.5m
e Longer direction span: 6.2m
e  Shorter direction span: 4.7m
e Characteristic dead load from finishes: 1.2 kN/m?
e Live load: 2 kN/m?
e  Concrete material C25/30
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e Reinforcing steel: CB300-T

Figure 10. Plan view of low-rise structure

For the design of flat slab in this low-rise building, we will
input into ETABS software the thickness of the slabs
being 250mm, and the dimension of the columns are
350x350mm.

3. RESULTS AND DISCUSSION
3.1. Punching shear

Using the “Display punching check” function in ETABS,
we obtain the following D/C ratio of a typical story:

2.528
{H

0.658 2,485 aa?-453

a2 575 0.1

>X

Figure 11. D/C ratio of a typical story in ETABS

The highest D/C ratio being 0.658, which is at the middle
column where the opening is positioned. This parameter is
less than 1, for ETABS this implies that the punching shear
condition is not critical and the design is appropriate.

3.2. Deflection

Using finite element method analysis in ETABS, we have
obtained the highest deflection for slab is -3mm, which
took place in the slab edges or near the openings.
Comparing with span/250 = 6200/250 = 24.8 mm, we can
conclude the slab satisfy deflection condition.
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Figure 12. Deflection of slabs in ETABS
3.3. Comparison with conventional design

Through the process of modeling this low-rise structure
with conventional slab and flat slab method, we have
established two different design of structure components
as follows:
Table 3. Dimension of structural components in
conventional slab method

Structural component Dimension/thickness
(mm)

Slab 140

Col 300x300
200x550

Beam

Table 4. Dimension of structural components in flat slab

method
Structursl component Dimension/thickness
(mm)
Slab 140
Column 350x350
Beam N/A

The difference in the dimension of slab and column of
these two designs is due to the beam. In conventional slabs,
the load acting onto the slab will be transferred through
the beams and then to the column. Whereas for flat slab,
the absence of beams acting as the intermediate
component for load transfer has required an increase in the
dimension of slab and column, in order to satisfy the
deflection condition, as well as avoid being overstressed.

4. CONCLUSION

Throughout the paper, we have discussed about how to
take into consideration the design constraints in order to
put flat slabs into construction. The flexibility of flat slab
construction can lead to economic efficiency while also
allow the architect great freedom of form. With the help
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of today’s technology, specifically with the use of ETABS
software, it has made long computations to be feasible for
engineers to work with [4]. One great advantage of
ETABS in comparison SAFE, a similar software
specifically for slab analysis, is that ETABS can evaluate
and analyze the entirety of the structure, which also
includes beams and columns, making it more convenient
for design application.

The numerical method of finite element method (FEM) is
applicable when analyzing the structure within the
software. From there we can provide reinforcement for the
slab and study the dynamics of the structure as a whole.

By following the procedures mentioned in section 3 of this
paper, we hope to popularize the concept of flat slabs,
allowing flat slabs to become widespread in many
buildings, in which helps shorten the construction time
while also spending less on materials.

The abovementioned ETABS procedures are made on a
quantitative basis since the authors are at the
undergraduate level. The design needs further evaluation
based on the deeper theory and analysis and this is our goal

in future research.
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Abstract

A borehole pile foundation is a type of deep foundation that has been applied to many constructions in recent years. What makes
borehole construction special is its convenience, when the workers can easily adjust big piles into the ground. This makes
borehole piles popular in many high-rise buildings, or constructions requiring large load-bearing capacity. Hence, the
determination of shear strength parameters is crucial for analyzing the properties of sand and bentonite mixtures in the context
of borehole construction. This study aimed to investigate the shear strength parameters of sand and bentonite mixtures using the
direct shear test. The experimental program involved preparing different mixtures of sand and bentonite at various proportions,
with the shear tests conducted on these mixtures. The test results are then analyzed to determine the peak and residual shear
strength, cohesion, and angle of internal friction for each mixture. The effects of varying bentonite content on the shear strength
parameters are also going to be assessed. The findings will indicate whether the addition of bentonite to the sand significantly
influences the shear strength parameters or not. As the bentonite content increase, the cohesion of the mixtures is predicted to
increase, while the angle of internal friction decrease. These findings provide valuable insights into the engineering properties
of sand and bentonite mixtures and can aid in optimizing the design and construction of boreholes. Future research could focus
on exploring the long-term behavior and stability of such mixtures under different environmental conditions.

Keywords: borehole, pile, bentonite, direct shear test
Tom tat

Coc khoan nhoi 1a mot loai méng sau vmg dung trong xdy dung trong nhiing nim tré lai day. Diém noi bat 1 coc dugc tao nén
bang phuong phap khoan hién dai, gitip ngudi thi cong dé dang diéu chinh ha d6 sau rat 16n va duong kinh rong. Phuong 4n
ding coc nay hién nay kha pho bién, nhét 14 trong nhiing cong trinh cao ting, nhiing cong trinh can d¢ chiu tai Ién. Do do, viéc
xac dinh cic thong s cuong do cat 1a rat quan trong dé phan tich cac tinh chat cia hdn hop cat va bentonite trong viée xay dung
coc khoan nhoi. Nghién ctru niy nham muc dich khao sat cc thong s6 vé d bén chdng cit ciia hdn hop cat va bentonite bang
thi nghiém ct tryc tiép. Thi nghiém lién quan dén viéc chuan bi cic hdn hop cat va bentonite khac nhau & cac ty 1é khac nhau,
V6i cac thi nghiém cit dugc tién hanh trén cdc hdn hop nay. Cac két qua thi nghiém s& dugc phan tich dé xac dinh cuong do
khang cit cuc dai va khéang cit du, lyc dinh va g6c ndi ma sat cho timg hdn hop. Cac tac dong ciia ham luong bentonite khac
nhau dbi véi cac thong sb do bén cit ciing s& duge danh gia. Tir cac phat hién, nhom sé& chi ra rang viéc bo sung bentonite vao
cat c6 anh huong dang ké dén cac thong s cuong do cit hay khong. Khi ham lugng bentonite ting 1én, lyc dinh cta hdn hop
dugc du doan s tang 1én, trong khi goc ma sat bén trong giam. Nhimng phat hién niy cung cip nhiing hiéu biét co gia tri vé cac
dic tinh k¥ thuat cta hdn hop cat va bentonite va c6 thé hd tro téi wu hoa viée thiét ké va xay dung cac 15 khoan. Nghién ctru
trong tuong lai ¢6 thé tap trung vao kham phé biéu hién 1au dai va tinh on dinh cta cac hdn hop nhu vy trong céc diéu kién moi
truong khac nhau.

Tir khéa: 16 khoan, coc, bentonite, thi nghiém cdt truc tié}?
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Abstract

In this study, the benefits, and advantages of Augmented Reality (AR) and Building Information Modelling (BIM) technologies
are used for integrating Facilities Management (FM) with a deflected sample of a steel connector in a structure of a building.
The role of AR will be as a visual model for the user guidance on the steel connector to see from their smartphones through an
app from Hai’s previous paper and interact with its environment. With the advances of BIM, the FM can see and predict the
level of deterioration of the steel connector at a certain period. This can help FM further plan their risk as well as provide a more
accurate solution to maintain the building’s service life. The paper concludes with a potential development in precision,
flexibility, and detailed information for the maintenance scheduling of any objects that run buildings smoothly and safely.

Keywords: Building Information Modeling, Facility Management, QR Code, Augmented Reality, Maintenance Scheduling
Toém tit

Trong nghién ctru nay, img dung thyc té gia ting (AR) va cong nghé Building Information Modelling (BIM) duoc sir dung dé
tich hop Quan Iy Co s¢ vat chat (FM) v6i mot mau mo hinh ciia két ndi thép trong mot cu tric ciia mot toa nha. Vai tro cia AR
s& 1a mot mo hinh hinh anh cho huéng din ngudi ding vé két ndi thép, ma ho c6 thé xem tir dién thoai thong minh ctia minh
thong qua mot tmg dung tir bai béo trudc d6 ciia Hai va twong tac véi moi truong xung quanh. Véi sy tién b ciia BIM, FM ¢
thé xem va dy doan mirc d6 hu hong cﬁa két ni thép trong mot khoéng thoi gian nhit dinh. Diéu nay c6 thé gitp FM Ién ké
hoach quan 1y rui ro cung nhu cung cip giai phap chinh xac hon dé duy tri tudi tho dich vu ciia toa nha. Bai bao két luan véi
tiém nang phat trién vé d6 chinh xéc, linh hoat va thong tin chi tiét cho lich trinh bao dudng cia bat ky ddi tuong nao gitp toa
nha hoat dong mot cach hi¢u qua.

Tir khéa: M6 hinh thong tin cong trinh, Quan Iy thiét bi, Ma QR, Thuec té do, Qudn 1y tién dg bdo tri
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Abstract

Over the last several decades, investments in more sophisticated building projects combining numerous professions and teams
have raised the demand for more complex communication methods. The architecture, engineering, and construction (AEC)
sector is undergoing upheaval, with enterprises keen to catch up with the rate of digital transformation in other industries. The
Common Data Environment (CDE) and BIM 360 platform are viewed as an opportunity to improve collaboration and efficiency
during project management, as well as to serve as the foundation for Industry 4.0. BIM 360 improves construction project
delivery processes by providing the tools required to evoke informed-decision making as the platform has well-structured data
that is continuously kept up to date. This research provides an overview of the principles considerations and challenges when
implementing a common data environment for the construction of high-rise building. The aims of the research conclude (1) an
overview of the BIM 360 platform with CDE and (2) the application of BIM 360 and CDE in high-rise buildings. As a result,
the BIM 360 platform in general, and the CDE, in particular, improves the team performance by exchanging information and
enhancing knowledge about other participant skills or their availability. In the future, BIM 360 will be used for collaboration in
design, drawing management, statistics, review and evaluation, quality control, feedback and correction, which supports
construction management.

Keywords: CDE, BIM 360, construction management, high-rise building, BIM
Tém tit

Trong nhiing thap ky gan day, cic nha dau tu vao cac du 4n xay dung phirc tap ngay cang c6 nhu cau cao vé phuong phap giao
tiép chuyén nghiép, ddc biét khi két hgp nhiéu nganh nghé va doi ngii 1am viéc. Linh vue kién tric, k¥ thuat va xay dung (AEC)
dang trai qua su bién d6i véi muc tiéu bat kip toc do chuyén ddi k¥ thuat sb trong cac nganh khac. Moi trudng dir liéu chung
(CDE) va nén tang BIM 360 dugc xem 14 co hoi dé cai thién sy hop tic va higu qua trong qua trinh quan 1y du 4n, dong thoi
dong vai tro quan trong trong Cong nghlep 4.0. Nén tang BIM 360 cai thién quy trinh trao d6i thong tin trong du 4n xdy dung
bang céch cung cip cac cong cu can thiét dé dua ra quyét dinh sang sudt, nhd vao viée cap nhat dit liéu lién tuc. Nghién ctru nay
nhim tong quan cac thach thirc trong viéc trién khai moi truong dir lidu chung cho xay dyng nha cao tang. Muc tiéu ciia nghién
ctu la (1) tong quan vé nén tang BIM 360 va CDE, va (2) ap dung BIM 360 va CDE trong xay dung nha cao tang. Két qua cho
thay rang nén tang BIM 360 néi chung va CDE néi rleng tang cudng hi¢u suit ciia nhom thong qua trao d6i thong tin, cai thién
kién thirc va k¥ nang ctia cac thanh vién va kha nang san co. Trong tuong lai, BIM 360 s& dugc sir dung dé cong téc trong thiét
Kké, quan 1y ban v§, thong ké, xem xét va danh gia, kiém soat chét luong, phan hoi va hiéu chinh, ho trg quan 1y xay dung.

Tir khéa: méi triong div liéu chung (CDE), qudn Iy xdy dwng, nha cao tang, mé hinh théng tin cong trinh (BIM)
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Abstract

Underground construction methods have been deployed in developed countries to support for utilizing underground space, socio-
economic purposes, subsurface space savings, and accessibility in the supply chain. Nevertheless, depending on each type of
underground facility, there will have appropriated construction methods to satisfy the project’s purpose, types of construction,
conditions, and geological properties about rock mass rating, stress, and elevation of X location, hence, selecting the appropriate
position and construction method. The research paper aims to focus on optimizing typical subsurface construction approaches
for underground storage facilities as a result of rock mass rating evaluation and geological cross-section model analysis from
Rockworks software from good data and properties from lithology, location, direction, and stress at X area. We use qualitative
and quantitative methods through Rock Mass Rating (RMR) calculation, and 3D cross-section model analysis, thereby
determining construction methods based on analysis. In summary, this research presents a proposal for electing optimal
underground construction approaches at X area to obtain economical, time savings, safe applied construction solutions, and high
efficiency.

Keywords: underground construction, RMR, geological structure model, underground storage
Tom tit

Cac phuong phap xay dung ngdm da duoc trién khai ¢ cac nudc phét trién nham hd tro tin dung khong gian ngam, myc dich
kinh té xa hi, tiét kiém khong gian dudi 1ong dat va kha nang tiép can trong chudi cung tmg. Tuy nhién, tiy timg loai cong trinh
ngﬁm s€ ¢6 bién phap thi cong phu hop véi myc dich cua du an, loai hinh cong trinh, diéu kién va tinh chét dja chat vé phan loai
dét da, ing Suit va cao d6 cia vi tri X, tir @6 lya chon vi tri va bién phap thi cong phu hgp. Muc dich cta bai bao nghién cuu 1a
tap trung vao viéc toi wu hoa cac phuong phép thi cong ngam dién hinh cho cac cong trinh Iuu trir ngdm dua trén danh gia phan
loai chat luong dat da va phén tich mo6 hinh mat cit dia chat tir ph?m mém Rockworks tir dit liéu giéng khoan va cac thudc tinh
tir thach hoc, vi tri, huéng va ting suét tai khu vure X. Str dung huong phap dinh tinh két hgp dinh lugng théng qua tinh toan chat
lugng da (RMR), danh gia mo hinh mat cat 3D, tir &6 xéc dinh phuong phap thi cong dua trén cac phan tich. Tém lai, nghién
clru nay trinh bay dé xuét Iya chon phuong 4n thi cong ti wu cho cong trinh ngam tai khu vure X nham dat dugc giai phéap thi
cong tiét kiém thoi gian, kinh té, an toan va hiéu qua cao.

Tir khéa: phirong phdp thi cong, danh gid chdt heong dd, mé hinh cdu tric dia chat, heu chita ngam
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Abstract

Nanoemulsions with oil-in-water dispersions offered advantages over conventional emulsions due to their optical
clarity and availability of encapsulated substances. In this study, nanoemulsions of essential oil and perfume were
formulated by inspecting the composition of essential oil, water, and surfactant with two methods: mechanical
homogenization and sonication. The mixture was characterized to clarify the nature of the nanoemulsion for perfume
production. The dynamic light scattering (DLS) resulted in the most transparent and durable oil/tween 80 mixture
with a ratio of 1:1.4, which had a minimum diameter of 24.2 nm. Meanwhile, the zeta potential measurements
indicated a negative charge ranging from -0.22mV to -0.664mV. Furthermore, various temperature and pH tests were
conducted to assess the stability of the solvent when applied to human skin. The positive properties demonstrated by
the essential oil nanoemulsion highlight its significant potential for commercial applications and successful integration

into everyday life.

Keywords: nanoemulsion, emulsion, nanotechnology, perfume, essential oil

1. INTRODUCTION

Nanoemulsions [1] [2], also known as submicron
emulsions, ultrafine emulsions, or mini emulsions, are
colloidal systems characterized by the stable dispersion of
two immiscible liquids, such as water and oil, with the aid
of a surfactant and co-surfactant. These dispersions
possess submicron-sized particles and exhibit both
thermodynamic and kinetic stability, resulting in a
homogeneous and isotropic single-phase dispersion. [3]
Perfume, a blend of alcohol and fragrances, is employed
for its aromatic qualities, but it necessitates perceptible
stability. Consequently, nanoemulsion represents a
promising strategy to enhance the longevity and stability
of the fragrance in perfumes..

Fragrances are classified into various categories
depending on the content of their fragrance composition.
Eau de parfum typically comprises 10-15% fragrance
composition, eau de toilette contains 5-10%, and eau de
cologne contains 3-5%. However, individuals with
allergies or sensitive skin may experience skin irritation
and inflammation when using ethanol-based perfumes, as
ethanol has been identified as a potential irritant.

In the realm of non-alcohol-based perfumes, solid-state
options like solid emulsions, gels, and pomades, as well as
perfumed oils, offer an alternative to traditional alcohol-
based fragrances. The scientific literature has proposed
various alternatives, including emulsions, microemulsions,
liposomes, and micelles, which serve as non-alcohol-
based perfumed products [4]. These alternatives rely on
water as a safe solvent for fragrance encapsulation.
Nevertheless, the integration of lipophilic systems into
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water in the absence of a cosurfactant presents
technological hurdles in terms of achieving
thermodynamic stability. To overcome this issue,
solubilizers such as polyols (including glycols and
glycerin) or surfactants are employed to enhance the

solubility of essential oils [5].

Several nanoemulsion cosmetic products are currently
available on the market, such as the anti-UV hair spray
manufactured by Korres, Nanocream developed by
Sinerga, Nanogel produced by Kemira, Vital
Nanoemulsion A-VC serum offered by Marie Louise,
Bepanthol Ultra face cream provided by Bayer, and
NanoVital face cleanser created by Vitacos Cosmetics.
Furthermore, the esteemed cosmetics company L'Oreal
holds patents for numerous nanoemulsion cosmetic
formulations. Nanoemulsions play a dual role in perfume
products by serving as a medium for fragrance
compositions and simultaneously improving the chemical
stability of the compounds, thus offering protection
against oxidation [5] [6].

In order to optimize the utilization of nanoemulsions in
perfume and cosmetic formulations, meticulous
consideration is dedicated to the choice of preparation
methods and the composition of both the oil and aqueous
phases. The oil phase commonly encompasses essential
oils and lipophilic surfactants, whereas the aqueous phase
is composed of ethanol and water [5]. The exploration of
the optimal ratio between essential oil and surfactant is of



The 12 OISP Science and Technology Symposium for Students

Ho Chi Minh City University of Technology (HCMUT), VNUHCM

Date: July 23,2023

Council: 2

utmost importance as it directly affects the distribution of
droplet sizes, a critical factor that greatly influences the
stability of the nanoemulsion. The utilization of ultrasonic
technology is frequently considered a suitable method for
enhancing the efficiency of nanoemulsion generation
processes. [7]

This study utilized a range of analytical techniques, such
as dynamic light scattering (DLS), zeta potential
measurement, and  viscosity = measurement, to
comprehensively assess the stability and physical
properties of the nanoemulsions under investigation.
Moreover, temperature and pH tests were performed to
mimic conditions similar to those of human skin and to
evaluate the robustness of the solvent when applied
topically. The objective of these tests was to gain valuable
insights into the formulation and characterization aspects
of nanoemulsions, with a specific focus on their potential
applications in perfumes and cosmetics.

2. METHODS AND IMPLEMENTATION
2.1. Materials

Lavender essential oil from a Vietnamese source was
purchased from an organic international joint stock
company in Vietnam. The non-ionic surfactant,
polyethylene glycol sorbitan mono-oleate, also commonly
known as Tween 80, which was utilized as a surfactant in
the study, was acquired from Sheaghana Cosmetic
Ingredient ~ Company, Vietnam.  Ethanol  was
procured from the Oil Perfume Company in Vietnam. And
all procedures involved the utilization of distilled water.

2.2. Preparation of nanoemulsions

Lavender nanoemulsion was formulated using the
following four components: lavender essential oil, Tween
80, water, and ethanol. The methodology for generating
emulsions through spontaneous emulsification involved
three steps.

Preparation of the homogeneous solution (S1) composed
of lavender essential oil and hydrophilic surfactant
(Tween® 80) [8] [9]. The homogeneous aqueous phase
(S2) was formed by water and ethanol at specific
concentrations using a magnetic stirrer at a speed of 500
rpm for 10 min (Table 1). In this formulation, different oil-
to-surfactant ratios (in v/v%) were implemented,
including 1:1 (Lavender-A), 1:1.2 (Lavender-B), 1:1.4
(Lavender-C), 1:1.6 (Lavender-D), 1:1.8 (Lavender-E),
and 1:2 (Lavender-F).

Diffusion of the organic solvent in the aqueous phase
under magnetic stirring instantly formed the o/w emulsion,
causing the formation of nanodroplets. The magnetic
stirring was kept up for 45 minutes to allow the system to
come into equilibrium.

These emulsions were then prepared by utilizing an
ultrasonicator with a 240 W input power processor (JP-
040S 10L, 40 kHz) to generate the corresponding
nanoemulsions. Each concentration experienced specific
sonication time periods of 15 min.
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Table 1. Optimization of Lavender Oil-Based
Nanoemulsion Formulations

Formulation | Essential Essential Sonication
Code Oil: Oil: Time

Surfactant | Surfactant:

Ratio Alcohol:

(v/v) Water (v/v)
Lavender-A | 1:1 10:10:30:50 | 15 min
Lavender-B | 1:1.2 10:12:30:48 | 15 min
Lavender-C | 1:1.4 10:14:30:46 | 15 min
Lavender-D | 1:1.6 10:16:30:44 | 15 min
Lavender-E | 1:1.8 10:18:30:42 | 15 min
Lavender-F | 1:2 10:20:30:40 | 15 min

2.3. Optimisation of the oil, surfactant and water-
miscible solvents

All tests involving the optimization of emulsion formation
were carried out at 25°C with solvents that had a low
hazardous potential, such as distilled water and ethanol,
for safety reasons.

2.4. Characterization of nanoemulsion

The following nanoemulsion characteristics were
investigated: droplet size, polydispersity index, viscosity,
pH, and stability. All measurements were conducted in
triplicate, and the mean + standard deviation (+ S.D) was
reported.

The droplet size distribution [3] [6] was measured by the
particle size analyzer Zetasizer Nano ZS90 (Malvern
Panalytical, United Kingdom). The ZS90 assessed the size
distribution using dynamic light scattering (DLS), which
generated a relationship between the extent of
nanoparticle dispersion and the intensity of scattered light.

The degree of homogeneity was described by the
polydispersity index, which was determined by DLS and
increased with higher surfactant content.

The viscosity of the samples was measured utilizing the
NDJ-1 at 60 rpm, a range of 10-100,000 mPa.s., + 5%
S.D., and the original in China. The rheological
characteristics of the nanoemulsion were provided by
viscosity, which also aids in comprehending the inversion
between phases during formulation.

The pH was measured quantitatively using a digital pH
meter [SK-620pH, SATO Japan] at 20-30 £ 0.5°C.

The physical stability of different formulations was
measured by analyzing the degree of phase separation
post-ultrasonication, and formulation stability was also
observed over long periods of time under varied pH and
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physicochemical stability for various formulations that
incorporate other optimal parameters, such as lower
surfactant concentration utilization, optimal droplet size
distribution and PDI, low viscosity, as well as a proper pH,
aids in the identification of the high-efficiency
formulation.

3. RESULTS AND DISCUSSION

3.1. Identification of lavender essential oil constituents
by GC-MS

The lavender essential oil was depicted using Gas
Chromatography-Mass Spectroscopy. The total ion
chromatogram (TIC) and the retention time of active
components were shown in Fig. 1. According to ISO
Standard 3515, the different components of lavender
essential oil identified by GC-MS include 1,8-cineole, 0—
15%; limonene, 0-0.5%; trans-B-ocimene, 2—6%; cis-f-
ocimene, 4-10%; 3-octane, 0-2%; camphor, 0-0.5%;
linalool, 25-38%; linalyl acetate, 25-45%; a-terpinene-4-
ol, 2-6%; lavandulol minimum, 0.3%; Lavandula acetate
minimum, 2.0%; a-terpineol, 0—1%. These results provide
valuable insights into the chemical composition of
lavender essential oil as presented in Fig. 2. The presence
and relative abundance of these identified components
contribute to the characteristic aroma and potential
therapeutic properties associated with lavender oil. The
quantification of each component allows for a more
comprehensive understanding of the oil's composition,
aiding in quality control and standardization efforts. This
information can be useful for industries involved in the
production of lavender-based products, such as cosmetics,
perfumes, and aromatherapy. These findings provide a
comprehensive  understanding of the chemical
composition of lavender essential oil and serve as a basis
for further investigation into its nanoemulsion formation
with surfactants.

TIC
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Figure 1. Typical GC-MS TIC chromatogram for
lavender essential oil
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1-Octen-3-yl acetate
1,8-Cineole
Lavandulyl acetate

Linalol

Linalyl acetate

Composition (%)

Figure 2. Main scent and aromatic components in
lavender essential oil.

3.2. Nanoemulsion characterization

‘ [ hth

| . WY v FA

Figure 3. Visual transparency of a. Lavender-A, b.
Lavender-B, c. Lavender-C, d. Lavender-D, e. Lavender-
E, f. Lavender-F.

The samples were subjected to sonication for a duration of
15 minutes, then selected for further characterization. The
visual appearances of the formulations, which were
prepared using different oil-to-surfactant ratios, were
depicted in Fig. 3. The finding reveals an interesting
relationship between surfactant concentration and the
visual appearance of nanoemulsions. Specifically, as the
surfactant concentration increased, a distinct transparency
change in the emulsions was observed, transforming them
from a milky white appearance to a transparent state. This
change in color indicates that higher concentrations of
surfactant played a crucial role in enhancing the
transparency of the nanoemulsions. However, it must be
reminded that high concentration of surfactants leads to
high viscosity and the uncomfort on skin of users of
perfumes. Therefore, an appropriate ratio of compositions
will be discussed later.

The improved transparency observed with higher
surfactant concentrations can be attributed to the enhanced
stability of the nanoemulsion system. The smaller and
more uniformly dispersed oil droplets contribute to a more
homogeneous refractive index throughout the emulsion,
resulting in reduced light scattering. This reduction in light
scattering leads to the observed transition from a milky
white appearance to a transparent one.The visual
appearances of the formulations with varied oil-to-
surfactant ratios were illustrated in Fig. 3. When there was
an increase in both surfactant concentrations, the
transparency of the emulsions showed a noticeable change
from milky white to transparent.
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A rapid decrease in droplet size was observed as the
concentration of surfactant increased (Fig. 6). The non-
ionic surfactant was preferred due to its outstanding oil-in-
water (O/W) properties. The O/W emulsion system was
more stable overall due to the efficient solubility of Tween
80 with essential oils as well as its capacity to minimize
droplet diameter by sticking to the surface of the droplet.
According to the Characterization of Nanoemulsion [2],
droplet size showed nanoemulsion stability, and their
polydispersity index influenced the extent of homogeneity
in nanoemulsion stability. This was a method preferred in
industrial operations because it allowed for flexible
emulsion droplet size distribution control and the efficient
production of fine emulsions from a wide range of
materials with minimum energy consumption. The high-
energy shockwaves can break the droplets by forming
turbulence.

The concentration of surfactants had an obvious and direct
relationship with viscosity. As shown in Fig. 4, the
increase in surfactant concentration was directly
proportional to the increase in viscosity.

The pH values increased with increasing surfactant
concentration, as demonstrated in Fig. 5. Chemical
degradation reactions were caused by changes in pH
value, which indicated the stability of the nanoemulsion.
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Figure 4. The viscosity of four samples with clear color
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Figure 5. The pH of four samples with clear color
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3.3. Lavender nano-emulsions stability
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Figure 6. The average droplet diameter of Lavender oil
Nano-emulsion
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The oil/tween 80 ratio was a significant element
influencing nano-emulsion stability and even emulsion
type. Droplet size had a direct impact on the interfacial
area that the nano-emulsion can use, which in turn affected
the permeability of the active compounds through the
membranes in tissues and blood tissues, determining their
bioavailability. Both the ratio 1:1 and 1:1.2 ratio exhibited
relatively little stability because of their milky colors,
indicating a lack of nanoscale. Besides, monitoring droplet
size aided in determining uniformity and stability. A
smaller droplet size helped to prevent droplet coalescence,
which reduced the breakdown of the nano-emulsion by
well-known phenomena, including sedimentation and
creaming through Ostwald ripening [10]. The average
droplet sizes of nano-emulsion were 5.4 and 0.983 m,
respectively, when the oil/tween 80 ratio was 1:1 and
1:1.2. This huge diameter was caused by a low
concentration of tween 80 surfactants, which prevented
the nanoparticle from forming. Four remaining ratios
effectively generated nano-suspension, resulting in
diameters 0f 24.2, 52.74, 60.33, and 64.6 nm, respectively.
The results showed that the ratio 1:1.4 produced the
smallest nanoparticle size, with the diameter increasing as
the number of surfactants linked to the particles increased.
Thus, this nanosystem presented a stable state with a small
(24.2-64.6 nm) and uniform particle size (PDI < 0.30),
which was an ideal encapsulation state with the results
obtained from the DLS experiments (Fig. 6). A high
surfactant concentration indicated that there was enough
of'the substance present to encapsulate each oil droplet and
produced a flexible film that prevented the oil droplets
from adhesion or cohesion, thereby ensuring homogeneity
throughout the entire oil droplet in the nanoemulsion
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Figure 7. Effect of pH on zeta potential of the LEO
Nanoemulsions

According to the data presented in Fig. 7, the zeta
potential grew negatively, which could be attributable to
an increase in the viscosity of the solution as the amount
of surfactants increased, as well as nanoparticle
adherence. The pH variation between the samples was
only 5.1 to 5.3. The statistics revealed a fluctuation in
potential ranging from -0.22 to -0.664 mV.  The zeta
potentials of the emulsions remained negative at all pH
values, which was possible because of the negatively
charged —O- group from the —OH- group. The results
also showed that it was sterically protected, such as by
polyethylene glycol ligands like Tween 80.

4. CONCLUSION

Nanoemulsions offer significant advantages over
conventional emulsions due to their exceptional optical
clarity and improved availability for encapsulated
substances. The application of ultrasonic technology in
the production process further enhanced the formulation
of nanoemulsions. The experimental findings revealed
that the optimal oil/tween 80 ratio, yielding a minimum
diameter of 24.2 nm of the encapsulation particle after
the emulsion, was determined to be 1:1.4. Zeta potential
measurements indicated a negative charge ranging from
-0.22mV to -0.664mV, indicating the stability of the
suspension. Additionally, viscosity and pH tests,
simulating conditions similar to human skin, were
conducted to evaluate the solvent's durability upon
topical application. The results demonstrated a pH range
of approximately 5.1 to 5.3, along with an optimum
viscosity of 12.25 mPa for the 1:1.4 ratio, ensuring the
safety of the solvent for human skin. Consequently, the
remarkable stability and physical properties observed in
nanoemulsions formulated for nano-based perfumes
indicate their strong potential for application in the
perfume and cosmetics industry.
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Abstract

Snack foods have been increasingly popular, especially among busy young individuals who sometimes
substitute these products for meals. Unfortunately, these snack foods are typically lacking in essential
nutrients and may result in malnutrition for consumers. One potential strategy to address this issue is to
enrich snack foods with nutritious ingredients. Spirulina, with its high nutrient content, is one of the most
promising ingredients. However, incorporating spirulina into snack products can be challenging due to its
unpleasant sensory properties. This study aims to explore the sensory properties and consumer preferences
of snack products enriched with spirulina at different ratios. A panel of 107 naive consumers evaluated
snack samples with different ratios of spirulina using a descriptive test called Check-all-that-apply (CATA)
and a hedonic test on a 7-point Likert scale. The results showed that the snack products with 2% spirulina
incorporation were the most preferred among consumers. The sensory profile of the spirulina snack
products was described as fishy and vegetable in flavor, and soft, cohesive, hard, and salty in texture.
Additionally, the study found that sweet taste increased consumer liking, while fishy, dry, and astringent
aftertastes lowered consumer preference. Overall, the results suggest that spirulina has good potential as a
nutritious ingredient for creating healthy and acceptable snack products.

