TRUGNG PAI HOC QUY NHON
QUY NHON UNIVERSITY

TAP CHI KHOA HOC
TRUONG DAl HOC QUY NHON

QUY NHON UNIVERSITY
JOURNAL OF SCIENCE

KHOA HOC TU NHIEN VA KY THUAT
NATURAL SCIENCES AND ENGINEERING

18 (5)
2024

OCTOBER 2024






QUY NHON UNIVERSITY
A\ SCIENCE VOLUME 18, ISSUE 5, OCTOBER 2024

ISSN: 1859-0357 E-ISSN: 2815-6242

CONTENTS
1. Temporal point processes for business process monitoring
Nguyen Truong Thanh Hung, Tran Thi Cam Thanh, Truong Thi Cam Mai ........................ 5
2. Investigating parameters affecting pile cap internal forces using the finite element method
Hoang Cong Vu, Nguyen Thi Thao Nguyen, Tran Ba Canh.......................ccoiii, 21
3. A fault location method based on single-ended traveling wave using discrete wavelet
transform
Ngo Minh Khoa, Doan Due TUN@............cccoiiiiiiiiiieee e 29
4. Evaluation of the agronomical traits and saponin content of wild bitter gourd accessions

(Momordica charantia L. var. abbreviata Ser.) collected from South Central region of
Vietnam
Bui Hong Hai, Nguyen Thi Y Thanh, Ho Tan .............c.coccooiiiiiiinieee e 43

5. Research and development of a monitoring and switching system of electrical parameters
based on image processing and [oT
Luong Ngoc Toan, Doan Duc Tung, Le Tuan Ho............coccooiiiiiiiiniiiccece, 55

6. Research on influence of cement content on bearing capacity of soil-cement piles to treat
soft clay in Ha Thanh river urban area, Quy Nhon city, Binh Dinh province, Vietnam
Hoang Cong Duy, Pham Van Truc, Pham Thi Lan, Nguyen Thi Khanh Ngan ................... 65

7. Generating 3D interaction surfaces and assessing load-bearing capacity of rectangular
reinforced concrete columns
Le Thi Mai Trang, Vang Hietl QUANG ................ccooiiiiiiiiiieiiieciie et sveesveesvee e ens 71

8. A study of SCADA Designer application for developing demand side management
program
Tran Tien Dat, Nguyen Vu Hoa, Ngo Minh Khoa....................coccoiinie, 83

9. Application of graph learning in travel recommender system
Vu Son Lam, Le Quang Hung, Tran Dinh Luyen, Phan Thi Thuy, Tang Nhat Hung......... 95

10. A classical simulation study for carbon dioxide adsorption and separation capacity of
MIL-53(Cr)
Nguyen Thi Xuan Huynh, Tran Thi Diem Thanh, Nguyen Le Bao Tran,
Nguyen Ngoc Khoa TIrUuONE...........coooiiiiiiiiiiiii ettt 109






KHOA HOC

TRUONG PAI HOC QUY NHON

Ung dung qua trinh diém thdi gian
trong giam sat qua trinh kinh doanh

Nguyén Trwong Thanh Hwng*, Tran Thi Cim Thanh?, Trwong Thi CAim Mai?

!Analytics Everywhere Lab, Truong Dai hoc New Brunswick, Canada
2Khoa Kinh té va Ké todn, Trwong Dai hoc Quy Nhon, Viét Nam
SKhoa Khoa hoc Tw nhién, Truong Dai hoc Quy Nhon, Viét Nam

Ngay nhdn bai: 26/04/2024; Ngay sivta bai: 14/06/2024
Ngady nhdn dang: 17/06/2024; Ngdy xudt ban: 28/10/2024

TOM TAT

Du bdo qué trinh giam sat kinh doanh 1a mét nhiém vu dang chudi thoi gian dﬁy thach thirc do ban chat
phtc tap va bién thién ciia cac quy trinh kinh doanh, lién quan dén viéc du doan céc truong hop dang dién ra nhu
hoat dong tiép theo, hau té hoat dong va du doan thoi gian con lai trong mot quy trinh kinh doanh. Qua trinh diém
thoi gian duoc st dung rong rai dé mo hinh héa chudi cac su kién xay ra & cac khoang thoi gian khong dong déu,
dé mo hinh héa thoi gian xay ra va nam bit cac phu thudc thoi gian giita cac sy kién. V6i nhitng tién bo gan day
trong mang no-ron siu, Qué trinh diém thoi gian sdu da ndi 1én nhu mot cach tiép can day hira hen dé ndm bat cac
mau phirc tap trong chudi su kién v6i ddu thoi gian. Do d6, Qua trinh diém thoi gian sdu co thé 1a mot cach tiép
can tiém ning dé du doan qua trinh giam sat kinh doanh. Trong bai bao nay, ching toi thir nghiém va xem xét hiéu
qué cta cac nghién ctru gan day trong Qua trinh diém thoi gian sau déi voi van dé giam sat quy trinh kinh doanh
du doan. Két qua cua ching t6i cho thdy rang cac phuong phap Qua trinh diém thoi gian sdu c6 tiém ning trong
hoat dong tiép theo va du doan thoi gian con lai trong du doan quy trinh giam sat kinh doanh. Nhimg phat hién nay
¢6 thé hitu ich cho cac chuyén gia va nha nghién cru quan tim dén viéc phat trién cac hé thong dy doan giam sat
cho céc quy trinh kinh doanh.

Tir khoa: Gidm sdt qua trinh kinh doanh, qud trinh diém thoi gian, mang no-ron sdu.

*Tac gia lién hé chinh.
Email: hung.ntt@unb.ca
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ABSTRACT

Predictive business process monitoring is a challenging time series task due to the complex and dynamic
nature of business processes, which involves predicting the ongoing cases in terms of the next activity, activity
suffix, and remaining time prediction on a business process. Temporal point processes (TPPs) are widely used to
model sequences of events happening at irregular intervals, to model the occurrence times of events, and to capture
the temporal dependencies among them. With the recent advances in deep neural networks, deep TPPs have
emerged as a promising approach for capturing complex patterns in event sequences with occurrence timestamps.
Hence, deep TPPs can be a potential approach to tackle business predictive monitoring tasks. In this paper, we
experiment and review the effectiveness of recent research on deep TPPs on the predictive business process
monitoring problem. Our results suggest that TPP methods have the potential in the next activity and remaining
time prediction in the predictive business process monitoring problem. The findings can be helpful to practitioners
and researchers interested in developing predictive monitoring systems for business processes.

Keywords: Business process monitoring, temporal point process, deep neural network.

1. INTRODUCTION concerned with the analysis of these logs,

A business process is a collection of tasks tackling it from different perspectives such as

performed asynchronously by various resources, discovering the underlying process model from

such as humans, software, or hardware, to
achieve a specific goal.! The execution of these
tasks is tracked and documented in an event log,
which records details such as the identifier of the
case, the event performed, and the timestamp
of the event.? There may also be optional case
attributes, which are shared by events of the same
case, or event attributes that are unique to each
event. Business process mining is the discipline

*Corresponding authors.

Email: hung.ntt@unb.ca

https://doi.org/10.52111/qnjs.2024.18501

the log, checking that the executions registered
in the log are conformant with the process
model, or extracting or inferring analytics that
enhances the description of what has happened
in the process executions.® Predictive monitoring
is a process mining technique that predicts how
an ongoing process case will unfold using the
event log's information. The ability to make
predictions is beneficial for anticipating issues

6 | Quy Nhon University Journal of Science, 2024, 18(5), 5-19
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before they arise, enabling the reallocation of
resources before they are wasted, and providing
recommendations.*

Studying the temporal distribution of
events and discovering the relationships among
different types of events is a great scientific
approach for predictive monitoring and
understanding the dynamics and mechanism of
events occurrence.’® One of its choices is the
Temporal Point Process (TPP), the stochastic
process with marked events on the continuous
domain of time, which can naturally capture the
clustering or self-correcting phenomena of such
sequences of events.!*!! Often, the rate of event
occurrence, known as conditional intensity, is
modeled as a function of time based on the prior
observation of events to capture the dynamics of
the process. Given that the conditional intensity
function (CIF) entirely governs the distribution
of such a process, statistical prediction, and

inference can all be performed via the CIFs.

Despite significant advancements in
TPP, especially in models based on deep neural

networks (DNNs), most of these models use

Table 1. Excerpt of a Helpdesk’s business process log.

different history encoders to embed historical
events and various forms of intensity functions
that are parameterized by the embedded
historical sequence of events.'>'7 Also, to our
knowledge, no experiment has been conducted
on the efficiency of TPP in monitoring the
business process.'®

Hence, in this paper, we contribute to
defining a data preprocessing procedure for the
business process monitoring data set to suit
the deep TPP models and evaluating different
combinations of TPP methods regarding the
history encoders and CIFs. We experiment
to evaluate the capability and ability of deep
TPP models on the predictive business process
monitoring datasets.

2. BACKGROUND

This section provides an overview of the
key concepts and techniques used in the
study, including predictive business process
monitoring and TPPs. It lays the foundation for
understanding the experiments and results.

2.1. Predictive business process monitoring

Case ID Activity Resource Timestamp

Case 1 Assign seriousness Value 1 2012/10/09 14:50:17
Case 1 Take in charge ticket Value 1 2012/10/09 14:51:01
Case 1 Take in charge ticket Value 2 2012/10/12 15:02:56
Case 1 Resolve ticket Value 1 2012/10/25 11:54:26
Case 1 Closed Value 3 2012/11/09 12:54:39
Case 2 Assign seriousness Value 4 2012/04/03 08:55:38
Case 2 Take in charge ticket Value 4 2012/04/03 08:55:53
Case 2 Resolve ticket Value 4 2012/04/05 09:15:52
Case 2 Closed Value 5 2012/05/19 09:00:28

The input of business process mining
techniques is an event log, usually composed of
events with at least a case identifier, an activity,
and a timestamp, and, optionally, case attributes,
which are values shared by all the events of
the same case, and event attributes, which are
specific of each event."”* A sample log from
the Helpdesk data set is shown in Table 1, part

of a real-life help desk event log from an Italian
Company.?! This event log provides information
about each event's case identifier, activity,
timestamp, and resource.

Given a certain event prefix of a running
case, predictive monitoring is concerned with
forecasting how different aspects of the next
event or sequence of events will unfold until

https://doi.org/10.52111/qnjs.2024.18501
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the end of the case. There are several prediction
targets, such as next activity, next activity
suffix, next timestamp, next remaining time,
next outcome, next attributes, and next attribute
suffix.”? In this paper, our interest is the next
activity and the next timestamp prediction.

Formally, m;, #;, e; represent the activity,
timestamp, and event, respectively. Let hd J (o)
be an event prefix such as hdj(c) =(en....e).
Two tackled problems can be defined as the
following functions Q using the newly predicted
activities as new inputs for the next prediction
until the dummy activity representing the end of
the case (“[EOC]”) is reached:

e The next activity prediction problem:
Qur (hd” ()= m'yy.

e The next timestamp prediction problem:
Qr (hd” (6))=t's-.

2.2. Temporal point processes (TPPs)

In this section, we introduce the definition of
Marked TPP and CIF.

2.2.1. Marked TPP

Marked TPP is a random process representing as
an event sequence X= {(¢, m, ),...,(ty, my)} with
the increasing arrival times of events {f;} <
and markers {m;}q<oy, such that #€[0,7),
t;<ti, Vi>1 where N is the number of events.

The mark is equivalent to the event's
activity within the context of the business process.
Thus, both terms can be used interchangeably
afterwards. The inter-event time 1; = ¢; - #;1 is
also considered due to their convenience in
computing.'

Categorical marks M = {1,2,..., K}
occurring in the time interval [0, 7) of the type-k
event. The history #(t) = {(¢;, m; ), t;< ¢t} which
can be considered the event prefix hd/ (c) in the
business monitoring context.

The task of TPP models is to parameterize
the K conditional intensity function (CIF) & (),
which can be characterized as follows:

https://doi.org/10.52111/qnjs.2024.18501

A (0) = A (e]30(0))
3 Pr(eventoftype kin [t,t + At) | H,)

= lim
At—0* At

which is defined as the expected instantaneous
rate of happening events given the history. The *
symbol indicates the conditioning on the history
H(1).

Due to the TPP modeling the distribution
of the next timestamp ¢ or inter-event t; time
under the history #(z;), the next timestamp
prediction task is equivalent to considering the
next timestamp ¢; given A (¢;) denoted as follows:

Qr(H®) =P/ (®)
Given the CIF, the distribution P;(¢)
can be represented by
functions:!215.16.23.24

any following

1. Probability density function (PDF): £;(¢)

2. Cumulative distribution function (CDF):
F () = J,' f; w)du

3. Survival function: S;(t) =1 — F;'(t)

4. Hazard function: ¢;(t) = f;"(t)/S; (t)

5. Cumulative hazard function (CHF):
®; (t) = [, i Wdu

Here, we pick the PDF of the type-k
event at time t as the parametric form, which is
defined as:

t

ﬁm=&®wﬁjfxwwﬁ M
t

i-1

where exp (— fti lki(u)du) is an exponential
term where the exponent is the negative integral
from t;_; (the time of the last event before ¢,
namely i — 1 = argmax;<,{t;, t; <t}) to t of
the CIF. This integral represents the expected
number of type-k events at time u, which
happens in the time interval (t;_;,t]. The

exponential of the negative of this value
penalizes the presence of other events in the
interval, making it less likely for a new event to
occur at time t. The product of these two parts
gives the probability density of an event of

8 | Quy Nhon University Journal of Science, 2024, 18(5), 5-19
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type k occurring strictly at time t. Note that we
must integrate this density over that interval
to obtain the probability of an event occurring
within a specific time interval. By aiming to
parameterize a model to fit the timestamp
distribution, the TPP can infer PDF or CIF for
timestamp prediction, including the next event's
timestamp and activity prediction.

2.2.2. Conditional Intensity Formulation (CIF)
The CIF with parameters ©,(t) is written as
Ak (t; 0y (t)|3-[ (t)). The parameter 04 (t) is
considered a piece-wise function of ¢ as:

Ok (8) = xr(hy)
where t € [t;_;,t;). The formula means that the
new occurrence of the type-k event changes the
h; and thus updates the 0 (t).

The choice of the family of CIF functions
to approximate the target CIF is critical because
the function's ability to approximate accurately
determines the TPP's performance in fitting the
distribution. Additionally, Equation (1) indicates
that the integral term is unavoidable if we
maximize the likelihood ofthe observed sequence
of events. Hence, the challenge in computing
the log-likelihood is the high computational
cost due to the integral term. The closed form
of this integral term, such as cumulative
hazard function, can make the computation of
likelihood feasible.!>*2* In conclusion, the goal
of approximating the target CIF is to choose a
family of functions in the closed integral form
with powerful expressivity.