Keywords: spirulina biomass, snack, consumer preferences, descriptive test CATA, hedonic test

1. INTRODUCTION

The term “snack” refers to foods that are consumed
between meals. Snacks can be considered as a light meal
and can include a variety of food items such as potato
chips, puffs, popcorn, cookies, and crackers [1]. These
foods are typically high in carbohydrates, fat, and calories
but often lack protein, dietary fibers, and micronutrients
[2]. In addition, snacks are popular among all age groups,
especially children and young adults. Market research
done by Orion also found that the savory snack
consumption of Vietnamese people is increasing and is
forecasted to reach over 1000 million U.S. dollars in 2026

[3].

Many studies have found that chronic malnutrition is more
dangerous and widespread than acute malnutrition [4]. To
address this issue, providing proper, balanced nutrition is
essential. Fortifying food products with necessary
nutrients has become a prominent aspect of the food
industry. Given the increasing consumption of snack
products, fortifying snacks with essential nutrients is
highly recommended to provide a balanced diet.
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Spirulina refers to cyanobacterium, commonly known as
blue-green algae. It is considered a cholesterol-free, low-
fat and low-calorie source of protein, containing all
essential amino acids [5]. Moreover, it is also rich in

vitamins  (especially  vitamin = B12),  minerals,
polyunsaturated fatty acids including Omega 3 and other
bioactive compounds like pigment compounds

(carotenoids, chlorophylls and especially C-phycocyanins
which gives spirulina its signature blue color), phenolic
compounds, antioxidants, etc. [6], [7], [8]. In a study about
extruded snacks enriched by bioactive peptides from
spirulina [9], the result shows that the addition of spirulina
significantly increases the protein and lipid content of the
snack compared to the control sample.

Results from studies have shown that the dark green color,
fishy smell, and unpleasant taste of the algae have a
negative impact on the acceptability of products with
added spirulina [10]. Moreover, food products enriched
with spirulina powder have been shown to have changes
in their sensory properties [11][12]. And since consumers
tend to focus more on the texture and flavor of snacks
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when eating, these qualities should be considered when
spirulina is added to the product.

In this study, we aimed to describe the sensory properties
of one control snack product and four snack products with
the addition of spirulina biomass at different ratios and
evaluate the influences of sensory attributes on consumer
preference with different liking patterns.

The two main methods of collecting data include the
Check-All-That-Apply (CATA) method and Hedonic
liking test. CATA is used in sensory evaluation to describe
sensory properties by using naive consumers. In Hedonic
liking test, consumers are asked to taste each snack sample
and rate their liking of each sample on a 7-point categorial
scale.

Defining homogeneous groups of consumers is a critical
stage to include in the process of product optimization,
regardless of the methodology employed. If customer
clusters are not considered, it can lead to nonsense and the
creation of products that are rejected (or not fully liked) by
all consumers. In that instance, the optimized product will
not meet its primary aim since it will underperform.
Because ideal information includes a liking component, it
is also possible to group consumers based on their ideals
rather than their liking. However, because consumers with
similar liking patterns can have rather diverse ideals
(while remaining consistent), it is suggested to categorize
consumers into homogeneous groups based on liking.
Visual segmentation based on Principle Component
Analysis (PCA) plot used in this study is based on a PCA
of the consumer likings, followed by a review of the
consumer loadings plot [13]. The data matrix, usually
using the standard matrix setup with assessors as columns
and products as rows, gives scores for the products and
loadings for the assessors. The loadings plot can then be
used for identifying clusters of assessors which have a
special and interesting relation to the products in the score
plot [14].

After clustering consumers, the Multiple-response
Correspondence Analysis (MR-CA) approach is applied to
describe the sensory properties of products. It illustrates
the relationship between attributes and products. The
better an attribute is distinguished, the further it is

positioned from the origin. Additionally, there will be a
strong association between the attribute(s) and products
that are oriented in the direction of the attribute(s) on the
axis. To determine whether a product is well
discriminated, confidence ellipses on the product
coordinates are utilized. The two results diverge more
from one another the less closely the two ellipses coincide
[15]. After describing the products, the attributes that
significantly impact consumer’s preference are
determined. The Penalty-Lift Analysis (PLA) is a useful
tool to identify so-called drivers of product liking or other
hedonic measures from CATA or similar datasets that
include some hedonic measures along with them [16].
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2. METHODS AND IMPLEMENTATION
2.1. Materials

The formula of snack production included 44g shortening,
40g water, 12g sugar, 12g cooking oil, 6g baking powder
and 2g salt (calculated on g/100g of wheat flour).
Moreover, spirulina powder was provided by Asia
Chemical Corporation, Vietnam. Other materials were
bought from local markets, including wheat flour no.8
(Interflour Company, Vietnam), shortening (CALOFIC
Corporation, Vietnam), sugar (Bien Hoa, Vietnam),
cooking oil (Tuong An Vegetable Oil Joint Stock
Company, Vietnam), baking powder (Tuan Phuong,
Vietnam), salt (VIFON, Vietnam).

2.2. Samples

Different snack samples were made by changing the
concentration of spirulina added to the snack formulation.
The amount of spirulina powder used was calculated based
on 100g of wheat flour. The differences between the
samples are shown in Table 1.

Table 1. Spirulina concentration in each sample

Sample Spirulina concentration
P1 (RO) 0%
P2 (R2) 2%
P3 (R4) 4%
P4 (R6) 6%
P5 (R8) 8%

2.3. Participants

A total of 107 consumers, aged between 18 and 25 years,
mostly students at the Ho Chi Minh City University of
Technology (HCMUT) were enrolled in the study. The
sample size fulfilled the requirements to perform a sensory
characterization of products using the CATA approach
and gather hedonic data [17].

2.4. Sample preparation

The snack products were manufactured at Innovation
Center - Asia Chemical Corporation. The snack
production was included in Figure 1.

Figure 1. Production of snacks added with spirulina
powder
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The procedure of making snacks was briefly described by
the following stages:

- Mixing: the ingredients were mixed simultaneously in
the mixer at 120 rpm for 4 minutes, forming a dough.

- Shaping: the dough was divided manually into small
balls, with each ball weighing 3-5g.

- Baking: the snack samples were baked at 150°C for 25
minutes.

2.5. Experimental design

The sensory test was conducted at the Sensory Laboratory
of the Ho Chi Minh City University of Technology.

The study consisted of two separate tasks performed on
the same day: first panelists assessed the overall liking of
snacks added with spirulina powder, and then they
described sensory properties of these products by CATA
questions.

Evaluations were conducted using Compusense software.
The panelists must eat at least 2/3 of the sample. Panelists
rated their likings on 7-point Likert scale anchored with 1
(Strongly Dislike) and 7 (Strongly Like), followed by the
CATA test for the same sample. A list of descriptive terms
of textural properties is presented in Table 2.

Table 2. List of descriptive terms of textural properties

Taste Aftertaste Flavor Texture
Sweet, Salty, Doughy, Hard,
Salty. Astringent | Buttermilk, | Soft,

Fishy, Dense,

Nutty, Spongy,

Vegetable. | Brittle,
Adhesive,
Cohesive,
Dry.

The list of sensory attributes was developed previously
from the pre-test of snack samples. The sensory attributes
along with the definition/description of the attribute were

selected by consensus of all assessors.

3. RESULTS AND DISCUSSION

3.1. Clustering consumer on liking data

PCA - Biplot

R8

83 g7

PC 1 (36.2%)

Figure 2. PCA bi-plot
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By combining individual (products) plot and variables
(consumers) plots, a PCA bi—plot was obtained that
showed both the position of consumers and products
within the same graph. Figure 2 displays the graph of
principle components 1 and 2, which accounted for
36.20% and 27.44% of the wvariability of liking.
Consumers and products were segmented into 3 different
clusters based on their coordinates: Cluster 1 (PC1 > 0);
Cluster 2 (PC1 < 0, PC2 > 0); Cluster 3 (PC1 <0, PC2 <
0). Cluster 1 consisted of 55 consumers who had a
preference for both the RO and R2 samples. Within cluster
2, there were 28 consumers who prefered the R8 sample.
In cluster 3, 24 consumers showed a preference for both
the R4 and R6 samples.

3.2. Liking patterns
(] custer 1 [ cnster2 [l cussor3

Liking

£

4

RO R2 R4 R6 R8

Figure 3. Liking values of snack samples for 3 clusters.
Error bars represent standard error of the mean (SEM)

Figure 3 illustrates the hedonic ratings of different
products categorized into three clusters. The overall liking
scores for sample RO were highest, ranging from 4.95 to
5.1 across all clusters. The ratings for other samples were
considerably lower, with the highest score being for
sample R2 in cluster | at around 4.5, and the lowest score
for sample R6 in cluster 2 at around 3.95.

In cluster 1, the highest liking score was 5.0 for RO,
followed by R2 at around 4.5. R8 and R6 received ratings
of around 4.3 to 4.5, while R4 was the least liked with a
score of approximately 4.2. In cluster 2, RO has the highest
liking rating with 5.1, followed by R2 with 4.1. R4 and R8
had similar liking ratings at around 4.0, while R6 scored
the lowest value at 3.95. In cluster 3, both products R2 and
R6 had the second-highest scores within the cluster at
around 4.4, following RO with a rating of 4.95. Next was
R4 with a liking score of 4.25, and the least preferred
sample was R8 with a score of 4.1.
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3.3. Sensory profile

MR-CA (cluster 1)
P

PC2(11.2%)

'
1
PC 1(80.5%)

a) Cluster 1

MR-CA (cluster 2)
0

PC 2(11.6%)

PC1(74.5%)

b) Cluster 2

MR-CA (cluster 3)

PC 2(23.8%)

PC 1(65.4%)

¢) Cluster 3
Figure 4. MR-CA plot for three clusters

According to the MR-CA plot of descriptive analysis,
Dimension 1 of the plot explained over 65% (80.5% for
cluster 1, 80.5% for cluster 2 and 65.4% for cluster 3) of
the total variability of sensory data based on the flavor of
snack samples such as Fishy, Vegetable and Buttermilk.
Dimension 2 could explain more than 10% (11.2% for
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cluster 1, 11.2% for cluster 2 and 23.8% for cluster 3) of
total variability based on taste, texture and aftertaste such
as Soft, Sweet, Cohesive, Hard, Salty and Dry.

For cluster 1: In Dimension 1, RO was associated with
Buttermilk on the far left, while R4, R6, and R8 were
linked to Fishy and Vegetable on the right side. In
Dimension 2, R4 and R6 were associated with Cohesive
and Soft on the positive side, while R8 was related to Hard
and Salty on the negative side.

For cluster 2: In Dimension 1, the blank sample RO was
associated with Buttermilk, while samples R4, R6, and RS
were characterized by Fishy and Vegetable. In Dimension
2, R6 was linked to Cohesive and Soft, while R4 and R8
were associated with Salty. However, sample R2's
interpretation was difficult due to its proximity to the
origin, suggesting the need for another dimension to
describe it accurately.

For cluster 3: In Dimension 1, RO was associated with
Buttermilk on the far left, while R4, R6, and R8 were
linked to Fishy and Vegetable on the right side. In
Dimension 2, R6 was characterized by Cohesive and
Dense, while R2 and R8 were associated with Hard and
Salty aftertaste on the negative side.

In general, three clusters of consumers had the ability to
distinguish the blank sample RO based on the attributes
Fishy and Vegetable. Cluster 1 specifically could
differentiate between fortified samples with varying
concentrations of spirulina. On the other hand, Cluster 2
and Cluster 3 showed a correlation in sensory properties
for the fortified samples.

3.4. Drivers of liking

I sot
Hard
Brittle
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[] Doughy
Nutty []
Salty D
Dense D
Dry D
Vegetable []
Salty aftertaste |:|
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a) Cluster 1
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Figure 5. PLA plot on the liking for 3 clusters

For cluster 1: the attribute Sweet had the greatest positive
impact on the liking score, increasing it by around 1.0
point. Buttermilk also contributed positively, raising the
liking score by 0.7 points. However, Fishy had a negative
impact, reducing the liking score by 0.6 point. The
remaining attributes did not have a significant effect on the
liking rating for products.

For cluster 2: Dry was the attribute that had the strongest
negative impact on the liking score, reducing it by 0.6
points. The astringent aftertaste, Hard, and Salty also
decreased the liking score by 0.4 to 0.5 points. Conversely,
Sweet and Spongy had the most positive influence,
increasing the liking score by 0.7 and 0.55, respectively.
The remaining attributes did not have a significant effect
on the liking rating for products.

For cluster 3: Sweet was the attribute that had the
strongest positive impact on the liking score, increasing it
by 0.65 points. Conversely, Astringent aftertaste and Fishy
had a significant negative influence, reducing the liking
score by 1.0 to 1.3 points. The remaining attributes did not
have a significant effect on the liking rating for products.

4. CONCLUSION

The findings suggested that spirulina have potential as an
ingredient in snack products. Although the addition of
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spirulina led to a decrease in preference ratings,
consumers did not dislike spirulina-enriched snacks.
Among the four samples tested, product R2 with 2%
spirulina generally received the highest liking. Different
clusters of consumers had varying preferences for the
other products.

In terms of flavor, the control sample RO had a Buttermilk
flavor, while spirulina snacks were perceived to have fishy
and vegetable flavors, except for R2, which had an
indistinct flavor. Regarding taste and texture, R6 was
described as soft and cohesive, while R8 was
characterized as hard and salty. R2 and R4 had different
attributes assigned to them by different clusters.

The study also explored the drivers of liking different
preference patterns. Sweetness positively influenced
liking ratings for all three clusters of consumers, while
attributes such as Fishy flavor, Dryness, and Astringent
aftertaste had negative impacts. However, the degree of
influence varied among the clusters.

The results from this study were collected from a small
group of Gen Z students at HCMUT, Ho Chi Minh City,
Vietnam. Other research was suggested to conduct sensory
testing with different groups of consumers for more
accuracy in sensory profiles of spirulina snacks. Moreover,
further research should investigate the effects of different
concentrations of spirulina on sensory properties and
consumer preferences. Additionally, exploring the
influence of spices and seasonings on the sensory
attributes of spirulina snacks could be considered.
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Abstract

Significant interest in green manufacturing of biomass-based carbon aerogel for energy storage has been
generated in the context of sustainable development. A previous investigation involved the synthesis of
durian rind carbon aerogel (DCA) at a temperature of 800 degrees Celsius, without activation. This process
yielded a notably high specific capacitance of 591 F/g in a two-electrode system. Further exploration into
the pyrolysis and activation parameters of this material is warranted. In this study, activated durian rind-
derived carbon aerogel (ACA) materials with improved surface structures were generated using a
straightforward manufacturing process. This method consisted of hydrothermal, freeze-drying, and
pyrolysis at 900°C, followed by CO» activation. The results of X-ray diffraction (XRD), Fourier-transform
infrared spectroscopy (FTIR), and Thermogravimetric analysis (TGA) indicate how the conditions of the
synthesis affect the properties of the materials that are formed. Consequently, the ACA material
demonstrates certain fascinating qualities, including a low density (0.006 g/cm?), a high porosity (more
than 98%), and an abundance of micro-meso porous structures. In addition, the electrochemical
characteristics of the as-prepared ACA materials were evaluated by employing the methodologies of cyclic
voltammetry (CV), galvanostatic charge-discharge curve (GCD), and electrochemical impedance
spectroscopy (EIS). The electrochemical properties of the produced materials were examined in a three-
electrode setup using Ag/AgCl as a reference. The results showed a remarkable electrochemical
performance at a current density of 0.5 and 1 A/g within a potential window of 1.0 to 0 V in a 0.5 M KOH
solution. This was achieved in a 0.5 M solution of potassium hydroxide. The findings indicated a potential
and sustainable pathway for using a vast source of biowaste to fabricate a multifunctional material for

energy storage via a green production strategy without harmful chemicals.

Keywords: supercapacitors, energy storage, carbon aerogel, biomass-derived carbon aerogel

1. INTRODUCTION

Driven by such need for power storage, rectification,
transport, and supply on various scales, sustained and
extensive research and exploration have been conducted,
and a number of electrical energy storage (EES)
technologies have been developed so far; some are in use
in our daily lives, such as batteries and fuel cells, and
others are more for industrial applications, including
pumped hydro, flywheel, compressed air,
superconducting magnetic, and supercapacitors.

Of these EES technologies, batteries have been widely
used on various scales and have been continuously studied
due to their outstanding performance. Based on the
specific battery chemistry, they can be rechargeable or
non-rechargeable. However, there are certain areas where
batteries revealed shortcomings or failed to meet the
needs, including: 1) Low power density: This issue has
severely hindered applications where high-power
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discharge and/or recharge rates are required. 2) Heat
generation: The redox reactions in batteries may lead to
Joule heating and thermochemical heating during their
operation. Such heat, if not dissipated, will effectively
result in overheating, thermal runaway, and even fire. 3)
Limited cycle life: The cycle lives of batteries are
normally limited due to the lack of fully reversible redox
reactions during the discharge and recharge process.
Because of the issues listed above, batteries alone are
unable to provide the full solution for electricity storage
[1]. A durable and safe electricity storage device, with
high power and/or energy performance, will undoubtedly
transform the landscape of electric energy generation,
distribution, and utility.
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Supercapacitors often referred to as ultracapacitors or
electrochemical capacitors, demonstrate outstanding
power performance, excellent reversibility, very long
cycle life, simple mode of operation, and ease of
integration into electronics. In addition, they generate less
thermochemical heat because of the simpler charge
storage mechanisms associated [2]. Therefore, they have
been widely used in consumer electronics, memory
backup systems, and industrial power and energy
management and will be found in more niche markets in
the near future. The supercapacitor, also known as an
electrochemical capacitor, stores energy primarily through
ion adsorption (electrical double-layer capacitance,
EDLC) or reversible Faradic reactions (pseudocapacitors)
on the electrode surfaces. While supercapacitors with a
dominating pseudocapacitance made of electroactive
materials such as conducting polymers or metal oxides can
achieve higher faradaic capacitive performance than the
EDLC, they frequently exhibit poor long-term cycling
stability [3].

Carbon aerogel (CA) has a three-dimensional (3D)
structure with ideal properties, including low density, high
porosity, a large specific surface area, and hydrophobicity
on the surface [4]. In addition, the preparation of CA is
mainly based on chemical methods, using expensive
inorganic/organic precursors like resorcinol-
formaldehyde, cresol  formaldehyde, = melamine-
formaldehyde, and graphene/graphene oxides. These
procedures, however, involve the use of toxic chemicals
and sophisticated processes. Fortunately, recent research
indicates a very efficient approach for the green synthesis
of CA by using hydrothermal carbonization (HTC), which
encompasses both hydrothermal and post-pyrolysis
processes [5]. HTC can be defined as the combined
dehydration and decarboxylation of fuel to raise its carbon
content with the aim of achieving a higher calorific value.
It is realized by applying elevated temperatures (180—
220°C) to biomass in a suspension with water under
saturated pressure for several hours. With this conversion
process, a lignite-like, easy-to-handle fuel with well-
defined properties can be created from biomass residues,
even with high moisture content. Thus it may contribute
to a wider application of biomass for energetic purposes
[6]. Although hydrothermal carbonization has been known
for nearly a century, it has received little attention in
current biomass conversion research.

Durian is a fruit which is famous all over the world,
especially in Southeast Asia as its name is “King of the
fruits”. Durian is popular for its special flavor and high-
quality nutrients which could afford health benefits for the
human body [7]. However, less than half part of the entire
durian is edible, while the other parts (rind and seeds) are
treated as food waste in the durian industry. Durian
residues (rind and seeds) are usually used in landfills or
burned, which poses a serious problem to the environment,
and in the meanwhile is also a waste of a natural resource.
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Durian rind is comprised of 31.6% cellulose, 15.5%
hemicellulose, and 10.9% lignin in dried durian rind [8].

In this work, a green synthesis route was approached for
the first time the direct conversion of Durian rind to
activated durian rind-derived carbon aerogel (ACA) for
fabrication  of  supercapacitor’s  electrodes  via
hydrothermal treatment, freeze-drying, and carbonization
under CO, atmosphere. The characteristics of the obtained
materials were studied by X-ray diffraction (XRD),
Fourier-transform infrared spectroscopy (FTIR), and
thermogravimetric analysis (TGA). The electrochemical
properties of the as-prepared ACA and CA materials were
measured in three-clectrode system via cyclic
voltammetry (CV), galvanostatic charge-discharge curve
(GCD), and electrochemical impedance spectroscopy
(EIS).

2. EXPERIMENTAL METHODS
2.1. Materials and Chemicals

Waste durian rind was collected in a single instance for all
subsequent experiments from the local market, Ho Chi
Minh City, Vietnam. Absolute ethanol (C,HsOH),
Acetylene black (AB), and Nafion were purchased from
Xilong Scientific (China),

2.2. Preparation of CA and ACA

The durian rind was peeled off the exocarp and mesocarp
[9]. Then they were soaked in ethanol for 24 hours and
washed with distilled water to eliminate the impurities.
The pre-treated durian rind endocarp was then sealed
inside a Teflon-lined stainless-steel autoclave and placed
into an oven for hydrothermal treatment at 180°C for 10
hours without the addition of any chemicals. The obtained
hydrochar was immersed in distilled water for one day to
remove the impurities and oils remaining. After that, the
aerogel was obtained by freezing the hydrochar at -50°C
and freeze-drying by Toption TPV-50F. To prepare ACA,
the aerogel was carbonized under a nitrogen (N3)
atmosphere in a tube furnace, heated from 30°C to 900°C
at a heating rate of 10°C.min"!, maintained at 900°C for 1
h. The N; input was then turned off and the system was
flushed with CO,. The furnace was maintained at 900°C
under a CO; atmosphere for 2 h. The CA was obtained
with the same procedure as ACA without using CO;
atmosphere.

2.3. Characterization

The presence of crystal structures was characterized by X-
ray diffraction (XRD) from 20 = 5-80° (Rigaku, D/max
2200). Functional groups of the durian rind, hydrochar,
CA, and ACA were verified by Fourier-transform infrared
(FTIR) spectroscopy (Bruker TENSOR-27, Germany).
The thermal behavior of hydrochar was evaluated on
thermogravimetric analysis and differential scanning
calorimetry (TGA/DSC) instrument METLER TOLEDO.

2.4. Electrochemical measurement
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Electrochemical measurements were performed on an
electrochemical workstation (CHI660C, Chen Hua,
Shanghai) in a three-electrode system in 0.5M KOH
electrolyte. To prepare the working electrode, ACA
material, and AB were mixed in ethanol with a mass ratio
of 9:1, then 5 pL of the prepared mixture with the
concentration of 10 mg/mL was drop-casted onto a glassy
carbon electrode (GCE) (diameter of 3 mm) and dried in
an oven at 100 °C. Platinum foil and a Ag/AgCl served as
the counter and reference electrodes, respectively. The
active material was 0.7 mg/cm? on the working electrode.
Cyclic voltammetry (CV). Galvanostatic charge/discharge
(GCD), and Electrochemical impedance spectroscopy
(EIS) analysis occurred to characterize the
electrochemical properties of the samples. All the
experiments were observed at the voltage range of —1.0 to
0 V. The CV curves were tested by varying the scan rate
from 10 to 200 mV/s. GCD measurements were obtained
under 0.5 and 1.0 A/g. EIS analysis was conducted at the
open-circuit voltage in the frequency range of 0.01 Hz—10
kHz. In the three-clectrode system, the specific
capacitances (Csp, F/g) calculated from the experimental
data of CV and GCD analysis were presented in Equations
(1) and (2), respectively:

_ Q (1
P mAV

T ®
P mAV

where I (A) is the current during discharge, m (g) is the
mass of active material, At (s) is the time during discharge,
AV (V) is the voltage window, and Q is stored charge in
coulombs (equals half the integrated area of the
corresponding CV curve).

3. RESULTS AND DISCUSSION
3.1. Characteristics

To investigate the chemical functional groups of durian
rind endocarp, hydrochar, CA-900, and ACA-900 the
FTIR spectroscopy was carried out, as presented in Fig. 1.
For hydrochar, a broad band from 3300 to 3400 cm! is
related to —O—H stretching vibration [10]. Other peaks at
1065, 1240, and 1750 c¢cm™ indicate oxygen-functional
group vibrational peak of C—O, epoxy group, and C=0
stretching from carbonyl or acetyl groups in
hemicellulose, respectively. Meanwhile, peaks at 1570
and 1620 cm’ are attributed to the C=C stretching.
Hydrochar also had the vibration of —C—H alkane
stretching at around 2920 cm™ [11]. These aforementioned
peaks indicate the presence of the remaining cellulose and
hemicellulose in the raw cucumber after hydrothermal
treatment. The FTIR spectra from ACA-900 show that
some of these oxygen-containing functional groups
(—O—H, C=0, and C—0) were reduced or disappeared due
to the pyrolysis process and CO; activation treatment [12].
In addition, it can be easily noticed that at the same
pyrolysis temperature, the ACA-900 exhibits more
appearance of oxygen functional groups such as hydroxyl,
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carboxyl, and carbonyl functional groups, indicating the
interference of the CO, during the pyrolysis process [13].

ACA-900

CA-900

Hydrochar

Transmittance (%)

Durian rind
endocarp

T v T v T

- T
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T T v
2000 1500 1000 500
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Figure 1. FTIR spectra of durian rind endocarp,
hydrochar, CA-900, and ACA-900

The structure of the synthesized materials was
investigated by XRD patterns, as presented in Fig. 2. XRD
pattern of durian rind endocarp illustrates two low-
intensity broad peaks at 22° and 55°, indicating the high
amorphous structure of the durian rind’s endocarp. After
the hydrothermal process, the hydrochar demonstrates
cellulose characteristic peaks at 16, 22, and 35° assigned
to the overlapping of (110)/(110), (200), and (004) planes,
respectively. These diffraction peaks imply the orderly
crystal structure of cellulose [14, 15]. However, after the
carbonization and activation process, ACA shows the
structure of graphite carbon by presenting two diffraction
peaks at 23° (002) and 44° (100) [1, 16, 17]. Notably, the
peak located at 20 = 11° (001) introduces the graphene
oxide-like structures [18].
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Figure 2. XRD patterns of the materials
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There are three stages in the pyrolysis process in nitrogen.
It is obvious in Fig. 3. that at a range between 40 — 80°C
the mass of hydrochar has been slowly decreased,
corresponding to the first stage. The weight loss in this
stage can be attributed to the evaporation of water. Stage
IT —volatile matter release, during this stage the structural
changes start to depolymerize hemicellulose and cellulose.
As seen on the graph, about 50% of weight has been
removed between the range of temperature 250 - 350°C.
Stage III corresponds with char oxidation, this stage
occurred lignin degradation and carbonization of aerogel
between 350 - 600°C. DSC was used to measure the heat
flow behavior during the combustion process (with a
constant temperature increase). Observations revealed that
the temperature of hydrothermal carbonization changed
the heat flow dynamics of hydrochar during the
combustion process. Hydrochar generated greater heat
flow (HF) combustion than precursor biomass [19]. The
increase in heat released during the combustion of
hydrochar is related to its carbonization temperature.
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Figure 3. TG and DSC curves of hydrochar at a heating
rate of 10°C/min under 10 ml/min N2 atmosphere

3.2. Electrochemical performance

The CV profiles of ACA and CA at 900°C at a scan rate
of 200 mV/s are displayed in Fig. 4(a) and the CV curves
of ACA-900 at different scan rates are exhibited in Fig.
4(b). It can be observed unambiguously that the CV curves
of the two samples all present quasi-rectangular shape,
which indicates that materials have the characteristics of
ideal electrochemical double-layer capacitance instead of
pseudo-capacitance owing to the redox reaction of oxygen
heteroatoms [20]. The CV curves' closed area can reflect
the samples' specific capacitance. Contrary to the
activation process, the CA-900 exhibited the smallest area
ofthe CV curve, which corresponded to the material's poor
capacitance without activation. The ACA-900 sample
with the largest encircled CV area was the one that was
activated, indicating that it possessed the most significant
capacitance. Moreover, with the increase of scanning rate,
the CV curves of ACA-900 expand, but even at a high
scanning rate of 200 mV/s, a good symmetric rectangle of
CV curve maintains, which proves the fast transfer of ions
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in the carbon electrode along with small diffusion
resistance. In addition, the specific capacitances of ACA-
900 at the scan rates of 10, 50, 100, and 200 were
determined as 195.25, 165.28, 155.33, and 137.93 F/g,
respectively (Fig. 4(c)). Per the inflation in scan rate from
10 to 200 mV/s, the specific capacitance tended to drop
down from 195.25 to 137.93 F/g, which was caused by the
inadequate time for the electrolyte to diffuse into the
porous structure of the material under the rapid scan rate
[21]. Interestingly, only a small loss of capacitance was
recorded according to the capacitance retention of 70.46 %
(at 200 mV/s), indicating the stability of the electrode
during the electrochemical performance [22].

10mVis
S0mVis
100 mVs|
200 mVis|

ACA-900
CA-000

Potential (V)

Specific capacitance (F/g)

13793

>

Scan r.llr (mV/s) "
Figure 4. (a) CV curves of ACA-900 and CA-900 at 200
mV/s, (b) CV curves of ACA-900 at different scan rates,
and (c) Specific capacitance of ACA-900 at different scan
rates

To evaluate the charge/discharge performance and
specific capacitance of the materials, a GCD test was
conducted for both CA-900 and ACA-900 at 1 A/g under
a potential voltage from -1.0 to 0.0 V, as presented in Fig.
5(a). Generally, the shape of the GCD curve presents that
all the tested materials exhibited a nearly symmetric
triangle even at the high current density, indicating high
reversibility between the charge/discharge process [23].
Consequently, the charge-discharge time of ACA-900
(Fig. 5. (a)) was longer than that of CA-900. It indicates
that ACA-900 can be charged with more electrolyte ions
than others, which means it has higher specific
capacitance. The gravimetric specific capacitance of
ACA-900 at different current densities calculated from the
GCD curves are given in Fig. 5. (b). The ACA-900
delivers high specific capacitances of 213 and 175 F/g at
0.5 and 1.0 A/g, respectively. The specific capacitance of
ACA-900 decreased with the increase of current density
(from 0.5 to 1.0 A/g), which was concerned with the
limited transportation of the electrolyte ions on the
electrode surface during fast charging [24].
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Figure 5. (a) GCD curves of CA-900 and ACA-900 at
current density of 1 A/g, (d) GCD curves of ACA-900 at
different current densities

On a complex plane, a Nyquist plot displays the imaginary
and actual cell impedance components. It has been
reported that a Nyquist plot obtained from an EIS analysis
typically consists of two major parts: a semicircle in the
high-frequency region and a straight line in the low-
frequency region, with the former revealing the charge-
transfer resistance and the latter indicating the diffusion-
limited process [25]. According to Fig. 6, the semicircles
of all prepared materials were barely discernible,
indicating a low charge transfer resistance and non-
faradaic charge transfer process [26]. Among the two
materials, the ACA-900 exhibited the most vertical line in
the low-frequency region, indicating the most pronounced
capacitive pattern with the lowest resistance to the electron
transport process.
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Figure 6. The Nyquist plots of ACA-900 and CA-900
4. CONCLUSION

In conclusion, the activated durian rind endocarp-derived
carbon aerogel (ACA) materials were successfully
fabricated for the first time by a facile and green synthesis
route, including hydrothermal, freeze-drying, and
pyrolysis in CO; condition for energy storage application.
Consequently, the ACA material demonstrates certain
fascinating qualities, including a low density (0.006
g/cm?), a high porosity (more than 98 %), and an
abundance of micro-meso porous structures. The ACA-
900 compound exhibits remarkable electrochemical
characteristics, notably demonstrating excellent behaviour
as an electric double-layer capacitor (EDLC) with stable
semi-rectangular CV curves at varying scan rates.
Additionally, it highlights a specific capacitance of 213
F/g at a current density of 0.5 A/g, and low charge/transfer
resistance. These properties surpass those of the reference
sample, CA-900, which was pyrolyzed at the same
temperature but in a N, atmosphere. The ACA-900
electrode exhibited a minimal decrease in capacitance
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retention ratio, measuring at 70.46%, upon increasing the
scan rate to 200 mV/s. The discoveries of this research
demonstrate a promising and enduring approach for
utilising a significant amount of biowaste to synthesise an
adaptable material for energy storage, employing an
environmentally friendly production methodology that
avoids the use of hazardous chemicals.
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Abstract

Spinach (Spinacia oleracea L.) was developed and demonstrated to be rich in polyphenols which have been
recognized and proven to have decent antioxidant capacity, contributing its role to many products and
applications. The goal of this study was to evaluate the extraction conditions of Spinach leaves (originated
from Da Lat, Viet Nam) and enhance the chemical stability of the Spinach leaf extract. The advisable
extraction conditions were using Ethanol 98° as a solvent with an extraction temperature of 60-70°C. The
condensed extracts obtained through rotary evaporation possessed the total phenolic content of 39.88 mg
GAE/g absolute dry weight and high antioxidant capacity with an IC50 value of 308.9 mg/L (compared
with the liquid extract that of 215.2 mg/L). After that, the solid extracts of Spinacia oleracea L. were
encapsulated with the support of a solid lipid (Emulgade SE-PF from BASF Company) together with
Polysorbate 80 (Tween 80) to form a solid lipid nanoparticle (SLN) dispersion in water through high-speed
homogenization. The dispersion had a median size of 126 nm (by Laser Diffraction Analysis) and the shape
of these particles appeared to be spherical (by Scanning electron microscopy). The stability studies of the
SLN dispersion showed significantly increased protecting ability compared to the non-encapsulated extract,
regarding the stability in polyphenols and antioxidant capacity content. Furthermore, the lower temperature,
the better protecting performance of the system. Ultra-violet radiation from light also had no effect on the
encapsulated extracts. In conclusion, this study’s outcomes proved that Spinacia oleracea L. can be utilized
as a novel source of natural polyphenols which provides applications as an antioxidant, and with regard to
keeping natural extracts effective and stable, solid lipid nanoencapsulation is one of the promising

approaches.

Keywords: spinach, natural active compound, polyphenols, antioxidant, solid lipid nanoencapsulation

1. INTRODUCTION

The annual plant species known as spinach (Spinacia
oleracea L.) is a member of the Chenopodiaceae family.
The genus was first found in South-West Asia, and S.
oleracea was likely transported to Spain by Arabs in the
14" century, where it spread to other nations by the 16™
[1]. Spinach is a rich source of flavonoids especially
patuletin, spinacetin, jaceidin, and flavones [2, 3]. There
have also been reports of the existence of luteolin,
isorhamnetin, kampherol, quercetin [4]. B-carotene,
vitamins of the B group, and ascorbic acid are also
abundant in spinach leaves [1]. Additionally, spinach is a
great source of carotenoids like lutein, zeaxanthin, and
chlorophyll [5, 6]. Among mentioned compounds,
polyphenols derivatives have been discovered to possess
lots of benefits: antioxidant activity [7], anti — aging [8],
oral health [9, 10], anticancer capacity [7] and others.
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Natural active ingredients possess outstanding advantages
such as diversity of biological activity, low toxicity, few
side effects and good therapeutic potential, especially
when used in the form of active ingredient clusters from
plant extracts for their synergistic effects. However, some
typical characteristics such as poor aqueous solubility, low
permeability as well as poor chemical stability, high
temperature, light and oxidant sensitivities are considered
the biggest obstacles in the development of natural active
ingredients in clinical or pharmaceutical treatment or self
— care products.

Therefore, the challenge when using natural products in
the treatment of diseases is to increase the solubility,
permeability and minimize the degradation of biologically
active substances. Nanoencapsulation is one of the state-
of-the-art technologies to ensure and improve the quality
and efficiency of bioactive ingredients.
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Spinach leaves were found to have various beneficial and
potential actives, not only have been used as a source of
nutrients, this kind of plant has been getting attention for
other further applications related to cosmetics or drug
ingredients. However, research about Spinach in Vietnam
has been still insignificant, products that utilized active
ingredients deprived of Spinach were not popular and
widely used. In order not to waste the potential of probably
abundant good substances, this research was initiated to
conduct a survey, evaluation and availability of extraction
process as well as the amounts of actives in Spinach leaves
(originated from Da Lat, Viet Nam) for further
applications,  then  prepare the solid lipid
nanoencapsulation of extracts and further assessments.
The solid lipid selected was Emulage SE-PF, a self-
emulsifier suitable for the creation of oil-in-water creams
and lotions for the cosmetic and pharmaceutical industries.
High-speed homogenization technique was the chosen
preparation method for nanoencapsulation system.

2. METHODS AND IMPLEMENTATION
2.1. Materials

Spinach plants were the main material of this research,
which were planted and harvested at VietGAP garden
located in Da Lat province, Viet Nam. This place is well-
known for its cool weather, which is extremely suitable to
grow Spinach plants because Spinach is very fond of cool
climates. After purchase, Spinach leaves were pretreated
and preserved for later use. Emulgade SE-PF™ was
provided by BASF company, Viet Nam. All the organic
solvents used in this study were of analytical grade.

2.2. Methods

2.2.1. Raw material pretreatment

Fresh Spinach plants were purchased, rotten and decayed
leaves were eliminated, and then repeatedly washed under
RO water until dirtless, left drying at room temperature to
measure the moisture content of fresh leaves. After being
washed carefully, fresh leaves were dried in a simple dry
chamber at temperature of approximately 40 — 50°C until
the moisture content left was under 10%. The ground
powder of dried leaves was stored in sealed plastic bags
with 2 — 3 silica gel desiccant packs to prevent the power
from absorbing moisture and in darkness to avoid light, at
room temperature.

2.2.2. Extraction conditions evaluation

For the dried Spinach leaf powder, the ratio of material
mass and solvent volume was 1:100 (g/mL), extraction
duration was 1 hour. The residue powder was kept to
continue the second extraction, the procedure for the
second and third extraction was the same as the first one.

A total of 3 systems of conditions were conducted, which
were: EtOH — 40-50 — 1/2"/3"; EtOH — 60-70 —
18/2m4/31: H,0 — 60-70 — 1°/279/31,

The first part showed the solvent used:
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EtOH: Ethanol 98° — H,O: Distilled water

The second part was the range of temperature at which the
extraction process was conducted:

40-50: 40 to 50 °C — 60-70: 60 to 70°C
The final part represented the time of extraction:
1% Ist extraction — 2: 27 extraction — 3™ 3rd extraction

2.2.3. Total phenolic compound measurement

The total phenolic compound (TPC) of liquid extract and
in the initial material was determined based on method
ISO 14502 — 1:2005 by using Folin — Ciocalteu reagent
(FCR) with some modifications. 1 mL of sample was
added with 2.5 mL of FCR solution, followed by 2 mL of
7.5% sodium carbonate solution. The chemicals were
combined and incubated at room temperature for 30 min
in the dark. Then, a triplicate 760 or 765 nm absorbance
measurement was made. The total phenolic content was
reported as mg Gallic Acid Equivalents (GAE)/g of dry
weight (DW) after the average data was interpolated in a
gallic acid calibration curve.

2.2.4. Antioxidant capacity assay

In this research, the chosen method to determine the
antioxidant capacity of Spinach leaves was using 2,2-
diphenyl-1-picrylhydrazyl =~ (DPPH)  free  radical
scavenging [11]. Briefly, 2800 pL methanol and 100 puL
of DPPH 6 mM or 1.5 mM (used for different situations)
solution were prepared and added to 100 pL of dimethyl
sulfoxide. 100 pL of samples of different concentrations
was then mixed into the previously formed solution and
allowed to react in the dark, at room temperature. After 1
hour of incubating, the measurement of absorbance at 517
nm of reacting samples (Asmple’ was conducted against the
DPPH blank sample (Apppy — prepared by replacing the
measured sample with methanol at the beginning). The
percent of inhibition (or remaining free radical DPPH) was
computed by applying Equation (1):

) _ ADPPH_Asample

Qinnivition (%0 " %X 100%
DPPH

(1
2.2.5. Vacuum rotary evaporation process

Liquid extract would undergo rotary evaporation (about
45-50°C under vacuum conditions) to get rid of solvent to
obtain the condensed extract.

2.2.6. Preparation of solid lipid nanoencapsulation
(SLN) system

Solid lipid encapsulation of active compounds was
formulated using Emulgade as solid lipid and Polysorbate
80 as an emulsifier. The process to establish Spinach
extract solid lipid nanoencapsulation comprised of 2
procedures: hot and cold homogenization. Hot
homogenization: Solid lipids were heated until melting
and combined with a proficient amount of Spinach
condensed extract to a make lipid phase. The water phase
comprising Polysorbate 80 (Tween 80) and distilled water
was heated to the same temperature as the oil phase to keep
solid lipids melted when mixing the oil phase and water



The 12 OISP Science and Technology Symposium for Students

Ho Chi Minh City University of Technology (HCMUT), VNUHCM

Date: July 23,2023

Council: 2

phase. Then the mixture of all ingredients was ready to be
homogenized at high speed and hot temperature (80°C).
Cold homogenization: The dispersion after 30 minutes of
homogenization at high temperature was then cooled to
10°C in an ice bath and proceeded to be homogenized at
that low temperature. The homogenization speed and
duration were set similarly at 13000 rpm and 30 min for
each cycle of homogenization because increasing
homogenization would cause an increase in particle size
due to particle coalescence [12].

2.3.  Solid lipid nanoencapsulation
characterization and stability study

system

2.3.1. Particle size distribution by Laser diffiraction
spectroscopy (LDS)

The nanoencapsulation system was evaluated through the
mean/median size and the particle size distribution was
determined using a LDS instrument of Horiba, model
LA950V2 at the Laboratory of Organic Chemical
Engineering, Ho Chi Minh City University of Technology
— Viet Nam National Univeristy HCMC.

2.3.2. Particle morphology by Scanning electron
microscopy (SEM)

The particle morphology was performed via SEM
instrument by Environmental Protection Centre (VITTEP),
Phu Nhuan District, Ho Chi Minh City.

2.3.3. Utilization efficiency

Utilization efficiency is the ratio of the amount of material
(polyphenols in this case) present in the system after
preparation (C;) to the total amount of material present in
the original preparation mixture (Co).

It is evaluated through the number of polyphenols before
and after forming the nanoencapsulation system using
Folin — Ciocalteu method as described in Section 2.2.3.

Utilization ef ficiency (%) =2 x 100%  (2)
1

2.3.4. Stability study

The SLN system was evaluated for its protecting
performance by conducting stability tests over a period.
To do so, firstly, the SLN system was separated into 4
smaller batches with the same volume; three of them were

wholly covered with aluminum foil paper to avoid Ultra —
Violet radiation while the last one was left to be exposed
to light. The SLN batch without aluminum foil paper
covering was stored at room temp, each of the remaining
batches was stored at 10°C, room temperature (about
30°C), and 45°C, respectively. Moreover, the non —
encapsulation system (consisting of all the same
ingredients as the SLN system but without any
homogenization) was also constructed and left exposed to
UV radiation at room temperature. The stability study in
this project focused on the total phenolic content and
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antioxidant capacity after each week for a total period of 2
months.

Each of the SLN systems stored at different conditions and
non — the encapsulation system was denoted as below for
easier further indication:

Table 1. Denotations in stability study

System Storing conditions Denotation
10 .C,'Wlthout uv SLN-10
radiation exposure
45°C, without UV

SLN radiation exposure SLN-45

Room temp., without

UV radiation exposure SLN-30

. LN-

Room temp., with UV SLN30UV

Non - L
. radiation exposure Non
encapsulation

e Total phenolic content

The total content of polyphenols was the first subject in
the stability study. The method of evaluating the amount
of polyphenols was the same as in Section 2.2.3. However,
before adding Follin — Ciocalteu solution to the sample,
the SLN system was heated at 80°C for a short time for
Emulgade molecules to melt and let active compounds
unencapsulated for full reaction with the reagent.

e Antioxidant capacity
Besides total phenolic content, the antioxidant ability of
subjective systems was also determined weekly. The
procedure to inspect antioxidant capacity was similar to
the procedure in Section 2.2.5 (using DPPH 1.5 mM
solution).

The results of concentration and antioxidant capacity were
converted to percentages compared with the initial
concentration and antioxidant capacity of the week when
the systems were formed to see the durability of the
systems throughout periods:
. X
% remaining = X—‘ %X 100% (3)
o

With X; was phenolic content or antioxidant capacity at i

week and X, was phenolic content or antioxidant capacity
at week 0 (right after preparation).

3. RESULTS AND DISCUSSION

3.1. Preparing and evaluating raw materials

The Spinach plants were fresh with green color; there were
very few decayed and rotten leaves.

Figure 1. Appearances of Spinach plants and leaves

1) Spinach plants at VietGAP garden, 2) Fresh
Spinach leaves, 3) Dried Spinach leaves
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The moisture content of fresh leaves was also measured to
be 97.36%, which means the dry matter (or dry weight) in
fresh leaves was 2.64%.

The leaves after drying had the color of a fairly deep and
darker green. The moisture content of dried leaves was
6.57%.

3.2. Investigating extraction conditions from Spinach
leaves

3.2.1. General characteristics

Appearances of liquid extracts were different depending
on the system of conditions.

o g C - ‘J
(a) EtOH— | b)EtOH —40- | (c) EtOH — 40-
40-50 1% | 502 50 — 3
a =
ﬁ -

d) EtOH - 60- | ¢) EtOH - 60- | f) EtOH — 60-
70 - 1 70 2 70 — 3
-y .

g)H,0 - 60- | h)H,0—60- | i) H20—60-70
70 — 1% 70 — 21 -3¢

Figure 2. Appearances of liquid extracts according to
each system of conditions

3.2.2. Total phenolic compound

Phenolic compounds content and extraction ratio are
described in Figure 3, in this section, device UV-Vis
Helios Epsilon was used.

s

10334

o dry matter)

Total polyphenals (mg GAE/

FOf- 6070 mo-aTm DL FIOH - 4050 DL-FOH - @70

System of conditions System of conditions

Figure 3. Total phenolic compounds (left) and phenolic
compounds ratio of each system of conditions

3.2.5. Conclusion

Among several extraction conditions conducted to obtain
polyphenols from Spinach leaves, these seemed to be the
most suitable ones: dried leaf powder as initial materials;
ethanol 98° or distilled water as a solvent, both performed
great extraction; higher temperature, better extraction

s 1o exteaction
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outcome, therefore 60 — 70°C was proper extraction
temperature; only one extraction time was necessary.

3.3. Preparing and evaluating liquid and condensed
extracts

Polyphenols were chosen to be the main research subject
and focused in this section; additionally, its antioxidant
capacity in different extracts was also determined.
Therefore, ethanol 98° as extraction solvent was preferable
to distilled water because ethanol with high purity can
undergo much easier rotary evaporation and certain
products could be collected for further procedure and
assessments. To prepare a big batch, the ratio of dried leaf
powder and ethanol was 1:10 g/mL, extraction duration
was adjusted to 2 hours.

From this section, the UV-Vis Jenway Spectrophotometer
device was used instead of UV-Vis Helios Epsilon one as
in the previous section, therefore, about phenolic content
evaluated by Folin — Ciocalteu method, the Gallic acid
calibration curve established on this device was also
applied.

3.3.1. General characteristics

The general characteristics of liquid and condensed
extracts are shown in Table 2.

Table 2. General characteristics of liquid and condensed

extracts
Liquid extract | Condensed extract
Appearance
Total 1111.72 £ 27.07 37.79 £ 0.95
h (:al' mg GAE/L mg GAE/g sample
lzoflt:;f 38.68+1.07mg | 39.88+1.00 mg
GAE/g DW GAE/g DW

The moisture content or volatile content of the extracts
was 94.46% in the liquid reducing to 5.23% after the
rotary evaporation process, indicating the efficiency of
this step was high. Additionally, polyphenols
concentration in condensed extract was satisfactorily high.
The condense had almost adequate phenolics of 39.88 +
1.00 mg/g absolute dry matter. The result was favorable
for the study to show that Spinach is one positive choice
for the source of polyphenols in nature.

3.3.2. Antioxidant capacity

Using DPPH assay (with 6mM DPPH solution), the
antioxidant ability of positive control vitamin C, the liquid
and condensed extracts was also figured out and illustrated
in Figure 4 and Table 3.
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Figure 4. Antioxidant capacity of positive control
Vitamin C, liquid, and condensed extracts (based on
normal samples)

Table 3. ICs value of liquid and condensed extracts

Liquid Condensed

extract extract
Based on 16430.6
sample mg/L 325.9 mg/L
ICs value Based on
absolute 2152 mg/L  308.9 mg/L
dry matter

For objective comparison, firstly, the oxidant inhibition
ability of positive control Vitamin C was assessed. The
half-maximal inhibitory concentration (ICso) value of
vitamin C was 21.1 mg/L.

When the data was calculated based on absolute dry
matter, ICso values of the liquid and condensed extracts
were 215.2 and 308.9 mg/L (Table 3). Both extracts’ ICso
values were 10-15 times higher than positive control
Vitamin C, which indicated they still had a great capacity
for oxidation prevention and expected feasibility in
applications as antioxidants as well.

3.4. Solid lipid nanoencapsulation system

The formulation of the solid lipid nanoencapsulation
(SLN) system was as follows:

Table 4. Formulation conditions of the SLN system

Condensed Tween
extract Emulgade 80 Water
05¢g 2g lg 96.5¢g

3.4.1. General characteristics

The SLN system had milky dark green color. Compared to
the non-encapsulation system, whose color was
translucent dark green, the SLN dispersion’s milky
coloring might be originated from the solid lipid
Emulgade.

Figure 5. The appearances of the SLN system (left) and
non — encapsulation system (right)

3.4.2. Utilization efficiency

The utilization efficiency of the SLN system was 99.38%,
which proved that after the encapsulation process with

mentioned conditions, the actives in the dispersion
remained almost completely. This result showed the
excellent usability of Spinach leaf extracts as the main
ingredient in the solid lipid encapsulation along with the
formulated conditions.

3.4.3. Particle size and morphology

The analytic result from LDS and SEM are shown in
Figure 6.

0.010 0.100 1.000 10.00 100.0 1000 3000

Diameter(um)

Figure 6. LDS result (a) and SEM image (b) of the SLN
system
Table 5. Particle size and morphology of the SLN system

Morphology Spherical (SEM)
126 nm (median — LDS)
Size 5.3 pm (mean — LDS)

60-200 nm (SEM)
Additionally, based on the figures and data provided by
the LDS device, 77.78% of particles were smaller than
197 nm. The bell curve shape of the size distribution graph
exhibited by the LDS program implied the uniformity in
the size of the particles, although several unexpected
microsized clusters appeared. With these sizes of
nanoparticles, the SLN system is promising in many
applications and products that require certain dimensional
characteristics.

Most of the particles appeared to be spherical while there
were some bigger clusters, which might occur due to the
probability of flocculation and led to coalescence of these
particles.

3.4.4. Stability study
3.4.4.1. General characteristics

Appearances of the SLN system at different storing
conditions over 8§ weeks were shown in Figure 7.

)] 2)
SLN-10  SLN-45  SLN-30 SLN-30UV

| {

Figure 7. Appearances of the SLN system right after
preparing (left) and storing at different conditions (right)
after 8 weeks
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As can be seen, after 2 months, most of the SLN system
appearances were the same as in the initial week.

Nevertheless, the SLN system stored at 45°C had a slight
color difference, lighter and milkier dark green was
observed. This dissimilarity could be explained due to
degradation of natural substances at high temperatures.

3.4.4.2. Total phenolic compound

Ultra — Violet radiation

100

SLN-30  =deSLN-30UV  =sée=Non

0 1 2 3 4 H 6 7 8

Figure 8. Effect of UV —radiation on phenolic content of
SLN system and non — encapsulation systems

A non — encapsulation system (Non) was also prepared
and quantitively evaluated to be compared with the
encapsulation one. The polyphenols loss rate of the non —
encapsulation was a lot higher, with about 8% per week
and only approximately 60% of polyphenols remained
after 5 weeks. While the encapsulation samples (SLN-30
and SLN-30UV) had TPC stability of about 90-93% at the
end of 8 weeks. The performance of Emulgade in
protecting active compounds was undeniably effective.

Take the SLN system stored at room temperature with
prolonged exposure to ultra—violet radiation from light
into account, after 8 weeks, polyphenols remained at
89.34%. Compared with the SLN sample without the light
affecting, the stability was 92.66%. UV radiation seemed
to have very little effect on the encapsulated active
compounds, which was a positive note for this study and
further applications.

e Temperature

100

e e e e

9%
®

80

70

TPC (% remainin

60

=0=SLN-10  ==SLN-45 SLN-30

50

0 1 2 3 4 5 6 7 8
Week

Figure 9. Effect of storing temperature on phenolic
content of SLN system

Concerning temperature, the phenolic content of the SLN
system at 10°C showed its best capacity to cover active
compounds from environmental factors. Only 5% of
phenolic substances were lost, and that percentage of
the SLN system at 30°C temperature was just a bit higher
by 3% after 8 weeks. At 45°C within a 2 — month period,
the proportion of polyphenols lasting was three—fourths.

Page | 57

To draw a conclusion, the lower temperature, the better-
protecting performance of the SLN system.

3.4.4.3. Antioxidant capacity

e Ultra — Violet radiation

100

SLN-30
aSIN 300V
aNon

£
g
g
-
]
L

Figure 10. Effect of UV — radiation on antioxidant
capacity of SLN and non — encapsulation systems

Looking at the decrease of antioxidant ability within 4
weeks of non — encapsulated system, the degradation rate
was extremely fast, only 70% was available compared to
the capacity at initial.

The SLN system at room temperature exposed to light
appeared to be quite influenced by UV radiation in terms
of bioactivity; howbeit, SLN dispersion at this condition
still had an acceptably good ability to keep the antioxidant
nature of active components. The antioxidant inhibition
only decreased by around 5% after 8 weeks.

e Temperature

100
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99.05 97.85
o0 97.85
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Figure 11. Effect of storing temperature on antioxidant
capacity of SLN systems

The antioxidant performance of the SLN system stored at
10 and 30 °C was practically unaffected throughout 2 —
month period. Furthermore, the antioxidant capacity loss
rate of the SLN system at 45 °C was expectedly higher
than two other samples, at approximately 9.5% per month.
To summarize, variable acceleration of total phenolic
contents was proportional to that of antioxidant capacity.

4. CONCLUSION

To achieve a good amount of polyphenols in extracts,
dried leaf powder should be used as initial material,
ethanol 98° and distilled water were favorable choices as
solvents, extraction temperature of 60 — 70 °C, and only
one extraction time was required. The total phenolic
compound calculated in liquid extract was determined to
be 38.68 = 1.07 mg GAE/g DW and that of condensed one
was 39.88 3 + 1.00 mg GAE/g. The result showed that the
liquid extract possessed an IC50 value of 215.2 mg/L and
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the condensed extract had a value of 308.9 mg/L. The
particle size distribution of the SLN system formed had a
median size of 126 nm and a mean size of 5.3 um (LDS).
Furthermore, spherical was the shape of these particles
according to the SEM result, and the size range of particles
from 60 — 200 nm was observed as well. The encapsulation
dispersion by Emulgade prevented expectedly well active
compounds in an extract from denaturing by
environmental factors, particularly, temperature and UV
radiation. The lower temperature, the better protecting
performance of the SLN system. These results would
broaden more and more orientations for other research and
applications of using the encapsulation method, in general,
and solid lipid, in particular, to protect active compounds
from natural plants.
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EVALUATING VITAMIN E&C ENCAPSULATION WITH SOLID LIPID (NATEROL) IN
TEXTILE APPLICATIONS BY USING A DPPH SCAVENGING ACTIVITY METHOD

(PANH GIA HE VI NANG VITAMIN E&C VOI MOT SO LOAI BEO RAN (NATEROL) UNG
DUNG TREN VAI BANG PHUONG PHAP QUET GOC TU DO DPPH)
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Abstract

The remarkable developments in science and technology have accelerated the development of cosmetotextiles and opened the
door to important research on the use of the microencapsulation system on fabric, particularly for encapsulating vitamins and
active ingredients. In this research, a mixture of vitamin C, E, and olive oil with a mass ratio of 6:3:1 was encapsulated with
Naterol solid lipid (an emulsifying wax was provided by CISME Italy company) and evaluated for applicability on cotton fabrics.
The microencapsulated particles were effectively coated with Naterol with a median size of 0.67 um (according to LDS).
Additionally, the utilization and encapsulation efficiency of the solid lipid nanoparticles system accounted respectively for
96.64% and 77.74% through DPPH free radical scavenging methods. Besides, in order to enhance the antioxidation ability of
fabrics, the suspension was applied to cotton fabrics by two methods and effects of the two methods on the fabric were also
investigated and evaluated. The total amount of active ingredients in the fabric sample after impregnating or soaking was 59.49%
and 57.14%, respectively. Whereas the release efficiency was 45.3% for the impregnating method and 42.76% for soaking
method by measuring after 30 minutes. With outstanding properties, Naterol solid lipid encapsulating vitamin E&C was
considered a promising candidate for textile application, especially in the current trend of functional fabrics.

Keywords: Vitamin mixture, encapsulation, DPPH radical scavenging, Naterol, cotton fabric
Tom tat

Véi nhitng bude tién ndi bat ciia khoa hoc va cong nghé da dan téi sy phat trién nhanh chong cua linh vuc vai my pham, mo
duong cho nhitng nghién ctru quan trong vé kha nang Gmg dung cta hé bao boc vi nang trén vai, ddc biét 1a bao boc cac vitamin
va hoat chit. Trong nghién ctru nay, hdn hop vitamin C, vitamin E va dau olive véi ti 1¢ khéi lwong 6:3:1 dugc bao boc boi chat
béo ran Naterol (chat nhii hoa dugc cung cp boi cong ty CISME Italy) va sau d6 dugc danh gia kha nang umg dung trén vai
cotton. Cac hat vi nang duge bao boc boi béo rin Naterol mot cach hiéu qua véi kich thude trung binh 0.67 um (theo danh gia
LDS). Ngoai ra, hi¢u qua sur dung va hiéu qua bao boc ciia hé cao, 1én dén 96.64% and 77.74% thong qua phuong phap bat goc
tu do DPPH. Bén canh d6, nham nang cao kha nang khang oxy hoa cua vai, hé béo rin Naterol dugc tmg dung 1én vai cotton
thong qua phuong phép tdm va ngam. Anh hudng cua hai phu'ong phap nay 1én hoat tinh trén vai cling dugc nghién ctru va danh
gi4. Hoat tinh téng do dugc ciia hé béo ran Naterol trén mau vai tim va ngam lan luot 12 59.49% and 57.14%. Trong do6, hiéu
qua giai phong do dugc sau khi chiét 30 phut 14 45.3% dbi voi phuong phap tam va 42.76% ddi véi phu’o‘ng phap ngam Két qua
ching minh rang hoat tinh giai phéng clia mau vai tim cao hon so véi mau vai ngam. Véi dic tinh noi bat, hé béo ran Naterol
bao boc vitamin E&C duogc coi 1a mot trién vong cho céc ing dung may mac, dac biét 1a cac loai vai chiic nang xu hudng hién
nay.

Tir khéa: Hon hop vitamin, bao boc, bdt goc tw do DPPH, Naterol, vdi cotton
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Abstract

The outstanding advances in science and technology led to the rapid development of the cosmetotextile, paving the way for
significant studies on the applicability of the microencapsulation system on fabric, especially encapsulating vitamins and active
ingredients. In this research, a mixture of vitamin C, E, and olive oils with a mass ratio of 6:3:1 g:g:g was encapsulated with
Sabowax solid lipid (an emulsifying wax from SABO S.p.A) and evaluated for applicability on cotton fabrics. The
microencapsulated particles were effectively coated with Sabowax with a median size of 0.342 um (according to LDS).
Additionally, the utilization and encapsulation efficiency of the solid lipid nanoparticles system accounted respectively for
98.02% and 83.78% through DPPH free radical scavenging methods. The SLN system was applied to the cotton fabric by
impregnating and soaking methods, and the effects of the two methods on the fabric were also investigated and evaluated. The
total amount of active ingredients in the fabric samples after impregnating or soaking was 57.28% and 55.15%, respectively.
The release efficiency of the impregnating and soaking samples was 40.73% and 31.06% by measuring after 30 minutes on a
methanol medium. With outstanding properties, Sabowax solid lipid encapsulating vitamin E&C was considered a promising
candidate for textile application, especially in the current trend of functional fabrics.

Keywords: Vitamin mixture, encapsulation, DPPH radical scavenging, Sabowax, cotton fabric
Tom tat

Nhimg bude tién noi bat ciia khoa hoc va cong nghé da dan t6i sy phat trién nhanh chéng cta linh vuc vai m§ pham, mé dudng
cho nhimg nghién ciru quan trong vé kha nang ing dung ciia hé bao boc vi nang trén vai, dic biét 1a bao boc cic vitamin va hoat
chat. Trong nghién ctru nay, hn hgp vitamin C, E va dau olive véi ti 1& khdi lugng 6:3:1 g:g:g duoc bao boc bdi chat béo ran
Sabowax (mot chit béo nhii héa tir SABO S.p.A) va danh gia kha ning img dung trén vai cotton. Cac hat vi nang dugc bao boc
boi béo ran Sabowax mot cach higu qua véi kich thudc trung binh 0.342 um (theo danh gia LDS). Ngoai ra, hiéu qua sir dung
va hiéu qua bao boc ctia hé lan luot 13 98.02% va 83.78% thong qua phuong phéap bét gbc tu do DPPH. Hé béo ran duoc tmg
dung 1én véi cotton bing phu’orng phap ngam va tam va anh hu’o‘ng cua hai phuong phap nay [én vai ciing dugc nghién cu’u va
danh gia. Tong luong hoat chat trong cdc mau vai ngam va tam lan luogt 13 57.28% va 55.15%. Hleu qua g1a1 phong ctia mau tam
va ngam do dugc 14 40.73% va 31.06% sau 30 phut trong méi trudng methanol. Vi dic tinh noi bat, béo rin Sabowax bao boc
vitamin E&C duoc coi 1a mot Gmg ctr vién trién vong cho cac tmg dung may mic, dic biét 1a cac loai vai chirc ning xu hudng
hién nay.

Tir khéa: Hon hop vitamin, bao boc, bat géc tw do DPPH, Sabowax, vdi cotton
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Abstract

This study focused on evaluating the Robusta coffee pulp, which was harvested from Cu M'gar, Dak Lak province of Vietnam,
activity and its application capacity in personal-care products. Firstly, the coffee cherries were classified following their ripeness
such as green (G), medium ripped (M) and ripped (R) types, and evaluated for mass ratio, pH, and water content. The coffee
cherries were depulped and extracted with ethanol 98° at ratio of 1:7 g:mL at 50°C for an hour. The liquid extracts were analyzed
for concentration of chlorophylls, carotenoids, total polyphenol compounds (TPC) (by Folin — Ciocalteu method), and
antioxidant activity by DPPH assay. As aresult, the R extracts exhibited as the highest active compounds which had chlorophyll,
carotenoid and total polyphenol contents of 0.0364 pg/g, 0.117 pg/g and 533.39 mgGAE/g, respectively. The TPC of the M and
G extracts was also quite high which was 479.06 and 436.46 mgGAE/g. The extract from the pulp mixture was condensed and
the concentrated one had the chlorophyll, carotenoid and total polyphenol contents of 0.0392 ng/g, 0.109 pg/g and 460.75
mgGAE/g, respectively and high antioxidant capacity with ICso value of 64.34 ppm. The gel cream was mixed with the
concentrated extract at ratio of 0.5%, 1%, and 1.5%, the best ratio was selected by investigating changes in appearance, chemical
content, antioxidant activity and stability. In conclusion, the extract from Robusta coffee pulp exhibited as a promising candidate
for the cosmetic industry.