2.2.3. Modeling the marks

In the business monitoring context, where
multiple event types exist, the next activity
prediction task is determining the most probable
event type based on historical data, which can be
dealt with as the categorical classification task.
It is generally achieved by first converting the
historical encoding to logit scores of a discrete
distribution, as shown in the following equation:

k(h;) = logit(m,) ©)

where logit(m;) € R, x: R? - RK,

Then, we apply a softmax function to
transform logit scores into the categorical
distribution, which is the solution to the next
activity prediction task as follows:

Qu(H(@®) = Pr(m, = k|#H (1))
= softmax(logit(r’n\l))k

where softmax(logit(71,)), is to choose the k-th
mark from its output. By forming the loss of
activities as the logit scores, the cross-entropy
loss for categorical classification is added to the
log-likelihood loss given the actual activity m of
the i-th event to maximize the joint likelihood
of the next timestamp and activity, which is
considered independent. Several works on
maximizing joint likelihood in conditional
forms are proposed, such as time conditioned
on marks*? and marks conditioned on time,"
which can capture the dependencies between
timestamp and activity and leverage the TPP
models performance in predicting the timestamp
and activity simultaneously. In our experiment,
we utilize the idea of using the joint negative
log-likelihood (NLL) under the independence
between the next timestamp and activity, with
the type-k mark for a single sequence X for
categorical marks computed as:

—logp (X)
K

= iz —Pr(mm, = k|7 (D)) “

i=1k=1
K

2.

k=1

+

(t)

=

3. CLASSIFICATION OF TPP MODELS

This section introduces the classification of TPP
models to solve the predictive business process
monitoring problem. As illustrated in Figure 1,
our procedure considers two essential parts of a
deep TPP: the history encoder and the CIF.

https://doi.org/10.52111/qnjs.2024.18501
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Table 2. The classification of all options for each
component by history encoder, mixture distribution,
and prediction target.

Recurrent neural network
(RNN),
History Gated recurrent unit (GRU),
Encoder Long-short term memory
(LSTM), Attention, Fourier
Transformer (FNet)
. Log-Normal, Gompertz, Log-
Mixture )
o Cauchy, Exponential decay,
Distribution .
Weibull
Prediction Next timestamp, Next activity

3.1. Historical event encoders

Since CIF or PDF is a function of t and historical
events before t, namely #/(t), we have to encode
the history sequence of each event (t;, m;) as a
feature vector e; to formulate the CIF or PDF of
the occurrence of different events to model the
process. For the i-th event's history, # (t;), j-th
event in the history set is embedded in a high-
dimensional space including time and mark
features, as follows:

e = [o(5); ET™]
where:

e o represents the time feature that
transforms one-dimension temporal information
t; (or inter-event time t;) into a high-dimension
vector directly or via its logarithm!'®?® or
trigonometric functions.'*?’

o FE represents the mark feature, an
embedding matrix for marks, and m; is the one-
hot encoding of mark ;.

e A historical encoder H can be obtained
via concatenation of the sequence of embedding
{e,, e,,...,ec1)} into a vector space of dimension
D under the following formula:

h; = H({es; €25 .5 €i-1})

H can be chosen as Recurrent-based
encoders, Attention-based encoders, or Fourier
transform encoders, and #; is utilized for the CIF
parameterization.

https://doi.org/10.52111/qnjs.2024.18501

3.1.1. Recurrent-based encoders

Recurrent-based encoders, including RNN
units, GRU, and LSTM, can be used as history
encoders.'*!® Their CIF can be formulated as
follows:

ho = 0; h; = RNN(e;—1, h;—1)

where the initial state of the history encoder, 4,
is set as zero. For each subsequent time step i, the
new state, #4;, is updated based on the previous
state, 4,1, and the previous event, e, ;, through
the RNN function. The RNN takes as inputs the
previous state and the previous event and outputs
the new state. This state represents the RNN's
memory, encoding information about past events
that it can use to predict future events.

The advantage of using recurrent-based
encoders as the history encoder is that it requires
low storage space due to the capability of serial
computing. The states and events are processed
one at a time, meaning that the RNN does not
need to store all of them at once, which can be
beneficial in situations where storage space is
limited.

However, there are also disadvantages
to this approach. The serial computing nature
of RNNs can limit their computational speed
in both the forward and backward processes.?®
Additionally, RNNs can suffer from issues
such as the gradient vanishing effect, where the
gradients used in learning become very small,
making learning slow or even impossible.” They
can also suffer from long-term memory loss,
struggling to retain information about events that
occurred long ago. These issues can potentially
compromise the performance of the RNN history
encoder.

3.1.2. Attention-based encoders

Attention-based encoders are part of encoder-
decoder architectures that utilize the concept
of attention. This mechanism allows models to
focus on relevant parts of the input sequence
when generating an output.’® Self-attention is
proposed as the history encoder in TPPs with fast

10 | Quy Nhon University Journal of Science, 2024, 18(5), 5-19
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Figure 1. The procedure of TPPs framework for predictive business process monitoring.

parallel computing and the capability of encoding
more long-term sequences than recurrent-based
encoders.'? The attention-based history encoders
for CIF can be defined as follows:

Yizid(ep ei)w(e)
iZid(eeimn)

where /; represents the encoded history at time 7.

hi=

This history is computed as a weighted sum of
transformed event embeddings y(e;), where the
attention mechanism determines the weights
¢(ej, ei.1). The attention mechanism ¢(-,7) is a
function that takes two event embeddings as
inputs and outputs a scalar called the attention
weight. This weight determines the importance
or relevance of the event ¢; when encoding the
history at the time i. The transformation function
y transforms the event embedding e; into a
series of D-dimensional vectors called values.
These transformed embeddings are then used to
compute the encoded history.

While attention-based encoders overcome
some of the problems with RNNs, their space
complexity of the attention matrix is O(N?),
which can become problematic when dealing
with very long sequences because the attention
mechanism computes
between all events, leading to a quadratic increase
in storage requirements as the number of events

pairwise interactions

increases.’’ This problem can be temporarily
resolved by limiting the encoder only to access
the last L events {e;y,..., .1}, which can reduce
the time complexity to O(NL)."

3.1.3. Fourier transform encoders

The Fast Fourier Transform (FFT) module was
generally used in the natural language processing
(NLP) field*? and recently adopted into the history
encoder family under the TPP context called
FNet, which aims to speed up the computation
and replace the attention mechanism.

hy = Top, {FFT([FFT(e,); ...; FFT(e,-)D)}

where the FFT () represents the FFT, which
operates on the events' embedding, then on the
whole sequence. Then, Top,, {-} means choosing
the highest p frequencies in the set as the history
encoding. The dimension of the feature vector
e; has to equal D dimension. Top-p needs to
be chosen due to the unequal event embedding
history sequence length, so the padding operation
is required for batch processing as many
sequences contain the same padding values,
which contain useless information and lead to
low-frequency values in spectra. Therefore,
filtering the low frequency can capture and retain
more information about the historical sequence
in the high frequency.

https://doi.org/10.52111/qnjs.2024.18501
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FFT encoder inherits fast computational
time complexity in O(NlogN) and the ability
to capture long-term patterns due to the global
property of the sequences' spectrum.** However,
one disadvantage of this approach is that the
backward process of gradient propagation leads
to significant memory complexity.

3.2. Mixture distribution

The mixture distribution family is the major
component in TPP that approximates the target
PDF under CIF.

3.2.1. Log-normal mixture

Log-normal Mixutre is proposed to approximate
any distribution due to the feasible computation
of its PDF and cumulative distribution function
(CDF) in the closed form of CIF and CHF, where
the mixture form reads as follows:!?

fL*ng(t)
_ Z - exp (_ (In(t —t;_1) - us)z)
< *tog mm 20?2

where t € [t;_q,t;). S are mixture distribution
numbers, {Ws}i<s<s are non-negative mixture
weights and ¥5_, ws = 1, 05 > 0Vs.

The distribution of the next timestamp
A, () under the log-normal mixture can be
modeled by different functions such as PDF,
CDF, survival function, hazard function, or
cumulative hazard function. Moreover, the
preferable function to model the distribution
A (D) is the cumulative hazard function due
to its ability to compute the NLL in the closed
form without numerical integration, leading to
the loss function in Eq. (3) replaces the fn:(t)
by the @ (t) . Although the CDF has no closed
form, the approximation of the function has
minor deviation and permits gradient back-
propagation, allowing both the forward and
backward processes.

3.2.2. Gompertz mixture

Gompertz Mixture is proposed to predict both
timestamps and marks of future events without
any prior knowledge about the hidden functional

https://doi.org/10.52111/qnjs.2024.18501

forms of the latent temporal dynamics.'* The CIF
of Gompertz distribution reads as:

A(t) = nexp(Br)

where 1, B > 0. The corresponding PDF can be
obtained as follows:

Aep () = exp(B(t — tj—1) + v h; + by)
which its PDF reads:

fép(t) =nexp (B(t —ti—1)

D exp(C ) - 1))

for t € [t;_q,t;), where 1 = exp(vThi + bt), and
B > 0. The process fgp(t) becomes the Poisson
distribution when = 0. The mixture can be
formulated as follows:

S
fG*PM(t) = Z Ws s €XP (Bs(t - ti—l)
s=1

- % (exp(Bs(t — t;_)) — 1))

for t € [ti_4,t;), where Bs >0 and ng > 0 for
any s. The parameters are obtained as a function
of history encoding h; for t € [t;_q,t;) as
follows:

0(t) = {ws(®), Bs (), Ms(t)}1<5<s = x(hy)

3.2.3. Exp-decay mixture

Zhang et al.'? extend the expressivity of the
multivariate Hawkes Process by the Self-
Attentive Hawkes Process (SAHP) by adapting
the self-attention mechanism to fit the intensity
function of the Hawkes processes. This allows
the Exp-decay mixture to capture longer
historical information and is more interpretable
because the learned attention weight tensor
shows the contributions of each historical
event. It models the intensity function as the
exponential-decaying form like the classical
Exp-decay Hawkes Process and extends with a
nonlinear transform sofiplus stacked after. This
is also the cause of unmanageable computation
of the integral term when dealing with long data
sequences due to attention weights computation
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for each pair of events in the sequence under the
self-attention mechanism.

To solve the infeasible computation, the
final transformation of non-linearity is removed,
and the CIF of the defined Exp-decay distribution
can be obtained as follows:

Xep(t) =nexp(—B(t — t;-1)) + «
where the first term indicates the impacts of
historical events decay with an exponential ratio
added with the a, which is the basic intensity.

By using the distribution as a component,
the mixture of Exp-decay distribution reads the
PDF as follows:

S
fEDM(t) = Z Ws(rls exp(—BS(t - ti—l))
s=1

+ 0(5) exp ((%
- 1) exp(—Bs(t — ti-1))

- O(s(t - ti—l))

for t € [t;_1,t;), whose parameters are all
positive, calculated by x(h;).

3.2.4. Weibull mixture

Weibull Mixture assumes a population of two
or more subpopulations with different Weibull
distributions.** The Weibull distribution has the
advantage of high approximating ability due to
no numerical instability, so the parameter range
is not limited to a certain range. The parameters
of the Weibull mixture model can be estimated
using the maximum likelihood estimation (MLE)
or Bayesian methods. Its CIF reads:

s =Bt — i)

where 1,3 > 0. CIF will increase when B > 1,
decrease when B < 1, and be constant when

B=1.
And its PDF represents:

S
fwem(t) = Z W,NsBs (ns(t
k=1

—-0))" " exp (—(ns(t

- ti—1)8))

3.2.5. Log-Cauchy mixture

Log-Cauchy Mixture is utilized because the
Log-Cuachy distribution can model a wide
range of data due to its flexibility by handling
both symmetric and asymmetric data and
super-heavy-tailed distributions with no given
mean or standard deviation.*® The Log-Cauchy
distribution is also robust to outliers, which is
helpful in monitoring the business.** The Log-
Cauchy mixture with the PDF is written as:

o

fiem(@® = ; (t—t)n(n(t —t;) —W? +o?

4. EXPERIMENTS

This section details the experimental setup,
including the datasets used, the procedure
followed, and the evaluation metrics employed
for next activity prediction and next timestamp
prediction tasks. This section also provides the
necessary context for interpreting the results.

4.1. Dataset

We evaluate two real-time event logs extracted
from the 47U Center for Research Data to
evaluate different combinations of history
encoders and conditional intensities: Helpdesk
and BP12012.%'%7 Table 3 shows relevant statistics
from these logs, namely, the number of cases,
the number of different activities, the number of
events, the average and maximum case length,
the maximum and mean event duration in days,
the mean and maximum case duration in days
and the number of different variants.

https://doi.org/10.52111/qnjs.2024.18501
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Table 3. Statistics of the event logs used for
benchmarking. Time-related measures are shown in

days.
Statistics Helpdesk®' BPI 2012%
Number of cases 4580 13087
Number of event types 14 36
Number of events 21348 262200
Mean case length 4.66 20.04
Maximum case length 15 175
Mean event duration 11.16 0.45
Maximum event 59.92 102.85
duration
Mean case duration 40.86 8.62
Maximum case 59.99 137.22
duration
Variants 266 4366

4.2. Procedure

Figure 1 shows the procedure of our framework
from preprocessing the data sets, data splitting,
and training the history encoder and CIF until
inferring the timestamps and activities. We
perform data splitting and evaluate all TPP
combinations in identical conditions to ensure
comparable results. The goal is to simulate a
scenario where past knowledge is utilized for
training a predictive model, which is then used
to predict the future. To achieve this, we perform
a 5-fold cross-validation, where every approach
is tested once per fold. The event log traces are
sorted by their initial event timestamp and split
into training, validation, and test sets with a
distribution of 64%, 16%, and 20%, respectively.
Timestamps and activities are extracted from
each fold data set and then encoded into history
embeddings /4; and sequence embeddings e; by
a chosen history encoder H. These embeddings
are modeled under a specific CIF f(t) to extract
the time distribution and mark logit as the next
timestamp and activity predictions. Later, we
utilize the ground truth to compute the joint NLL
(Equation (3)) and optimize the parameters for
the embeddings, the encoder, and the CIF.

https://doi.org/10.52111/qnjs.2024.18501

4.3. Metrics

We use the following metrics to evaluate the TPP
combinations' performance on the next activity
prediction and next timestamp prediction
tasks, along with the goodness-of-fit by NLL
as Eq. (3). The results are reported as the mean
performance of each TPP combination on five
folds. Additionally, our evaluation appends a
dummy event as an (“/EOC] ") token to the end
of every log trace, which can reduce the process
state and provide a clear stopping point for
activity prediction.

4.3.1. Next activity prediction

We use the accuracy metric since the next
activity prediction task is a classic classification
problem. The accuracy measures the proportion
of correct classifications in relation to the number
of predictions done, which is implemented as
follows:

Top-q ACC({M }1<isn, {Mit1<isn)
|{ml- € Topg{logit(m)}: 1 <i < N}|
N
where logit(7;) € R is obtained by Eq. (2)

to measure the predicted discrete probability.
4.3.2. Next timestamp prediction

Since the time prediction problem is a regression
task, the metric chosen for measuring the TPP
performance in the next timestamp prediction
task is the Mean Absolute Error (MAE).
Instead of evaluating TPP performance based
on the normalized value taken directly from the
distribution under the Mean Absolute Percentage
Error (MAPE), we alter the normalization
step and postprocessing step to return the
next timestamp prediction in days to have a
fair comparison with our benchmarks. MAE
metric has the advantage of not over-penalizing
the variability in the observations, which is
important in the time prediction in predictive
process monitoring, where the time between two
events in a trace can be potentially large. The
MAE is defined as follows:
N 1~
MAE({a}lsisN: {tihi<isn) = W

where £, is the i-th predicted timestamp.
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Table 4. Experimental results of the next timestamp prediction MAE in days and the next activity accuracy of

modeling the overall CIF with different combinations of history encoder and family of distribution. The arrows

1/| indicate that the higher/lower results, the better. The metrics are computed as the mean of the 5-fold cross-

validation. The metrics in bold mean that the model achieves the top-5 performance in the column.