Keywords: robusta coffee pulp, total polyphenol compounds, antioxidant, personal-care products
Tom tit

Nghién ctru nay tap trung danh gia hoat tinh vo ca phé Robusta, dugc thu hoach ¢ huyén Cu M'gar, tinh Dik Lik ctua Viét Nam,
va ing dung vao san phém chim soc ca nhan. Dau tién, nhiing trai ca phé dugc phan loai theo d6 chin cia ching, cu thé 1a trai
xanh (G), chin vira (M), chin (R) va ching dugc dénh gia vé ty 1& khéi luong, pH va do am. V6 ca phé sau khi tich mang di
chiét xuat v&i con 98° ¢ ti 18 1:7 & mL ¢ 50 °C trong 1 tiéng. Dich chiét duoc danh gia ham 1u’0‘ng chlorophyll, carotenoid, tong
ham 1u’0‘ng polyphenol (TPC) (bang phu’o‘ng phap Folln—Clocalteu) va hoat tinh khang oxi hoa bang DPPH. Két qué thu dugc 1a
dich chiét R c6 ham lugng hoat chit cao nhét, v6i nong do chlorophylls carotenoids, va tong ham luong polyphenol lan luot 1a
0.0364 pg/g, 0.117 ug/g va 533.39 mgGAE/g. Bén canh do, dich chiét M va G ¢6 lugng TPC kha cao, cu thé 1 479.06 va 436.46
mgGAE/ g. Dich chiét tir hdn hop giita ba loai ca phé dugc 6 dic va dich dic cho két qua véi nong do chlorophylls, carotenoids,

va tong ham lugng polyphenol lan luot 14 0.0392 pg/ g,0.109 pg/ g and 460.75 mgGAE/g, va kha ning khang oxi hoa kha tot véi
chi s6 ICso cua hén hop 1a 64.34 ppm. Kem gel phéi vi chiét xuit c¢6 dic theo ty 1& 0.5%, 1% va 1.5%, va dugc danh gla theo
su thay d6i vé ngoai quan, hop chét hoa hoc, hoat tinh chong oxy hoa, va do bén dé chon ra san pham véi ti 18 ti wu. Tong két
lai, chiét xuat tir vo ca phé Robusta thé hién nhu mot tmg ctr vién day trién vong cho nganh cong nghiép my pham.

Tir khéa: vo ca phé Robusta, tong ham lrong polyphenol, khdng oxi héa, san pham chim séc cd nhdn
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Abstract

Green kohlrabi (Brassica oleracea Gongylodes) is widely consumed in regions with cool weather, especially the tuber. On the
other hand, green kohlrabi leaf is disposed of as an agricultural by-product or is fed to animal farming. In recent, many studies
have shown that green kohlrabi leaf has such high amounts of dietary fiber, antioxidant compounds as well as mineral content.
In this research, substituting percentage of green kohlrabi leaf from 0%, 5%, 10%, 15%, 20% for wheat flour (semolina) was
investigated. As a result, significantly high dietary fiber, mineral content and antioxidant activity were observed in pasta
fortified with green kohlrabi leaf powder. However, addition of fiber content, which is believed to disrupt the gluten network
(the main component that contributes to the distinctive texture of pasta) has placed a negative impact on textural profile and
the overall acceptability. The percentage of 5% was chosen to be optimal since pasta supplemented with 5% of green kohlrabi
leaf powder significantly increased the dietary fiber and mineral content as well as antioxidant capacity, but it was not different
from control pasta, in terms of textural profile andoverall acceptability.

Keywords: green kohlrabi, green kohlrabi leaf, agricultural by-product, supplemented ratio, pasta

Tém tit

Cu su hao xanh (Brassica oleracea Gongylodes) dugc su dung thu’(‘mg xuyén trong cac mén an ¢ cac vung cé khi hau lanh.
Trong khi do, 14 su hao xanh hau hét déu bi bo di nhu mot phu pham nong nghiép, hodc ding lam thirc n cho gia sic. Mic du
vdy, trong cac nghién ctru gan day, 14 su hao xanh da dugc ching minh ¢6 ham luong xo, khoang ciing nhu hoat tinh oxi hoa
rat cao. Trong bai nghién ctru nay, ti 18 thay thé bot mi (semolina) bang bot 14 su hao trong viéc san xuat mi pasta giau xo tir
0%, 5%, 10%, 15%, 20% duoc khao sat. Két qua cho thdy rang, ham lugng xo va hoat tinh khang oxi hoa tang dang ké khi
tang dan ti 1& thay thé. Hién tugng d6 ciing duoc ghi nhan ¢ ham luong khoang. Tuy nhién, viéc bo sung mot luong chat xo da
lam dut gy cac lién két mang gluten (lién két tao nén cdu trac ddc trung clia mi pasta), lam giam diém cam quan ciia mi duoc
bd sung bot 14 su hao xanh. Ti 1& bo sung 5% dugc xem 1a phu hop vi mau mi duge bd sung 5% bot 1a su hao c6 ham 1u’0‘ng X0,
khoang va kha nang khang oxi hoa tang dang ké so voi mi trang nhung lai dugc ghi nhan khong c6 su khac biét, so v6i mi trang,
vé cau trac va do chap nhan chung.

Tir khéa: su hao xanh, ld su hao xanh, phu pham nong nghiép, ty Ié bo sung, my ong
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Abstract

VFIS is a Vietnam-Finland International School located inside the campus of Ton Duc Thang University in District 7, HCMC.
The school is designed with a Finnish-standard curriculum with a focus on practice. Therefore, all 40 classrooms in the school
are mostly functional classrooms, such as the music room, laboratory, computer room, STEM classroom, art room, mechanical
room, wood workshop, painting room, and oriented room. The topic focuses on controlling air pollution and treating internal
environmental emissions inside the VFIS campus, to ensure that the air quality is in line with the standards set by an international
standard school for children who are elementary and middle school students.

The project carries out two primary tasks: (1) suggesting appropriate pollution control measures (collection and treatment) for
centralized and non-centralized waste sources for units on all three floors of the VFIS building, as well as (2) calculating the
detailed design of the suggested units (6 units).

Most of the harmful emissions are generated from many sources and different practices, such as painting, welding, metalworking,
woodworking, ceramics, cooking, chemistry experiments, etc. Small-sized dust and volatile gases (VOCs), which are present in
the exhaust stream from particular specific sources such spray booths, welding chambers, etc., are the principal pollutants from
these processes. Additionally, due to the fact that all VFIS classrooms have an air conditioning-based ventilation system,
solutions to control and treat emissions in this enclosed space must also maintain the proper air temperature in order to give
students and teachers a sense of thermal comfort. This is in addition to ensuring a quality volume of air.

The study team has categorized the different types of emission sources from each function space of the three-story building to
gather and map the collection path. To provide a range of solutions for collecting emissions from local intake hoods to the gas
treatment system and select the best one based on the layout characteristics of the emission sources, architectural plan, and
classroom space to maintain the aesthetics of each classroom while ensuring energy efficiency.

The design calculation outcomes demonstrate that the proposed exhaust gas treatment system in the study has achieved the
necessary goals, including satisfying QCVN 05:2013/BTNMT, Standard 3733/2002/QD-BYT, and particularly striving to reach
TCVN 13521:2022 on indoor air quality.

Keywords: indoor air quality, air pollution control, improve indoor air quality
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Tém tit

VFIS 1a Trudng Quédc té Viét Nam - Phan Lan c6 vi tri bén trong khuén vién cua trudong Pai hoc Ton Puc Théng tai Quén 7,
TP.HCM. Truong duoc thiét ké theo chuong trinh hoc tép dat tiéu chuan cta Phin Lan véi xu huoéng gido duc chu trong vao
thyc hanh. Vi vay, toan bd 40 phong hoc ciia trudng hau hét 14 cac phong hoc chirc niang nhu phong nhac, phong thi nghiém,
phong vi tinh, phong hoc STEM, phong m¥ thuat, phong co khi, xuéng gd, phong son, phong dinh huéng, ...

D¢ tai tap trung kiém soat 6 nhidm khong khi va xir 1y khi thai méi trwong ndi vi bén trong khuén vién VFIS, nhim dam bao
chat lugng khong khi phit hgp véi tiéu chuan quy dinh ciia mot truong hoc dat chuan qudc té danh cho tré em Itra tudi nho 1a hoc
sinh cap 1 va cap 2.

D¢ tai thyre hién hai nhiém vy chinh 1a (1) dé xuét giai phap kiém soat 6 nhiém (thu gom va xir 1) phtt hop cho nguon thai khong
tap trung va nguodn thai tap trung cho cic don vi trong toan b 03 ting cuia VFIS; va (2) tinh toan thiét ké chi tiét cac cong trinh
don vi da dé xuat (6 don vi).

Céc dong khi thai doc hai hau hét 1a dong khi thai phét sinh tir nhiéu nguon va tir cac qua trinh thyc hanh khac nhau nhu phun
son, han, gia cong kim loai, ché tac do g0, lam gém s, thuc hanh nau an, thi nghiém hod hoc... Thanh ph?m 6 nhiém chinh tir
céc qué trinh nay 13 bui ¢6 kich thudc nho va khi dé bay hoi (VOCs), & mét s6 ngudn cu thé nhur budng phun son, budng han...
con co sy hién dién cia khi doc hai (HAPs) trong dong khi thai. Ngoai ra, vdi dac thu 1a toan bo hé cac phong hoc cia VFIS déu
dugc trang bi hé thong thong gi6 sir dung diéu hoa khong khi, giai phap kiém soat va xir 1y khi thai trong khong gian kin nay
ngoai viéc can dam bao chat lugng khong khi, con phai giir dugc nhiét o pht hop cho khong khi trong phong, dap tmg cam giac
thodi mai nhiét cho hoc sinh va gido vién.

Véi muc tiéu thu gom va vach tuyén thu gom, nhém nghién ciru d tién hanh phan loai cac loai ngudn phat thai tir timg phong
chtre ning ciia khéi nha 3 tang. Dya vao dic diém b tri ctia cic nguon phét thai, mat bang kién tric va khong gian cila cac phong
hoc dé dua ra nhidu phuong 4n thu gom khi thai tir cac chup hut cuc bd dén hé thdng xir Iy khi va chon phwong 4n vira dam bao
hiéu qua vé ning luong vira giit dugc tinh thim my cho timg phong hoc.

Két qué tinh toan thiét ké cho thdy, hé thong xir 1y khi thai dé xuat trong nghién ctru di dam bao muc tiéu yéu cau, dap ung
QCVN 05:2013/BTNMT, Tiéu chuan 3733/2002/QD — BYT, va dic biét 1a hudng dén dat TCVN 13521:2022 vé chat lugng
khong khi trong nha.

Tir khéa: chat lwong khong khi trong nha, kiém sodt 6 nhiém khong khi, cdi thién chdt lwong khéng khi trong nha
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Abstract

To address the need to fully understand electric vehicles, a model that simulates an EV powertrain system's
characteristics, structure, and operation is crucial for students and lecturers. The purpose of this project is
to design an educational apparatus for an electric powertrain system that can simulate the characteristics,
structure, and operation of an electric vehicle. The project will involve researching and analyzing existing
electric powertrain systems of the OLA S1 electric scooter, designing an educational apparatus, and testing
the apparatus's performance under various operating conditions. The apparatus will provide a simplified
representation of an electric powertrain system, helping students to better understand the dynamic

characteristics that underlie electric vehicle technology.

Keywords: Electric powertrain, dynamic characteristics, educational model, electric vehicles

1. INTRODUCTION

Electric powertrains are becoming more sustainable and
recently many automakers have introduce new electric
vehicles. Therefore, automotive engineering students
should have a clear understanding of electric powertrains.
However, electric powertrain systems can be very
complicated, so it is critical to have a low-cost, precise, and
reliable educational apparatus.

An electric powertrain educational apparatus is based on the
working principle of a dynamometer. It is specifically
designed for illustrating an electric motorcycle powertrain
operating on variable road conditions. The powertrain can
accurately simulate different driving and road conditions,
while also providing reliable powertrain parameters to the
students. In this paper, we will discuss the electric
powertrain apparatus’ technical design and its various
components, such as BLDC motor, rolling mass, load
generator, and measurement devices. We will also discuss
the control systems’ characteristics, such as accuracy,
precision, and quick responses.

As the motorcycle is operating on a road, the total resultant
force acting upon the motorcycle's tire consists of driving
force, aerodynamics force, rolling resistant force, gradient

force, and inertial force. These forces' direction and
magnitude combined with the motorcycle's mass will
determine the acceleration of the vehicle and can be
calculated as follows:

Fp = Fp, =m0, (1.1)

Where:

FRL=Ffl+Ff2+Fa)+F}:Ff+Fa)+F}

Figure 1. Forces acting upon a motorcycle on road
condition

2. GENERAL LAYOUT DESIGN

2.1. Specifications of the used vehicle for designing the
model
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Table 1. OLA S1 Specification

No. Parameter Value
1 Weight with 2 people 250 (kg)
2 Max speed 95 (km/h)
3 From 0 — 60 km/h 5,9 (s)
4 Driving wheel 110/70 — R12
5 | Front brake — Disc brake 220 mm
6 | Rear brake — Disc brake 180 mm
8 Rated/Max Power 5,5 (kW)/ 8,5 (kW)
9 Transmission ratio 3
10 Battery capacity 3 (kWh)

2.2. Determination of dynamic parameters for the
chosen vehicle while moving on the road

- Full — load weight: my ;e = 250 (kg) (2 people
seated).

- Climbing angle: a = 0, Due to the limitation of the
subject, only simulate when the vehicle moves on
a level road.

- The rolling resistance coefficient of the good
condition road: f = 0,018.

- Air density at normal conditions (temperature 20°C
and 1 atm atmosphere): p = 1,204 kg/m3

- Vehicle max speed: 95 km/h.

" Area of frontal wind resistance of the vehicle: A =
B x H = 0.85 X 0.9 = 0.765 (m?)

- Aerodynamics coefficient: C; = 0.5

2.3. Selecting the electric motor

Based on the specifications of the simulated vehicle engine
(rated/maximum power: 5.5 kW/ 8.5 kW), we choose
Golden Motor's 5 kW BLDC Motor Liquid Cooled
motor as the driving force for the model.

Table 2. Technical specification of 5 kW BLDC Motor

Liquid Cooled motor
No. Parameter Value
1 Rated voltage 72 (V)
2 | Rated/Maximum power 5/9 (kW)
3 | Rated/Maximum speed | 3500 / 5000 (rpm)
4 Maximum torque 28 (N.m)
5 Efficiency 91%
6 Weight 11 (kg)

Figure 2. 5 kW BLDC Motor Liquid Cooled Motor

2.4. Calculating and choosing generator
Total forces acting on the vehicle when traveling on the road.

- Gradient resistant force:
F, =m.g.sin(a) = 250 X 9.81 x 0 = 0 (N)

- Rolling resistant force:
Fr=fXmxgxcos(a) =0.018x250%x9.81x1
= 44.145(N)

- Aerodynamic resistant force:

1 1 80
Fw=EprCdxAXvZ=§x1.204x0.5x0.765x(§)2

=113.7172 (N)

- The total resistant force equation:
Fes = F + Fs + F, = 0+ 44.145 + 113.7172
= 157.8622 (N)

- The power of the generator needed:

80
Precded = Fres X v = 157.8622 X %

= 3508.049 (W)

1
= X ——— = 3508.049 X ——————
needed ™ DOD 0.9 x 0.85

= 4585.685 (W)

Pgenerator

= We choose 3-phase AC asynchronous 7.5 kW motor
for ease of controlling and maintenance.

_C.SYNCHRONOU.
GENERATOR

" DF CHINA

Figure 3. 7.5 kW AC Synchronous generator
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2.5. Rolling mass design
From the equation of moment of inertia of the resistance

force generator:

— 2 — 2
Isys = Myenicte: Trulo = 250. I'fulo

Where: mygpice = 250 (kg).
Choose steel as material with specific weight: D =
7800( kg/m3).
While we are calculating, divide the rolling mass into 2
separate parts: Hollow cylinder and solid cylinder.
Moment of inertia:

_ 1 d\* | 1 d\* a\*) _
1= 502w (3) +30mw ((3) - (3)) =
2
250.(3) 1)
Rolling will have the shape and the parameter shown in
Fig. 4.

Figure 4. Parameter and Shape of rolling mass
From the standard material and calculated parameter,
choose the size of the rolling mass:

d; = 610 (mm) = 0,61 (m).

d, = 560 (mm) = 0,56 (m).

w, = 100 (mm) = 0,1 (m).

Add in the (2.1), we have:
w; = 260 (mm) = 0,26 (m)

Rolling mass weight: m = 477 (kg).

2.6. General layout

Figure 5. The 3D general layout of the Electric powertrain
system

3. METHODS AND IMPLEMENTATION

The vehicle must have the applied force of this resistance
and the inertia to function on the road. During the vehicle’s
operation on the road, the vehicle must experience these
resistant forces including rolling resistance, gradient
resistance, aerodynamics drags, and inertia force only when
accelerating or decelerating. The dynamics of vehicle
motion expressed in drive cycles and the vehicle systems
must be developed and then implemented in Simulink as
subsystems, blocks, and signals in order to use equation-
based modeling. The equations that control vehicle motion
and the vehicle systems required for modeling are outlined
in the following sections. When a vehicle is accelerating,
the vehicle is subject to the forces described in Equation
below.

F-F, =myv, (3.1)

Where:

Fp: the tractive force which the electric machine delivers.
Fp,: road load forces.

M: vehicle mass.

v, : the velocity in the tangential direction of the
roadway.
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3.1. Establishing simulation model of driving force

| Driver '—-| Gas pedal/ accelerator grip '—-| Electric motor

Refference speed

Transmission system

Driving Wheel

Actual speed v
Acceleration a

Figure 6. General layout diagram of vehicle’s powertrain
system

To the desired speed, the user controls through changing the
position of the scooter, resulting in the engine changing
operating mode, different states, the transmission system
may have changes (transmission index, etc.), ultimately
making the speed of the wheel rotation and the wheels
angular velocity [4].

The rotational speed and the angular velocity of the wheel
is also the cause of changing the barriers of the environment
affecting the vehicle, which also leads to a change in the
rotational speed and the accelerating angle of the vehicle.

Based on practical system, establishing physical model of
speed controller is shown in Figure 7.

Ty

TRANSMISSION

Figure 7. Physical model of speed controller for electric
motorcycle driven by BLDC motor.

The simulation platform's driver model was utilized to
recreate the driver's operational response to the brake and
accelerator. The driver model took the required throttle
opening and brake torque as inputs and converted them into
outputs via the PI controller for modulating the vehicle
dynamics at the next instant. The simulation platform also
calculated the difference between the actual and desired
vehicle speeds and their respective averages.

The wheel driving force is mostly the total of the different
forms of resistance experienced when driving, including air
resistance, rolling resistance, slope resistance, braking force,
and inertia resistance. The rotational speed of the wheel and
the vehicle speed at each instant might be determined using
this mathematical model of dynamics, acting as feedback to

the transmission system and driver model for adjusting the
motorcycle's instantaneous motion.

In order to simulate the performance and energy
consumption of the test motorcycle when actual driving on
roads, the world motorcycle test cycle (WMTC —part 1) [7],
which was shown in Fig. 8.
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Figure 8. World Motorcycle Test cycle (WMTC): part 1

This research focused on vehicle and maximal speed < 60
km/h, referring to urban driving. The total driving time and
maximum driving speed for WMTC were 600 s and 60 km/h,
respectively.

From Fig. 8, we set the WMTC as the reference speed and
build up a numerical model to evaluate the efficiency of this
controlling algorithm. The specifications of BLDC motor
that we use in this work are shown in the table below:

Table 3. Specifications of used motor

No. Parameters Value
1 Rated Voltage 72 (V)
2 Rated/ Max Power 5/9 (kW)
3 Rated/ Max. angular 3500 / 5000 (rpm)
velocity
Maximum torque 28 (N.m)
5 Maximum efficiency 91%

3.2. Algorithm of road load simulation

This project utilizes a three-phase AC synchronous machine
as the absorber unit capable to work in simulating vehicle
road load. Road load simulation is to control the
electromagnetic resistive force Fe of the electric machine
which makes the rotational motion of the wheel on the
apparatus as the rotational motion of wheel on the road. It
means with the differences of working conditions (Fg, #
Fpp), the tractive force and acceleration of the vehicle
apparatus are the same as that of the vehicle on the road
(Fp = Fr, and v, = v, respectively) as shown in Fig. 9
and Fig. 10.
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Fp — Fpp = myv,

' F.lel' D )
Figure 9. Longitudinal forces of vehicle on the road

Fp = (F, + Fp) = mgv,

Figure 10. Longitudinal forces of vehicle on dynamometer

As shown in Fig. 9 and Fig. 10, if the resistive forces of the
two model are not the same (Fg, # Fp; ), then F, is not
equal to Fr, so it leads to the wrong simulation results of
vehicle characteristics. Therefore, the electric machine of
apparatus must add more electromagnetic resistive force F,
to simulate road load (Fg, = Fp, + F,), than the Fj, will be
equal to F. These explainations are summarized by the
equations:

Fp =m0, + Fpy
{FT = myig + Fpy + F, (3.2)
The value of v, and v, is define by:
b, = "k (3.3)

my
The value of v, is equal to the value of v, because at the
same time, with the affect of electromagnetic force F,, the
working conditions of vehicle apparatus and vehicle on the
road is the same, so the acceleration and longitudinal
tractive forces of these two model are the same.

The resistive electromagnetic force F, is calculated by Fj, —
Fr:
F, = Fp, — Fp, + (M, — M), (3.4)

The algorithm of vehicle road load simulation is designed
base on this equation. The control diagram will become:

A A 1 1| v(ms)
U {y H
Apparalus

Figure 11. Control diagram for vehicle road load
simulation

" [ R :

As shown in Fig. 11, the inputs of the controller is linear
speed of apparatus wheel and electromagnetic force from
electric machine. The controller will calculate the current
tractive force of the apparatus Fy, resistive friction force on
the apparatus Fp; , desired road load Fg; , current and
desired acceleration v, and v,, then define the desired
electromagnetic force F,.

If the value of F, is greater than zero (F, > 0), the switcher
will turn on the generator by letting the voltage from battery
flows to the excitation part of the electric machine to
generate electromagnetic force.

If the value of F, is less than or equal to zero (F, < 0), it
means the electromagnetic resistive force from the electric
machine exceeds the desired value, so the switcher will turn
of the generator by cutting off the excitation voltage from
battery.

4. RESULTS AND DISCUSSION

E 1
O Eycn . 1 :r E‘

CONTRGLLER

Figure 12. Numerical model of powertrain system in
Simulink

In this project, we will examine the speed control algorithm
built above when the electric motor runs according to a
drive cycle but there is a change in the weight of the vehicle
and also the coefficient of resistances on vehicles (this
means changing the total road load force affecting the car
when the vehicle moves on the road) as below:
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Figure 13. The Tractive torque and Brake torque
response to speed upon the WMTC part 1 driving cycle

As you can see from the figure above, we could generate
accurate, precise speed with small speed error (nearly
0.15%). Besides that, the braking torque and tractive torque
also fluctuate sequently to make the powertrain system
create actual speed change critically with the reference
speed. Whenever we increase the coefficient of resistance —
we could realize the tractive torque would go up (while
braking torque has downward change due to higher inertia
of whole system)

a. Speed
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o5 B ¥ 3
>

0
Time (s)

b. Longitudinal Tractive Force
E =2.302 (M) /cycle) |~
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100 ‘ ’ \

| B! | “
‘_%{mu W

L\ g - Au
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I 3R-
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c. Electromagnetic Torque
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Torque (Nm)

g

pre
Time (s)

Figure 14. Calculated dynamometer response to a total
motorcycle weight of 160 kg upon the WMTC part 1
driving cycle

As shown in Fig. 14, the inertial mass of simulating model
is a quite less than the inertial mass of roller (m,, = 160kg
compare to m, = 250 kg). Therefore, in the accelerating
parts, the electric machine will provide the tractive torque
(green line) to simulate the vehicle inertia, and vice versa,
when the motorcycle decelerates, the electric machine will
also increase the resistive torque (red line), to make sure that
the vehicle operating on the dynamometer is the same
characteristics as that vehicle operating on the road.
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When all the working conditions on the apparatus are
the same as the working conditions on the road, the
simulating vehicle will have the same longitudinal
dynamics characteristics, and the tractive torque of vehicle
on the road is the same as the tractive torque of vehicle on
the apparatus. It leads to the tractive torque of vehicle
operating on the road (blue line) is the same as the tractive
torque of vehicle operating on the apparatus (red line).

3.00

|2 7ractve eonroad I Tractive Eondyno [T Tractive E on dyna (no controllier)

2.50

2.00

M

2302
22%
2365
2362

263

1433
1433
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1433

0.50

0.00 - —
m = 160kg m = 230kg m = 450kg
Figure 15. Comparison of calculated tractive energies on

apparatus and road under WMTC part 1 driving cycle

The results of Fig. 15 show the comparison of calculated
tractive energies on apparatus and road under WMTC part
1 driving cycle with the mass of 160kg, 230kg and 450kg.
The tractive energies on apparatus (orange columns) and on
road (blue columns) will increase with the increase of
vehicle mass.

The tractive energy on apparatus will not be changed if the
controller is not working (grey columns), so the simulating
results in this case is wrong.

With one set of control parameters, the error of the
apparatus will be more deviation if the mass is larger (2%
for the mass of 160kg, 3% for the mass of 250kg, and 6%
for the mass of 450kg). It can be concluded that the control
parameters should be adjusted up to the vehicle mass before
simulating to get the better results.

5. CONCLUSION

In conclusion, an electric powertrain system apparatus for
teaching purposes is critical in automotive engineering
education. With the growing need for green transportation,
electric powertrains have become a more viable solution for
sustainable development. Therefore, students must learn
about electric powertrain design, working principles, and
operation. In this paper, the educational apparatus provides
an effective and low-cost way to teach students the
operating principles of electric powertrains, including
BLDC motor control, battery performance and efficiency,
and energy management. Flexibility in experimentation and
operation can be achieved by the fully modular design of
the apparatus. In addition, the user interface lets students
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interact with and understand the apparatus’s control system
easily.

Overall, the electric powertrain system apparatus presented
in this paper is an efficient tool for educating engineering
students in the electric automotive field.
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Abstract

Electrical Impedance Tomography (EIT) is a technique that reconstructs the electrical conductivity
distribution in a turbid medium and displays the structures and irregularities within using recorded voltage
data. Comparing this imaging technology to existing methods such as Magnetic Resonance Imaging (MRI),
Computed Tomography Scan (CT-Scan), and Ultrasonic, the benefits include non-ionization, non-invasive,
impact and continuous monitoring, optimal design, and cheaper manufacturing costs. The application of
EIT has been demonstrated in several medical fields, including the diagnosis of pneumothorax, the
evaluation of pulmonary edema, and the assessment of ventilation distribution across various breathing
modes. The EIT is also being investigated for use in imaging reconstruction utilized to obtain pictures for
geological exploration, environmental sciences, industrial applications, and medical imaging. In this study,
a system of 16 electrodes is created to replicate biological tissue by simulating the inside milieu of the
human body with ground pork. The studies that have been proven are done with a phantom while varying
the frequencies between 10 kHz and 100 kHz. The measured data is gathered and processed using an
Arduino and a PC. The cross-sectional picture is recreated using Electrical Impedance Tomography and
Diffusion-based Optical Tomography (EIDORS) software. The reconstructed images achieved a high level
of precision in accurately representing the position and size of the subject under examination, particularly
when the frequency used for imaging was set at 100 kHz. This suggests that the study successfully
demonstrated the capability of Electrical Impedance Tomography (EIT) to provide detailed and accurate
imaging results. This study introduced several novel aspects. It utilized a system of 16 electrodes to mimic
biological tissue, using ground pork as a medium to simulate the electrical conductivity variations present
in living organisms. The study investigated a range of frequencies (10 kHz to 100 kHz) for imaging,
allowing the researchers to evaluate the effects of different electrical signals on the quality of reconstructed
images. Notably, the study placed particular emphasis on imaging at 100 kHz to explore the optimal
frequency for achieving precise image reconstruction.

Keywords: electrical impedance tomography, EIDORS, electrodes, frequency, ARDUINO

1. INTRODUCTION

Electrical Impedance Tomography (EIT) is a technique that
has shown promise in reconstructing the electrical
conductivity distribution within biological tissue. To
simulate conductivity distribution in biological tissue,
several studies have utilized ground pork as a suitable
medium. By replicating the electrical properties of living
organisms, these investigations aimed to create controlled
experimental conditions for assessing the capabilities of
EIT.

In a study by Xie et al. (2018), ground pork was employed
to simulate biological tissue for EIT measurements. The
researchers demonstrated the feasibility of using EIT to
reconstruct conductivity images in this medium,
highlighting its potential for medical imaging applications.
However, the study primarily focused on a limited
frequency range and did not explore the effects of varying
frequencies on image reconstruction accuracy [1].
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Another study by Zhang et al. (2019) investigated the use of
EIT with ground pork as a phantom for assessing electrical
impedance variations. The researchers explored the impact
of different frequencies (ranging from 10 kHz to 100 kHz)
on the reconstructed images. While this study provided
valuable insights into the frequency-dependent behavior of
EIT in pork-based phantoms, it had a limited number of
electrodes and did not examine the positioning or size
accuracy of the reconstructed images [2].

To address some of the limitations of previous studies,
several investigations have employed a system with 16
electrodes to improve imaging precision. For example, Liu
et al. (2020) [3] utilized a 16-electrode system with ground
pork to simulate biological tissue and performed EIT
measurements at various frequencies. The study focused on
investigating the impact of electrode placement on image
reconstruction accuracy. The findings demonstrated the
importance of optimal electrode positioning in achieving
high-resolution conductivity images. Similarly, Li et al.
(2021) [4] conducted a study using a 16-electrode system
with ground pork as a phantom for EIT imaging. The
researchers aimed to optimize the reconstruction algorithm
to improve the accuracy of conductivity images. They
explored different algorithms and evaluated their
performance in terms of image quality, precision, and
computational efficiency.

Despite the valuable insights provided by these studies,
several limitations should be considered. First, the use of
ground pork as a phantom has inherent differences in
electrical properties compared to actual human tissue,
which may limit the direct translation of findings to clinical
applications. Additionally, the studies often employed
simplified models that may not fully capture the
complexities of real biological tissues. Moreover, the
number and placement of electrodes can impact the spatial
resolution and accuracy of the reconstructed images.

In summary, previous studies have utilized ground pork as
a phantom for simulating conductivity distribution in
biological tissue using EIT. While these investigations have
contributed to our understanding of EIT imaging, they have
limitations in terms of frequency range exploration,
electrode configuration, and the direct applicability of
findings to clinical settings. Further research is needed to
overcome these limitations and advance the use of EIT for
accurate and reliable conductivity imaging in biological
tissues [5].

2. METHODS AND IMPLEMENTATION
2.1. Block diagram

VOLTAGE CONTROLLED ARDURIO
CURRENT SOURCE CoreuTen
vee - vco

o

VOLTAGE ACQUISITION
AMPLIFICATION »FILTER »V.MEASUREMENT

Figure 1. Block diagram of a standard EIT system

PHANTOM
WITH 16
ELECTRODES

A typical schematic of a 16-electrode EIT system with its
constituent parts is shown in Figure 1. The array of
electrodes is fastened to the basin. For biological tissue
simulation, a solution that includes ground pork is placed in
the basin to simulate the environment in the body. With the
neighboring electrode method, a current source creates a
steady sinusoidal alternating current to inject the phantom
surface. Through nearby electrodes, the current is applied.
Without including the pairings containing both the current
electrodes, the voltage is measured successively from all
other nearby electrode pairs. The voltmeter and current
injector electrodes are switched between the various
electrodes using a multiplexer circuit. Voltage is measured
with a demodulator and voltmeter. Filters are employed,
and the computer is interfaced with using the Analog to
Digital Converter (ADC) module which transforms analog
signals into digital signals [6].

2.2. Current injection and data processing

An Arduino Mega-2560 is used in this research to detect
voltage and control the multiplexer module. The modified
Howland-based voltage control current source is made
using the Voltage-Controlled Oscillator (VCO) and the
Voltage-Current Converter (VCC) with two high-speed Op-
Amp ADSI11. The exact sinusoidal waveform produced by
the VCO is common for most applications. In this work, we
use a variety of frequencies, between 10.0 kHz to 100.0
kHz, and the generated current ranges from 0 to 100 mA to
investigate the voltage distribution in biological tissue
simulation.

The Voltage-Controlled Oscillator (VCO) circuit functions
as a signal generator to generate an alternating voltage in
the system. The alternating voltage can be produced by any
commercially available function generator or by using a
voltage-controlled oscillator (VCO) circuit [6]. In this
study, we used Tektronix AFG3252C to create frequencies
The Voltage-to-Current Converter (VCC) and a waveform
generator make up a common current source seen in EIT
systems. Having a high output impedance is necessary for
the VCC in an EIT system since it needs to be stable and
very precise. Thus, it is crucial to consider how this
component is designed. In most cases, the sinusoidal
waveform produced by the waveform generating portion,
whether in digital or analog form, is the waveform that is
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employed in EIT systems. The following are the key
characteristics of a typical waveform generator: an accurate
output waveform, a low output impedance, a broad
bandwidth, and a constant amplitude over the frequency
range. A high output impedance, linearity in converting
voltage to current, the precision of output waveform,
support for a wide variety of loads, and correct operation in
a wide range of frequencies are other key characteristics of
an outstanding Voltage-to-Current Converter (VCC)
component [6].

2.3. Filter

To have an exact waveform without any jitter, noise, and
distortion, and also to create low output impedance for the
next stage a Butterworth band-pass filter has been designed
and put between the VCO and VCC parts. There are three
filters that the signal must pass: 50.0 Hz notch filter, low
pass filter, and high pass filter to get rid of the noise. When
the multiplexer receives the boundary potentials, it
measures the voltage and sends the information
immediately to Arduino, where it is transformed into Excel
data for image reconstruction [5].

FILTER
500 Hz High pass filter
VOLTAGEIN | o] | totchfilter = VOLTAGE OUT
Low pass filter

Figure 2. Block diagram of Band-pass filter
2.4. Multiplexer module

In EIT, a boundary potential is measured after a specific
current injection technique injects a sinusoidal current
signal with a constant amplitude to the tested item’s
boundary. Consequently, switching the surface electrodes is
the main task, which calls for a programmed electrode-
switching system. The practical phantom with a module
made up of four analog multiplexers the data-gathering
apparatus. The electrode switching module is created by
shorting all of the comparable pins on four 16:1 MUXs and
connecting the common point to the relevant electrodes.
The system must measure the voltage potential at all
electrodes while also applying a specific current to a
selection of those electrodes. Many measurements must be
made in such a case, and a high-speed switching mechanism
is required [3].

Figure 3. Illustration of the phantom (left) and the
phantom filled with ground pork to simulate biological
tissue (right).

2.5. Phantom

As seen in Fig. 3, the practical phantom is a shallow basin
(150.0 mm in diameter) with sixteen stain steel electrodes
equally spaced throughout the inside wall. Electrodes are
composed of a rectangular sheet of high-quality stain steel
that is 1.0 mm thick. The EIT electrodes are connected to
the system via conventional ECG cables and steel crocodile
clips. 500 grams of ground pork is filled inside the tank, the
meat composition includes a mixture of lean and fat that can
simulate the environment inside the human body, shown in
Figure 3.

The phantom used in the studies was created using ground
pork as a medium to simulate biological tissue. Ground pork
was carefully shaped and arranged to resemble the internal
milieu of the human body, providing a close approximation
of the electrical conductivity variations found in living
organisms. This pork-based phantom allowed for controlled
experimental investigations in Electrical Impedance
Tomography (EIT) imaging. However, it's important to note
that while ground pork serves as a convenient substitute,
there are inherent differences in electrical properties
compared to real human tissue. Nevertheless, the use of
ground pork as a phantom provided a practical and
accessible approach for studying conductivity distribution
in biological tissue using EIT.

3. RESULTS

The resistivity distribution is reconstructed using the
EIDORS toolkit. Electrical Impedance Tomography and
Diffuse Optical Tomography Reconstruction Software
(EIDORS) are used for EIT reconstruction and modeling for
medical and industrial applications. This is the platform
with many reproducible algorithms and is run on Matlab.

To test the conductivity for image reconstruction, we do 2
experiments with non-conductive and conductive objects.
The non-conductor is an acrylic cylinder, with a diameter of
30 millimeters and a height of 80 millimeters. For
conductive items, a copper block 50 millimeters high and
40 millimeters in diameter is used, reproducing images at 3
frequencies: 10 kHz, 50 kHz, and 100 kHz.
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In the experiment with the non-conductive acrylic cylinder,
the goal is to obtain an image reconstruction that confirms
the absence of electrical conductivity within the object.
Since the acrylic material does not conduct electricity, the
resulting image should show a uniform distribution of low
conductivity values across the cylinder. This serves as a
reference point for comparison with the conductive object.

In the experiment with the conductive copper block, the
objective is to observe and analyze the variations in
electrical conductivity within the object at different
frequencies. By capturing impedance data and
reconstructing images at 10 kHz, 50 kHz, and 100 kHz, the
EIT system can provide valuable insights into the
conductivity distribution within the copper block.

At lower frequencies, such as 10 kHz, the electrical currents
penetrate deeper into the conductive medium, allowing the
imaging system to capture conductivity variations in the
interior of the block. As the frequency increases to 50 kHz
and 100 kHz, the sensitivity of the system too shallow
conductivity changes improves, enabling the visualization
of finer details and surface features. The reconstructed
images at each frequency can reveal variations in electrical
conductivity within the copper block, highlighting higher or
lower conductivity regions. These images provide valuable
information about the object's internal structure, material
composition, and potential anomalies.

3.1. Non-conductive objects

(a) (b) (0

Figure 4. Reconstructed image by EIDORS using 1 non-

conductive object placed center of a phantom; (a)
10.0kHz, (b) 50.0 kHz, (c) 100.0kHz

|

Flgure 5. Images reconstructed with two non — conductive
objects near the 10" and 14™ electrodes; from left to right:
10.0 kHz, 50 kHz, and 100.0 kHz.

3.2. Conductive objects

(a) (b) (c)

Figure 6. Images reconstructed with a conductive object
near the center of the basin; (a) 10.0 kHz, (b) 50 kHz,
(c)100.0 kHz.

In the first experiment, we put a non-conductive item in the
center of the ground pork meat tank (Figure 4). In the
second phantom, two non-conductive objects were put near
the 10" and 14" electrodes (Figure 5). Experiments are
conducted for measuring the voltage and reconstructing the
cross-sectional image at 10.0 kHz, 50.0 kHz, and 100.0
kHz. The blue area represents the location of the objects.
Figure 6 illustrates the cross-sectional image reconstruction
during measure at 3 different frequencies which are 10.0
kHz (left), 50 kHz (center), and 100.0 kHz (right) with a
conductive item near the middle of the phantom.

4. DISCUSSION

The simulation experiments conducted at different
frequencies using ground pork as a biological tissue
surrogate have revealed that 100kHz is the most suitable
frequency for conducting EIT studies in biological tissue
imaging. This is because the highest-quality reconstruction
images were obtained at 100kHz, indicating improved
spatial resolution and image quality. The ground pork
environment  effectively replicated the electrical
conductivity properties of biological tissues, suggesting that
EIT is a viable option for medical imaging.

Using ground pork as a surrogate tissue can be a cost-
effective and readily available alternative to using live
human or animal subjects, which can be logistically
challenging and unethical. These findings have implications
in medical imaging, as EIT can potentially be used to
diagnose and monitor various medical conditions.

One of the main challenges of the current EIT is the low
spatial resolution. Research is focused on developing
advanced image reconstruction algorithms to improve
image resolution and quality. Further research is required to
optimize the EIT technique and establish standardized
protocols for clinical and industrial use. Nevertheless, this
study highlights the potential of EIT in the field of medical
imaging, particularly for monitoring and diagnosing lung
function, blood flow, and breast imaging.
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5. CONCLUSION

The studies are carried out in ground pork to imitate the
bodily environment with various frequencies to create a
low-cost electrical impedance tomography device.
Replicating biological tissue in a lab setting can be a
challenging task. One approach is to simulate the internal
environment of the human body, such as temperature, pH,
and ionic strength, to create a tissue-like medium for cell
growth and differentiation. In this regard, ground pork has
been suggested as a potential material for simulating
biological tissue due to its similarities in water content,
protein composition, and texture to actual tissue. Ground
pork has been shown to provide a suitable environment for
the growth of various cell types, including stem cells and
cancer cells. Additionally, it has been used to simulate
different tissues, such as muscle and adipose tissue.
However, there are some limitations to using ground pork
as a tissue mimic, including the presence of unwanted
substances like antibiotics or hormones that may interfere
with cell growth, and the inability to replicate the complex
structures and functions of actual biological tissue.

The cross-sectional reconstructed resistivity distribution
picture may be created by employing a 16-electrode self-
developed prototype and EIDORS software. The outcome
supported and validated the viability of self-developed EIT
system-based cross-sectional image reconstruction. Among
the frequencies used in this EIT system, preliminary studies
suggest that 100.0 kHz is a good frequency for future
investigations, with the potential to improve spatial
resolution and image quality. With this frequency, EIT
studies can be applied in many medical and industrial
applications, including lung function monitoring, breast
imaging, and cerebral blood flow monitoring. However,
challenges need to be addressed to improve the accuracy
and resolution of EIT images, as well as to develop
standardized protocols and techniques for clinical and
industrial use. Overall, the EIT system has shown
tremendous potential and is an exciting area of research
with numerous potential applications. With further research
and development, EIT could potentially revolutionize
medical imaging and industrial and environmental
monitoring.
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Abstract

This research paper describes the design of a dynamometer to measure the power of an electric motor with
a capacity of less than 1 kW. Through research, the 4§V-600W BLDC motors and the Valeo 14V-90A
automobile generator were selected as the basis for the design. In designing a general layout, the design is
evaluated to ensure it does not overlap or collide with other details and clusters and works properly
according to the dynamometer's principle. Additionally, critical dimensions are calculated for the purpose
of ensuring the dynamometer is both compact and strong. The results of this research will create the
development possibilities for small-power electric motors dynamometer designs to be used for common
electric two-wheelers in Vietnam.

Keywords: brushless motor, dynamometer, electric motor, general layout design

1. INTRODUCTION

Electric motors can be found everywhere in the world today.
In Vietnam today, more and more people are purchasing
electric motorcycles to replace traditional motorcycles due
to the benefits of lower fuel prices, lower maintenance
costs, and so on. Furthermore, Vietnamese corporations
such as Vinfast, Datbike, and others are involved in the
production of electric motorcycles with reasonable prices
and numerous incentives. As a result, checking and
evaluating the technical-economic features of electric
motorcycles is critical, but at the moment, assessing the
performance of electric bikes in Vietnam has been
uninteresting. and testing equipment is not yet widely
available, and the cost of these devices is frequently
prohibitively high.

The research, production, and refinement of details in the
powertrain, as well as the electric motor of its own, require
supporting equipment as well as testing equipment to
evaluate study results, but this evaluation test equipment is
now nearly nonexistent in our nation. Therefore, this study
is aimed at contributing to the solution to this problem by
building a general layout drawing.

2. METHODS AND IMPLEMENTATION

2.1. Specification of brushless DC motor and alternator

Brushless DC motor
In this research, we used the brushless DC in-wheel motor Figure 2. Sprocket installed on in-wheel motor

ZXDCM1208 as the test sample.
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The mechanical and electrical parameters are presented in
Table 1.

Table 1. Specification of ZXDCM1208 BLDC motor

::’;;‘;; Ilj;’v‘v‘:r“:i Hall Max.
voltage 48V sensor speed
48V 600W Yes 700 RPM
Alternator

The Valeo SG9S116 alternator used for small truck SYM
T880 has been used. This alternator was produced by
France manufacturer Valeo. Its parameters have been
introduced in Table 2.

As the BLDC motor's operating speed range is Nmotor = 100
+ 700 (rpm), and the alternator's operating speed range to
work stability iS Nalernaor = 1000 + 8000 (rpm), the
difference in working speed range between two components
is too great, we must distribute the speed ratio appropriate
for the BLDC motor and alternator to function properly.

In addition, we decide to use the roller chain drive because
of its advantages such as simple, withstanding high load,
easy to distribute transmission ratio, slip-free... However,
the transmission ratio Usolierchain 1S limited at 6; therefore, we
need 3 stages transmission to achieve the desired
transmission ratio.

Due to the reason above, we assume the BLDC motor
operates at two working speed ranges:

+ Low-speed range: 100 — 270 RPM using speed
ratio 1:30.
+ High-speed range: 270 — 700 RPM using speed
ratio 1:12.

2.2.2. Power transmission system

In this system, we preliminarily choose the 35B roller chain
type, 35B chain sprocket because this type made from steel
C45 and have lots of module that available on the market.
The specifications are shown in Tables 2, 3 below. The
sprocket’s teeth number in Table 4 is chosen to satisfy the
speed ratio as mentioned in Tables 2, 3 above.

Table 2. Specification of Valeo SG9S116

Rated power 1.2 kW
Rated current/voltage 90A/14V
Cut in speed 1000 RPM
Output at 3000 RPM 72V
Output at 8000 RPM 85V
Rotation direction Clock-wise
Table 3. 35B roller chain
Type of roller
Figure 4. Installing the sprocket on alternator chain, chain Pitch (pc) (mm) Material
sprocket
2.2. Design and calculation 35B 9.525 Cazts)zrsl (s:;eel
2.2.1. Speed ratio distribution
Table 4. 35B Chain sprocket dimension
Outside Inner diameter . .
Teeth  Diameter Pitch diameter D, Hub diameter Sprocket thickness Mass
.. BD BL
D, Origin dimax
15 51 45.81 9.5 20 35 20 0.16
16 54 48.82 9.5 20 37 20 0.19
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40 127 121.4 12.5 13.5 42 63 25 0.85
45 142 136.55 16 17 42 63 25 1.00
60 187 182 16 17 42 63 25 1.30

Center distance between sprockets

We concentrate on calculating the highest transmission ratio
Y4 because if this ratio meets all of the verification criteria,
the other transmission stage will be verified as well. The
number of tooth on sprocket are used in this transmission
ratio are 60 and 15.

The center distance a is preliminarily chosen by the

formular below [3],
a = (30 +50)p, @9)]

The number of pitches is preliminarily calculated by the
formular [3],
Zy —Zy\°
+ ( 2 1) x B
2m a

With Z,; is number of tooth of driving sprocket, Z, is number
of tooth of driven sprocket.

2a Z,+7
X:—+1 2

R @

Then we calculate the chain length [3]:
L=pX (3)

Finally calculating the accurate center distance [3]

a =0.25p.E (4)

Zy — Z1\ 2
where: E = F+\/(F)2—8(2 1)

2n

z, + 2,

F=X-
2

It is noticeable that the center distance should be reduce by
(0.002+0.004)a because of the chain sag.

Contact number of sprocket’s tooth

Contact angle on driving sprocket [2]:

Dy, — D
B, = 2arcos——*1 (5)
Contact angle on driven sprocket [2]:
B, =2 — By (6)
Contact teethes of sprocket [2]:
B:
Zo=12; X 36LO (7)

Where, Z; — number of sprocket’s tooth, f; — contact angle
of sprocket.

Average velocity of the chain drive

ndn nZ;
T 610—(;0}96 ®)
Where, n; — rev per minute of sprocket (rpm).
Force applied on chain drive
Tension on the tight side (F;) [3]:
F, ~F, 9)
Where, F, = ~—— (With P = Petecoror = 0.6kW) [3].
Tension due to centrifugal force (F,) [3]:
F, = qpuv? (10)
EV]here, gm — mass of lmeter chain on 1 kg, ¢, = 0.41kg/m
3].

Initial tension/Weight of slack (F,) [3]:
(11)

Where, a — length of the slack side = center distance (mm);
Ky — Chain sag correction factor, Ky= 1 as the transmitting
direction is vertical; g — Gravitational acceleration (m/s?).

Fy = Kraqng

Shaft load
F. = F.K,, (12)

Where, K, — Chain weight ratio, K, = 1.05 as the centerline
of the chain is vertical [3].

Verify by the safety factor condition

Q

s =
F,+ E,+ F,

> [s] (13)

where, Q - Ultimate tensile force (N), 0=9.1 kN, [s] - safety
factor, s = 11.67 [3].

Verify the power that can be transmitted

The required power of transmission line [7].

h,y < [P] (14)
oy = hy - (15)
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Where, &, — the power that is transmitted or input (kW), 4,
= Petec.motor= 0.6kW; a; - service factor [7]; a2 - multi-strand

factor [7], the allowable transmitting power [P] is 16.47 kW.

Verify the wear resistance of chain pitch

> 600" |—2K (16) [3]
pc - Zlnl [po]Kx

Where: [p,] - the allowable pressure on the chain, calculated
from the formula below [3]

(] [P] x 6 x 107 an

p =

? Azy1Ny1 D,

Where, A — area of one - strand chain: A = dyb, ~ 0.28p.?
= 17.16 (mm?); Zo; — number of teeth in experiment: Zy;=
25; ng1 — Rotational speed of chain sprocket in experiment
[3]. K. — Strand factor X, K, = 1 because using one strand.

K — the operation correction factor [3]
K= KrKaKochKwa (18)
Where,

Kr — dynamic load correction factor, K, — chain length
correction factor, Ko — Orientation correction factor, Kac —
Tension correction factor, K» — Lubrication correction
factor, K, — Operation shift correction factor.

Verify the number of impacts per second

Ly ,
= <

==l (20)
Follow reference [8], we have [i] = 95 corresponding to the
chain pitch pc = 9.525 mm [3]

2.2.3. Shaft

For the shaft I, we use 1 sprocket with Z, = 15 teeth and
1 sprocket with Z3 = 60 teeth. And shaft II uses 1 sprocket
with Z4 = 15 teeth and 1 sprocket with Zs = 40 teeth. SKF
SY17 TF bearing is initially used for calculating with the
specification in Table 5.

Select material and define allowable stress

Select shaft material is C45 steel, with low interference
fit [3]:

— Maximum allowable bending stress: [6] = 80MPa.
Ultimate stress: o, = 785MPa. Yield stress: 6en =
540MPa

—  Maximum allowable torsional stress:

[t] = 0.5[c] = 0.5 x 80 = 40 (MPa)

Tangent force acting on the chain [3]
_ 1000 x P

Fp=——7— (21)
v

Calculating tangent force base on the low motor speed range
since at low speed range as the motor produces maximum
torque, which means it can create maximum tangent force.
If the maximum tangent forces satisfy, the lower force will
also satisfy.

Table 5. Dimensions of SKF SY17 TF [9]

Bore diameter 17 mm
Shoulder diameter of inner -
. ~24.2 mm
ring
Base width 32 mm
Top width 18 mm
Width of inner ring 27.4 mm
Distance from locking
device side face to thread 4 mm
center
Height of spherical seat 302 mm
center
Foot height 14 mm
Overall height 57 mm
Overall length 127 mm

The average velocity of chain at low speed range [3]

Roller chain velocity on shaft I:

_ MZyp,
1760000 (22)
Roller chain velocity on shaft 11
_ nZ3p,
Y2 = 60000 (23)
Roller chain velocity on alternator shaft
'U3 — nyiZsPc (24)

60000

Where, n;= 810 RPM; n; = 3240 RPM.

After having the peripheral forces, calculating all the forces
of roller chain applied on the shafts [8]:

Force applied on shaft I
F,

T11

= F,, X Kp, (25)

Force applied on shaft I and II

E,=F, =F,XKy, (26)
Force applied on shaft II
Fr,, = F, XKp 27)
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Where: K,, — the sprocket chain weight factor, (K, = 1.15
when the roller chain is in horizontal) and equals 1 when the
roller chain is arranged vertical [8]. F;; — the tangent force
between motor and shaft I. F}, - the tangent force between
shaft I and II. F;3 — the tangent force between shaft II and
alternator.

Preliminary estimate diameter of shaft [3]
We have torque on shaft at low speed range is:
P
T = 9.55 X 106E (28)
Where, n — revolution per minute on each shaft; P — power
transmitted on each shaft.

Selecting preliminarily diameter of each shaft by formula:

a="]>r (29)
-~ [

The distance between components on shaft is chosen
preliminarily. The reaction forces on shafts I and II of a
mechanical system were determined by utilizing the
equilibrium equation on the xOz and yOz planes [3].

Equilibrium equation on xOz plane:

YE, =0
i, =0 (30)

Equilibrium equation on yOz plane:

{ZFY:O

ML = 0 (31)

Shaft (1)

92.5 102.5 | 35.5 |
A 2 /" B
D Re Rﬂ‘r

Rax C

Figure 5. Analyzed forces act on shaft |

Shaft (Il)

92.5 | 102.5 1,35.5
T i i

-

A Fry Roy
Y4 e

Figure 6. Analyzed forces act on shaft II

Total moment at cross-section of shaft:

After having the internal force diagrams provided, we could
determine the most critical and dangerous point cross-
section point on shaft. The components of the total moment
at each point are calculated as follows:

M, = \/M)Z( + M2 + 0.75T2 (32)

Where, M; — total moment at considered cross-section; M,
M, — bending moment around x and y axis; 7 — torque acts
on shaft.

Shaft diameter

The critical section is determined by calculating total
moment then determining the shaft diameter for both shafts
by formular [3]

w

m < dpreliminary (33)

Where: M — total moment at the most critical cross-section
on shaft; [o] — maximum allowable bending stress.

Verify fatigue strength of shaft based on safety factor

The newly designed shaft structure ensures fatigue strength
if the safety factor at dangerous sections satisfies the
following conditions:

SgSt

5= > [s] (34)

sZ+s2

Where: [s] — The allowable factor of safety is in the range
of 1.5+2.5; when [s] = 2.5+3 we do not need to test the shaft
according to the stiffness [3]. s, s; — Factor of safety for
bending and torsion stresses only.

The value s, and s, are determined according to the
following formula [3]:

0_41 T,

Se =K ST =

o K.t

7+ Yeom S+ YT,
SO’ S‘L’

(35)

Where: 6.1, T, — Fatigue limit of the material is determined
by: 6.1 = (0.4+0.5)ov; 1. = (0.22+0.25)0y [3]

c.1 = 383 (MPa), 1o = 226 (MPa) are selected (the shaft
rotates in one direction, so r is 0).

Vs, Yz — Coefficients affecting the average stress to fatigue
strength depend on the mechanical properties of the
material. &, & — Dimensional coefficients; f — Surface
increase factor depending on the surface processing method.
K, K; — Coefficient of influence of stress concentration on
fatigue strength; Gi, Om, Ta, Tm — Amplitude and average
value of stress.
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Due to the rotation of shaft, the bending stress changes
according to the period of symmetry [3]:

Mx103
02 = Omgy = Om = 0 (36)

Torsional stress changes with dynamic circuit period when
the shaft rotates in one direction [3]:

Tomax T X 10°
2 2w,

(37)

T =Ty =

Where: M — total moment at the most critical cross-section
on shaft. T — torque at the most critical cross-section on
shaft.

W — the section modulus under bending,

W_nd3 bt(d — t)? N 38
=3 g  Ommo 69

Wy — section modulus under torsion,
_nd® bt(d—-1t)?
" 16 d
Where, b — key width (mm); h — key height (mm); t — key
groove depth on shaft (mm)

(Nmm). (39)

Once the diameter was estimated, the key size is selected
following the Vietnam Standard 2261-77.

Verification based on static strength (overload)

Checking static strength according to equivalent stress
when overload [3]:

Ooq = O + 372 < [0]4q = 0.80,, (40)

Where: o; — bending stress; 7; — torsional stress

Checking keyseat based on impact stress

F

04 = oL < [o3] (41)

Where: [ —length of key, /; = /— b (mm); t, — Keyway depth
on hub (mm). F — Peripheral force (N).

2T - 103
F=

q (42)

[ob]: Maximum allowable stamping stress (MPa), [c,] = 150
(MPa) with key made of C45 steel [3],[8].

Checking keyseat based on shear stress

The shaft's shear stress values were calculated using the
formula [3]:

< [t.] (43)

Where: [t] — Maximum allowable shear stress (MPa), F —
Peripheral force (N).

2.2.4. Bearing

In this paper, the SKF SY 17 TF ball bearing pillow is
chosen resulting from the detailed calculation of radial load
and static equivalent force. This bearing has a capacity of
4.75kN which satisfies the requirements for both shaft I and
II.

Table 6. SKF SY 17 TF ball bearing pillow calculation

data [9]
Basic dynamic load rating C 9.56 kN
Basic static load rating Co 4.75 kN
Fatigue load limit Py 0.2 kN

Limiting speed 9500 r/min

The radial load applied on bearing [3]:

F = / RZ + R2 (44)

Where: R, , Ry, is the reaction force on shaft at position
installing the bearing.

Calculating static equivalent force [3]:
Q= Q, = (XVFry + YEK,K, (45)

Where: X =1 and Y = 0 since there is no axle force
applied on the shaft. K; is factor considering the influence
of temperature (t°C) on bearing life, V is factor considering
the rotation, V = 1 if the inner diameter rotates. Fry is the
radial load applied on bearing at position A and B.

Calculating the working life by millions of revolution [3]:

_ 60 X L, Xn,; 46)
1000000
Where:
Ly, is working life; n; is revolutions per minute of shaft I
Calculating static load capacity:
¢, =QWL < C, (47)

Where: Q is dynamic equivalent load; m is ball bearing; L
is millions of revolution; C, is basic static load rating

Calculating the actual working life of bearing [3]:

L= (@)m (48)
0
1000000L
h= —6On1 (49)
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Where: Cy— basic static load rating; Q — dynamic equivalent
load; m — index number, m=3 for ball bearing.

3. RESULT AND DISCUSSION

A ® S D B=_ shaft ()
®
1 925 1 102.5 1.35.5
) 1 T 1
A I i
:/lRA,’ c D ;')/l%
30.27
S EY
4 5—8 N
&S]
4517
4178.225
7075. +
....uu|||||l||||”|||””m | ‘ |"”|||m||||||||||||||||1n.., _ Ty
302.61 B
e =
A c D
& [ —® | 82W

55.09
10742.55

6861.85

+
D B T(N.mm)

Figure 7. Internal loading diagram of shaft I

After designing and calculating in the sequence as described
above, we get the following results:

Industrial 35B chain and sprocket are perfectly suitable for
use in the system. The center distance of speed ratio 1:4 is
300mm

A__© B_
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Figure 8. Internal loading diagram of shaft II

Internal loading diagram on shaft shown in Figures 7 and 8.
The cross-section D of shaft I is critical. Therefore, a
diameter of 17mm is used for both shaft. Key is used with

the size of b = Smm; h = Smm; t; = 3mm, t; = 2.3mm and
key length / = 12mm.

Overall layout diagram
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Figure 9. Equivalent general diagram of the dynamometer

4. CONCLUSION

Based on the results of this research, the design of the
dynamometer's frame layout is compact and stable, the
speed ratio of the BLDC motor and alternator is well
distributed, and all components have been verified for
strength, durability, and stability. For future development,
the dynamometer can be manufactured, and research can be
conducted on methods to calibrate the dynamometer for
improved operation stability and accuracy. Additionally, a
measuring process can be created for the dynamometer.
Consequently, it can be concluded that this research
demonstrates the potential for a successful dynamometer
design.
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DESIGNING A REAL-TIME VIBRATION MONITORING SYSTEM FOR CVT PUSH-BELT

TESTBENCH

(THIET KE HE THONG GIAM SAT THOI GIAN THU'C RUNG PONG DAY PAI HQP SO CVT)

Pham Gia Khanh'?, Le Dinh Tuan'?

! Faculty of Transportation Engineering, Ho Chi Minh City University of Technology (HCMUT), 268 Ly Thuong Kiet Street,

District 10, Ho Chi Minh City, Vietnam

2 Vietnam National University Ho Chi Minh City, Linh Trung Ward, Thu Duc City, Ho Chi Minh City, Vietnam

* Corresponding author: tuan-ledinh@hcmut.edu.vn

Abstract

The topic of this project was chosen because the most outstanding advantage of the continuously variable
transmission (CVT) compared to other types of gearbox is fuel economy, thereby reducing fuel
consumption, reducing emissions to the environment. In the current situation of shortage of clean energy
sources, protecting the environment and saving resources towards sustainable development is also an issue
worthy of attention and consideration by engineers in particular and society in general. However, in order
to achieve the maximum efficiency of the CVT transmission, we must consider the vibration in the push-
belt at different operating statuses to give out the assessment and conclusion for manufacturing or research
purposes. This project demonstrates the overall layout design for CVT push-belt vibration data acquisition
program, how to use LabView FPGA, and the execution of the system using simulated signals at real-time

operating condition with fully functional ability.

Keywords: CVT, CVT test-bench, GUI, vibration, belt box, LabView FPGA, 3-point belt measurement

1. PRELIMINARY OF CVT’S PUSH-BELT VIBRATION

Currently, the car market is developed, new car models are
increasing, so besides the model and features of the car, the
car's gearbox is also an important issue. Many leading car
manufacturing companies are interested and directed to this
topic.

There are 3 main factors that affect the optimal level and
performance of CVT called NVH (Noise-Vibration-
Harshness). Therefore, vibrations in the push-belt will
affect the efficiency and performance of the CVT
transmission. Based on vibrations in the frequency domain,
we can analyze belt efficiency, characteristics and operation,
diagnose faults or failures between belt components. The
results obtained can be useful in selecting the operating
conditions of the CVT transmission, ensuring its maximum
efficiency. It is also possible to analyze the reasons for the
vibration of the moving belt and the amplitude-frequency
characteristics.

When a guitar string is plucked, one observes that the string
vibrates according to the patterns shown in the Figure 1.
When the string is pulled to one side by the finger, the
displacement of the string moves off as a travelling wave in
both directions. After having reached the bridge at either
end of the string, the waves are reflected back. These waves

travel back and forth along the string but the resultant
motion is a standing wave due to the addition of the left and
right travelling components. Each of these vibration
patterns is called a mode. For each of these modes, there
will be locations on the string with maximum displacement
(displacement antinodes) and locations which do not move
at all (displacement nodes).

For a guitar string fixed at both ends, these modes have
wavelengths related to the length of the string, L, where: A
=2L,L,2L/3,L/2,2L/5,... for each of the successive modes
shown in the animation below. If n is the order of the mode,
the corresponding wavelength is then given by: 2L/n. Using
the wavelength-frequency relationship, v =f A , it can be
seen that for each of these wavelengths, there is a
corresponding frequency f = v/2L, v/L, 3v/2L, 2v/L,
5v/2L,... Here v represents the speed of transverse
mechanical waves on the string. These frequencies are also
called natural frequencies of vibration of the string. When a
string is excited by plucking, the resulting vibration can be
thought of as a combination of several modes of vibration.
Technically, we consider CVT’s push-belt vibration is the
same as the vibration of a string together with multiple
vibration modes.
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Mode 1

""d‘f_y//__'\

Mode 2

Figure 1. String mode vibration

2. MEASURING POINT CALCULATION AND
MOUNTING FIXTURE ASSEMBLY DESIGN

2.1. Measuring point calculation
Calculation of measuring positions:
Given that :

*Push-belt length = 155 mm
*Driving pulley radius = 77,7 mm

*Driven pulley radius = 76,9 mm

Figure 2. Parameters of belt drive

The contact angle of small pulley (degree) can be calculated
by using the formula [6]:

2x77,7-2X76,9 __

a, =180 — 57 x 2222 = 180 — 57 x
a 155

179,4 (degree)
B 180— a, 180-1794
5= > = > = 0,3 (degree)

The measuring length: 155+ (sin§ X Rl) + (sin§ X

Rz) =155+ (sin0,3 X 77,7) + (sin0,3 X 76,9) =
155,72 (mm)

Measuring positions

Figure 3. CVT push-belt’s measuring positions
The three measuring positions after calculating

Position 1 : 0,25%155,72=38,93mm
Position 2 : 0,5 x155,72=77,86 mm
Position 3 : 0,75 x155,72= 116,79 mm

By measuring the vibration at multiple points along the
length of the string or belt, it is possible to obtain a more
complete picture of its vibration characteristics (mode 1,
mode 2, mode 3) and identify any potential issues or
irregularities that may need to be addressed. Due to the
shortage of measurement equipment, I only focus on 3
modes of vibration, which are mode 1,2,3. Hence, to
determine which mode the push-belt vibrates, we only need
3 sensors measuring at 3 points specified by the rule of
thumb when it come to vibration measuring on the belt or
string surface. These points are specified by reality
experience as well as has been applied by many vibration
research on the string surface. Furthermore, if we place
these sensors on the different positions from the ordered
position mentioned above, they may measure the harmonic
frequencies which are the nodes in mode 3. As a result, we
should use the rule of order suggested and proved by the
vibration experts.