Helpdesk BPI 2012

Methods Top-1 Top-3 Top-1 Top-3

NLL | MAEL s ACC T NLL | MAE | ACCt ACC 1
LogNormMix+RNN -2.046201  279.991608  0.695686  0.814908 |  -4.419353  19.107306  0.809411  0.934645
LogNormMix+GRU -2.049259  269.787903  0.696841  0.814715|  -4.498922  19.963001  0.811243  0.935909
LogNormMix+LSTM -1.965748 265744049  0.698613  0.814715| -4.805172  17.676338  0.810400  0.935561
LogNormMix+Attention |  -2.025522  243.183641  0.698927  0.814715| -4.970017  19.699347  0.804081  0.942155
LogNormMix+FNet -2.088489 354522430  0.697804  0.814715|  -3.997465 17554281 0.700791  0.924937
GomptMix+RNN 0.862758 26262592  0.694530  0.815293 |  -1.943585 3082433 0.811463 0935542
GomptMix+GRU 0756814 36176449  0.698190  0.814522|  -1.989259 3715980  0.814430  0.935689
GomptMix+LSTM 0.803448 33733837  0.694915  0.814909 | -1.718078 1786893 0.811939  0.935103
GomptMix-+Attention 0.198063 24308924  0.798151  0.974923 |  -2.651078 2053919 0.810492  0.936513
GomptMix-+FNet 0922608 26557230  0.695300  0.812982|  -1.338134 1192549 0.658058  0.919295
LogCauMix+RNN 0245449 24777443 0697612 0.815100 |  -2.425044 1.674708  0.809997 0933234
LogCauMix+GRU -0.238866  25.448597  0.693374  0.812789|  -2.447077 4090276 0809778  0.935616
LogCauMix+LSTM -0.213667 9.497505  0.697034 0811633 | -2.442514 2642548 0.810345 0935744
LogCauMix-+Attention -0.572755  20.529713  0.697612  0.812982|  -2.426620 1027533 0.806151  0.928967
LogCauMix+FNet -0.229975  24.389563  0.698960  0.814137|  -2.372896 2651052 0.698978  0.924735
WeibMix+RNN 1920710 354471039  0.690100 0814522 -4.106110  17.718061  0.807818  0.933308
WeibMix+GRU -1.807741 35020641  0.689137  0.811633| -4.190582 14316733  0.808514  0.933930
WeibMix+LSTM -1.856559  295.800934  0.686248  0.811633|  -4.111487 15760619  0.812818 0935542
WeibMix-+Attention -1.986018  123.920174  0.687982  0.812982|  -4.050585 19363649 0.796498  0.931842
WeibMix+FNet 1750751 308.825226  0.683166  0.808166| -3.867040  19.018917  0.694252 0923929
ExpDecayMix+RNN 1778744 67937225  0.696263  0.814908 | 1221636  20.735715  0.811005  0.935011
ExpDecayMix+GRU 1.889372  117.146721  0.697612  0.815293 | -1.230995  20.580959  0.814375  0.935689
ExpDecayMix+LSTM 1963200 85.079498  0.696456  0.813367| -1.205069  20.735718  0.812086  0.935231
ExpDecayMix-+Attention 1447936 354209351  0.696841  0.814522| -1.521961  20.748582  0.808111  0.934700
ExpDecayMix+FNet 1.800676  351.875275  0.697997  0.814522| -1.036910 20735718  0.699857  0.924918
5. RESULTS intensities on two real-world datasets, namely

This section presents the findings from the
experiments, highlighting the performance of
different TPP models based on their combinations
of history sequence encoders and formulations
of conditional intensity functions. This section
summarizes the key observations and insights
gained from the experiments.

Table 4 evaluates different combinations
of history encoders and overall conditional

Helpdesk and BPI1 2012.

o Goodness-of-fit is typically evaluated
via the NLL result. The choice of history
encoders such as RNN-based, Attention-based,
and FNet-based methods usually does not affect
the overall performance of TPP models regarding
the goodness-of-fit. Meanwhile, the intensity
functions used for CIF approximation matter
most. ExpDecayMix shows the worst fitting

https://doi.org/10.52111/qnjs.2024.18501
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ability. Besides, LogNormMix and WeibMix
usually fit the data best due to the ability to fit
the distribution via the NLL.

o Next timestamp prediction is evaluated
according to the MAE. The choice of intensity
function is also crucial, where LogCauMix and
GomptMix usually predict significantly better
than others. In the Helpdesk dataset, interestingly,
the LSTM with LogCauMix performs far better
than any other combinations of TPP models.

o Next activity prediction is evaluated via
the Top-1 ACC and Top-3 ACC. The results show
that the history encoder is critical because the
prediction depends on its encodings. Attention-
based encoders usually have good predictive
performance because they can capture long-term
features from historical events. Besides, GRU
and LSTM also achieve high results due to their
ability to capture long memory.

To sum up, the NLL and MAE calculated
by timestamps are predominantly influenced
by the formulation of intensity and short-term
influences, which the five history encoders
can adequately capture. Though FNet is a new
proposed approach and does not achieve high
results compared with other history encoders, it
still shows potential when pairing with suitable
intensity functions such as LogCauMix. All
history encoders can sufficiently model the
dynamics of arrival time, given their minor
Attention-based
encoders usually surpass other history encoders

differences. In  contrast,

to model the dynamics of the next activity due to
the capability of capturing the long-term impacts
of historical events.

6. DISCUSSION

In this section, we present our key findings which
are concluded from the experimental results, and
outline our future study.

6.1. Key findings

The experimental results presented in this study
provide valuable insights into the performance

https://doi.org/10.52111/qnjs.2024.18501

of different TPP models for predictive business
process monitoring tasks. The findings highlight
the importance of selecting an appropriate
combination of history sequence encoders
and CIFs to achieve optimal results. One key
observation is that the choice of CIF plays a
crucial role in the next timestamp prediction
task. The LogCauMix and GomptMix intensity
functions consistently outperform other options,
indicating their suitability for capturing the
temporal dynamics of business processes. This
suggests that the formulation of the intensity
function should be carefully considered when
designing TPP models for timestamp prediction.
Another notable finding is the impact of the
history encoder on the next activity prediction
task. Attention-based encoders, such as the
self-attention mechanism, demonstrate superior
performance compared to other encoders. This
can be attributed to their ability to capture long-
term dependencies and selectively focus on
relevant historical events. The results underscore
the importance of leveraging attention
mechanisms to effectively model the complex
relationships between past activities and future
predictions. The experiments also reveal that
the FNet encoder, despite being a relatively new
approach, shows potential when paired with
suitable intensity functions like LogCauMix.
While its performance may not surpass other
established encoders, the FNet's ability to
capture temporal patterns efficiently makes
it a promising direction for future research in
TPP models for business process monitoring.
Conclusively, the performance of TPP models
can vary depending on the characteristics of
the dataset and the specific business process
being monitored. The Helpdesk and BPI 2012
datasets used in this study represent real-world
scenarios, but the generalizability of the findings
to other domains and processes should be further
investigated. Future research could explore the
application of TPP models to a wider range of
business processes and datasets to validate the
robustness of the observed trends.
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6.2. Future study on explainability

Another important aspect to consider when
applying TPP models in predictive business
process monitoring is explainability.® As
businesses increasingly rely on automated
decision-making systems, the ability to interpret
and understand the predictions made by these
models becomes crucial. Explainability helps
to build trust in the model's outputs, facilitates
debugging and error analysis, and enables
stakeholders to gain insights into the factors
influencing the predictions.**!' However, it is
important to note that achieving explainability
in TPP models is not without challenges.
The complexity of the models, the high-
dimensional nature of the input data, and the
temporal dependencies can make it difficult
to provide simple and intuitive explanations.
Striking a balance between model performance
and interpretability is an ongoing research
challenge. Future work in this area could focus
on developing novel explainability techniques
tailored to TPP models, as well as conducting
user studies to assess the effectiveness and
usability of these explanations in real-world
business settings.

7. CONCLUSION

In this paper, we evaluate the performance of
different TPP models via their combinations of
the history sequence encoder and formulation
of CIF on the predictive business process
monitoring data sets. The results show that the
formulation of intensity influences the next
timestamp prediction and can be captured by any
of'the history encoders. The next event prediction
is dominated by the ability to capture long-
term impacts from historical events, especially
attention-based encoders. In our future work,
we plan to conduct a more profound experiment
around several aspects of TPP models, such
as loss computation, history embedding's
normalization, the relational discovery of events,
and optimizations. In our future work, we extend
the capability of TPP models on other prediction

problems such as activity suffix and remaining
time prediction, and continue research on
explainability to bridge the gap between model
performance and interpretability, ultimately
leading to more effective and user-friendly
monitoring systems.
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dudi day dai dbi voi cac thong sé ap luc xudng coc va do lun cua nén dit dudi miii coc bang phan mém st dung
phuong phap phan tir hitu han Plaxis 3D Foundation.

Tw khoa: Mong coc, phan tich phdn tw hitu han, cach bé tri coc, chiéu dai coc.

*Tac gia lién hé chinh.
Email: hoangcongvu@qnu.edu.vn
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ABSTRACT

Nowadays pile foundation is more and more widely applied, especially for high-rise buildings. According

to some current perspectives on pile foundation design, pile caps are often considered to be rigid, and the behavior

of the soil beneath the pile cap is not fully taken into account, leading to an incomplete reflection of reality. This

paper analyzes the influence of pile arrangement, pile length and the geology at the bottom of the pile foundation

on the pressure on the pile and foundation settlement under the pile tip using Plaxis 3D software.

Keywords: Pile foundation, finite element analysis, pile arrangement, pile length.

1. INTRODUCTION

The utilization of pile foundations is increasingly
pervasive, notably in the construction of
high- rise structures. However, prevailing
viewpoints in pile foundation design often
depict pile caps as rigid entities, overlooking
the dynamic interactions with the underlying
soil, hence presenting an incomplete portrayal
of real-world conditions.! This study utilizes
Plaxis 3D software to investigate the effects of
pile arrangement, pile length, and subsurface
geology on pile load distribution and foundation
settlement beneath the pile tip. The numerical
results reveal that pile arrangement significantly
influences internal forces within the pile group
and settlement, with a square pile configuration
emerging as the optimal choice over triangular
arrangements. Moreover, the findings indicate
that the subsoil beneath the raft contributes to
bearing the load alongside the piles.

*Corresponding author.

Email: hoangcongvu@gqnu.edu.vn

https://doi.org/10.52111/qn;js.2024.18502

2. THEORETICAL FORMULATION
2.1. Calculation of low-cap pile foundations

The meaning of the issue of low-cap pile
foundations is that the pile foundation is
constructed with the pile cap located in the
soil at a lower depth, which must satisfy the
following working conditions:!'?

- The horizontal load must be balanced
with the passive pressure of the soil so that the
pile is not affected by horizontal force and only
works in compression.

- The external moment is balanced by
the reaction forces at the pile head with the
coordinates (xi, yi) of the pile.

- Particularly for foundations with only
one pile placed at the center, it is necessary to
consider that the pile can withstand moment
and horizontal load. Therefore, the low-cap
pile foundation must have more than 2 piles
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to resist the moment, and the depth of the
foundation must be lower than the depth of
undisturbed soil to resist horizontal forces. The
reaction force on the pile head has coordinates
(xi, yi) as:

p=N,
"n

My Mx
ngxxiizygxyi (1)

in which:
My: moment in the y-axis direction
Mx: moment in the x axis direction

xi: X coordinate of ith pile compared to
load position
yi: y coordinate of ith pile compared to
load position
Conditions that need to be checked to
satisfy the maximum compression (x ) are:

Pux< Off 2
Allowable load capacity of piles:

g = Yo, Kot G)
Yo Yk

with

7, is the working condition coefficient,
taken as 1 for single piles and 1.15 in multi-pile
foundations

y, 1s the reliability coefficient on the
importance of the project, equal to 1.2; 1.15;
1.1 corresponds to the importance of level I,
II and I buildings (TCVN 10304:2014: Pile
foundations - Design standards)

7; 1s the reliability coefficient according
to soil (TCVN 10304:2014: Pile foundations -
Design standards).

Table 1. Subsoil parameters.

2.2. Mohr - Coulomb model in Plaxis

The model is based on the idea of the law
of elastic-plastic equilibrium with a fixed
threshold not affected by plastic deformation
and in the stress state of a point located in the
purely elastic threshold surface (Figure 1).3
Re-strengthening or softening rules are not
required with the Mohr - Coulomb model. This
model is relatively simple and easy to use,
often used to approximate the behavior in the
early stages of soil with 5 basic parameters.

f>0
=0

Figure 1. Mohr-Coulomb failure envelope in stress
space.

3. NUMERICAL EXAMPLES
3.1. Problem

Input parameters: bored reinforced concrete
piles, pile diameter D=0.5 m, pile length 17m;
concrete grade B25 with Ep=27.10° kPa, the
subsoil consists of medium coarse sand with
the following parameters: Unit weight y__ .
saturated unit weight y_, elastic Modulus E,
internal friction angle @, Specific gravity Gs,...

(Table 1).

Thickness Groundwater
Model T 3 3 2 0
ode ype (m) Y et AN/M?) |y (AN/m’) | E(AN/m?) | ¢(°) G, level (m)
M-C | Drained 30 16.8 18.99 22.000 36°03 | 2.66 -2.8

The 4-pile foundation model in the
Plaxis 3D Foundation software (Figure 2) with
a mesh size is 0.1 m

https://doi.org/10.52111/qnjs.2024.18502
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Figure 2. Model of pile foundation using Plaxis 3D Foundation V.22.
The Converse-Labarre formula for

Using Plaxis 3D Foundation to analyze a calculating the group efficiency factor is:
foundation with group of 4 piles with the same
length and varying pile spacing to calculate n=1-2 Arcig(D/S) (2_l_lj (4)
the group efficiency factor. The results are b2 m n

compared with the empirical formula of
Converse-Labarre, TCN 272-05 (22TCN
272 — 05: Bridge design standards), and the
experimental results of Professor Al-Mhaidib,
A.L*as shown in Figure 3.

where m and n are the number of piles in a row
and the number of rows of piles, respectively; S
is the spacing between piles; D is the diameter
of the piles.

1.20

1.00

S m
=
g 0.80
(&
'_
(]
= 0.60
w === Converse-Labarre
3 ®  Plaxis 3D
O 0.40
% Al-Mhaidib
e
—
= 0.20

0.00

3 6 9

S/ID

Figure 3. Comparison with published results.

https://doi.org/10.52111/qn;js.2024.18502
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Comments: Finite element analysis using
Plaxis 3D Foundation provides results that
closely match the empirical formula, TCN 272-05,
and experimental results, demonstrating the
reliability of the calculation method. Based
on this, Plaxis 3D analysis is continued to
investigate the following cases:

The authors sequentially varied the pile
arrangements, as shown in Figure 4, to analyze
the pile head reaction (Pi) and the settlement of
the foundation (S). The pile cap height h=1.8 m.
The calculated data is as follows: N=2040.36 kN,

Q,=128.85 kN, Q =16.76 kN, M,=35.07 kN.m,
M =339.21 kN.m.

The authors continued to alter the
subsurface geology beneath the pile cap with
layers of clay and silty clay to analyze the pile
head reaction (Figure 5). Then, we investigated
scenarios involving changes in pile lengths.
In this case, the pile cap height h=1.8 m, the
foundation is only affected by the vertical force
P, with P changing the following times: 2000 kN,

4000 kN, 8000 kN, 12000 kN, 16000 kN.