Figure 4. CVT Belt box technical dimensions

Horizontal distance (perpendicular to the belt) from TOP
— BOTTOM when changing gear ratio from 0.5 to 2.2:
13.05mm

Driving pulley diameter = 77.7mm

Driven pulley diameter = 76.9 mm

Width of measuring position = 8mm

Vertical distance from MICA plate to secondary pulley
edge : 50mm
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2.2. Design mounting fixture assembly

Figure 5. Drawing of sensor’s clamp

The sensor’s clamp is able to adjust the sensor horizontally
(13,05mm) and vertically as well as firmly fix the sensor
using hexagonal bolt and torsion rings.

Figure 6. Drawing of oil stoppage

The working condition of CVT Testbench always
surrounded by transmission oil pouring into the belt-box to
shift the transmission ratio. Hence, the contacting positions
between the bet-box and the upper experiment environment
must be prevented from oil leakage, which also ensures the
hygiene during conducting the experiment.

Figure 8. Actual mounting position

Technically, the tip of the linear potentiometer will be
placed on top of the loop-set surface, which has the finest
surface to guaranteed the precision of the vibration signal.

3. DESIGNING HIGH FREQUENCY DATA
ACQUISITION PROGRAM

There was a previous version of GUI which is used to
operate the CVT Testbench and had a fixed scanning period
of 25 ms, so the maximum sampling frequency is only 50
Hz. In order to meet the requirements of the project, we
must design a whole new program which is capable of
settings the sampling frequency up to 10kHz and being
adjustable .

Some industrial control and monitoring applications are
based on single-point I/O data. The data used in these
processes represents the current value of a physical I/O
channel. The processes are not concerned with tracking the
time history of the data, comparing the current value to any
of the previous values, or measuring the change rate of a
value. Often they do not require loop rates faster than 500
Hz so the previous GUI version can simplify these types of
applications by using CompactRIO Scan Mode. But in this
project the simulation process has been conducted before
and the result has proved that the vibration from the belt
could vary form 500 Hz to 1000 Hz which set the
requirement for the data acquisition program to have a
higher sampling ability, in this case LabView FPGA will
do.

'Windows PC NI specific FPGA FPGA 1.
- Network I LabVIEW |, FPGA |[TabVIEW
u P RT VI Interface’|| FPGA VI x
LabVIEW 3
It
LabVIEW Real-Time Laoview FPGA E

Figure 9. LabView FPGA streaming data from 1/O
module at high sampling frequency

According to the reference [7], if the data acquisition
program needs to stream large amounts of data between the
FPGA and real-time processor, or if it requires a small
buffer for command- or message-based communication,
consider using DMA FIFOs for data transfer. DMA does
not involve the host processor when reading data off the
FPGA; therefore, it is the fastest method for transferring
large amounts of data between the FPGA target and the
host. Hence, this is the reason why I chose DMA streaming
for my system.
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Figure 10. DMA uses FPGA memory to store data and
then transfer it at a high speed to host processor memory
with very little processor involvement.

The following list highlights the benefits of using DMA
communication to transfer data between an FPGA target
and a host computer: frees the host processor to perform
other calculations during data transfer, reduces the use of
front panel controls and indicators, which helps save FPGA
resources, especially when transferring arrays of data,
Automatically synchronizes data transfers between the host
and the FPGA target.

Most CompactRIO systems have three DMA channels. In
Hybrid Mode, CompactRIO systems have only one DMA
channel. To pack multiple data streams or I/O channels into
one DMA FIFO, we used the interleaving technique, and
unpack using decimation on the host.

When passing multiple analog input channels into one
DMA FIFO, the channels are stored in an arrangement
similar to that shown in Table 1. This table assumes that
four analog input channels are being interleaved into one
DMA FIFO. The unpacking algorithm on the host VI is
expecting the elements to arrive in this specific order. If the
FIFO overflows and elements are lost, then the unpacking
algorithm on the host VI fails to assign data points to their
correct analog input channels. Therefore, it is extremely
important to ensure lossless data transfer when reading from
multiple analog input channels.

Table 1. When writing multiple channels to one DMA
FIFO, the host VI expects the elements to arrive in a
specific order.

Al O
Al 1
Al 2
Al 3
Al O
Al 1

O a0 d» W N = O

Al 2

The NI-9375 module will simultaneously collect the data
from 3 channel and put it in a buffer, then the FPGA VI will
send it to the Host VI respectively.

4. DESIGNING GRAPHIC USER INTERFACE (GUI)

CVT REAL-TIME VIBRATION MONITORING SYSTEM
= o1 | Chamnr2 | Channet | Mesnaemen | Seice | Bt |

Rl o B

Control
510 st ‘

|| configurations
E0

ag
v

Measurement

Messarement tene 3

Figure 11. Control tab

The graphic user interface satisfied the prerequisite
demands. For instances, it has the ability of showing real-
time vibration signal, calculate and display the FFT
spectrum, sampling frequency and FFT spectrum resolution
adjustment. Lastly, the raw data export to excel file function
and measurement and recording function have also been
added.

Figure 12. Real-time parameters display

In this area, there are three parameters displayed for the user
to assess the operating conditions according to the vibration
standard. For the purposes of this part of ISO 10816 [5], the
following quantities are used: displacement of vibration,
expressed in um; vibration velocity, expressed in mm/s.

The result of measuring the vibration quantities by
measuring equipment is called the vibration magnitude at
the specified position and measurement direction.
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In general, based on experience, when evaluating wide-
band vibration for camcorders it is important to consider the
value of the effective vibration velocity, because vibrational
energy can be related. However, other quantities such as
displacement or acceleration and peak values instead of root
mean square. values may be more appropriate. Then,
another criterion is needed, which does not need a simple
relationship with the criterion based on the root mean square
values. In this program, I will use the peak value of the
displacement to display on the screen.

Over the years, effective vibration velocity measurement
has been widely accepted for response characterization of
very successful and continuing machines. For different
waveforms that combine several discrete harmonics with
magnitude and phase components, and that do not contain
significant random vibration or shock components, then a
Fourier analysis can be used to relate combine different
fundamental quantities (e.g. displacement, velocity,
acceleration, peak, root mean square value, mean, etc.) This
issue is not the subject of this Appendix. However, some of
the useful equations are summarized below:

From the vibration velocity measured against the recorded
time, the root mean square value of the velocity can be
calculated as follows:

= ’li'vz(r) dar
ms T 0

Acceleration, velocity and/or magnitude of displacement
(aj, vi, s;; j =1, 2, ..., n) can be determined for different
frequencies (fi, f, ..., fu) from spectrum analysis was
obtained.

Vo = 03\/% (806102 + (8552)% + o (8060 )? ] =

3 2 2 2
V12+V§+...+V§ =% (%) +(?—2] ++(?—n]
1 2 n

According to ISO 2041 [5], the frequency f is also known
as the period frequency f.

In the case of vibrations containing only two significant
frequency components that produce the root mean square
value vibration span: Viin, Vmax and vims can be approximated
by the expression:

1( 2 2
Vims = E(Vmax+vmin)

In general, mainly because there is no common standard for
evaluating the vibration of the CVT transmission belt, we
refer to a number of other vibration evaluation standards

and perform the calculation of the parameters for the user to
base on that to evaluate according to the standards they

apply.

We used a Waveform generator SIGLENT’s SDG2000X to
simulate a square wave and a sine wave to check whether
the programmed system operate correctly or not according
to the theoretical basis of digital signal processing. The
sampling process should satisfy the Nyquist theorem and
FFT resolution adjustment as follows:

Nyquist theorem:

sampling frequency = 2fux

If the sampling frequency is lower than the frequency, the
reconstructed signal will be distorted. In order to prove the
program work in accordance with this theorem, we
generated a square waveform from the generator and set the
sampling frequency at two different frequencies, the first
frequency is lower than the Nyquist frequency and the other
is the same as the Nyquist frequency to see the result.

FFT Channel 3
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Ch 13 FFTCh 11 | FFTCh |2
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Figure 13. Distorted/Aliasing square wave

FFT Channel 3
Channell Channel 2 | Channel3 | FFTChannel 1 I FFT Channel 2
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Figure 14. Undistorted square wave
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FFT resolution adjustment:

_ sampling frequency

number of sample
Frequency resolution is used to tune to FFT spectrum to
gain the desired and correct amplitude of the input signal.

Channell | Channel2 | Channel3 | FFTChannel1 | FFTChannel2 |
FFT Channel 3

FFT channel 3 Spectrum
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Figure 15. High resolution FFT spectrum
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Figure 16. Low resolution FFT spectrum
5. CONCLUSION

Firm fixture is adjustable to specified requirements. The
well-calibrated linear potentiometer and high accuracy
together with the standard data acquisition (NI DAQ)
permits high performance vibration measurement system
for the push-belt. the calculation of the measurement point
ensures that the belt vibration is under control without
missing any modes. The high frequency signal acquisition
program works properly and is compatible with the old
system program. The GUI is easy to use and the parameters
can be changed according to the vibration theory. The raw
exporting function works well, threshold warning works
properly, automatically generated excel file whenever the
values reach emergency value.
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Abstract

Corporate social responsibility is a growing trend in the corporate world, with businesses increasingly recognizing the importance
of responsible and sustainable practices for long-term success. The aim of this paper is to investigate the relationship between
corporate social responsibility disclosure (CSRD) and firm risk for listed companies in the VN100 group of Vietnam from 2014
t0 2020. The study also examines the role of institutional ownership in this relationship. The research employs various regression
models, including ordinary least squares (OLS), fixed-effects model (FEM), and random-effects model (REM). Moreover, to
ensure the reliability of the results, the Hausman test and the model's defect tests are also used. The tests reveal the presence of
first-order autocorrelation and heteroskedasticity, so the general least squares (GLS) method is used to rectify the model's defects.
The research results suggest that CSRD contributes to reducing firm risk, with both environmental and social CSRD having a
negative impact on firm risk. However, social CSRD has a more significant impact than environmental CSRD. Besides, the study
finds no moderating effect of institutional ownership on the relationship between CSRD and firm risk. Overall, the research
findings provide a valuable perspective for managers and policymakers on the role of CSRD and institutional ownership in

mitigating firm risk.
Keywords: corporate social responsibility, firm risk, institutional ownership
Tom tat

Trach nhiém xa hoi ctia doanh nghiép 1d mot xu huéng dang phat trién trong thé gidi doanh nghiép, cic doanh nghiép ngay cang
nhén ra tim quan trong cua cac hoat dong c6 trach nhiém va bén viing dé dat dugc thanh cong lau dai. Bai viét nay diéu tra vé
tac dong ciia mirc d9 cong bd trach nhiém xa hoi doanh nghiép (CSRD) 1én rui ro doanh nghiép ddi voi cac cong ty niém yét tai
Viét Nam thuoc nhém VN100 trong giai doan tir nam 2014 dén nam 2020. Nghién ctru ciing xem xét vai trd ctia so hitu to chire
trong méi quan hé nay. Nghién ciru sir dung cac mé hinh héi quy khac nhau, bao gdbm mé hinh binh phuong nhé nhat (OLS), mo
hinh dnh huéng ¢ dinh (FEM) va m6 hinh anh huéng ngiu nhién (REM). Ngoai ra, dé dam bao d¢ tin cay cua két qua, kiém
dinh Hausman va cac kiém dinh kiém tra klluyét tat mo hinh ciling duoc su dung. Cac kiém dinh cho théy ¢6 hién tuong tu tuong
quan bac mot va phuong sai sai so thay doi, nén phuong phap binh phuong nhé nhét tong quat (GLS) dugc sir dung dé khac
phuc cac khuyét tat ciia mo hinh. Két qua nghién ctru cho thiy CSRD gép phan 1am giam rui ro doanh nghiép, véi ca CSRD vé
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moi trudng va CSRD vé xa hoi déu c6 tac dong nghich dén rui ro doanh nghiép. Tuy nhién, CSRD vé xa hoi c6 tac dong mang
¥ nghia cao hon so véi CSRD vé méi truong. Bén canh d6, nghién ctru khong tim thay tac dong diéu tiét ndo ctia sé hiru t6 chirc
d6i v6i mbi quan hé gitra CSRD va rai ro doanh nghiép. Nhin chung, cac két qua nghién ctru cung cdp mot goc nhin c6 gia tri
cho cac nha quan 1y va hoach dinh chinh sach vé vai trd ciia CSRD va quyén sé hiru t6 chire trong viéc giam thiéu rii ro doanh

nghi¢p.
Tir khoa: trach nhiém xd hoi, rui ro doanh nghiép, s¢ hiru 16 chirc
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Abstract

Most research on residents' support for tourism has been done around the world. In this study, the island economy of Thieng
Lieng, which is located in Can Gio, is examined in terms of community support towards sustainable tourism development using
two typical theories for tourism study namely the social exchange theory and bottom-up spillover theory. In addition, many
previous researches proposed that the material life and non-material life domains of the locals have fulfilled; they will contribute
to the sustainability of tourism development. In our study, we confirmed the positive relationship between these theories and
sustainable tourism development. Also, the study's drawbacks and real-world implications are examined.

Keywords: sustainable tourism development; social exchange theory (SET), bottom-up spillover theory, material life domain,
non-material life domain, quality of life (QoL); community attachment, economic impacts, environmental impacts, sociocultural
impacts

Tém tit

Hau het cac nghién clru vé sy ung ho cta ngudi dan ddi véi du lich da duoc thyuc hién trén khap thé giéi. Trong nghién ctru nay,
kinh té dao Thiéng Liéng, thudc Can Gid, duge xem xét dudi goc do hd trg cong ddng hudng toi phat trién du lich bén viing
bang cach sir dung hai 1y thuyét tiéu biéu cho nghién ctru du lich la ly thuyet social exchange theory va ly thuyét bottom-up
spillover. Ngoai ra, nhiéu nghién ctru trude day cho rang cac linh vye doi song vat chat va phi vat chat cia ngudi dan dia phuong
da dap ing duogc thi s& gop phan tao nén sy bén viing cho phat trién du lich. Trong nghién ctru cia ching t6i, ching téi khang
dinh mdi quan hé tich cuc giita cac 1y thuyét nay va phét trién du lich bén viing. Ngoai ra, nhitng han ché ciia nghién ciru va y
nghia trong thé gi6i thuc cling dugc xem xét.

Tir khéa: phdt trién du lich bén vieng; Iy thuyét social exchange theory (SET); 1y thuyét bottom-up spillover; mién doi song vit
chat; mién doi séng phi vit chat; chdt lwong cudc song (QoL); gdn bé céng dong; tic dong kinh té, tac ddng méi trwong, tdc
dong van hoa xa hoi
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Abstract

The quality verification of existing road works is typically done through site inspections and the review of project data. But these
methods are often time-consuming and limited in their ability to detect road surface damage. To address this issue, we propose
using drones to capture images of road surface damage, which can be digitized to create an intuitive 3D model for damage
inspection. Our project aims to reduce costs and time spent on data collection while creating a sustainable data warehouse.
Though the use of smart drone technology is still a new concept in Vietnam, its increasing convenience is evident. In the end,
this project can be a useful resource for future research, specifically in the development of an autonomous drone-based imaging
system for detecting potholes in rural roads, contributing to the growing field of drone technology and its potential to
revolutionize road maintenance.

Keywords: drones, pothole detection, road surface damage, road maintenance, autonomous systems, 3D modeling
Tom tat

Tham tra cong trinh duong bo dang khai thac phu thudc chii yéu vao cong tac kiém tra hién truong, ra soat cac hd so hoan cong,
va cac dir liéu ciia du an. Nhung cac phuong phép nay thuong ton thoi gian va xut hién han ché trong kha nang phat hién hu
héng bé mit duong. Dé giai quyét van dé nay, chung toi dé xuét sir dung drone dé chup anh cac vét tich hu hai trén bé mit duong,
sau d6 s6 hoa dé tao ra mé hinh 3D truc quan hd trg cong tac kiém tra hu hong. Dy an cta ching t6i nham giam chi phi va thoi
gian thu thap dir liu va déng thoi tao ra mot kho dir liéu bén vitng. Mic du sir dung cong nghé drone thong minh van 1a mot
khai niém méi tai Viét Nam, nhung sy ti¢n lgi ma drone mang lai ngay cang duoc thé hién 16 rang va thuc té. Chting t6i tin réng
dy 4n nay c6 thé tro thanh mot tai nguyén hitu ich cho nghién ciru trong tuong lai, ddc biét 1a trong viéc phét trién hé thong nhan
dién tu dong dya trén drone dé phat hién hd sau trén dudng nong thon, gop phan vao linh vuc cong nghé drone dang ngay cang
phat trién va tiém ning ciia né dé cach mang hoa, hién dai hoa quy trinh bao tri duong bo.

Tir khéa: drones, phat hién hé sdau, hw héng bé mdt dwong, bao tri dwong bj, hé thong e dong, mé hinh 3D
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Abstract

Slope stability is a critical aspect in geotechnical engineering, ensuring the structural integrity and preventing
loss of human lives. There are several approaches to improve the stabilization of slopes, such as retaining wall,
soil nailing, slope grading, etc. in which piles installation is one of the most effective methods. The crucial
point of this remedy lies in the positioning of the pile rows. Previous work, using different analysis approaches,
has shown some inconsistencies in the optimum position of pile rows to stabilize the slopes. Some studies
suggested the pile row should be in the middle, while others recommended the positions near the top of the
slopes. Accordingly, this paper focuses on determining the optimum locations of a single row of piles to
achieve highest factor of safety in the slope analysis, using finite element method (FEM) implemented in Plaxis
commercial software. The FEM results are initially verified with published documents. The verified model is
subsequently used to examine the factor of safety in different cases of pile location, considering a variation in
soil and pile properties, such as friction angle, cohesion, slope angle and pile spacing. The tabulated and
graphical results provide useful tools for engineers in locating the optimum position of a single pile row, given

the geotechnical site conditions.

Keywords: slope stability, pile location, finite element method, factor of safety

1. INTRODUCTION

In geotechnical engineering, slope stability is a critical aspect
that requires careful evaluation and appropriate mitigation
measures. The stability of natural or man-made slopes is often
compromised by factors such as geological conditions,
ground movement, or human-induced activities. To ensure
the safety and longevity of infrastructure projects and the
surrounding environment, it is imperative to implement
effective stabilization techniques. One commonly employed
method for slope stabilization is the use of piles. Piles are
deep foundation elements that transfer the loads from
structures or embankments to more competent soil layers or
bedrock. By integrating piles into the slope, the load-bearing
capacity and overall stability of the slope can be enhanced.
The determination of optimal pile locations plays a crucial
role in ensuring the effectiveness of slope stabilization
measures. However, identifying the most suitable positions
for piles is a complex task due to the nonlinear behavior of
soils and the intricate interaction between the piles and the

surrounding soil. To address this challenge, the finite element
method (FEM) has gained considerable popularity in
geotechnical engineering for the analysis of slope stability.
The FEM is a numerical technique that can simulate the
behavior of complex systems, taking into account various
factors such as soil properties, structural elements, and
boundary conditions. By utilizing the FEM, engineers can
assess the performance of different pile configurations and
optimize the positioning of piles to achieve the desired level
of slope stability. This scientific paper aims to present a
comprehensive analysis of pile location for stabilizing slopes
using the finite element method. The research investigates the
influence of pile spacing, depth, and inclination on slope
stability under different loading conditions. The study also
explores the significance of soil properties and geotechnical
parameters in determining the optimal pile arrangement. By
evaluating the results obtained from the numerical
simulations, this research contributes to the understanding of
the behavior of piles in slope stabilization. The findings will
aid geotechnical engineers and researchers in making
informed decisions regarding the design and implementation
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of effective and efficient slope stabilization strategies. The
results of this study will be systematized with tables and
charts, providing the construction and geotechnical
community with a useful tool in determining the optimal
location of a single row of piles, based on geological
conditions. From there, new knowledge about the method of
using piles to stabilize the slope and reduce risks during
construction. We hope that our research will help experts in
this field come up with more efficient and cost-effective
solutions for the construction of pitched roofs in the future.
Overall, this study emphasizes the importance of utilizing
advanced numerical techniques such as the finite element
method to analyze and optimize the positioning of piles for
slope stabilization. By integrating geotechnical expertise and
computational simulations, engineers can enhance the
reliability and safety of slope stabilization projects, ultimately
contributing to the sustainable development of infrastructure
and the preservation of the natural environment.

2. METHODOLOGY AND IMPLEMENTATION

2.1. Method of Calculation: Finite Element Method —
PLAXIS 2D software

The Finite Element Method (FEM) is such an approximation
method that subdivides a complex space or domain into
several small, countable, and finite number of pieces (thus the
name finite elements) whose behaviors can be described with
comparatively simple equations.

Plaxis 2D is a typical choice for FEM software in the
geotechnical field. The model will be made, meshed and
calculated by nodes.

Plaxis 2D software is generally simpler to use compared to its
3D counterpart. The user interface and modeling techniques
are often more intuitive, making it easier for engineers and
geotechnical professionals to quickly analyze and calculate
slope stability.

Since 2D Plaxis software focuses on analyzing slopes in two
dimensions, it typically requires less computational time and
resources compared to 3D Plaxis software. This can be
particularly beneficial when dealing with large-scale projects
or when performing numerous slope stability analyses.

That is the reason why our study chooses to use PLAXIS 2D.
2.2. Problem Definition

In the study conducted by Won et al. and Cai and Ugai [1], a
slope with a height of 10 meters and a 1:1.5 horizontal units
was examined (see Figure 1). To simplify the problem, two
symmetric extreme boundaries were employed, resulting in a
configuration with a row of piles and a plane of symmetry.
The study utilized steel tube piles with an outer diameter (D)
of 0.8 meters. These piles were treated as linear elastic solid
materials and were installed at the midpoint of the slope. The
distance along the slope (Lx) between the piles was fixed at

7.5 meters, while the center-to-center spacing (s) ranged from
2D to 8D. The piles were assumed to be embedded and
anchored into either the bedrock or a stable layer, assuming
an infinite pile length.

10m . 15m - 10m

Hg = 10m

- B
20m 1

10m

L,=75m
Figure 1. Problem definition

In this model, the pile head is free. The constitutive model
and material properties adopted in the numerical analysis are
shown in Table 1 below:

Table 1. The constitutive model and material properties
adopted in the numerical analysis

Materials =~ Constitutive model Material properties

y =20 kN/m?3
¢ = 10kPa
) Mohr — Coulomb @ = 20°
Soil del
mode E =200 MPa
9 =0.25
E =60 MPa
Pile Elastic model
Y =0.2

The goal is to find the best place to put piles on a slope, using
the slope models developed by Won et al. and Cai and Ugai
[1]. To achieve this, we will adjust some parameters such as
the Distance from the end of slope to the piles (Lx), Cohesion
(c), Friction angle (), Angle of slope (B), Space between pile
rows (Lspacing - with D=0.8m). The properties of the pile,
including elastic modulus (E), Poison’s ratio (v), and
diameter (0.8m), will remain constant during the analysis.
The purpose of these adjustments is to increase the slope's
stability and get the highest Factor of Safety (FoS).

Page | 98



The 12 OISP Science and Technology Symposium for Students

Date: July 23,2023

Ho Chi Minh City University of Technology (HCMUT), VNUHCM Council: 4
Table 2. The Parameters which need changing to get the el —u 0T
efficiency
Parameter Parameter properties 1om ’
Lx 0 375 75 1125 15 | i e
Cohesion (¢) 10 30 50 10m
Friction angle 0 20 30 1 - ‘
(¢) . T
Angle of slope L.=75m
33 45 60 .
(B) Figure 2. Numerical Model
Lspacing
(with 08 16 24 32 4 48 64 o
D=0.8m) 3. RESULTS AND DISCUSSION

2.3. Numerical Modelling Procedures
2.3.1. Material Properties

In PLAXIS 2D, material properties play a significant role in
accurately representing the behavior of the soil and other
materials within a geotechnical analysis. These properties
define the mechanical and physical characteristics of the
materials and are crucial for obtaining realistic and reliable
results. In this study, various characteristics of the soil were
taken in account in the models which are detailed in Table 1.

2.3.2. Boundary Conditions

The boundary conditions in PLAXIS 2D refer to the
constraints and external influences imposed on the model to
simulate the real-world behavior of the analyzed system.
These conditions are essential for accurately representing the
interactions between the soil and structures within the
geotechnical analysis. The boundary condition restricts the
displacement and rotation of nodes along specific boundaries.
In this study, the fixed boundary conditions are represented
in Figure 1.

2.3.3. Optimum Mesh Size

The outcomes of the numerical analyses depend significantly
on the mesh and model size. Therefore, efforts were made to
optimize these parameters. The most suitable values for the
mesh size and domain size were determined by employing a
trial-and-error approach. Interestingly, the results remained
largely unchanged when reducing the mesh size or enlarging
the model size. All cases were subjected to analysis, and a
subset of the results is provided in this presentation.

Therefore, the mesh model can be made according to the
Figure 2.

3.1. Verification with previous results

Verification with previous results

1.9 c=10
h =20
1.8 - @i
1.7 '\\
1.6 4 u =
2 15 e . is Stud:
e
1.4 @<
To—.o.
1.3 . o — —. o .
1.2 ~. X
2 =
1.1
1.0
0.8 1.6 2.4 32 4 4.8 5.6 6.4 72 oo
L-Spacing (m)

Figure 2. Verification with the published study [2]

Utilizing a soil model with a cohesion ¢ of 10kPa and a
friction angle ¢ of 20, we conducted a comparative analysis
of the Factor of Safety (FoS) along the L-Spacing between
pile rows using data from the work conducted by W.B. Wei
and Y.M. Cheng [2], 2D (PLAXIS 2D), and 3D (PLAXIS 3D)
models. The obtained line graph shows a good agreement
with the published data, in both shape and magnitude.
Consequently, we inferred that the PLAXIS 2D software
could yield comparable results to the software used in the
previous study and selected it for use in our project.

3.2. The effect of Lx on the slope stability

The effect of Lx on the slope stability

=20
c=10

0 3.75 75 11.25 15
L_X (m)
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The effect of Lx on the slope stability

44
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0.8
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Figure 4. The effect of Lx on the slope stability

Figure 4 shows the variation of FoS depending on the Ly, for
three cases of slope angles of 33, 45, and 60 degrees.

Utilizing a soil model with a cohesive coefficient ¢ of 10 and
a friction angle ¢ of 20, our results indicated that for the
model with a slope angle of 33 degrees, the FoS reached its
maximum value when L, was 7.5m.

Employing a soil model with a cohesive coefficient ¢ of 50
and a friction angle ¢ of 30, all models exhibited maximum
FoS values when the distance from the end of the slope to the
piles (Lx) was 11.25m. Additionally, our results indicated that
the model with a slope angle of 33 degrees had the highest
FoS, followed by the 45-degree model in second place and
the 60-degree model in last place.

3.3. The effect of Lspacing on the slope stability

The effect of Lspacing on the slope stability

c=10
A, ¢=30
18 Tk =33
~& L X0
s
e ceael X 7.5
LE -8 -L X11.25
=X L XI5

15 Fgo-te=-Ao=th R T

R e R s e |

0.8 1.6 24 32 4 48 56 64 12 8
L-Spacing (m)

The effect of Lspacing on the slope stability

c=30
®=20
45

14 ¢ B

0.8 1.6 24 3.2 4 4.8 5.6 6.4 7.2 8

L-Spacing (m)
Figure 5. The effect of Lspacing on the slope
stability

To assess the impact of L-Spacing between pile rows on slope
stability, a graphical comparison was conducted, as shown in
Figure 5. The FoS was compared across L-Spacing values of
0.8m, 1.6m, 2.4m, 3.2m, 4m, 4.8m, 6.4m and infinity for five
different Distances from the end of the slope to the piles (L«
0, Ly 3.75, Ly 7.5, Lx 11.25, and L4 15).

For a soil model with a cohesive coefficient ¢ of 10, a friction
angle ¢ of 30 and a slope angle B of 33, the line generated by
Lx 7.5m exhibited the highest FoS. The graph indicates that
soil stability gradually decreases with increasing L-Spacing
for pile rows at Ly 7.5m, Ly 3.75m and Ly 11.25m. However,
pile rows at Lx 0 and Lx 15m appear to remain constant
across the range of L-Spacing values.

For a soil model with a cohesive coefficient ¢ of 30, a friction
angle ¢ of 20 and a slope angle B of 45, the line generated by
Ly 11.25m exhibited the highest FoS. Soil stability also
decreases with increasing L-Spacing, albeit at a slower rate
for pile rows at Ly 0, Lx 3.75m, Ly 7.5m and Ly 11.25m.
However, pile rows at Lx 15m maintain a constant FoS across
the range of L-Spacing values.

3.4. The effect of ¢ on the slope stability

The effect of ¢ on the slope stability

FoS
PR

10 30 50

Figure 6. The effect of ¢ on the slope stability

Figure 6 shows the effect of cohesion ¢ on the FoS. The FoS
was compared for cohesive coefficient values of 10, 30 and
50 across five different distances from the end of the slope to
the piles (Lx 0, Lx 3.75m, Lx 7.5m, L 11.25m and Ly 15m).

For a soil model with a friction angle ¢ of 30 and a slope angle
B of 45, soil with a cohesive coefficient of 10 failed. The FoS
appears to increase with increasing cohesive coefficient ¢ for
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the remaining soil models. Pile rows at Ly 11.25m exhibited
the highest FoS.

For soil with a friction angle ¢ of 30 and a slope angle B of
33, soil stability increases with increasing cohesive
coefficient c. Pile rows at Ly 11.25m exhibit low stability at
cohesive coefficients ¢ of 10 and 30 but increase rapidly to
achieve the highest stability at cohesive coefficients ¢ of 30
to 50. Pile rows at Ly 7.5m exhibit contrasting stability with
those at Ly 11.25m, achieving the highest stability at cohesive
coefficients ¢ of 10 to 30 and the second highest at cohesive
coefficients c of 30 to 50.

3.5. The effect of ¢ on the slope stability

The effect of ¢ on the slope stability

c=30
B=33

FoS

10 20 30

FoS

10 20 30

Figure 7. The effect of ¢ on the slope stability

In order to thoroughly investigate the impact of friction angle
¢ on the stability of slopes, a detailed comparison was
conducted, as shown in Figure 7. This comparison examined
the FoS at various friction angles, specifically at 10, 20, and
30 degrees. Additionally, the comparison took into account
the distance from the end of the slope to the piles (Lx), with
measurements taken at 0, 3.75, 7.5, 11.75, and 15 meters.

In a soil model with a cohesive coefficient ¢ of 30 and a slope
angle B of 33 degrees, the Factors of Safety increase with
increasing Friction angles. Notably, the line corresponding to
Ly = 11.25m exhibits the highest value of FoS.

In a soil model with a coefficient ¢ of 50 and a slope angle 3
of 45 degrees, the Factors of Safety increase with increasing
Friction angles. Furthermore, the line corresponding to Ly =
11.25m exhibits the highest value of FoS.

In general, the soil’s quality, as measured by its Factor of
Safety, increases with increasing Friction angles.
Additionally, the pile rows at Lx = 11.25m exhibit the highest
Factor of Safety and provide the greatest stability.

3.6. The effect of B on the slope stability

The effect of # on the slope stability

344
312 Y

I RN
Ve ®w

FoS

Figure 8. The effect of B on the slope stability

Figure 8 illustrates the effect of the Slope angle B on slope
stability. This effect is evaluated by comparing the Factor of
Safety at different Slope angles 3 (33, 45, and 60 degrees) and
at various distances (Lx) from the end of the slope to the piles
(0, 3.75, 7.5, 11.75, and 15 meters).

In a soil model with a cohesive coefficient ¢ of 50 and a
friction angle ¢ of 30 degrees, the Factor of Safety decreases
with increasing Slope angles B. The line corresponding to L
= 11.25m exhibits the highest value of FoS. In summary, the
soil’s stability decreases as the Slope angle B increases, and
the pile rows at Lx = 11.25m provide the greatest stability.

4. CONCLUSION

This study presented a solution for the analysis of pile
placement for slope stabilization. A numerical technique is
built by employing the finite element method in the PLAXIS
2D application to give useful insights into the aspects that
impact the performance and stability of a certain row of piles.
As aresult, the safety factors of a single row of piles grow as
the cohesive coefficients and friction angle increase.
However, this safety factor achieves a maximum near the top
of the slope where the Lx has a specific value at 11.25.
Furthermore, the decrease in the safety factor of the piles
row's stability is shown in this study to demonstrate the major
effects of the slope angle and the L-spacing of the piles row.

The study’s findings can be used by geotechnical and civil
engineers to design and perform the response of piles and
surrounding soil interactions by taking into account aspects
such as soil parameters, slope geometry, external loads, safety
factors, slope angle, and distances between pipes in a single
row in order to minimize risks associated with slope
instability while providing robust and cost-effective
stabilization measures.
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This assists the engineer in designing the best pile row on a
slope. Continued research and advancements in
computational methodologies will enhance our capacity to
forecast and minimize slope risks, resulting in safer and more
sustainable geotechnical solutions.
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Abstract

Hand rehabilitation is an influential aspect of post-injury recovery for many patients. During the hand
rehabilitation process, the patients are required to practice repetitive movements to regain the loss of hand
functions. Traditional rehabilitation methods can be tedious and unengaging, leading to poor adherence to
treatment plans. Video games have emerged as a potential tool to make rehabilitation more engaging and
effective. Moreover, the rapid growth of Artificial Intelligence and Machine Learning recently has led to
the idea of applying hand gesture recognition in game-based hand rehabilitation. By playing interactive
games, the patients will feel more enjoyable and motivated, thus encouraging the process of recovery. In
this work, we propose a real-time skeleton-based hand gesture recognition for game-based rehabilitation.
The proposed system aims to support and encourage patients in practicing hand rehabilitation exercises via
interesting rehabilitation games. Our system makes use of a Leap Motion controller to extract 3D hand
skeletons from the user's hand. A pose-based recognizer will identify the key hand poses from hand skeletal
data to recognize the hand gesture. For the system to effectively support the hand rehabilitation process, a
set of suitable hand gestures selected from common wrist and finger rehabilitation exercises will be
adopted. When a gesture is recognized, the corresponding action will be sent to the game environment to
control the game. We also propose three simple, interactive video games designed specifically for hand
rehabilitation. Playing these games involves repetitively performing hand rehabilitation exercises, which
can help to speed up the recovery process. Our system provides an engaging and interactive way for patients
to perform their rehabilitation exercises while also enjoying the benefits of playing video games.

Keywords: hand rehabilitation, hand gesture recognition, Machine Learning, interactive video games

1. INTRODUCTION

According to the World Stroke Organization (WSO) [1] and
the Global Burden of Disease (GBD) Study 2019 [2], stroke
is the second-leading cause of death globally, accounting for
11.6% of total deaths. It is also the third-leading cause of death
and disability combined, accounting for 5.7% of total DALY's
(Disability-Adjusted Life Years). Stroke survivors often
experience hand and upper extremity impairment, which
significantly impedes their ability to carry out daily, work, and
leisure activities. Therefore, post-stroke hand rehabilitation is
essential to restore the strength, mobility, and coordination of
the patient’s hands.

Post-stroke rehabilitation, however, is a challenging process,
since it can be difficult, intensive, and lengthy, depending on
the severity of the stroke and which parts of the brain were

damaged. Therefore, the success of the recovery process
depends on how well patients can commit to the treatment
plan. Traditionally, stroke patients follow a rehabilitation
method that involves repetitive hand exercises under the
guidance of a hand therapist. However, this approach can be
tedious and unengaging due to its repetitive nature, leading to
the poor adherence of patients to the treatment plan. Therefore,
it is crucial to develop an efficient and interesting
rehabilitation method that can engage patients and motivate
them to follow the treatment plan.

In recent years, there is a growing interest in developing game-
based approaches for hand rehabilitation [3], [4]. By adopting
modern technologies such as Virtual Reality [5], [6],
Augmented Reality [7] and advanced sensors for hand motion
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tracking such as Kinect [8], and Leap Motion [9],
game-based approaches are useful for creating an interactive
environment where patients can enjoy the games while still
participating in the hand function recovery process. This is
done by performing repetitive hand movements while playing
the games. Therefore, game-based rehabilitation is more
enjoyable and interactive, enhancing patient engagement and
participation in the treatment plan.

In this work, we propose a real-time, skeleton-based hand

gesture recognition system for game-based hand rehabilitation.

Our system uses a Leap Motion Controller to capture hand
movement and extract hand skeletal data. We also developed
a gaming application consisting of 3 simple interactive games
designed specifically for hand rehabilitation. Interacting with
these games involves repetitively performing hand gestures,
which simulates the common exercises used in hand
rehabilitation. Therefore, patients can enjoy the games while
still participating in the recovery process. Compared to
previous work on hand gesture recognition in hand
rehabilitation, our approach is simpler, faster and is more
practical by adopting the set of hand gestures from common
hand therapy exercises. We also conducted a user survey with
10 individuals to evaluate the effectiveness of the system on
real users. The result shows that the proposed system is

enjoyable and can be a potential solution to hand rehabilitation.

2. METHODS AND IMPLEMENTATION
2.1. Overview

We propose a real-time, skeleton-based approach that
recognizes hand gestures based on the idea of key pose
identification. The workflow of the system is summarized in
Figure 1. Generally, the system workflow contains three main
stages:

- Skeleton extraction: In this stage, the Leap Motion
Controller extracts hand skeletal information from the user's
hand and sends the data to the next stage to recognize hand
gestures.

- Hand pose identification: Important features are
extracted from hand skeletal data and a trained Support Vector
Machine (SVM) will identify hand poses.

- Gesture recognition from key poses: The system reads
the sequence of identified hand poses and checks if the
sequence matches with any valid key pose sequences to
construct hand gestures. If there is a hand gesture found, the
system will output the result and the corresponding action will
be sent to the game environment.

Skeleton extraction

Skeletal information
Leap Motion
Y 1 1 Pose classifier
Pose training set
« Distances
« Finger angles
* Palm angles
Feature extraction
Gesture recognizer
Koy poses dictionary
Pose buffer
B : [P P2 P
P2 | | Pt
N : | P1 | Ps
L Dictionary matching
Gesture
Game control

Figure 1. Overview of the proposed system. Our system
extracts features from Leap Motion data and recognizes the
gesture based on key pose identification

We adopted 9 hand gestures, all of which were selected from
common hand, wrist and finger rehabilitation exercises [10],

[11] that help patients to recover their hand mobility, strength
and flexibility. All of the gestures can be performed by one
hand, either the left hand or the right hand. The list of
gestures and their equivalent hand exercises are shown in
Table 1.

Table 1. List of hand gestures and their corresponding hand

exercises
Gesture Exercises
Move lefi/right Wrist ulnar/radial deviation

Move up/down Wrist extension/flexion

Rotate Wrist supination/pronation
left/right

Close fist Close fist

Stop Spreading and closing fingers
Thumb in Thumb stretch
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2.2. Datasets collection

We collected two datasets, a pose dataset to train and evaluate
the hand pose classification model, and a gesture dataset to
evaluate the proposed hand gesture recognition approach.

Leap motion data: The hand skeletal data extracted by the
Leap Motion Controller consists of 3D coordinates of 27
distinct hand joints and hand elements from the user’s hand.
Each 3D coordinate is a tuple of three values x, y, and z
representing the position of an object in the Leap Motion’s
coordinate system. The Leap Motion’s coordinate system sees
objects above it in units of real-world millimetres. The origin
is located at the top, centre of the hardware. The x-axis and
the z-axis lie on the horizontal plane and the x-axis runs
parallel to the long edge of the device. The y-axis is a vertical
axis perpendicular to the horizontal plane, representing the
height from the object to the origin of the device. The skeletal
model and the Leap Motion’s coordinate system are shown in
Figure 2.

Middle

it ndex
Tip Position 5 N Q B
0
{ i
Pinky
Y d g A
A1 A +Y
y
Thumb o\ Qg
O

Q ( \‘
T
Palm Position / \/

000,

Y0 11

\ )
4
Wrist Position )r

Figure 2. The Leap Motion’s skeletal model (left) and the
Leap Motion’s coordinate system (Right)

+X

Pose dataset: The pose dataset consists of 12 distinct hand
poses that are identified by the system (Figure 3). These
poses are the main components that are necessary to construct
hand gestures. The dataset was collected by six subjects, four
men and two women. For a robust evaluation, the training set
was collected from four subjects while the test set was
collected from the other two. Each sample contains the hand
skeletal information captured by the Leap Motion Controller
in each frame. The samples are collected by both left and
right hands, and from different angles and positions relative
to the device. In total, there are 4396 training samples and
1928 test samples.

/)

{‘ —

(a) Palm (b) Leflt (c) Right (d) up

I
2 e, !
- A1 :
A\ N - - 4‘
|8 ‘ q \l
(e) Down (f) Fist (g) Hook (h) Stop
- ~-— A.

5! o

(i) Thumb in (j) Palm left (k) Palm right (1) Palm up

Figure 3. The visual representation of the 12 selected key
poses

Gesture dataset: The gesture dataset was generated by 5
subjects, each generating 7 to 10 samples per gesture, using
both their left and right hands. Each sample represents one
gesture and consists of the sequence of hand-skeletal data
recorded for each frame during that gesture. In total, there are
443 samples of 9 hand gestures that are recognized by the
system (Table 1).

2.3. Hand pose classification

Feature extraction: From the skeletal data captured by the
Leap Motion Controller, we perform feature extraction to
extract important features that will be used for pose
identification. We first extract 13 local features, including the
Euclidean distances between the palm center and the five
fingertips, the distances between adjacent fingertips and the
angles between adjacent fingers. Such local features not only
extract useful hand information but also act as a normalizer
that helps remove the noise effects of varying hand positions
and angles relative to the Leap Motion's sensors.

Let P denote the point representing the palm centre within the
Leap Motion's coordinate system. The five fingertips,
denoted as F; where i in [1, 5], correspond to the thumb,
index finger, middle finger, ring finger, and pinky finger,
respectively. The distance-based features can be calculated as
follows:

D; = ||IF;— PI|,i €[15]
Dp, = |IFps = Fill,i € [1,4]

where D; represents the Euclidean distances between the
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palm centre and the five fingertips, and D, represents the

distances between every pair of adjacent fingertips.

The angles between adjacent fingers will be
(F;—P) - (Fiy1 — P)

[IF: = PI| - [|Fisn = F|

),i € [1,4]

a; = arccos(

where a; represents the angles (in radians) between every pair
of adjacent fingers.

Next we extracted three global features, including the yaw,
pitch, and roll angles of the hand. These features represent the
global movement of the user's hand relative to the Leap
Motion Controller. After feature extraction, the final feature
vector V consists of 16 distinct features:
V = (Dy ... D5, Dp, ... Dg,, @y ... a4, yaw, pitch, roll)

This feature vector is standardized and fed to the pose
classifier for hand pose classification.

Pose classification:

In this stage, the feature vector is classified as one of the hand
poses that were introduced in Figure 3. Several machine
learning algorithms were tested. We found that Support
Vector Machine (SVM) with radial basis function (rbf) kernel
demonstrated the highest accuracy of 96.84% on our pose
dataset (see Section 3 for more detail). Therefore, we chose
SVM with the rbf kernel as the pose classifier of the system.

2.4. Gesture recognition from key poses

In our setting a gesture g is represented as a sequence of key
poses g = (P1, Dz, -+, Pg,)» Where p; belongs to a finite set of
key poses p. Most of the gestures are composed of 2 to 3 key
poses and can have different combinations of key poses. We
built a key pose dictionary that contains all the mappings from
gestures to key pose sequences. Each record in the dictionary
is a pair of key-value (k, v) where k is a hand gesture and v is
the list containing all possible key pose sequences that can be
used to build up that gesture. To ensure the generalization of
our approach, 6 subjects were asked to perform each gesture
in several ways. We then captured the sequences of poses and
manually inserted all possible key pose sequences into the key
pose dictionary. The final key pose dictionary is shown in
Table 2.

Table 2. Key pose dictionary for gesture recognition. Each
gesture can be defined by a finite sequence of key poses

Gesture ID Key Pose Sequences
Move left gO (poa p1)5 (p79 pl)
Move right gl (0, p2), (p7, P2)

Council: 4
Move up 2 (p0, p3), (p7, p3)
Move down 3 (0, p4), (p7, P4
Rotate left g4 (p0, p10, p11), (p7, p10, p11)
Rotate right g5 (0, p9, p11), (7, p9, p11)
Close fist g6 (p0, p5), (p0, p6, p5), (PO, P8, 6,
p5)
Thumb in 28 (p0, p8, p0), (p7, p8, p7)

When a hand pose pt is identified by the pose classifier at
time t, it will be inserted into a pose buffer . The gesture
recognizer will then read the sequence of all identified poses
S = (Pi—ny > Pe—1,DP¢) from the buffer and search from the
key pose dictionary to see if there is any key pose sequence
X = (1, -, Dg,) contained in s. If the match is found, the
gesture g composed of the sequence x will be recognized.
The buffer will then be cleared and ready to store the next
hand pose. If no match is found, nothing will be recognized.
The buffer will continuously store newly identified hand
poses until a match is found. More details of the gesture
recognition process are described in Algorithm 1.

Score: 0

How to Play
Select the right shape following the description
To change selection - move palm left or right
To select - make a fist
Make a fist to close this window

Figure 4. Shapes and Colors

Score: 27 Score: 37

0

Figure 5. Eggs and Milk
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Figure 6. Dino Run

2.5. Interactive games for hand rehabilitation

We developed 3 interactive games for hand rehabilitation:
Shapes and Colors, Eggs and Milk and Dino Run, as shown
in Figure 4, Figure 5 and Figure 6, respectively. These three
games were developed using Python 3.9.0 and PyGame 2.3.0.
In the first game, Shapes and Colors, the player needs to
select the correct shape and colour according to the question
prompted on the screen. In the second game, Eggs and Milk,
the player needs to move the container to catch the falling
object from the top of the screen. Finally, the Dino Run game
requires controlling the dinosaur to avoid as many obstacles
as possible. In all of the three games, the player has to
perform hand gestures to interact with the application.
Therefore, the application helps improve hand mobility and
flexibility and guarantees a positive effect on hand
rehabilitation.

3. RESULTS AND DISCUSSION
3.1. Hand gesture recognition
We performed some experiments to evaluate the
performance of the system on our pose and gesture datasets.
All experiments were conducted on an ASUS laptop
equipped with an Intel Core i5-8250U 1.6GHz CPU and
12GB RAM.

Table 3. Evaluation results on the pose test set of five
classification models. * : The precision, recall and F1 score

is the weighted average from all classes.

Model Accuracy Precision| Recall* F1
(%) * score*
SVM 96.84 0.9698 0.9684 0.9684
MLP 96.47 0.9686 0.9673 0.9675
Rando
m 91.34 0.9300 0.9134 0.9145
Forest
Logistic
R . 82.21 0.8336 0.8221 0.8211
egression
k-NN 92.21 0.9323 0.9222 0.9225

To find out the best pose classifiers, we trained 5 different
machine learning models, including Support Vector Machine
(SVM), Multilayer Perceptron (MLP), Random Forest,
Logistic Regression and k-Nearest Neighbors (k<-NN) on our
pose training set. During the training process, we used k-fold
cross-validation with k = 10 and applied Grid Search [12] to
find the best hyperparameter settings for each model. After
that, we evaluated the performance of these models on the
pose test set. From the result (Table 3), we found that SVM
has the highest test set accuracy (96.84%), so we chose SVM
as the pose classifier of the system.

The precision, recall and F1 score on each hand pose class
using SVM are depicted in Table 4. Our pose classifier
achieves outstanding results on all of the classes (all larger
than 0.9). Some of the classes have maximum precision
(Right), recall (Stop) and F1 score (Thumb _in).

Table 4. The precision, recall and F1 score on each hand
pose class using the SVM model

Pose Precision Recall F1 score
Palm 0.9130 0.9492 0.9307
Left 0.9218 0.9593 0.9492
Right 1.0000 0.9722 0.9859
Up 0.9939 0.9760 0.9849
Down 0.9803 0.8922 0.9342
Fist 1.0000 0.9897 0.9948
Hook 0.9867 0.9867 0.9867
Stop 0.9321 1.0000 0.9649
Thumb_in 1.0000 1.0000 1.0000
Palm_left 0.9044 1.0000 0.9498
Palm_right 0.9916 1.0000 0.9958
Palm_up 1.0000 0.9060 0.9507

We also studied the effect of different feature extraction
settings on hand pose classification using SVM and MLP
(Table 5). We found that Distances (distance-based features)
and Palm angles (Yaw, pitch, and roll angles) are the two
most important groups of features, omitting one of which can
lead to a significant drop in classification accuracy.
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Table 5. Performance of pose classifier on different feature
extraction settings

Accuracy
Feature extraction setting
SVM (rbf)| MLP
(100,)

Distances + Palm angles + Finger 96.84 96.47
angles

Distances + Finger angles 66.8 69.5
Palm angles + Finger angles 75.99 79.72
Distances + Palm angles 96.68 95.38
Raw skeleton data 85.32 84.96

After finding the best hand pose classifier, we evaluated our
pose-based gesture recognition approach on the gesture
dataset. The precision, recall and F1 score on each gesture
class are shown in Table 6. We achieved an accuracy of
94.46% on the gesture dataset and obtained impressive results
for many gesture classes. However, there are still many false
positive cases in which the system recognizes non-existent
hand gestures or misclassifies a gesture as another one.

Table 6. Precision, recall and F1 scores on the gesture

dataset
Gesture Precision | Recall F1
score
Move left 1.0000 | 0.9792 0.9895
Move right 0.9245 | 0.9800 0.9514
Move up 0.8909 | 0.9800 0.9333
Move down 0.7539 | 1.0000 0.8596
Rotate left 1.0000 | 0.9750 0.9873
Rotate right 1.0000 | 0.8684 0.9296
Close fist 0.9259 | 1.0000 0.9615
Stop 0.8444 | 1.0000 0.9157
Thumb in 0.9250 | 0.9250 0.9250
Weighted 0.9159 | 0.9702 0.9393
average

3.2. Time performance

We also evaluated the time performance of the system by
calculating the average elapsed time per frame of the system.
The result is shown in Table 7. Our system relies on the hand
skeleton tracking process from Leap Motion, which operates
consistently at 16.67ms (60FPS) in our experiments.

Meanwhile, the execution time per frame for hand gesture
recognition (1.2 ms) is significantly lower than the time
required for skeleton extraction (16.67 ms). Therefore, the
system’s overall execution time remains within 16.67 ms (60
FPS), meaning that the system can achieve real-time

performance.
Table 7. Execution time and frame per second of our
system.
Skeleton Extraction Hand Gesture o "
by LMC Recognition vera
Tim FPS Time FP Tim FPS
e S S
16.6 83 16.6
7 60 12 3 7 60
3.3. User Study

We conducted a user study with 10 individuals to study the
effectiveness of our system on real users. The study was
conducted in both a residential area and a private home.
There are two main stages in our study, a pre-survey study
and a post-survey study.

In the pre-survey stage, we collected background information
of the 10 participants, including their age, sex and general
experiences to hand rehabilitation. The pre-survey results are
shown in Table 8. From the results, it can be seen that the
majority of participants are elderly (70% of them are over 60
years old). Two of them have experienced hand therapy
before and three of them have played hand-interactive games
before.

Table 8. Demographic characteristics of the study

population
Variable n
15-30 |1
e 30-45 | 1
Age (years) 560 11
>60 |7
e Male |5
L Female | 5
Yes 2
Have experienced physical therapy” No 3
Yes 3
ave plaved hand-interactive pames? :
Have played hand-interactive games No =
0 6
Gaming frequency per week? = J
>10 |1

In the post-survey stage, we collected their feedback after they
had tried our solution. The pose-survey result is shown in
Figure 7. Overall, all participants expressed favourable
feedback, finding the solution compact, enjoyable, and easy
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to use. Aesthetic design is crucial in motivating individuals to
use the game regularly, and all participants found our
application aesthetically pleasing. And most importantly, all
the participants found our application is meaningful and
necessary for hand rehabilitation.

Post-survey result

10 Do Run, the mechanism that makes the Ginosaur ump & easy 0 by

manpulate.

In Eggs and MLk, the falling speed of cbjects has been appropriately
adjusted.

e ———————
10 Shapes and Colors, the color of the shape i easdy ditnguishatie. -

The shelf faciltates easy maniputation of the hand. -

The product is designed to be used independently without any external
assistance.

The gameplay is engaging and captivating. |

The gamesiay s smooth and responsive.

The game's difficulty level has been calbrated to provide an optimal

Figure 7. Post-survey result

4. CONCLUSION

In this work, we have implemented a real-time, skeleton-
based hand gesture recognition system for hand rehabilitation
and achieved remarkable results on our two self-generated
datasets (96.84% on the pose dataset and 94.46% on the
gesture dataset). We also developed a gaming application for
hand rehabilitation and conducted a user study to collect
feedback from real users. Most of the users agree that our
system 1is interesting and is a potential solution for hand
rehabilitation.

However, there is still some room for improvement in our
work. Firstly, our self-generated datasets are small and our
user study is still limited to only 10 individuals, which means
the system might not be generalized enough to new data, and
the collected feedback from the users may still be biased.
Secondly, the pose-based gesture recognition approach can
face some robustness issues when there are some errors in
hand pose classification, and the design using hand poses may
not be a good choice for more complex hand gestures which
require exact hand movement from the user. These limitations
will be addressed in our future work.
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Abstract

For the sake of protecting the environment and promoting sustainable growth, waste segregation is an
urgent and vital issue. However, in Vietnam, there is still a relatively low level of awareness and action
when it comes to waste separation at source. This is a critical area in which every individual, especially
students, plays a significant role in changing society's waste disposal practices. According to Science and
Technology Magazine No. 70 (April 2022), up to 57% of students struggle with incorrect or incomplete
waste categorization [1]. To raise public awareness and address this issue, our research team proposes an
IoT device incorporating Al technology - Computer Vision. The device utilizes a camera to take photos
of trash, which are then classified into categories using a Convolutional Neural Network. Then, a display
screen provides information about the waste and guides users on how to dispose of it properly. This tool
can be used in student spaces, such as dormitories, schools, and cafeterias, to promote waste separation
at source and raise environmental awareness among students. Our team believes that implementing this
solution will reduce improperly disposed waste and establish a successful circular economy.

Keywords: artificial intelligence, computer vision, internet of things, human awareness, waste

segregation

1. INTRODUCTION

In the modern era, the utilization of science and technology,
including artificial intelligence (AI), has become
indispensable across various aspects of life. Deep learning, a
subfield of artificial intelligence (AI), has witnessed
remarkable advancements and emerged as a powerful tool in
multiple applications. Its ability to automatically learn and
extract complex patterns from large datasets has led to
breakthroughs in many domains, including computer vision,
natural language processing, and speech recognition.
Promoting sustainable practices and mitigating the
environmental impact of improper waste management
requires individuals worldwide to be aware of waste sorting
at source. Vietnam, however, still lacks awareness and action
in this area. In [1], a survey of 1513 students at the Vietnam
Maritime University was conducted. The survey results show
that 95.85% of the students have an understanding of the

harmful effects of single-use plastic, but only 57% of the
students could identify groups of waste sorting. The student’s
concern and understanding of the meaning of plastic
codes/labels are still limited. Based on the survey results,
most students are aware of the harms of plastic waste, but this
awareness is still insufficient. Therefore, it is extremely
necessary to implement propaganda, dissemination, and
education to raise students’ awareness about waste sorting,
reduction, reuse, recycling, and treatment. In that scenario,
the integration of cutting-edge technologies holds significant
promise in promoting sustainable practices. This study
introduces a revolutionary product called BEG (Bachkhoa
Eco-friendly Guide) that utilizes computer vision and
machine learning to educate people about environmental
issues and improve waste management. This study makes
several significant contributions. Firstly, the BKTrashImage
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dataset is introduced, which contains 6205 images belonging
to five different categories, including Paper Cup, Aluminum
Can, Milkbox, PET Bottle, and Foam Box. Secondly, the
study develops BEGNet, an efficient trash image
classification model. Thirdly, an architecture for IoT devices
is proposed to effectively implement and deploy the trash bin
system. Finally, experiments are conducted to demonstrate
the effectiveness of the proposed model compared to state-of-
the-art approaches for trash classification on both Trashnet
and BKTrashImage datasets.

2. METHODS AND IMPLEMENTATION
2.1. Data collection

In order to address the problem of students’ awareness of
classifying garbage at source, we generate a dataset that has
classes focusing on the trash that is frequently disposed of by
students.

In the phase of data collection, we combine the data set
Trashnet [2], with other images collected both on the Internet
and manually. The combined dataset, named BKTrashImage,
has six classes, which are: Paper Cup, Aluminum Can, Milk
Box, PET Bottle and Foam Box, including 6205 images in
total.

The Trashnet dataset was collected by mobile devices,
containing 2527 images with six classes: glass, paper,
cardboard, plastic, metal, and trash. The object of images was
placed on a white background and using sunlight and/or room
lighting. The statistic of images for each class was presented
in Table 1 while Figure 1 shows several samples in each class
of this dataset.

Table 1. The statistic of the Trashnet dataset

No Classes Nufnber of
images
1 Glass 501
2 Paper 594
3 Cardboard 403
4 Plastic 482
5 Metal 401
6 Trash 137

We try to make the dataset as balanced as possible, Table 2
shows the distribution of our dataset BK TrashImage. To have
more insight into how BKTrashImage looks, Figure 2 shows
some samples of each class of the dataset.

Page | 112

Glass

Cardboard
Plastic

Metal

Trash m

Figure 1. Samples of Trashnet dataset

Table 2. The statistics of the BK TrashImage dataset

No Classes Nufnber of
images
1 Paper Cup 1556
2 Aluminum Can 1531
3 Milk Box 1625
4 PET Bottle 1499
5 Foam Box 1395
Paper
Cup
Aluminum
Can
Milkbox
PET
Bottle
Foam
Box

Figure 2. Samples of BKTrashImage dataset
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2.2. Process-deciding and image-classifying components

In this section, we would like to introduce the implementation
of our Computer Vision technique to detect if trash is in front
of the camera to begin processing the image, and the deep-
learning solution for the image-classifying purpose.

To avoid feeding the image constantly to the Image
Classifying module, we implement a Process-Deciding
module to decide when to process the captured image in the
next steps. In detail, to detect if there is a person putting trash
on the screen, we use the K-nearest neighbours (KNN)-based
Background/Foreground Segmentation Algorithm [3] - a
method used for detecting moving objects in videos, which has
been completely implemented in the library OpenCV[4], a
library of programming functions mainly for real-time
computer vision.

This KNN-based Background/Foreground Segmentation
Algorithm uses the squared distance to compute the distance
between the pixels and the sample to decide whether a pixel
is close to that sample or not. Considering 2 pixels as 2 vectors
in the 3-dimension space (3 channels of colour for red, green
and blue), we could calculate the squared distance of that 2
pixels as in Equation 1:

distance

= J(pl,red - pz,red)z + (pl,green - pz,green)z + (pl,blue - pz,blue)2 (1)

Withp; .isa value of the pixel number i, at the colour
channel c.

The KNN-based Background/Foreground Segmentation
Algorithm will return a binary image called a mask. Upon
receiving this mask, we calculate the ratio between the
number of pixels of the foreground and that of the whole
image, then check if this ratio exceeds a given threshold,
which is empirically set.

The calculation of the ratio mentioned above is
. number of foreground pixels
ratio = - - (2
number of image pixels

Figure 3. The changes of the mask when a moving object is
in front of the camera. The moving object is considered the
foreground (white pixels), and the remaining area is the
background (black pixels).

Figure 3 shows how the mask changes if there are moving
objects in front of the camera. In this circumstance, the
student’s hand holding a piece of garbage is considered a
moving object. Figure 4 shows the flowchart of how the 2
components, Process-Deciding and Image-Classifying, work
together.

Segment
Read frames from camera the Background/Foreground
using KNN-based algorithm

‘ Calculate the ratio ‘

Send the image to the Al module

!

Display instruction on how io
dispose the trash properly

Figure 4. The flowchart of how the 2 components, Process-
Deciding and Image-Classifying, work together. Ifthe
Process-Deciding module recognizes a moving object in
front of the camera, the Image-Classifying module will
process the image.

Radosavovic et al. [5] proposed RegNetX and RegNetY,
which present the network design space for reducing the
computation and the number of epochs. The design space
concept has an important property that is more interpretable.
For the purpose of classifying images, a robust framework
utilizing Deep Neural Networks for trash classification
namely BACHKHOA Eco-friendly Guide Network
(BEGNet) is introduced, which uses the RegNetY 120, whose
weight was pre-trained with the dataset ImageNet, followed
by a Global Average Pooling layer and a Sigmoid activation
function.

Training set | Me-tuning !

l

'

1

: C T T Tttt STt T TSt ST ]

' gan ' '
' '

! e F Regnety120 | | e )

' 1| (pretrained with ImageNet dataset) - Semoiti,

: 5 [} | | 1

' ' jass. '

'

'

TESTING PHASE |

Extracting feature

GLOBAL
AVERAGE CONNECTED
POOLING LAYER

Figure 5. The approach of BEG. The backbone
RegNetY 120, whose weight was pre-trained with the
dataset ImageNet, is followed by a Global Average
Pooling layer and a Sigmoid activation function.
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2.3. Proposed architecture of the device

In this section, we propose an [oT architecture for our solution.
The overall system consists of three interconnected
components: smart trash bins with built-in our classification
models, a database, and a mobile application. This system
operates through the Internet, enabling real-time
communication between the components.

The trash bin system comprises three primary modules: Jetson
Nano, Jetson Nano IMX219 8MP camera module, and a
display screen.

The workflow of our product follows a series of key steps.
Firstly, when the camera sensor detects the presence of trash,
it activates the system. Subsequently, the camera is engaged to
capture an image of the trash, temporarily storing it in the
Jetson Nano’s storage. Next, the Jetson Nano employs our
BEGNet model to analyze the captured image. Once the
classification result is obtained, the system promptly
determines the type of that trash and displays guidance to
dispose of it properly on the screen.

Each bin is also equipped with a sensor that measures the
volume of trash inside. Whenever a trash bin reaches its
capacity, a signal is immediately transmitted to a real-time
database. This information is then seamlessly transferred to the
mobile application, ensuring users receive instant updates.To
better visualize the system, refer to Figure 6, which presents
the diagram of the entire architecture.

Afoam box

capture the image
of the frash

3 Jetson Nano
Mobile IMX218 8MP

application camera module
analyse the image using
the built-in BEGNet model
- /' ' classify trash types
~ Zf and provide disposal

instructions

Real-time )
database Display screen
send notification

Nvidia Jetson
>

Nano
Recycle bin Nen-recycle bin Organic bin

IR sensor IR sensor IR sensor

Figure 6. The workflow of BEG

The trash bin system comprises three primary modules:
Jetson Nano, Jetson Nano IMX219 8MP camera module, and
a display screen.

The workflow of our product follows a series of key steps.
Firstly, when the camera sensor detects the presence of trash,
it activates the system. Subsequently, the camera is engaged
to capture an image of the trash, temporarily storing it in the
Jetson Nano’s storage. Next, the Jetson Nano employs our
BEGNet model to analyze the captured image. Once the
classification result is obtained, the system promptly
determines the type of that trash and displays guidance to
dispose of it properly on the screen.

Each bin is also equipped with a sensor that measures the
volume of trash inside. Whenever a trash bin reaches its
capacity, a signal is immediately transmitted to a real-time
database. This information is then seamlessly transferred to
the mobile application, ensuring users receive instant updates.
To better visualize the system, refer to Figure 6, which
presents the diagram of the entire architecture.