S [ S
> ©® >~ ® &
Ol O Ol O
(@) [@») O O
O O LW
Nl — | —
- 8 ©® =i &
8 (]
, 1500 , 1500 o, 1500 4
T 1 1
2500 4000
a) Square shape b) Triangular shape
Figure 4. Pile arrangement.
~+0.000 ~+0.000 ~+0.000
AT ] FIETHTE EFRFRFETE AT 777 7] EFRTERET RRT R AT /////// FTEFHIEF EFETR
- 1 - //1/// //
_ | MEDIUM COARSE SAND g S %
| F168 kNG 2,66 7AYo SILTY CLAY
| = 18,99 KN/m? 0 TS NG 2.7 7=16,3 KN/m’
& =360 E| 1) =196 & = 16,5 KN/’
« | E=22000 kN/nr” TN =184 « =340
/0 EB=03500 KN E=1800 kN/m’
0
/
R\ N2 N7
N[ / /; N[ o // N[ 9 //
7/ /| CLAY 0/7/| CLAY 7/ /| CLAY
g 72 =19 5 KNI Ge= 2.7, g 7 2 /) =195 KNG 2,7; g 72 0 =195 KNG 2,7;
G| 0 e 196 kN’ G 0 e 196 KN G| 0 e 196k
= 00 0= 184 = 070 4= 184 = 7000 0=184)
71/ B=03500 KN 77/ /) E=23500 kN/m? 77/ E=23500 kNjm?
7/ /) 7/ / / /)
. \/L iR . %,

Figure 5. Geological parameters when changing the soil at the bottom of the pile cap.
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This paper examined 3 different cases for
a group of 4 piles:

a) All piles have the same length L=17 m

b) 2 boundary piles are 17 m long, while the
remaining 2 piles are 19 m long

c) All piles have the same length L=19 m

@P

Q

D=0.5m

17m

,2m

a) side view
Figure 6. Layout of 3x3 pile group.
3.2. Calculation results

Table 2. Calculation results for settlement and pile

head reaction when varying pile arrangements.

Pile Square Triangular
arrangement shape shape
Settlement (cm) 1.106 0.940
P1 (kN) 407.85 267.56
P2 (kN) 152.72 632.97
P3 (kN) 739.85 518.48
P4 (kN) 856.00 634.87
2P, (kN) 2.156.42 2.053.88

https://doi.org/10.52111/qn;js.2024.18502

This paper examined 3 different cases for
a group of 9 piles:

a) All piles have the same length L=17 m

b) Middle pile is 17 m long, while boundary
piles are 19 m long

c) All piles have the same length L=19 m

O ORI

LOREONO

4000

10 200 30
500, 1500 | 1500 500
7 9 i
4000

500 1500 _ 1500 500

b) top view

Table 3. Calculation results for settlement and pile
head reaction when varying subsurface geology
beneath the pile cap.

Geology under | Sandy 1 il Silty clay
ay soi

the pile cap soil soil

Settlement (cm) 1.106 1.105 1.120

P1 (kN) 407.85 | 407.53 407.86
P2 (kN) 152.72 160.09 155.49
P3 (kN) 739.85 | 746.04 749.13
P4 (kN) 856.00 | 852.40 856.87
2 P.(kN) 2.156.42 | 2.166.07 | 2.169.34
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LOAD (KN)
0 2000 4000 6000 8000 10000 12000 14000
0 B_
; \\" .
2
= 3
=
E 4
= 5 1
e
E 6 === 0ne type of pile with a length of 17m
[S.)
7 7 el Mixed pile lengths
& === One type of pile with a length of 19m
9

Figure 7. Load-settlement relationship for the 4-pile foundation option.

2000 4000 6000

SETTLEMENT (CM)

=== Mixed pile lengths

4 === One type of pile with a length of 19m

4.5

8000

3 === One type of pile with a length of 17m

LOAD (KN)

10000 12000 14000 16000 18000

Figure 8. Load-settlement relationship for the 9-pile foundation option.

The analysis results obtained from the
Plaxis 3D Foundation software show that when
the arrangement of piles varies, the settlement
and the value of the reaction force at the pile head
in triangular configuration are slightly lower
(about 5%) compared to the square configuration
(Table 2).

The analysis results of pile head reactions
using Plaxis 3D Foundation software show
that, with the same applied load, the pile head
reaction is affected when the subsoil beneath
the raft changes. Among the cases where the
subsoil beneath the raft changes, the case with
the subsoil being clay yields the highest total pile

head reaction value (2169.34 kN), whereas the
case with the subsoil being sandy clay results
in the smallest calculated value (2156.42 kN)
(Table 3).

From the results presented in Figure 7
and Figure 8, we can see that the stiffness of
the two boundary piles (4-pile foundation) and
the three middle piles (9-pile foundation) is
significantly higher than that of the remaining
piles due to the increased length of these piles.
However, the 9-pile foundation, with a higher
number of piles, exhibits weaker performance
compared to a similar arrangement in the 4-pile
foundation case. The analysis results indicate

https://doi.org/10.52111/qnjs.2024.18502
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that the effectiveness of a mixed foundation
scenario with varying pile lengths lies between
the other two cases. This suggests the feasibility
of utilizing this type of foundation. However,
merely increasing the length of two piles does not
significantly enhance the overall load-bearing
capacity as in the case of a 3-pile foundation.

4. CONCLUSION

The arrangement of piles affects the internal
forces within the pile group and settlement.
When changing the pile arrangement to a
triangular layout, the internal forces within the
pile group decrease. However, a larger pile cap
width also leads to material waste. Therefore,
to ensure material efficiency while maintaining
load-bearing capacity, a square pile arrangement
may be chosen.

The pile head reaction is influenced by
the subsoil beneath the raft; when the subsoil is
good, it yields a smaller total pile head reaction,
whereas weak subsoil results in a larger pile
head reaction. This calculation result indicates
that the subsoil beneath the raft contributes to
bearing the load along with the piles.

The research results enable the analysis
of the performance of pile foundations in cases
where the piles have different lengths. This aids

QOB

engineers in practical applications, especially
during the construction process, where situations
may arise where soil compression leads to some
piles not achieving their intended lengths as per
the design.
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TOM TAT

Dinh vi sy ¢b 1a mot trong nhitng phuong phép hiéu qua dé nang cao do tin cdy va giam thiéu thoi gian khic
phuc su ¢6 cua hé thong dién. Bai bao nay phat trién mot phuong phap dinh vi sy ¢6 méi dya trén k§ thuat truyén
song sir dung bién d6i wavelet roi rac (DWT). Dir liéu do ludng dong dién su ¢b tai cac dau duong day s& dugc
chuyén dbi sang hé a0 bing bién dbi Clarke, thanh phan dong dién alpha s& dugc phan tich boi bién d6i DWT dé
trich xuat cac hé s6 chi tiét c6 ham chira cac thanh phan tan s6 bac cao. Do vdy qua trinh lan truyén song s& xut
hién trén duong day sau khi ngén mach xay ra & bat ky vi tri nao doc theo chidu dai duong day. K§ thuat dinh vi
su cb dua trén phuong phap truyén song mot dau dugc nghién ctru trong bai bao nay cho mét hé théng dién c6 mot
duong diay mach don. Sy Iya chon tan sb 1dy mau phu hop dé dinh vi sy ¢6 trén dudng day truyén tai cling duoc
khao sat dé dat dwoc do chinh xac cao hon. Cac két qua nghién ctru duge mo phong va kiém chimg bang phan
mém MATLAB/Simulink.

Tir khoa: Puong day truyén tdi, sai sé wée lwong, dinh vi sie 6, phiong phdp truyén séng, bién doi wavelet roi rac.

*Tac gia lién hé chinh.
Email: ngominhkhoa@gnu.edu.vn
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ABSTRACT

Fault location is one of the most efficient methods to improve reliability and reduce downtime of a power

system. This paper develops a new fault location method based on the traveling wave using the discrete wavelet

transform (DWT). The fault current measurement data at the two line ends is converted to the af0 frame via the

Clarke transform, the alpha current component is then decomposed by the DWT to extract the detail coefficients

containing the high frequency levels. Thus, the traveling wave propagation will appear on the transmission line

after a fault occurs at any location along the line. The single-ended technique is considered in this paper for a

test system based on a single-circuit power transmission line model. The choice of the most suitable sampling

frequency for locating faults in transmission lines was also investigated to achieve a high fault location accuracy.

The research results are simulated and verified in MATLAB/Simulink software.

Keywords: Transmission line, estimation error, fault location, traveling wave method, discrete wavelet transform.

1. INTRODUCTION

In power system operations, short circuits
are extremely serious; they occur randomly
and people cannot diagnose their occurrence.
Additionally, because a power transmission
line often spreads on wide areas and crosses
over hilly regions with a high density of
lightning strikes, the transmission line is an
element which suffers most short circuits
in a power system.! With the complicated
topography of hilly regions, the fault detection,
identification and location technique requires a
high accuracy to create quick and convenient
conditions in finding and restoring the power

*Corresponding author.

Email: ngominhkhoa@gqnu.edu.vn
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system. As a result, the power system can be
improved in terms of reliability and reduced
downtime.?

In power systems, four typical types of
faults consist of the three-phase-to-ground
(ABCG), single-phase-to-ground (AG, BG,
CG), phase-to-phase (AB, BC, AC), and double-
phase-to-ground (ABG, BCG, ACQG) faults as
shown in Figure 1. The fault location system
needs to detect and to identify accurately the
fault type before it can locate the fault in the
transmission line. Therefore, the fault locator
uses the three-phase fault current characteristics
to identify exactly the fault type.?
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For the fault location on power
transmission lines, distance information from the
relay to the fault location recorded by the digital
distance relay can be applied to determine the
fault location. However, the information has a
high estimation error, the manual methods need
to be applied to supporting on the whole power
transmission line. Thus, this method cannot
find and restore quickly and accurately the fault
on the transmission line as well as not have
economical save.* From the aforementioned
issues, it can be necessarily recognized that
the fault detection, identification and location
on power transmission lines is an extremely
important problem to bring a high effectiveness
in power system operation.

The studies on the fault location on
power transmission lines can be mainly divided
into two groups including the impedance and
traveling wave methods as shown in Figure 2.
The impedance-based fault location methods
have some advantages such as the simple
integration into the central control unit of power
systems.>® However, its disadvantage is the
significant dependence on the fault resistance
while the traveling wave-based methods have a
high accuracy and do not depend on the fault
resistance.’'*

Figure 2. Two main fault location methods.’

In the published work,'" the fault location
based on traveling wave time-frequency
characteristics was proposed to determine
the fault location from a single end of the
transmission line. The novel traveling wave-
based fault location method for overhead
power transmission lines which formed the
complete theoretical analysis of the distortion
phenomenon of traveling wave signal and the
improved traveling wave fault location method
considering distortion phenomenon was studied
in the publication.'” The fault locator based on
the traveling wave method for high impedance
events was implemented for the Brazilian
transmission companies.”> The frequency-
dependent characteristics of high-voltage
alternating current (HVAC) transmission lines
were researched to propose a traveling wave-
based fault location system.'* As a result, the
paper focuses on the fault location methods based
on traveling wave. The hybrid method based on
wavelet transform, GoogLeNet, convolutional
neural network, and probabilistic neural network
was proposed to identify, classify, and locate
faults on transmission lines.!>!¢

Two main traveling wave-based fault
location methods consist of the single- and
double-ended methods. For
methods, voltage and current waves measured
and recorded at the single end of the transmission
line will be used to determine fault location.'”!®

single-ended

https://doi.org/10.52111/qnjs.2024.18503
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For double-ended methods, both voltage and
current waves measured and recorded at two ends
ofthe transmission line will be applied in the fault
location system, therefore the measurement data
need to be synchronized.'”?* A wavelet transform
(WT) is the decomposition of a signal into a set
of basic functions consisting of contraction,
expansion, and translation of a mother wavelet.
Wavelet transforms are mathematical tools for
analyzing data where features vary over different
time-frequency scales, therefore they have been
widely applied in many traveling wave-based
fault location systems on power transmission
lines.?*

From the above analysis, it can be
observed that there are still gaps in the traveling
wave-based fault location method; therefore, this
paper focuses on studying and proposing a new
fault location method based on traveling wave
using the discrete wavelet transform (DWT).
Some different wavelet mothers were considered
to evaluate the estimation effectiveness in
fault location. The arrival current times at the
ends of the transmission line were extracted
from the detail coefficients by using the DWT.
Additionally, single-ended method was applied
for a single-circuit transmission line which was
modeled and simulated in MATLAB/Simulink
software to record the voltage and current waves
at two ends of the line. Besides, the different
fault resistances and locations were varied along
the transmission line to create many case studies
in this paper. The main outstanding contributions
of this paper are summarized as follows:
(/) Developing the traveling wave-based fault
location method using the DWT to extract the
arrival times at the line ends and determine
the fault location on the transmission line.
Additionally, some mother wavelets including
‘db4’, ‘coif4’, and ‘sym4’ are considered to
verify their effectiveness for fault location,
(ii) Changing the sampling frequency of the
current signal as well as the fault resistance to
record the measurement data and applying the
proposed method to calculate the fault location
on the power transmission line, and (iii) Applying

https://doi.org/10.52111/qnjs.2024.18503

MATLAB/Simulink software for modeling and
simulating the typical single-circuit transmission
line to assume many fault locations along
the line.

The next parts of this paper are structured
as follows: the proposed method for fault location
based on traveling wave using wavelet transform
is presented in Section 2. In Section 3, some case
studies for the single-circuit transmission line are
modeled and simulated in MATLAB/Simulink
software to verify and evaluate the proposed
method, followed by conclusions in Section 4.

2. PROPOSED METHOD
2.1. Traveling wave technique

In general, when a fault occurs on the transmission
line at the time the voltage is not equal zero, it
will form propagation waves along the line that
will propagate from the fault location to the two
line ends at the propagation speed approximately
the light speed.* A transmission line can be
modeled by its parameters including the series
resistance R, the series inductance L, the shunt
conductance G, and the shunt capacitance C. For
a dx-segment of a transmission line, the constant
parameters are Rdx, Gdx, Ldx and Cdx as shown
in Figure 3.

i(x, 1) Rdx Ldx i(x+dx, )

u(x, 1) Gde Cdx u(x+dx, )

Figure 3. Single-phase transmission line model of
distributed parameters.

The traveling wave can be determined
as the solutions of linear differential equations
for the transmission line. For the general
transmission line, the partial differential
equations represent for the voltage and current
of the line as follows:!"°

du(x,t) , di(x,t)
—ox = Rk -L—g O
di(x,t) ou(x,t)

o - Guet-C—— @
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For the lossless transmission line, the
partial differential equations that descript the
voltage and current of the line can be rewritten
as follows:!°

du(x,t) di(x,t)

x e G)
di(x,t) B ou(x,t)

x - ‘T )

The voltage and current solutions of the
above partial differential equations in the time
domain can be satisfied by the general forms as
follows:!°

u(x,t) = Ay (¢ + %) + 4, (¢ - g) (5)

i) = —[a (e 45) = a, (e -~ ©6)
Zy v v

characteristic

where Z,=./L/C is the
impedance of the lossless line; A4 (t +§) and

A, (t— 2) is the reflected and forward traveling
v

wave, respectively.

The propagation speed of the traveling
wave along the transmission line is impacted
by the line characteristics of inductance (L) and
capacitance (C). This relationship can be seen in
the following equation:'’

1
v =—
brov = e

The traveling wave methods use the

(7

timing to locate the fault in the transmission
line. The two traveling wave methods including
single- and double- ended methods are applied
as shown in Figure 4.

The single-ended traveling wave-based
fault location method uses the propagation
velocity (Vpp), but not the line’s length (Lj;e).
This method is based on the traveling wave’s
reflections from the lattice diagram in Figure
4(a). From this figure, the fault location can be
determined by using the difference between the
fault’s arrival time (#,) and the first reflection’s

arrival time (¢,,). For this method, the fault
location (X) is calculated as follows:

1
X = E [(tAZ - tA)Uprop] ®)

The double-ended
based fault location records the arrival time of

traveling  wave-

the traveling wave at each line end and also
use the propagation velocity (v,), the line’s
length (L;,.) and the difference time between
the arrival times to locate the fault as shown in
Figure 4(b). Therefore, this method requires the
communication between the two relays at two
line ends. According to this method, the fault
location (X) is determined as follows:

1

X = E [Lline + (tA - tB)vprop] ©)
X |
N " i

A Il
i éFault B i
3 ‘ 3
D ta | |
| |
| : o
| |
Pt 1 i
| | |
ot \ vt o
I S
| | |
| | |
| A |
i éFault B i
| ‘ |
i ta | |
1 | L3
: | |
| | |
} | |
ot ! vt }
| (b) |

Figure 4. Basic visualization of traveling wave-based
fault location methods: (a) Single-ended method,
(b) Double-ended method.’

2.2. Discrete wavelet transform

DWT is a discrete form of continuous wavelet
transform (CWT).?* The CWT of a continuous
signal in time domain is defined as follows:

+00
CWT(a,b) = f f©ep)de, (10)
a,b E_o}o?, a+0

https://doi.org/10.52111/qnjs.2024.18503

Quy Nhon University Journal of Science, 2024, 18(5), 29-42 | 33



QUY NHON UNIVERSITY

I SCIENCE

—b
with: ¢, () = iw* (t ) (1D
Vial =\ @

where y(t) is the mother wavelet; the symbol “*”
represents for a complex number; a and b are
scale and transition coefficients, respectively.
The scale coefficient a is used to establish the
frequency variation and wavelet length; the
transition coefficient b is used for depicting the

signal transiting location.

In practical applications, the DWT is
used to replace the CWT. This way is performed
using the discrete values a = a¢" and b = nbyag"
to replace the scale and transition coefficients.
Thus, the following equation is established:

m
Ymn(k) = ay 2 P(ag™k — nby), (12)
mmneZ
where m and n represent for the frequency and
time locations. In general, a, = 2 and b, = 1 are
set to create an orthogonal wavelet transform
and multi-resolution analysis.

In multi-resolution analysis, the signal
f(k) is decomposed into the approximation and
detail coefficients which are performed by the
scale functions @y, ,(k) and the wavelets yy, 4(k):

Pmn (k) = 27D P27k — n) (13)
P (k) = 27 Dp(2 M — ) (14)

The scale function is related to the low-
pass filters with the filtering factors {g(n)} and
the wavelet is related to the high-pass filters with
the filtering factors {i(n)}. These relationships
are displayed as follows

B =V2) gme@k-n) (15

YO =VZ ) hme@k-1) (1)

The above filters have some following
important characteristics:

zgz(n) =1 (17)

https://doi.org/10.52111/qnjs.2024.18503

Z h*(n) =1 (18)
Zg(n) =2 (19)
zh(n) =2 (20)

The filter A(n) is other type of the filter
g(n) and there is an odd integer N which satisfies
the following equation:

h(n) = (=D"g(N =1 -n) e2y)

The significant advantage of the DWT is
to have the changeable window length, therefore
it has a high resolution in time-frequency
domain for all frequency ranges.”** As a result,
the DWT can be applied for the traveling wave-
based fault location method. To process signals
using the DWT, this work applies some available
functions in MATLAB toolbox. The function
wavedec will give the wavelet decompositions of
the input signal x at the level n with the mother
wavelet wname as follows:

[c,l] = wavedec(x,n,'wname’) (22)

The function detcoef is applied to
determine the detail coefficients from the outputs
c and / at the level n as follows:

D = detcoef(c,,n) (23)

The detail coefficient characteristics in Eq.
(23) as shown in Figure 5 are used to detect and
calculate the fault location on the transmission
line based on the traveling wave theory.

Highpass

cA
Figure 5. Filter bank using wavedec function.
2.3. Clarke transform

The Clarke transform is a signal processing
technique to convert the initial signal in the abc
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frame into the of0 frame as follows.?® In this
paper, the alpha aerial mode is used for fault
location on a transmission line in this paper.

-1 1 1-
I 2 20y
a 2 a
Bl=2lp ¥ B, (24)
Ll 3 2 2 1,
1 1 1
2 2 2

3. SIMULATED CASE STUDIES
3.1. Test system description

The proposed method is verified and evaluated
in this section by applying to two case studies
including the single-circuit transmission line.
The three-phase transmission line is modeled
and simulated in MATLAB/Simulink software
to validate the effectiveness of the fault location
method based on traveling wave using the DWT.
Many different fault resistances and locations
along the transmission line are created to record
the voltage and current waveforms at the two line
ends. The sampling frequency is also set at many
levels to get the simulation data. Additionally, the
estimation error for comparing the effectiveness
of the case studies is calculated as the following
equation.”

Lestimate - Lactual 100 (25)

Error(%) = T

where L, 18 the actual line segment
length from the line end to the fault location,
Legtimate 18 the distance from the line end to the
fault location which is estimated by the proposed
method; and L is the line length.

The case studies are simulated via
MALTAB/Simulink software according to the
test system single-line diagram as shown in
Figure 6. In the test system, the main element
parameters are as follows. The three-phase source
A has the phase-to-phase nominal voltage of
220 kV, the nominal frequency of 50 Hz; the inner
resistance of 0.8929 Q; and the inner inductance
of 16.58 mH. The three-phase source B has the
phase-to-phase nominal voltage of 220 kV, the

nominal frequency of 50 Hz; the inner resistance
0f0.9375 Q; and the inner inductance of 17.41 mH;
and the 100 km distributed parameters line has
the positive- and zero- sequence resistances of
0.01273 Q/km and 0.3864 Q/km, respectively;
the positive- and zero- sequence inductances of
0.9337 mH/km and 4.1264 mH/km, respectively;
the positive- and zero- sequence capacitances
of 0.01274 pF/km and 0.007751 pF/km,
respectively. Additionally, the fault block can be
added to the middle position of the distributed
parameter line to create different types of faults
on the power transmission line.

Olor 010

Fault

Source A Source B

| GPS

Receiver

| |
[ Retay 1 H mux — mux H Relay2 |

trwave RIy 1 —
trwave RIy2 €—

| GPS

Receiver

MUX: Multiplexer

Figure 6. Single-line diagram of test system.

The proposed algorithm flowchart for
performing the simulation results in this paper
is presented in Figure 7. As shown in this figure,
there are two main periods including the steady
state simulation and fault mode simulation for
the test system. The steps for this algorithm are
summarized as follows:

After establishing all the initial parameters
for the test system, the algorithm will run power
flow at the steady state to get the voltage and
current measurements at the power transmission
line ends. A short circuit is created on the line
and the test system is then simulated to record
the fault current waveforms at the line ends.
The Clarke transformation is applied using Eq.
(24) to transform the fault current from the abc
framework to a0 framework. The alpha aerial
mode will be sampled at various sampling
frequency to perform the DWT using wavedec
function Eq. (22). After that, Equation (23) is
used to retrieve the detail coefficients using the
function detcoef. The level-1 detail coefficient

https://doi.org/10.52111/qnjs.2024.18503

Quy Nhon University Journal of Science, 2024, 18(5), 29-42 | 35



QUY NHON UNIVERSITY

I SCIENCE

is applied to extract the maxima time-frequency
indices and calculate the fault location using Eq.
(8)-(9) and the estimation error using Eq. (25). In
the proposed algorithm flowchart, the fault type,
resistance, and location can be randomly changed
to verify the effectiveness of the proposed fault
location method based on traveling wave using

the DWT.

Establish initial parameters

| Run power flow at steady state |<—

(]

| Measure voltage and current at the line ends |

=i
Yes

| Run fault mode simulation I‘—

(]

| Record fault current waveforms |

(]

| Apply Clarke transformation Eq. (24) |

(]

| Sample alpha/beta current waveforms |

(]

| Perform DWT using wavedec function Eq. (22) |

(]

| Retreive detail coefficients using detcoef function Eq. (23) |

(]

| Determine appropriate modulus maxima time-frequency indices |

(]

| Calculate fault location Eq. (8) and (9) |

v

| Calculate estimation error Eq. (25) |

Change fault parameters?

Yes

Figure 7. Proposed flowchart based on DWT.

The test power system modeled in
MATLAB/Simulink software is shown in
Figure 8. The continuous simulation mode
is performed for all case studies in this paper.
The fault current waveforms at Source A are
sampled at various sampling frequency to create
simulation data for verifying the proposed fault
location method.

https://doi.org/10.52111/qnjs.2024.18503

Figure 8. Single-circuit transmission line model in
MATLAB/Simulink.

3.2. Pre-fault mode

At the pre-fault steady state, it is assumed that
the three-phase source A is generating an active
power of 200 MW transmitting through the
transmission line to the three-phase source B
which are considered as the swing bus in the
test system. Power flow problem is performed
at this mode to collect the initial measurement
data including the voltage of Source A
(U, = 1.004 <6.9° pu) and the voltage of Source
B (Uz=1.00 < 0° pu). The three-phase voltage
and current waveforms at the beginning of the
line are simulated in the total simulation time of
10 cycles (or 0.2 seconds) as shown in Figure 9.
From these simulation results, it can be observed
that at the pre-fault steady state the three-phase
voltage phasors as well as the three-phase current
phasors are balance. Additionally, the current
measurement of 524 A can be determined from
these current waveforms. This steady state is
considered the initial mode for investigating
various fault modes which occur at various
fault resistances and locations along the power
transmission line.

5 X 10
~ 1
2 Ua
°
0 Ub (a)
G Uc
>k
Nl | . .
0 0.05 0.1 0.15 0.2
1000
2 500
bt Ia
E 0 Ib ()
=
S 500 ©
VVUVVVUV

-1000 t . L
0 0.05 0.1 0.15 0.2

Time (s)

Figure 9. Pre-fault simulation results at Source A:
(a) Voltage waveform, (b) Current waveform.
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3.3. Fault mode

A single-phase-to-ground fault (AG) is assumed
that it occurs at the time t = 0.1 sec. The fault
appears at the location far away Source A of
20 km with a fault resistance of 1 Q. The total
simulation time is set by 0.2 sec. The three-phase
abc voltage waveform (Figure 10a) and three-
phase abc current waveform (Figure 10b), and
the 150 current waveform (Figure 10c¢). It can be
observed obviously that after occurring the AG
fault, the phase-A voltage is decreased and the
phase-A current is significantly increased. The
voltage and current of the phase-B and phase-C
are also maintained at the values same as the ones
at the steady state. For the current in 450 frame,
the alpha and zero components are increased but
the beta component is not changed.

ANNNNANNANA
Ua

Ub (a)
Uc

A AR

“o 0.05 ol 0.15 02
|

2

OF

Voltage (V)

Current (A)
o -
11
G5

.’71 1 + U-\T»U—U— | ®

Talpha |
Ibeta 1 ©
Izero

Time (s)

o
"
o
o

Current (A)
T

Figure 10. Fault simulation results at Source A:
(a) Voltage waveform, (b) Current waveform in abc
frame, (¢) Current waveform in af0 frame.

The proposed fault location method based
on traveling wave using the DWT is performed
by sampling the alpha component of the fault
current at many frequencies to create the input
data of the DWT. The level-1 detail coefficient
of the DWT is then extracted to determine the
arrival times of the reflected and forward waves
at the beginning of the transmission line. The
wavelet 1-D toolbox in MATLAB apps is used to
analyze the alpha component of AG fault current
in this case. The GUI of this toolbox is shown in
Figure 11. These analysis results are an example
for an AG fault at the location of 20 km. The
wavelet ‘db4’ is applied in this case. The level-1
detail and the detail coefficients are displayed

on the second and third plots in Figure 11. All
these coefficients can be exported to MATLAB
workspace. Besides, the wavelet selection is
performed by change it on the GUI. Therefore,
this paper applies this wavelet toolbox to
decompose the alpha component of the fault
current for locating faults in a transmission line.

| & Wovelet 1-0 - o X
| Fle View Tools Window Help

J et ' o
T P Y -

- 1 pvel s v|

° Ansyze

5 _ stustes | | Compress

5

4 4 1 1
15

Histograms Denome |

Dsplay mode
Show and Scrod (StemCts) v

Caval momber

i

2] esoclvg= =P |

Figure 11. GUI of the wavelet 1-D toolbox.

To calculate the fault location, the
propagation velocity of the traveling wave must
be calculated based on the line parameters.
The positive sequence line inductance and
capacitance are used to determine the velocity

Vprop = 1/VLC = 289942 kny/s.

For the 20km-AG fault occurring at the
time of 0.1 seconds, the level-1 detail coefficient
of the DWT is analyzed as Figure 12(a) for
the sampling frequency of 1000 kHz. From
this figure, the index for the traveling wave
from the fault location to the bus A is equal to
50036 samples and the reflection wave from the
fault location is equal to 50105 samples. These
indexes are multiplied by two and then plugging
them into Eq. (8):

1
X = E [(tAZ - tA)vprop]

1
=3 [(2 % 50036 — 2 X 50105) x 289942

x—1000000] = 20.01 km

Calculating the estimate error yields
according to Eq. (25):
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Lestimate - Lactual

L

Error(%) =

X 100

~ |20.01 — 20

— 0
100 |><100 0.01%

The level-1 detail coefficients of the DWT
for the 30km-AB, 40km-ABG, and 50km-ABCG
faults for the sampling frequency of 1000 kHz are
shown in Figures 12(b), (c), and (d), respectively.
The indexes are clearly pointed on these figures
to calculate the fault location on the transmission
line. The estimate locations of three cases are
30.15 km, 40.01 km, and 49.87 km, respectively.
As a result, the estimate errors of three cases are
0.15%, 0.01%, and 0.13%, respectively.

025
.
02t \':I
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)
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Current (pu)
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Figure 12. Level-1 detail coefficient, (a) 20km-
AG fault, (b) 30km-AB fault, (c) 40km-ABG fault,
(d) S0km-ABCG fault.

https://doi.org/10.52111/qnjs.2024.18503

According to the above theory, the
proposed fault location method was applied
for many case studies in this paper to evaluate
the effectiveness of the proposed method. The
fault location was changed along the power
Additionally, the three
wavelets including ‘db4’, ‘coif4’, and ‘sym4’
were applied to decompose the alpha component

transmission line.

of the fault current. The estimate errors of the
wavelets were compared as shown in Figure 13
for a single-phase-to-ground fault (AG), Figure
14 for a phase-to-phase fault (AB), Figure 15
for a double-phase-to-ground fault (ABG), and
Figure 16 for a three-phase-to-ground fault.

msym4 Wcoif4 mdb4

Actual location (km)

0 20 40 60 80 100
Estimate location (km)

(a)

mdb4 ©coif4 msym4d

014III II
50

Actual location (km)

(b)

Estimate error (%)

Figure 13. Simulation results of single-phase-to-
ground fault, (a) Estimate location, (b) Estimate error.
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Figure 14. Simulation results of phase-to-phase fault,
(a) Estimate location, (b) Estimate error.