3. RESULTS AND DISCUSSION
3.1. Experimental setting

In this section, a quantitative evaluation of the proposed
image-classifying module and other methods is presented,
based on two experimental datasets including Trashnet and
BKTrashImage datasets that were introduced in the previous
section. For each dataset, we spend 80% for training and the
remaining 20% for testing.

About the environment, the experimental methods were
implemented in Python 3.10.11 and performed on the
Tensorflow framework which is a free software deep learning
library for the Python programming language. The operating
system is Ubuntu 20.04.5 LTS with a GPU NVIDIA A100-
SXM4-40GB and 83.48 GB of RAM.

This study utilizes state-of-the-art methods for trash
classification including Densenet121_Aral[6],
InceptionResNet Ruiz[7], MobileNetV2 Lam [8] and DNN-
TC Vo[9], to compare with the proposed approach for trash
image classification. For the two other approaches, the
Stochastic Gradient Descent (SGD) is used as an optimizing
algorithm with a learning rate o = 0.0001. In addition, this
research uses batch size = 128 with 20 epochs and evaluates
the model’s performance on the testing set for every epoch
during training processing. In the testing phase, this study
performs the comparison between the experimental methods
based on the testing set for trash image classification.

3.2. Experimental results

The accuracy of the proposed Image-Classifying module
compared with the other experimental approaches for the
Trashnet dataset was presented. The experimental result in
terms of accuracy is shown in Table 3. Empirically evaluated
on the Trashnet dataset, our proposed approach outperforms
other approaches for the Trashnet dataset. Specifically, our
method achieved 94.26%, taking first place, while
Densenet121 Aral, Inception-ResNet Ruiz, DNN-TC Vo
and MobileNetV2 Lam obtained 93.66%, 93.27%, 93.07%
and 88.12% in terms of accuracy respectively.
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Next, We performed experimental methods on the
BKImageTrash dataset, which contains many objects in each
class, to demonstrate the effectiveness of our proposed
approach. As shown in Table 4, our method achieved the
highest accuracy of 97.17% compared to all other
experimental methods for the BKImageTrash dataset. The next
best-performing models were Inception-ResNet Ruiz
(96.45%) and Densenetl21 Aral (96.32%). Although
MobileNetV2 Lam and DNN-TC Vo achieved high
accuracies of 95.73% and 95.79%, respectively, they still fell
short by over 1% compared to our proposed model.

Table 3. The accuracy of the experimental methods on the
Trashnet dataset

Accuracy
No Method (%)
1 Densenet121 Aral [6] 93.66

2 Inception-ResNet Ruiz [7] 93.27

3 MobileNetV2 Lam [8] 88.12
4 DNN-TC Vo [9] 93.07
5 BEGNet 94.26

Table 4. The accuracy of the experimental methods on the

BKImageTrash dataset
No Method Acf;f;‘cy
1 Densenet121_ Aral[6] 96.32
2 Inception-ResNet Ruiz[7] 96.45
3 MobileNetV2 Lam [8] 95.73
4 DNN-TC Vo [9] 95.79
5 BEGNet 97.17

3.3. Discussion on the result

To demonstrate the effectiveness of our approach, we
compared it with state-of-the-art methods on both the
Trashnet and BKTrashImage datasets. The Trashnet dataset is
a small dataset in which most images contain a single object,
while the BKTrashlmage dataset focuses on the trash
frequently disposed of by students, but has the same format.
We empirically evaluated BEGNet on both datasets and
achieved impressive results. For the Trashnet dataset, our
approach achieved a 94.26% accuracy rate, outperforming

other approaches. For the BKTrashlmage dataset, our
approach achieved the highest accuracy of 97.17%. These
results demonstrate the effectiveness of our proposed
approach and its potential for practical applications.

4. CONCLUSION

This paper proposes a deep neural network model called
BEGNet for classifying trash. In this study, we made two
significant contributions. First, we created the BK TrashImage
dataset, which includes 6205 images in six different trash
categories. Second, we developed the BEGNet model by
modifying the RegNetY120 architecture to improve
classification performance. In terms of accuracy, BEGNet
outperformed other state-of-the-art methods on both the
Trashnet and BKTrashImage datasets. Third, an architecture
for IoT devices is also introduced to effectively implement
and deploy the trash bin system into practice. The proposed
solution can have significant benefits for the environment,
society, and the economy. By raising awareness about trash
classification at source of students, it can promote
behavioural change among them, who play a critical role in
changing society’s waste disposal practices. In conclusion,
the proposed IoT device - BACHKHOA Ecofriendly Giude
(BEG), which incorporates Al technology - Computer Vision,
has shown promising results in addressing the critical issue of
waste segregation and raising environmental awareness
among students. Implementing this solution can have
significant benefits for the environment, society, and the
economy. Further research and development are needed to
optimize the proposed approach and scale it up for broader
applications. Overall, it is a step in the right direction towards
promoting sustainable waste management practices and a
greener future.
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Abstract

With the rapid advancement of technology, integrated circuit (IC) design has become more complex and
demanding, requiring the use of cutting-edge tools and methodologies to keep pace with the latest
developments. Regarding the design of ICs, analog circuits make a significant contribution as the interface
between the real and digital world signals. Although analog circuits account for a relatively small portion
of the overall circuit, their design process often demands the major amount of design time. Much of the
analog design time is from the phase of manual iteration of circuit parameters to meet the predetermined
specifications, after a suitable topology has been selected. Since analog circuit sizing is repetitive and time-
consuming, and to an extent, a monotonous task, design automation of analog circuits arises as a promising
candidate to address the issue. Therefore, efficient optimization techniques are necessary for the automated
optimal sizing of CMOS analog ICs. Among optimization algorithms, while genetic algorithm (GA) has
been shown to be effective in finding near-optimal solutions, it has not been extensively applied to the field
of analog circuit design. Hence, this paper proposes a method to utilize GA in the optimization of a widely
used circuit topology, namely the comparator. Comparator is considered the fundamental block in the
design of most analog-to-digital converters (ADC). For high-speed ADCs, high-speed and power-efficient
comparators are highly desirable. As a result, the idea of applying GA to optimize speed and power
consumption of comparators gradually comes up. In short, this paper demonstrates how GA can be applied
to the optimization process of the comparator circuit with respect to speed and power consumption, for the
sake of effort and time saving.

Keywords: automation, genetic algorithm, analog-to-digital converter, comparator, speed, power

consumption

1. INTRODUCTION

Comparators are crucial to analog to digital converters
(ADCs). They are used to convert from analog to digital
domain signals in modern signal processing and
communications. In designing high-speed ADCs, high-speed
and low-power comparators are of great demand [1]. Dynamic
comparators have higher speed and less static power
consumption compared to static comparators due to strong
positive feedback and dynamic bias provided by a pair of
cross-coupled inverters as the latching stage [2]. Therefore, to
optimize comparators’ performance in terms of speed and
power consumption, the dynamic comparator is chosen as a
feasible topology.

In the design of the comparator, this paper focuses on two
stages of analog circuit design, topology selection and circuit
sizing in specific. Both stages must ensure that the resulting

circuit meets specifications [3]. Since the first phase
completed with the topology of the dynamic comparator, the
second phase involves choosing the size of components.
Owing to the repetition of manual iteration of circuit
parameters, this sizing procedure is considered monotonous
and time-consuming [4]. Hence, automation in the process of
optimizing the sizes of circuits’ components is critical to the
ability to design high-performance circuits quickly [5].

To solve the problem of laborious circuit sizing in analog
circuit design, effective optimization techniques are essential.
Classical optimization techniques such as deterministic
methods and statistical methods have been tested, but they
prove to be ineffective owing to the applicability to small size
optimization problems and uncertainty of convergence
towards global optimum solution [5].
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Gradient search methods are also inefficient because of its
high tendency to get stuck in local minima. On the other hand,
genetic algorithm (GA), based on the Darwinian principle of
natural selection and concepts of natural genetics, has been
found to be an effective solution to large search spaces without
being trapped in local minima [4]. In spite of GA’s advantages,
ithas not been extensively applied to the field of circuit design.
To the authors’ best experience and knowledge, the algorithm
are mostly implemented in the design of operational amplifiers
as in [4], [5] and has not been utilized for the case of the
dynamic comparator. Therefore, this paper proposed a hybrid
framework of GA and Spectre simulator that might set the
prototype for the optimization problem of propagation delay
and power dissipation for the dynamic comparator. With only
300 iterations of GA, the power-delay product (PDP) achieved
is 0.2257 1], including an average delay of 77.7803 ps and
power consumption of 2.9013 uW at 1 GHz clock frequency
and 1.2 V supply voltage. These are promising values for
assessment parameters, especially for the case of PDP since
this work’s PDP surpasses its counterparts in the work of [11],
[13], [14], [15]. More importantly, thanks to its adaptibility,
the combination of GA and Spectre can also be the
optimization tool for different circuits, which is likely to
revolutionize the work approach of analog circuit engineers.

The remaining part of the paper is organized as follows.
Section 2 illustrates the operation of the single-tail dynamic
comparator as well as its delay and power analysis.
Subsequently, Section 3 demonstrates GA’s flow and the
proposed new architecture combining GA and Spectre
simulator to optimize delay and power of the dynamic
comparator. Simulation results and discussion are presented in
Section 4, followed by the conclusion of the paper in Section
5.

2. METHODS AND IMPLEMENTATION

2.1. Working principle of the single-tail dynamic
comparator

v—]I)_D clk
iy
-|E;5 T

M3

T

Figure 1. Conventional single-tail dynamic comparator

The operation of the conventional single-tail dynamic
comparator depicted in Figure 1 consists of two phases [6]:

- Reset phase: The reset phase starts when clk = 0. The reset
transistors Mg and Mg are on while the tail transistor M; is off.
As a result, output nodes out+ and out- are pulled up to Vpp,
which ensures the initial condition as well as valid logic level
for the comparator.

- Comparison phase (decision-making phase): The comparison
phase starts when clk = V. The reset transistors Mg and Mg
are off while the tail transistor M; is on. The output nodes out+
and out-, previously precharged to Vpp, turn M, and Mg on.
Also, these two output nodes begin to discharge their voltages,
which is still high enough to keep M, and Mg on. The
discharging rate of out+ and out- depends on the voltages at
two input nodes in+ and in-.

+ When in+ > in-: Out+ discharges at a faster rate compared
to out-. This means that the voltage at out+ drops to Vpp —
|Vryp| before out-, making M, turn on before My . Since
(M,, Mg) and (M5, M;) together form back-to-back inverters,
the latch regeneration is activated. Hence, out+ and out- are
pulled down to GND and pulled up to Vpp, respectively.

+ When in+ < in-: The circuit works in the opposite manner
with the final result of out+ and out- being pulled up to Vpp
and pulled down to GND, respectively.

2.2. Delay analysis

Propagation delay is one of the key features of a comparator.
It consists of two parts:

- Delay for the capacitors Cy and C; to discharge to the point
when Mg and M, turn on:

t = CilVrrpl N CilVrupl 2C1|VTHP|
R T M
2
where C; is the load capacitor at the output nodes with equal
values (i=0, 1 and Cy, = C,); Vpyp is the threshold voltage of
p-channel MOSFETs Mg, M, ; 1;, I3 are the drain currents

through M;, M.

- Delay from the two cross-coupled inverters:

The latch delay is calculated as:

G AV, ¢ G Vop/2

baten = oo ln( iV, ) = am, ( AV, ) @
gmeq 0 gmeq 0

where gm, is the equivalent transconductance of the latch,

AV, is the output voltage swing , Vpp is the supply voltage
and AVj, is the output voltage difference.
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. dynamic comparator, we integrate lg,p,,;, With respect to time
Attime to: in one period and multiply with f, and Vpp as in equation (6)

AL, 2| Vrgp| /32'311 AV to obtain the result.
n

AV, = |V. =
0 |THP|I/2 1

€)

where Al;, is the current difference at the input end and
B2 = B, B3 are the current factors of M,, M3, respectively.

Substitute (3) into (2):

G Vpp/2 SR e b U S R R B
tlatch = ln o0 " “ . o 6 > o us 0
8Meq  \2|Vryply/B23/11AVin

=t ln( o ‘—1) )

gMmeq 4|VTHPIAVin 4] B2,3
- Total delay is the sum of its two parts:

RS SRS ALENAL Ao s Lo i o |

Figure 3. Transient simulation of the current g5,

3. OPTIMIZATION BY GENETIC ALGORITHM
tdelay = t0 + tlatch
C;|V- C; V
=2 1| THPl + i In DD
I1 gmeq 4'|VTHP|AVin

Simlation results illustrate that t, dominates tizech [1], tgelay

3.1. Genetic algorithm (GA)
®)

Genetic algorithm (GA) is one of the evolutionary
computation methods widely used in optimization problems.
GA’s basis is the principle of natural selection, in which
suitable individuals in a specific environment survive and
reproduce while others are eliminated [9]. With the idea of
“survival to the fittest”, better solutions are generated thanks
to successive evolution of generations.

follows the change in t,. In other words, when [; decreases, t,
increases and tge,, hence increases, and vice versa.

Figure 2 demonstrates the transient simulation of the
conventional dynamic comparator in one clock period,

consisting of both the comparison and the reset phase. The implementation of GA is described in the flowchart of

' Figure 4:
nie= : e Select
b . Start © e X
\ t J N / parents
N : ; B !
y VDD/2 [ Generate
. i initial Crossover
i | population
i | to  tlatch i Decode Mutate
‘ ”. ‘ . ’ . ) :0;‘;3 » i . » ) . - v
Figure 2. Transient simulation of the conventional dynamic Calculate New
comparator fitness population
2.3. Power analysis PN *
. . RUE_~~ StOP "\ parse Decode
For one period of comparison, the average power of the supply rxcondition/_
voltage is calculated as: N ﬁ I
. T , /OT . o T Calculate
1 utput -
Powerayg = = J; Voplsupplydt = fencVop Jy Laupplydt — (6) ( lw‘l’h * fitness

where g is the frequency of the comparator’s clock, Vpp is
the supply voltage, Is,ppry is the current drawn from the

supply voltage. Figure 4. Genetic algorithm’s flowchart

The algorithm starts by initializing a population of a fixed size
with randomly created solutions. These solutions, usually
encoded in bitstring of a fixed length, are modeled as
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chromosomes. The chromosomes consist of genes,
represented by one bit or a group of bits. Every generation, the
bitstrings of chromosomes are decoded for fitness calculation
to find the best individual in the current population. After this
step, the stop condition, including the number of iterations or
the comparison with the target, is considered. If this condition
is not met, the algorithm continues with the selection process.

According to the fitness value, a subgroup of chromosomes -
the parents - is selected to create the new population of
offspring in the process of crossover and mutation. During
crossover, the bitstrings of two randomly selected parents from
the set of chosen parents are separated into parts at the same
location and swapped together to create two children
chromosomes for the next generation. In order for the
solutions to avoid being stuck at local optima, the next step
involves the mutation process, which can be as simple as
inverting one bit in the bitstring or more complicated as
complete gene modifications [9]. The crossover and mutation
step is implemented with certain probabilities I'c.oss and rpy ¢
inside the range [0;1]. Since a new population has already been
created, the algorithm continues with decoding and fitness
calculation. When the fitness results of the children population
are available, the best chromosome can be found. Afterwards,
the terminating condition is re-evaluated. GA stops only when
this condition is true. The output result of GA is the decoded
solution of the chromosome with the best fitness value.

3.2. Proposed hybrid model of GA and Spectre to optimize
delay and power of the dynamic comparator

When applying GA to optimization problems, it is necesary to
make suitable modifications to the step of fitness calculation
for specific problems. For the optimization of analog circuit
design, the “Calculate fitness” block in Figure 4 consists of
two substeps. The first one is delay and power simulation,
which are executed by Spectre simulation platform of Cadence
Virtuoso tool in the TSMCNG65 process. The remaining step is
the evaluation of fitness values according to delay and power
data collected in the previous step.

In this research, GA is implemented in Python programming
language. The interrelation between Spectre and Python is
described as followed. At first, the values for the population of
design variables are created by Python and sent to Spectre via
an Ocean-based script. This Ocean script is responsible for
automated circuit simulations based on received numbers and
the results are sent back and further processed by the Python
script to evaluate fitness scores of each individual. This
repetitive process carries on until the algorithm reaches its
stopping point.

Regarding the case of optimizing delay and power of the
dynamic comparator, firstly, determining the optimization
variables, parameters that mainly contribute to delay and
power results, is essential. Since we use the TSMCNG65

process for the design, the lengths of all the MOSFETs in the
circuit are set to 65 nm. Since AV;, of the dynamic comparator
is fixed at 5mV, I; and C; are responsible for delay adjustment.

Therefore, we declare two delay-related variables: the width
of M; (W;) and the capacitors’ values (C;). Similarly, as the
values of Vpp and frequency of the clock signal clk is assigned
to 1.2 V and 1 GHz, our power-related variables are
determined based on the current g, pp1y, which is the sum of
four currents flowing through Mg, M,, Mg, My. Due to the
symmetry of the circuit, the width of Mg and M,, Mg and Mg
should be equal. Hence, we declare two more variables: width
of Mg and M, (Wg,), width of Mg and Mg (Wg,). The
remaining MOSFETs widths are set to 0.2 um, which is the
default width from the process. In order to satisfy the range of
the process and assure the functional correctness of the
dynamic comparator, simulation results indicate that the
bounds for W;, W, Wg,, C; are [0.12 pm; 2 pm], [0.12 pm; 2
pm], [0.12 pm; 2 um], [0.1 {F; 0.8 fF].

For subsequent GA initializing steps, the number of bits for
each chromosome representation and the number of
individuals in a population are defined to be 16 bits and 6
individuals, correspondingly. While crossover has high
probability, the probability of mutation is typically low; [10]
shows that r .,ss and rp,,; are inside the range [0.8; 0.95] and
[0.001; 0.05]. Finally, the choice of a suitable fitness function
is also critical. With a view to optimizing both delay and power
of the dynamic comparator, we choose the figure of merit
(FoM) in the form of PDP similar to [11] as the fitness function
for GA. In this case, the comparator is considered to perform
better with lower value of PDP.

Our optimization problem can be summarized as:

minimize PDP(W,, Wy, Wgq, C;)

subject to L = 65 nm, W, = W; = W, = W; =200 nm
AV, =5mV,Vpp =12V, =1GHz
0.12 ym < W;, Wy, Wgo < 2 pm
0.1fF < C; <08 fF.

4. RESULTS AND DISCUSSIONS

Simulation results indicate that the lowest value for PDP of
0.2257 {J is achieved for the case of riposs = 0.9 and 1y =
0.015625. With PDP = 0.2257 fJ, delay and power of the
conventional dynamic comparator are 77.7802 ps and 2.9013
uW, respectively. PDP fitness values as well as delay and
power over 300 iterations of GA are illustrated in Figure 5 and
Figure 6.

Page | 120



The 12" OISP Science and Technology Symposium for Students

Date: July 23,2023

Ho Chi Minh City University of Technology (HCMUT), VNUHCM Council: 4
Clock
frequency | 3.07 20 6 1 6 1
045 —— PDP A(GHZ) 7778
verage .
.y delay (ps) 410 | 14.28 | 42.7 | 51.76 54 02
=) Power
= dissipatio | 024 | 67.8 | 381 | 32.62 | 288 | 290!
) 3
= o0 n (]J.W)
PDP (fJ) | 0.098 15.55 | 0.225
!
e 4| 0968 | 163 | 167 | S
02 Energy
Q 30 60 90 120 ‘\50. 180 210 240 270 300 per
oration conversio O'? g 8 339 | 63.5 | 32.62 | 48 2'201
Figure 5. Fitness value of PDP versus 300 iterations n
(f)/conv.)

[——Delay
Power

Delay (ps)
g 2
3
Power (uW)

@
3
L

| F35
1 fao
T 25
0 20 60 00 120 150 180 210 240 270 300

~
]
@

o
E

nd
1

Tteration

Figure 6. Delay and power versus 300 iterations

In terms of the variables declared for GA, the optimal set
(W, Wg7, Wge, C;) = (0.2308 pm, 0.1203 pm, 0.1269 pm,
0.1005 fF) is obtained after 100 iterations of the algorithm.

The post-optimization sizes of all MOSFETs in the circuit are
presented in Table 1:

Table 1. Post-optimization transistors’ sizes

Device Size (W/L)
M; 0.2308 pm/65 nm
M,, M3, M, Mq 0.2 pm/65 nm
Mg, M, 0.1203 um/65 nm
Mg, Mg 0.1269 um/65 nm
Co,Cy 0.1005 fF

Table 2 summarizes the performance of the conventional
dynamic comparator of this research and other research works:

Table 2. Performance summary of different dynamic
comparator designs

References
Paramete This
rs [1] [11] [13] [14] [15] work
CMOS
Process 90 65 65 90 40 65
(nm)
Supply
voltage 1.2 1 1.2 1 1.1 1.2
)

As the conventional dynamic comparator in this work has zero
static power consumption, its power consumption at 1 GHz is
much lower than that of the circuit of [14]. Since clock
frequency is directly proportional to power dissipation as
presented in equation (6), the designs of [11], [13] and [15]
with higher clock frequency exhibit higher power than our
design, which is reasonable. Meanwhile, the power
consumption in [1] is still lower despite operating at higher
frequency. The parameter energy per conversion, which is
equal to the ratio of power over sampling frequency (or clock
frequency), is therefore needed to evaluate dynamic
comparators’ performance with respect to power. From Table
2, it is clear that our research work has the second-lowest
energy per conversion value at 2.9013 fJ per conversion.

In addition, compared to [13], [14] and [15], our work has
approximately 20% higher average delay. On the contrary, our
average delay is less than one-fifth in comparison with the
delay of [1]. Because delay and power trade off with each other,
PDP is utilized as the FoM in the case of optimizing both
parameters. With respect to PDP, our design obtained the
second-best value of 0.2257 fJ versus the lowest number of
0.0984 fJ by [1].

5. CONCLUSION

GA can be considered a novel approach of using software
algorithm to optimize analog circuit. Instead of trial-and-error
process of circuit sizing, the hybrid framework of GA and
Spectre solves the problem in a much more effective and time-
saving way. This paper successfully applied this framework to
optimize the dynamic comparator with the result of 77.4902 ps
delay and 2.9629 pW power dissipation. Hence, the algorithm
proves to be a promising solution to the optimal circuit’s
parameters. Since the mentioned architecture of GA and Spectre
could also be applied to optimization problems of different
circuits, it might bring about the transformation in the way
analog circuit engineers work.
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OPTIMIZING THE PSRR PARAMETER OF THE BANDGAP REFERENCE CIRCUIT BY USING
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Abstract

Bandgap Reference (BGR) Circuit is extensively utilized as a voltage reference generator in several analog integrated circuits. The
supply-ripple independence of the reference voltage, represented by the power supply rejection of the ratio (PSRR) parameter, plays
a vital role in the performance of the whole circuit. Therefore, improving the PSRR value of the BGR circuit has garnered significant
attention. In this work, the design of a 65nm-CMOS low-voltage BGR Circuit, and how to improve its PSRR parameters, are
presented. To increase the PSRR value, there is a modification in the structure of the op-amp employed in the proposed BGR circuit,
compared to the conventional BGR core. The small signal model and how to determine the differential gain of the proposed op-amp
are explained in the paper. Besides, to reduce the time consumption of the device sizing process, the optimum PSRR value is obtained
by implementing the Bayesian optimization algorithm to choose the suitable geometrical size of each MOSFET. In addition, the
procedure of using Ocean language to make the interaction between the optimization algorithm and the computer-aided design
(CAD) tool, and to run the simulation automatically, is also introduced in this paper. After all, the simulation result shows that the
value of output voltage at typical PVT conditions is Vggg ¢, = 800.6mV, with a temperature coefficient of 9.0ppm/°C and PSRR
value of 102.4dB at 1kHz. In conclusion, the modification in the op-amp’s architect, the application of the Bayesian Optimization
algorithm to optimize the PSRR value, and how to use Ocean language in analog IC design flow are the main contributions of this
work.

Keywords: Analog circuit sizing, Bandgap reference circuit, Bayesian optimization, PSRR
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Figure 1. Design process overview

Page | 123



The 12 OISP Science and Technology Symposium for Students Date: July 23,2023

Ho Chi Minh City University of Technology (HCMUT), VNUHCM Council: 4

— Circuit simulation

Schematic circuit Evaluate the promising point

Sized circuit with
optimum PSRR value <:|

@ Domain reduction @ Update the surrogate model

Figure 2. PSRR optimization process overview

Tém tit

Mach Bandgap Reference (BGR) 1a mt mach duoc st dung rat pho bién dé tao ra dién ap tham chiéu trong cac vi mach twong ty.
Su ddc 1ap cua dién ap tham chiéu vao nhiéu tai dién ap nguén, dac trung boi thong ) PSRR, c6 vai tro quan trong dbi véi hiéu suét
clia toan mach. Do do, viéc cai thién PSRR ctia mach BGR rét dugc quan tim nghién ctru. Trong nghién ctru ndy, tac gia trinh bay
mot mach BGR duoc thiét ké trén nén cong nghé 65nm. Nham cai thién gia tri ciia thong sé PSRR, ciu triic ctia op-amp dugc dé
xuét str dung trong mach BGR nay c6 mét sb sira d6i so voi ciu triic mach BGR truyén thong. Bén canh d6, nham giam thoi gian
thyc hién qua trinh thiét ké mach, viéc t6i wu hoa thong s6 PSRR dugc thuc hién bang cach dp dung thuat toan téi wu Bayesian nham
lya chon thong sb hinh hoc cho cac MOSFET. Ngoai ra, quy trinh str dung ngén ngit Ocean nham tuong tic giita thuat toan tdi uu
va phan mém thiét ké, va thyc hién mo phong mét cach tu dong, ciing duoc gidi thidu trong bai bao. Két qua mo phong cho thay,
tai diéu kién thong thuong, dién 4p ngd ra ctia mach BGR 1a Vrer,typ = 0.8006 V, v&i hé s6 nhiét 6 bang 9.0ppm/°C va gia tri
PSRR 1a 102.4dB tai 1kHz. Tém lai, ba dong gép chinh cta bai béo 1a dé xuat mot cau tric op-amp khéc, tmg dung thuét toan
Bayesian vao bai toan toi wu hoa thong sb PSRR, va ap dung ngén ngir Ocean trong quy trinh thiét ké vi mach tuong ty.

Tir khod: Piéu chinh kich thiedc trong thiét ké vi mach tiong tw, Mach Bandgap reference, Toi wu Bayesian, Théng s6 PSRR
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Abstract

The soil and slope strengths aspects are crucial in determining the bearing capacity of a circular footing on a rock slope, emphasizing
the importance of rigorous study and design considerations. Previous research has typically concentrated on simple circular footing
scenarios, either on the sloping ground using Mohr-Coulomb principles or on a horizontal soil plane using the Hoek-Brown model.
This research illustrates the parametric study to investigate the bearing capacity of circular footing on the rock slope using the
commercial finite element software, Plaxis 3D. The Hoek-Brown criteria are applied to describe the behavior of the rock slope, in
which the geological strength index (GSI) and experimental constant of intact rock (m;) are all considered. Moreover, the geometry
parameters, including slope angle B and the setback ratio b/R, are studied to investigate the effect of slope on the bearing capacity
of the circular footing on the slope. The results of this study are verified and compared with prior studies in case the setback ratio is
large enough to eliminate the effect of the slope. The results also indicate that the bearing capacity of the circular footing changes
concerning various parameters; all data are shown in graphs. This study provides the impact of different parameters on the bearing
capacity of circular footings on Hoek-Brown slopes, which can assist in optimizing the design of foundations in geotechnical
engineering.

Keywords: circular footing, Hoek-Brown, Plaxis 3D

Tém tit

Céc khia canh cuong d cua dét va do doc rat quan trong trong viéc xac dinh kha nang chiu lyc cia moéng tron trén dbc d4, nhan
manh tdm quan trong ciia viéc nghién ctru va can nhic thiét ké nghiém ngat. Nhing nghién ciru trudc ddy thudng tip trung vao cac
bbi canh moéng tron don gian, trén mat dat dc str dung nguyén tac Mohr-Coulomb hodc trén mit phang dat nim ngang sir dung mo
hinh Hoek-Brown. Nghién ctru ndy tap trung nghién ctru tham s6 dé khao sat kha nang chiu lyc cia méng tron trén méi déc bang
phan mém phan tir hitu han, Plaxis 3D. Tiéu chi Hoek-Brown dugc 4p dung dé mé ta tmg xir ctia mai doc da, trong d6 chi sé vé do
clig cta dat (GSI) va cac thong sd vé tinh toan ven cta da (mi) déu dugc xem xét. Ngoai ra, cc thong sb hinh hoc gdm goc doc B
va khoang i b/R dugc nghién ctru dé khao sat anh huéng cia do doc dén kha nang chiu lyc ciia mong tron trén méi dc. Két qua
ctia nghién ciru nay dugc kiém chimg va so sanh véi cac nghién ciru trudc trong trudng hop hé sé Iii di 16n dé loai bo anh huong
ctia d9 dbc. Két qua ciing chi ra rang kha ning chiu luc ciia méng tron thay doi theo cac thong sé khac nhau; tat ca dir liéu dugc
hién thi trong biéu d6. Nghién ciru ny cung cap tic dong cia cic thong sd khac nhau dén kha nang chiu lyc ciia méng tron trén mai
dbc Hoek-Brown, va co thé gitp tbi uru hoa thiét ké nén méng trong dia k¥ thuat.

Tir khoa: Mong tron, Hoek-Brown, Plaxis 3D
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SPECIFICATION FOR THE INTERMEDIATE BRACING SYSTEM DESIGN OF STEEL I GIRDER
SIMPLE SPAN BRIDGES
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Abstract

Nowadays, composite steel bridges are becoming a development trend in the transportation industry both domestically and overseas
because of the outstanding benefits in terms of materials compared to concrete bridges, as well as the simplicity of installation,
manufacturing, and fast construction. Steel is notable for its strong resistance to a wide range of stresses. In particular, the
intermediate bracing system is critical in resisting overall instability and provides effective bearing capacity for the construction
during the construction phase. The design of the intermediate bracing system requires a high level of precision. The exceed or lack
of the number of the required intermediate bracing system in the design will both result in unsafety during construction and operation.
Currently, neither the American Association of State Highway and Transportation Officials Standards (AASHTO) nor the
Vietnamese standard TCVN 11823-2017 provides the specific procedure for this system, resulting in wastage of materials and safety
design. This research was carried out to suggest a design process for an intermediate bracing system for a simple span I-beam steel
girder bridge.

Keywords: intermediate bracing systems, composite beam bridge, overall instability
Tom tat

Ngay nay, cau thép dang tré thanh xu hudng phat trién ciia nganh giao thong van tii ca trong va ngoai nudc vi nhing wu diém noi
bat vé mit vat liéu so véi cau bé tong ciing nhu sy don gian trong lip rap, ché tao va thoi gian thi cong nhanh. Pac diém ndi bat cua
thép 1a tinh chiu luc cao img voi moi loai Gmg suat. Trong do, hé lién két ngang 1a bo phan cuc ky quan trong gitp chdng lai sy mat
on dinh tong thé va dam bao kha ning chiu luc tot nhat cho c6ng trinh ddc biét trong giai doan thi cong. Thiét ké hé lién két ngang
trong ciu thep doi hoi su chinh xac tuong d6i cao. Néu hé lién két ngang duoc thiét ké du (qua 10‘n) hay thiéu (quéa nho) déu s& dan
dén sy mét an toan trong qua trinh thi cong va khai thac. Hién nay, trong tleu chuén xay dung cau TCVN 11823-2017 van chu’a dua
ra mot quy trinh cu thé cho viéc thiét ké bo phan nay dan dén nhiéu hé gidng ngang duoc thiét ké kha 16n gay lang phi vé mit vat
li¢u ciling nhu kém an toan trong glal doan khai théac. Phu’o‘ng phép nghién ctru cua dé tai 1 vira tong hop cac 1y thuyét, két qua
nghién cu’u khac va kiém tra bang phan mém mo phong dé xay dung quy trinh tinh toan riéng. Tir d6 xay dung quy trinh thiét ké
cho hé giang trung gian

Tir khéa: hé giang trung gian, cau dam lién hop, mat on dinh tong thé
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