"msym4 ®coif4 mdbd

Actual location (km)

0 20 40 60 80 100
Estimate location (km)

()

mdb4 ©coif4 Wsym4

015 028 0,72 6 072 028 0,15

20 30 70 80 90
Figure 15. Simulation results of double-phase-to-
ground fault, (a) Estimate location, (b) Estimate error.
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Figure 16. Simulation results of three-phase-to-
ground fault, (a) Estimate location, (b) Estimate error.
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3.4. Sampling frequency comparison

In this case, the AG fault current waveforms at
three locations (20, 40, and 60 km) are sampled
at five different sampling frequencies (10 kHz,
100 kHz, 300 kHz, 500 kHz, and 1000 kHz) to
evaluate the performance of the proposed fault
location method in this paper. These simulation
results are presented in Figure 17. As shown in
this figure, the dependences of the estimate error
according to the sampling frequency which the
wavelets ‘db4’, ‘coifd’, and ‘sym4’ are applied
to extract the level-1 detail coefficient are shown
in Figures 17(a), (b), and (c), respectively. In
general, the estimate error will be decreased if
the sampling frequency is increased.
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Figure 17. Estimate error according to sampling
frequency, (a) wavelet ‘db4’, (b) wavelet ‘coifd’,
(c) wavelet ‘sym4’.

Figure 17 compares the fault location
results of the three wavelets using the single-
ended method for an AG fault sampled at
10 kHz, 100 kHz, 300 kHz, 500 kHz, and
1000 kHz. The error of the 10 kHz sample
frequency goes as high as 75.21% indicating
an inadequate sampling frequency for fault
location. The sampling frequency requirement
to get within 1000 m of the actual fault location
begins at 300 kHz. The sampling frequency
requirement to get within 100 m of the actual
fault location requires at least 500 kHz. The
sampling frequency requirement to get with 10
m of actual fault is seen only for 500 kHz and
1000 kHz for faults less than halfway of the
total line length. It is obvious that the sampling

https://doi.org/10.52111/qnjs.2024.18503

frequency of 1000 kHz has the smallest estimate
error in this study. Therefore, practical fault
location systems are recommended to initialize
their sampling frequency of 1000 kHz to achieve
a high estimate error.

3.5. Fault resistance comparison

As analyzed in Introduction, the fault resistance
will have impact on the estimate error of the
impedance-based fault location methods.
However, the traveling wave-based fault location
methods are not affected by the fault resistance.
To demonstrate this issue, five different fault
resistances including 1 Q, 5 Q, 10 Q, 50 Q and
100 Q are assumed for an AG fault occurring at
the locations (30 km, 50 km and 70 km). These
simulation results are proved in Figure 18. It can
be seen that Figure 18 compares the fault estimate
error results of the three wavelets (‘db4’, ‘coif4”’,
‘sym4’) using the single-ended method for the
AG fault with various fault resistances. As a
result, the estimate errors remain unchanged

when increasing the fault resistance.
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Figure 18. Estimate error according to fault resistance.

4. CONCLUSION

In this paper, a proposed method to locate faults
accurately in a power transmission line was
presented. The fault location method is based on
single-ended traveling wave using the discrete
wavelet transform to extract the level-1 detail
coefficient from the fault current. The fault
current at a single end of the transmission line is
recorded and processed by the Clarke transform
and discrete wavelet transform to obtain the
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traveling wave signals and determine the forward
wave propagation and reflected waves generated
by the fault.

The proposed method was tested using the
test system of a single-circuit transmission line,
and it was implemented in MATLAB/Simulink
software. Several fault resistances and locations
along the line were simulated to generate case
studies and to evaluate the effectiveness of the
proposed method. The simulation results show
that the proposed method produces small errors,
around 0.18% using the wavelet ‘db4’, around
0.24% using the wavelet ‘coif4’, and around
0.25% using the wavelet ‘sym4’. It should be
recommended that the traveling wave-based
fault location method does not depend on the
fault resistance.

The choice of the most suitable sampling
frequency for locating faults in transmission
lines was also investigated in this paper. It can
be obviously observed from the mentioned
simulation results that the estimated error results
depend on the sampling frequency. Based on the
obtained results, it is possible to design a fault
location system with a high sampling frequency
of 1000 kHz to achieve a high accuracy.
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Panh gia dac diém néng hoc va ham lugng saponin
cGia mét s mau giéng muép dang ring
(Momordica charantia L. var. abbreviata Ser.)
thu thap & khu vuc Nam Trung B9, Viét Nam
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TOM TAT

Cay mudp ding (Momordica charantia L.) dwoc trdng phd bién va sir dung 1am rau, dugc liéu nhim
chita tri tiéu duong, viém gan, soi than, ung thu, ... do chira nhiéu duoc chit nhu glycosides, alkaloids, triterpenes,
dic biét ham luong saponin cao. Mudp dang rimg (M. charantia L. var. abbreviata Ser.) ¢6 ham luong dwoc chit
va tinh chng chiu cao hon nhiéu so véi cac giéng thuong mai. Tuy nhién, cong tac thu thap, danh gia cic mau
gidng mudp ding rimg con nhiéu han ché. Nghién ctru nham danh gia cac dic diém nong hoc va dinh lugng
saponin cta 12 mau giéng mudp dang ring thu thap ¢ khu vuc Nam Trung Bo, Viét Nam. Két qua nghién ctru
budc dau cho thay 12 mau giéng thu thap duoc c6 ti 1é nay mam thap (10,34 - 44,19 %), thoi gian nidy mam khong
ddng déu (2 - 20 ngay), thoi gian thu qua dot dau tir 37 dén 55 ngay sau trong. Dac diém vé 14, qua va hat khac
nhau gitra cac mau giéng: kich thudc 1a (11,90 - 20,23 cm x 9,95 - 16,4 cm), phién 14 x¢ thily sau voi 5 hodc 7
thuy; kich thudc qua (4,09 - 8,77 cm x 2,05 - 3,5 cm) va ning suét qua tuoi (114.84 - 614,045 g qua tuoi/cay);
kich thuéce hat (9,36 - 13,18 mm x 5,0 - 8,0 mm). Ham lugng saponin téng s6 tir 13,26 dén 18,98 mg/g qua kho.
BD4 (614,04 g/ciy) va QN2 (613,55 g/cdy) co trién vong trong hudng chon gidng vé niang suat. Cac mau gidng
c6 ham lugng saponin cao 1a BD3 (18,98 mg/g qua kho) va QN3 (16,77 mg/g qua kho) thich hop v6i hudng chon
giéng ting ham lugng saponin.

Tir khéa: Mudp dang ring, Nam Trung Bé, ddc diém néng hoc, ham hrong saponin.

*Tac gia lién hé chinh.
Email: buihonghai@gqnu.edu.vn
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ABSTRACT

Bitter gourds (Momordica charantia L.) have been widely grown and used as a vegetable and medicinal
herb to treat diabetes, hepatitis, kidney (stone), cancer, anti-oxidation... as they contain active pharmaceutical
substances like glycosides, alkaloids, triterpenes, steroids, and especially saponins with a high concentration. Wild
bitter gourds (Momordica charantia L. var. abbreviata Ser.) have higher medicinal properties and resistance than
their commercial varieties. However, the number of studies evaluating wild bitter gourd varieties was still very
limited. This study aimed to evaluate the agronomical traits and quantify the saponin content of 12 wild bitter
gourd accessions collected from the South Central region of Vietnam. The research results showed that 12 wild
bitter gourd accessions had a low germination rate (10.34 - 44.19%), various germination time (2 - 20 days), and
different first fruit harvest time ranging from 37 to 55 days after planting. The characteristics of leaves, fruits, and
seeds differed among collected wild bitter gourd accessions: leaf size (11.90 - 20.23 cm x 9.95 - 16.4 cm), petiole
length (3.97 - 8.71 cm), deeply lobed leaf blades with 5 or 7 lobes; fruit size (4.09 - 8.77 cm x 2.05 - 3.5 cm), fruit
weight (4.41 - 30.09 g.fruit"), fresh fruit yield (114.84 - 614.045 g fresh fruit.plant'); and seed size (9.36 - 13.18
mm x 5.0 - 8.0 mm). The total saponin content ranged from 13.26 to 18.98 mg.g"' dry fruit. The BD4 and QN2
accessions were found to have a high yield (614.04 g.plant! and 613.55 g.plant’!, respectively), which should be
used for breeding to enhance their yield. The BD3 and QN3 were found to have a high total saponin content (18.98
mg.g'! dry fruit and 16.77 mg.g! dry fruit, respectively) which should be suitable for breeding research to increase
saponin properties.

Keywords: Wild bitter gourd, South Central region, agronomical traits, saponin content.

1. INTRODUCTION herbal medicine to treat diabetes, kidney (stone),
Bitter gourds (Momordica charantia L.) or eczema, malaria, hepatitis, gout, laxatives,
bitter melons which belong to Cucurbitaceae, AIDS, cancer...** Bitter gourds contain active
have been widely grown in Vietnam and other pharmaceutical substances including glycosides,
countries in Asia, East Africa, Amazon, and saponins, alkaloids, triterpenes, and steroids.*
the Caribbean countries.? Besides being used The most important pharmaceutical components
as a vegetable, bitter gourds are also used as a are saponin and monordicin. Saponin is a

*Corresponding authors.

Email: buihonghai@gnu.edu.vn
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compound containing charantin, which acts as
an insulin having a safe effect on lowering blood
sugar. Momordicin is a mixture of charantin,
protein, adenine, betanin, vitamins B, C, etc.,
which can kill bacteria and viruses, effectively
inhibiting cancer cells,*® preventing DNA
damage caused by H,O, inhibiting the activity
of enzyme o-amylase, fighting inflammatory,’
improving the antioxidant activity of enzymes,®
and supporting the control of disorders blood
lipids and oxidative stress in type 2 diabetic
patients.’

Related research results showed that wild
bitter gourd varieties (Momordica charantia L.
var. abbreviata Ser.) had higher pharmacological
activities than their commercial varieties.'®!!
More especially, these wild varieties also
had better resistance to bacteria, to cytotoxic
activities,'>"® and to fruit flies (Bactrocera
cucurbitae) than cultivated bitter gourd
varieties.!! However, recent research just focused
on expanding wild bitter melon production due
to market demand and their potential to increase

Table 1. List of wild bitter gourd accessions.

income for producers. The number of studies
on growth and agronomical characteristics of
wild bitter gourd varieties was still limited
in Vietnam. In recent research, 09 wild bitter
melon accessions/varieties were collected in
Binh Phuoc province and evaluated, including
the ABS variety with high yield potential and
the BT2 variety with high saponin content.'* The
genetic diversity of 12 wild bitter melon varieties
in many different regions was also evaluated
and analyzed." In the South Central region of
Vietnam, there are diverse natural conditions
that promise an abundance of wild bitter melon
accessions. Therefore, this research aimed to
collect, analyze, and evaluate wild bitter melon
accession, thereby providing potential data for
later breeding research.

2. METHODS
2.1. Materials

Twelve wild bitter gourd accessions collected
from the South Central region were presented in
Table 1.

No. | Accession Place of collection Number of

Code used seeds
1 QN1 An My ward, Tam Ky city, Quang Nam province 116
2 QN2 Dien Phuong commune, Dien Ban district, Quang Nam province 108
3 QN3 Nui Thanh town, Nui Thanh district, Quang Nam province 86
4 QNgl Tinh Long commune, Quang Ngai city, Quang Ngai province 108
5 QNg2 Nghia Ha commune, Tu Nghia district, Quang Ngai province 96
6 QNg3 Binh Phuoc commune, Binh Son district, Quang Ngai province 58
7 BD1 Tay Giang commune, Tay Son district, Binh Dinh province 62
8 BD2 Cat Minh commune, Phu Cat district, Binh Dinh province 96
9 BD3 My Chau commune, Phu My district, Binh Dinh province 92
10 BD4 Nhon Phu ward, Quy Nhon city, Binh Dinh province 48
11 PY1 An Nghiep commune, Tuy An district, Phu Yen province 50
12 BT1 Thuan Hoa commune, Ham Thuan Bac district, Binh Thuan province 90

2.2. Methods Environment, Quy Nhon University, Binh Dinh,

2.2.1. Experimental design

The experiment was conducted from September
2023 to February 2024 in the net house at the
Applied Research Garden for Agriculture and

Vietnam. Experimental conditions during the
study period included average temperature
(28.15 °C), relative humidity (80%), average
sunshine hours per month (140 hours.month™),
and average monthly rainfall (334 mm.month™).

https://doi.org/10.52111/qnjs.2024.18504
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The experiment was laid out as a
completely randomized design with 12 plots of
5 m? (5 m x 1 m). Each plot planted 10 plants
of a wild bitter gourd accession, with two
plants 50 cm apart and two rows 80 cm apart.
The total experimental area is 60 m?* (10 m x 6
m) not including protection paths and isolation
distances.

2.2.2. Cultivation process

The experimental procedure was according to
QCVNO01-153:2014/BNNPTNT,'¢ the wild bitter
gourd plants were grown in black nylon bags
(20 cm x 40 cm). The planting substrate includes
50% treated coconut fiber, 20% smoked rice
husk, 20% soil, and 10% Song Gianh microbial
organic fertilizer (v:v). The nutrient solution was
mixed from 10 g of GATIT NPK soluble fertilizer
17-6-17+TE  (https://www.gatvn.com/products/
gatit-npk-17-6-17-te) in 30 liters of water and
watered by using a drip system. The amount of
nutrient solution was adjusted to adapt to each
stage of the plant growth.

The seeds were washed, soaked in warm
water for 2 hours, and incubated in a damp
cloth until germination. Germinated seeds were
then planted in a plastic tray containing Tribat
clean soil, and kept moist by periodic watering.
13 days after sowing, each seedling with 3 true
leaves was transplanted in a black nylon bag.

2.3.3. Indicators and measurement

The germination rate (%) is percentage of the
number of germinated seeds compared to the
total used seeds which ranged from 48 to 116
seeds (Table 1).

Agronomical traits were evaluated
according to QCVN 01-153:2014/BNNPTNT!®
including growth stages (the time point is
when 50% of individuals reveal the traits).
Accordingly, the leaf length (cm), leaf width
(cm), petiole length (cm), fruit length (cm),
fruit diameter (cm), fruit weight (g), seed length
(mm), seed width (mm), seed thickness (mm),
and seed mass (mg) were determined through 15

https://doi.org/10.52111/qnjs.2024.18504

samples. The number of fruits per plant (fruits)
and fresh fruit yield (g.plant') were measured in
30 days starting from the first fruit harvest date.
The fruits were harvested once they fully matured
when the middle fruits and warts were plumped.
The total saponin content was determined
by using spectrophotometry at 560 nm with
UV-Vis 1800i equipment (Shimadzu, Japan).!’
Dry fruit sample was ultrasonically extracted
with ethanol 80%. The filtrate was distilled to
recover the solvent under reduced pressure to
get the extract which was dissolved in distilled
water and extracted with n-butanol. The extract
mixture was then removed n-butanol to get
extract which was dissolved with ethanol 80%
and made a color-forming reaction with vanilin
8% and H,SO, 72% at 60°C for 15 minutes.
The absorption of the mixture was measured at
560 nm. The reference was momordicoside - G
dissolved in ethanol 80% at 35, 75, 150, 300,
600, va 800 ug.ml'. The dry weight of fruit (%)
was determined by weighing and drying at 55 °C
for 36 hours.

The research data were analyzed by using
MS. Excel 2010 and Statistix (ver. 8.0). The
experimental results were statistically analyzed
by one-way ANOVA analysis with LSD
(least significant difference) test for multiple
comparisons with a significance level of 0.05.

3. RESULTS AND DISCUSSION
3.1. Growth stages and yield

The results of the growth stages were shown
in Table 2. Research data indicated that the
collected wild bitter gourd accessions had a low
germination rate which ranged from 10.34%
(QN1) to 44.19% (QN3) and the germination
time was not consistent among the accessions,
ranging from 2 days (QN3 and PY1) to 20
days (QN2). Male flowering time was usually
earlier than the female counterpart and this
indicator also differed greatly among the studied
accessions, ranging from 27 days after planting
(DAP) with BT1 to 40 DAP with PY1. Female
flowering time also varied, from 20 DAP with

46 | Quy Nhon University Journal of Science, 2024, 18(5), 43-54
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BT1 to 41 DAP with QN2. Interestingly, some
studied wild bitter gourd accessions had their
male flowers appeared before their female
flowers such as BT1 (7 days in advance) and
PY1 (2 days in advance), while BD1 had their
male and female flowers appeared on the same

day. The first fruit harvest time also witnessed a
difference among the accessions, ranging from
37 DAP (BT1) to 55 DAP (QN2), corresponding
after the appearance of female flowers from 9
days (BD1, QNgl) to 15 days (QNg3, BD4, and
PY1).

Table 2. Growth stages and yield of wild better gourd accessions.

Femal
. . . Male ema. © ) Num. of
Accession | Germination | Germination . flowering | First harvest . .
) flowering . . fruit per | Yield (g)
Code rate (%) time (day) time (DAP) time time (DAP) lant (fruit)
Tui
(DAP) P
QN1 10.34 18 34 39 49 24.7% 261.82¢
QN2 11.11 20 35 41 55 35.1° 613.55°
QN3 44.19 2 31 36 49 28.3¢ 283.00¢
QNgl 11.11 13 38 45 54 39.7* 457.74¢
QNg2 18.75 13 30 37 51 36.9% 453.87¢
QNg3 34.48 3 31 35 50 24.8% 248.00%
BDl1 38.71 6 39 39 48 22.3¢f 532.97°
BD2 12.50 16 31 36 48 38.6* 582.86°
BD3 13.04 13 24 34 47 38.2w 255.944
BD4 25.00 6 25 29 44 20.4% 614.04°
PY1 44.00 2 40 38 53 17.8¢ 206.48°
BTI 37.78 12 27 20 37 26.1% 114.84f
LSD, - - - - - 3.34 44.94
CV (%) - - - - - 12.79 13.15

Note: Mean followed by the same letter is not significantly different within the columns according to an LSD test
at the significance level of 0.05; CV - coefficient variance; LSD: least significant difference; DAP: number of days

after planting.

After 30 days of harvesting, the number of
fruits per plant of wild bitter melon accessions
ranged from 17 fruits.plant! (PY1) to 39.1 fruits.
plant! (QNgl), and the fresh yield ranged from
114.84 to 614.04 g.plant’. The accessions with
high fresh fruit yield were BD4 (614.04 g.plant™),
QN2 (613.55 g.plant™), BD2 (582.86 g.plant?),
and BD1 (532.97 g.plant'). The accessions with
low fresh fruit yield were BT1 (114.84 g.plant™),
and PY1 (206.48 g.plant'). Although the
number of fruits per plant was lower, the fresh
fruit yield of the wild bitter melon accessions
was equivalent to the yield of some varieties

collected in Binh Phuoc during the same harvest
time, such as BT4 (500 g.plant') and HC2
(610 g.plant?).!*

3.2. Leaf morphological traits

Leaf is an important plant organ that performs
photosynthesis to create organic matter, thereby
generating energy for all living activities. Leaf'size
shows the photosynthetic ability of a plant as well
as its yield potential.'® The characteristics of leaf
blade size, petiole length, and leaf descriptions of
wild bitter gourd accessions were shown in Table
3 and Figure 1.
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Table 3. Leaf morphological traits of wild better gourd accessions.

Accession | Leaflength Leaf Petiole Leaf descriptions

Code (cm) width length

(cm) (cm)

QN1 12.63% 9.95¢ 437" Small leaf blade size, light green, deeply lobed leaf blade
with 5 lobes, heart-shaped at the base of leaf blade, and
slightly pointed at the tip of a leaf lobe.

QN2 14.53¢ 12.134 6.03¢ Medium leaf blade size, dark green, deeply lobed leaf
blade with 7 lobes, heart-shaped at the base of leaf blade,
and pointed at the tip of a leaf lobe.

QN3 17.47° 15.30° 4.73¢ Medium leaf blade size, light green, deeply lobed leaf
blade with 5 lobes, heart-shaped at the base of leaf blade,
and slightly pointed at the tip of a leaf lobe.

QNgl 14.87¢ 10.97¢f 5.10f Small leaf blade size, light green, deeply lobed leaf blade
with 5 lobes, heart-shaped at the base of leaf blade, and
slightly pointed at the tip of leaf lobes.

QNg2 15.97¢ 14.17¢ 4.45% Medium leaf blade size, medium green, deeply lobed leaf
blade with 7 lobes, heart-shaped at the base of leaf blade,
and pointed at the tip of leaf lobes.

QNg3 13.40f 11.53¢% 5.19¢ Medium leaf blade size, medium green, deeply lobed leaf
blade with 7 lobes, heart-shaped at the base of leaf blade,
and pointed at the tip of leaf lobes.

BD1 17.23° 14.03¢ 8.02° Large leaf blade size, medium green, deeply lobed leaf
blade with 7 lobes, heart-shaped at the base of leaf blade,
and pointed at the tip of leaf lobes.

BD2 17.19% 11.98¢ 6.98¢ Small leaf blade size, light green, deeply lobed leaf blade
with 7 lobes, heart-shaped at the base of leaf blade, and
pointed at the tip of leaf lobes.

BD3 12.70% 10.97¢f 6.48¢ Small leaf blade size, dark green, deeply lobed leaf blade
with 5 lobes, heart-shaped at the base of leaf blade, and
slightly obtuse at the tip of leaf lobes.

BD4 20.23% 16.40* 8.71% Large leaf blade size, light green, deeply lobed leaf blade
with 7 lobes, heart-shaped at the base of leaf blade, and
pointed at the tip of leaf lobes.

PY1 16.30< 13.53¢ 8.11° Medium leaf blade size, light green, deeply lobed leaf
blade with 5 lobes, heart-shaped at the base of leaf blade,
and slightly pointed at the tip of leaf lobes.

BTI 11.90¢ 10.40% 3.97 Small leaf blade size, light green, deeply lobed leaf blade
with 5 lobes, heart-shaped at the base of leaf blade, and
slightly pointed at the tip of leaf lobes.

LSD, s 0.92 0.81 0.35 -

CV (%) 8.31 8.90 8.11 -

https://doi.org/10.52111/qnjs.2024.18504
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The data in Table 3 showed that the wild
bitter gourd accessions had a variety in terms
of leaf lengths from 11.90 cm to 20.23 c¢cm and
leaf blade widths from 9.95 cm to 16.4 cm. The
accessions with small leaf sizes were BT1 (11.9
cm x 10.4 cm), QN1 (12.63 cm x 9.95 cm), and
BD3 (12.7 cm x 10.97 cm). The accessions with
large leaf sizes are BD4 (20.23 cm x 16.4 cm),
QN3 (17.47cmx 15.3 cm),and BD1 (17.23 cmx
14.03 cm). The petiole length also varied among
the accessions. Specifically, BT1 was recorded
as the shortest with 3.97 cm and BD4 was the
longest with 8.71 cm. Interestingly, the leaf
size of the studied wild bitter gourd accessions
was equivalent to its counterpart in the study of
Bui Thi Xuan (12.1 -24.2 cm x 9.1 - 16.7cm)."

The leaf blades of all wild bitter gourd
accessions were heart-shaped at the leaf bases.
The tip of leaf lobes was slightly pointed, clearly
pointed, or slightly obtuse. The leaf blades were
deeply lobed with 5 or 7 lobes. The accessions
that had the leaf blade with 5 deep lobes were
QN1, QN3,QNgl,BD3,PY1, and BT1. The ones
that had 7 deep lobes per leaf blade were QN2,
QNg2, QNg3, BD1, BD2, and BD4 (Figure 1).
The leaf morphological characteristics of the
wild bitter gourd accessions were similar to
those found in the study of Bui Thi Xuan."

Figure 1. Leaf morphology of the wild bitter gourd

accessions.

3.3. Fruit morphological traits

The traits of fruits including fruit length, fruit
diameter, cross-section shape, color of skin, and
wart size were used to classify group varieties in
breeding testing.'® The fruit traits of studied wild
bitter gourd accessions were shown in Table 4
and Figure 2.

IIETL
O0CJa@
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Figure 2. Shape and cross-section of the fruit of wild

bitter gourd accessions.

Data in Table 4 showed that the studied
fruit length ranged from 4.09 cm to 8.77 cm, the
fruit diameter ranged from 2.05 cm to 3.5 cm,
and the fruit weight ranged from 4.41 g.fruit! to
30.09 g.fruit'. The wild bitter gourd accessions
with large fruit sizes were BD4 (8.77 cm x 3.53
cm, 30.09 g.fruit'), and BDI1 (7.19 cm x 3.24
cm, 23.87 g.fruit'). The accessions with small
fruit sizes were BT1 (4.09 cm x 2.05 cm, 4.41
g.fruit!), and BD3 (4.15 cm x 2.99 cm, 6.74
g.fruit!). The fruit size of the wild bitter gourd
accessions in this study was smaller than the
fruit size of the wild bitter melon accessions
studied by Bui Thi Xuan (5.5 - 149 cm x 2.9 -
6.7 cm)® but it was greater than the wild bitter
melon varieties studied by Phan Dang Thai
Phuong (2.79 - 4.38 cm x 1.54 - 1.82 c¢m)." This
difference might be due to the differences in
genotype among accessions collected, as well as
the different time and experimental conditions of
the studies.

https://doi.org/10.52111/qnjs.2024.18504
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Other fruit morphological traits including
longitudinal shape, skin color, and wart size
varied among the studied wild bitter gourd
accessions. In terms of longitudinal shapes
of fruits, some accessions were rhomb (QN1,
BD2, and PY1), some were oval (QN2, QNg3,
BD1, BD4, and BT1), and the others were ovoid
(QN3, QNgl, QNg2, and BD3). Regarding the
color of skin, some accessions were dark green
(QNg2 and BD4), some were medium green

(QN1, BD1, BD2, and BD3), and others were
light green (QN2, QN3, QNgl, QNg3, PY1, and
BT1). The fruit surfaces also varied among the
wild bitter gourd accessions in terms of wart
sizes, the shape of top wart, and ridges. Some
had acute warts (QN1, QN3, QNgl, BD2, BD3,
BT1), obtuse warts (QN2, QNg2, QNg3, BD1,
BD4, PY1), and ridges include (QNg3, BDI1,
and BD4).

Table 4. Fruit morphological traits of wild bitter gourd accessions.

) Fruit Fruit Fruit
Accession . . o
Code length diameter mass Fruit descriptions
(cm) (cm) ©®
Fruits with rhombic shape, acute at base and apex, medium
QN1 5.32¢ 2.97 10.62¢ | green, surface with medium-large acute warts and many small
acute warts.
Fruits with oval shape, acute at base and apex, white green,
QN2 | 655 3.07% | 17.48 WItA oval shape, acy pex, wille &
surface with many medium acute warts.
| Fruits with avoid shape, acute at base and apex, white green,
QN3 | 488 | 293¢ | 10.05¢ Wit av pe, ach pex, whtle &
surface with few large acute warts and many small obtuse warts.
Fruits with avoid shape, obtuse at base and acute at apex, white
. .03 53¢ reen, surtace with few large acute warts and many small acute
QNgl 5.534 3.03* 11.53¢ | g f: ith few larg d y small
warts.
Fruits with avoid shape, acute at base and apex, dark green,
QNg2 5.354% 3.15b 12.32% ]
surface with few large acute warts and many small obtuse warts.
QNg3 4.88¢ 3 14be 10.05¢" Fruits with oblo.ng oval shape, acute at base and ape).(, white
green, surface with many small obtuse warts and long ridges.
BDI1 7 19b 3047 23,875 Fruits Wit.h oval shape, acute at base and apex, medil.lm green,
surface with many small obtuse warts and few short ridges.
Fruits with rhombic shape, acute at base and apex, medium
BD2 5.574 3.50° 15.09%¢ | green, surface with medium-large acute warts and medium-
small acute warts.
Fruits with avoid shape, acute at base and apex, medium green,
BD3 4.15¢ 2.99« 6.74" | surface with medium-large acute warts and many small acute
warts.
Fruits with oblong oval shape, acute at base and apex, dark
BD4 8.77 3.53q 30.09° . .
green, surface with many small obtuse warts and long ridges.
Fruits with rhombic shape, acute at base and apex, white green,
PY1 5.33d 2.73¢ 11.65¢ .
surface with many small rounded warts and few obtuse warts.
Fruits with oval shape, acute at base and apex, white green,
BT1 4.09° 2.05° 4.41¢ .
surface with few large acute warts and many small obtuse warts.
LSD, 5.82 2.33 3.33 -
CV (%) 13.96 10.74 32.21 -
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3.4. Seed morphological traits

The studied wild bitter gourd accessions also
had significant differences in their seed size as
shown in Table 4 and Figure 3. In detail, seed
length ranged from 9.36 mm (BT1) to 13.18 mm
(BD2), seed width ranged from 5.0 mm (QNg2)
to 8.0 mm (BD4), grain thickness ranged from
2.61 mm (BDS5) to 3.97 mm (BD2), and grain

weight ranged from 71.64 mg.seed! (BT1) to
180.64 mg.seed' (BD4). The accessions with
small seeds were BT1, QN1, QN3, QNgl, and
QNg2. The accession with large seeds include
QN2, QNg3, BD1, BD2, BD3, BD4, and PY1.
The seed size of the accessions in this study was
similar to the one in the study of Bui Thi Xuan
(9.1-15.6 mmx5.0-9.4mmx 3.0 -4.8 mm)."

Table 5. Seed morphological traits of the wild bitter gourd accessions.

A . Seed Seed Seed Seed
10N ma
OSSO ength | width | thickness |

Seed descriptions

Cod
ode (mm) (mm) (mm) (mg)
Oval shape, dark gray, smooth surface with or
N1 11.68« 6.32¢ 3.21 99.91f
Q without black spots in the middle, and small edges.
ON2 12,00 7 45 378 140,36 Oval shape, light brown, lumpy surface with
' ' ' ’ stripes, an indentation in middle, and small edges.
ON3 11.50¢ 6.00° 3.40° L01.09° Oval shape, light gray, smooth surface with or

without black spots, and very small edges.

QNgl 12.36° 6.734 2.95¢ 134.09%

Oval shape, dark gray, smooth surface with unclear
stripes, and small edges.

QNg2 10.55¢ 5.00f 3.03% 81.73¢

Long oval shape, light brown, lumpy surface with
clear stripes, and very small edges.

QNg3 12.09% | 7.09bd 3.84 149.73

Oval shape, dark brown, lumpy surface with clear
stripes, and small edges.

Oval shape, dark brown, smooth surface with

BD1 12.09b 7.86° 3.94 154.36° :
unclear stripes, and small edges.
Oval shape, light brown, lumpy surface with clear
BD2 13.18° 7.86° 3.97 175.09° . . o
stripes and indentation in middle, and small edges.
Oval shape, light brown, smooth surface with few
BD3 12.23 7.00¢ 3.73 155.36° .
stripes, and small edges.
Oval shape, dark brown, lumpy surface with clear
BD4 13.00° 8.00° 3.82@® 180.64* | stripes and dark brown indentation in middle, and
small edges.
Oval shape, light brown, lumpy surface with clear
PY1 11.274 7.27% 3.09¢ 124.18° | stripes and dark brown indentation in the middle,
and small edges.
BT1 936" 503" 261" 71642 O?/al shape, light gray, smooth surface with or
without dark gray spots, and very small edges.
LSD, . 0.51 0.38 0.24 13.29
CV(%) 5.15 6.66 8.36 12.05
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The seed surface and color of testa also
varied among accessions. The accessions with
gray testa included QN1, QN3, QNgl and BT1.
The accessions with brown testa included QNI1,
QNg2, QNg3, BD1, BD2, BD3, BD4, and PY1.
The seed surface with clear stripes was found
in QN2, QNg2, QNg3, BD2, BD4, and PY1
accessions.

28> | 9,8, wl=
== e a9k

-
Y | .. | R23 | P
géz % Mf see

QNg2 PY1

7Y ‘ o B
298 a3
. 4 o 1
2w lg ) &\3 7.
T T ans angs L . .

2 2

Figure 3. Seeds of wild bitter gourd accessions.

3.5. Saponin content and dry weight of fruit

Saponin is the most important medicinal
substance in bitter gourds which was found to
have a great beneficial impact on health. It could
lower blood sugar,’ kill bacteria and viruses,
effectively inhibit cancer cells,** limit DNA
damage caused by H,O,, fight inflammation,’
and resist oxidation.® Quantifying the saponin
content was believed to facilitate the evaluation
of potential medicinal values of bitter gourd
accessions in this study, which was shown

specifically in Figure 4.

[ISaponin content (mg.g-1 dry fiuit) m D1y weight of fruit (%)

18.98

8
6
o | B
2
o H ) H
Q2 QNg3  BDIL BD2 BD3  BD4 PVl BT1

Figure 4. Total saponin content and dry weight of
fruit of wild bitter gourd accessions.

https://doi.org/10.52111/qnjs.2024.18504

The total saponin content in dried fruit
of wild bitter melon accessions was relatively
uniform among accessions, ranging from 13.26
to 18.98 mg.g"! dry fruit. The two accessions
with highest total saponin content were BD3
(18.98 mg.g! dry fruit) and QN3 (16.77 mg.g!
dry fruit).

The dry weight of fruit ranged from
8.44% to 12.97%. The accessions with high fruit
dry matter content included BD2 (12.97%) and
BD3 (12.49%). The accessions with low fruit
dry matter content included BD1 (8.44%), BT1
(9.28%), and QN1 (9.37%).

4. CONCLUSION

The collected 12 wild bitter gourd accessions
had a low germination rate (from 10.34% to
44.19%), various germination time (from 2 to 20
days), and different first harvest time (from 37
to 55 days after planting). The traits of leaves,
fruits, and seeds differed among wild bitter gourd
accessions. In terms of leaf characteristics, leaf
blade size ranged from 11.90 - 20.23 cm x 9.95
- 16.4 cm, petiole length ranged from 3.97 cm to
8.71 cm, number of deep lobes per leaf blade was
5 or 7 lobes; fruit size ranged from 4.09 - 8.77 cm
x 2.05 - 3.5 cm, fruit weight ranged from 4.41 to
30.09 g.fruit’, and fresh fruit yield ranged from
114.84 to 614.045 g.plant'. Regarding seeds,
seed size ranged from 9.36 - 13.18 mm x 5.0 -
8.0 mm. The total saponin content in the studied
accessions ranged from 13.26 to 18.98 mg.g’!
dry fruit, and the dry weight of fruit ranged from
8.44 t0 12.97%.

Results of the study revealed that the
accessions having the highest yield were BD4
(614.04 g.plant') and QN2 (613.55 g.plant?)
which should be followed by breeding selection
for high yield experiments and studies. The
accessions having high saponin content were
BD3 (18.98 mg.g! dry fruit) and QN3 (16.77
mg.g! dry fruit) which should be suitable for
breeding to enhance total saponin content.
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Nghién ctu, ché tao hé théng déng cat va giam sat

théng sé hé thong dién duya trén xU ly dnh va loT
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TOM TAT

Trong bai bao nay chung t6i da di vao nghién ciru, ché tao hé thong do ludng, giam sat cac thong sd trong
hé théng dién dua trén cong nghé IoT, va dong cét thiét bi trong pham vi rong dua trén cong nghé xir Iy anh dé
phat hién dbi trong. Phin ctg cua hé thdng duge ché tao v6i bo thiét bi nhan dién dbi twong, UART PZEM-004T,
esp32, Aptomat thong minh dé thu thap cac thong sé dong dién, dién ap, cong suat, hé s cong suét, dién ning tiéu
thu va nhan dién ddi twong trong pham vi giam sat. Cac dir liéu ndy s& dwoc guri 1én server Node-Red chay & ché
d6 cuc bd hoic Cloud thong qua giao thirc Message Queuing Telemetry Transport (MQTT). Sau khi ché tao hé
théng véan hanh 6n dinh, c6 kha nang ty dong dong cit thiét bi khi phat hién dbi tugng, nguoi st dung cé thé theo
dbi trang thai, diéu khién va cai dat cac thong s6 thong qua giao dién trén may tinh va dién thoai. Hé thong con ¢
chure nang luu trir dir lidu trén GoogleSheet, canh bdo qua Email, dién thoai. Phan cung cua h¢ théng duogc ché tao
v6i phan khung vo cua cac thiét bj dang co trén thi truong nén c6 kha nang tng dung cao trong thyc té.

Tw khoa: [oT, TensorFlow, Node-Red, hé théng dién.

*Tac gia lién hé chinh.
Email: luongngoctoan@gqnu.edu.vn
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ABSTRACTS

This paper studies on designing an Internet of Things (IoT) system for measuring and monitoring some

electrical parameters. This system applies image processing technologies and object recognition devices to measure

and monitor some electrical parameters such as current, voltage, power, and temperature. The data collected is

then sent to the Node-Red server using the Message Queuing Telemetry Transport (MQTT) protocol for further

analysis. Once the system is in operation, it can automatically switch off devices upon object detection. Users

can monitor the system's status, control, and set parameters through an interface on their computer or phone.

The system can also store data on Google and alert users via email or phone in case of any issues or anomalies.

According to the paper, the system's hardware has been designed using the shell of existing devices available in

the market, making it highly applicable in real-life scenarios.

Keywords: /o7, TensorFlow, Node-Red, Power-system.

1. INTRODUCTION

It is fascinating to see how the industry is
evolving with the 4.0 revolution, Internet
of Things (IoT) technology, and Artificial
Intelligence (Al). With the development of such
technologies, we are witnessing the creation
of more functional devices, particularly in
electrical systems and sensors. Moreover, the
servers being free for users and the introduction
of embedded computers with small sizes and
strong configurations like Raspberry Pi and
Jesson Nano have made it easier for users to
access loT and Al

The application of image processing
technology in real-life scenarios is becoming
increasingly popular, primarily in industry,

*Corresponding author.

Email: luongngoctoan@gnu.edu.vn
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environmental — monitoring, and traffic
surveillance.! In the electrical system, this
technology is also applied to identify winding
faults in transformers® and to determine power

quality.**

In Vietnam, the number of offices and
public sector facilities is increasing rapidly.
However, it can be challenging to save
electricity in these areas based on user behavior,
and current efforts are often inefficient.” With
the rapid development of loT technology, the
application of smart switchgear such as switches
and automats has partly solved the limitations in
this area.

However, these devices often work with
small currents, switching based on the control on
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the phone or in combination with sensors such
as motion sensors, and infrared sensors. Current
devices are designed to either control or monitor
electrical equipment, but they lack integration
and the ability to detect people in large spaces
such as classrooms or halls. Image processing
technology has not been widely implemented in
these devices to enable this functionality.

Based on the aforementioned issues, the
author has conducted research and developed
a system that includes functions such as wide-
range image recognition for human detection
to automatically switch electrical equipment.
Additionally, the system can monitor, control,
warn, and store data on parameters in the
electrical system such as voltage, current,
and power.

Although existing energy monitoring
systems in previous studies can monitor
electrical parameters and store data in the cloud,
these systems have not yet integrated human
recognition devices to automatically control
equipment switching. This not only ensures
greater flexibility and security but also improves
convenience and efficiency in power system
management.®’

2. RESEARCH AND DEVELOPMENT OF
THE SYSTEM

2.1. IoT system

IoT stands for the Internet of Things. A network
of sensors, software, and other technologies that
connect objects and devices, enabling them to
collect and exchange data with each other.?’

Any

Devices Connectivity Cloud Application
— Rules Engine
Rest Data
T API /00 =
/\,.
> o -
o Storage Data
Pull !
P A g
Y [ r—

gl -

Figure 1. The working principle of an IoT system.

The Internet of Things has vast application
potential across all sectors. It is important to note
that every complete IoT system encompasses
four key steps as shown in Figure 1: data
collection, data sharing, data processing, and
decision-making.

An IoT system typically comprises four
main components: devices (Things), gateways
(Gateways), network infrastructure (Network
and Cloud), and analysis and data processing
(Service and Solution Layers).'*!" These
components work together to create a network of
connected devices that can collect and exchange
data with each other, enabling the creation of
smart systems and applications.

Sensors within the research system
measure electrical parameters, recognize objects,
and convert them into data for the Internet.
Users can easily process the signals and make
necessary changes through phone or computer
applications.

2.2. Image processing based on TensorFlow

TensorFlow has indeed become the most
popular deep-learning library in recent years.
With TensorFlow, users have the flexibility
to create various Deep Learning models such
as convolutional Neural Networks (CNNs),'
Recurrent Neural Networks (RNNs), and
artificial neural networks. It is a powerful tool
that has transformed how we approach machine
learning and data analysis. '

TensorFlow is a powerful software library
that enables numerical computations through
data flow graphs. It is highly adaptable and can
be used to program and train neural networks
in multiple programming languages such as C
Java, and Python. Additionally, it allows for
deploying applications on various platforms,
including the cloud, machine local server, and
mobile devices.

2.2.1. Core Elements in TensorFlow

TensorFlow is a library used for numerical
computation and graphical representation of

https://doi.org/10.52111/qnjs.2024.18505
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data that helps in creating and training machine
learning models. These graphs consist of nodes
and edges that represent calculations and
corresponding data in the model. In general, the
process of training a machine learning model
in TensorFlow follows the steps shown in
Figure 2.

Periodic
checkpoint

Parameters

DODOO

Apply grads

Read params
Training

Figure 2. Data flow chart for the training process.

In this training process, the user defines
the computational graph structure by declaring
variables and operations in the model. The
processing is then defined to measure the
difference between the model's predicted output
and the actual value.

The data obtained after processing will
be analyzed to determine the best parameter
values that can minimize the loss function.
The resulting values are then used to train and
update the model. After the training, the model is
tested with fresh data to assess its performance.
Finally, the trained model is utilized to predict
and categorize new data.'

2.2.2. Application of TensorFlow library on
Raspberry Pi

Raspberry is a computer that is designed to
be compact and embedded, making it perfect
for use in IoT projects. Suppose you want to
object detection models. In that case, you can
use TensorFlow Lite, which is a TensorFlow
library that is specifically designed to work with
Raspberry Pi 3 and Raspberry Pi 4 when they
are running either Rasbpian Buster or Rasbpian
Stretch. The process for installing and running
this program on Raspberry is illustrated in
Figure 3.

https://doi.org/10.52111/qnjs.2024.18505

Update Raspberry Pi

Set environment sign and storage directory

Install TensorFlow and OpenCV

Set up the TensorFlow Lite detection model

Run the object detection test

Figure 3. TensorFlow installation procedure.

During the test, the results were displayed
as depicted in Figure 4. To capture the camera
frame, we used the OpenCV object. After
capturing the frame, it was flipped horizontally
and vertically for proper alignment and
conversion to the required format that the model
could process. The output of the model was a list
of objects present in the frame, along with their
corresponding parameters.

Figure 4. Object detection with TensorFlow Lite model.

The Object Detection model provides
information on the location, class, and reliability
of objects detected in a frame. To draw bounding
boxes around an object, the model uses the
coordinates of its upper-left and lower-right
points. The layer's name is displayed with the
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bounding frame when a person is detected.
Additionally, the class name is compared to a
predefined label to determine its presence in the
frame and the percentage matching the sample.

2.3. System development research
2.3.1. System design

The following study puts forward a system that
is capable of monitoring the parameters in the
electrical system and can be operated through
object recognition within the observation field. It
is combined with both local and remote control
through the control interface which is depicted
in Figure 5 and system device parameters as
shown in Table 1.

A4

— [l
S @
\/

B

C

q‘) I,

Figure 5. Schematic diagram of online monitoring
structure for a distribution power system based on
image processing and IoT.

The following are the primary stages of
the system.

A: Webcam and Raspberry Pi 4 are
combined for image processing to monitor and
detect people within its range.

B: The server and database are installed
on the computer and run in the cloud.

C: Measurement and switching are carried
out using Pzem - 004 T and smart automatic TuyA
devices. These two measuring and switching
devices are connected to Esp32 to transmit data
to the server.

D: Monitor and control using your phone
and computer.

Table 1. Main Device Specifications in the System.

No. | Device Name Specifications
R
SWC-02 o
scanning angle.
RAM: 8GB, GPIO: 40-
Raspberry Pi 4 pin stand'ard, 2 Micro
2 HDMI display outputs,
Model B ]
Micro-SD slot for OS and
storage.
Voltage: 220V ~ 50Hz,
WiFi Tuya Load capacity: 63A (1
3 Controllable phase 2P), Overload and
Circuit short circuit protection,
Breaker WiFi: 2.4GHz IEEE
802.11b/g/n.
- SPI Flash: 32Mbits,
WiF1 BLE
ESP32 Frequency Range:
4 | NodeMCU- 2400~2483.5MHz,
1S Kit Bluetooth: BLE 4.2 BR/
(CH340) EDR, WiFi: 802.11
b/g/n/e/i.
Voltage range: 80 ~
PZEM-004T 260VAC /50 - 60Hz,
AC Multi- Accuracy: 0.01, Current
5 | Functional range: 0 ~ 100A, UART
Meter UART TTL 5VDC logic level
Module interface, default baud
rate: 9600, 8, 1.

The measurement and switching stage
(C) involves using the PZEM-004T sensor to
measure parameters such as voltage, current,
frequency, power, power factor, and power
consumption. These measurements are then
uploaded to the server via ESP32. At the same
time, the identification and image processing (A)
system sends a signal to the server to detect the
presence or absence of people within the field of
view. The server is equipped with a monitoring
and control interface and a control program for
the data received from (A) and (C).

The control signal is generated based on
certain conditions such as the presence or absence
of people in the field of view, overcurrent, and
overvoltage. Data transmission between the

https://doi.org/10.52111/qnjs.2024.18505
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stages is carried out using the MQTT protocol,
and the microcontroller sends an automatic
control signal to perform the power supply
switching process.

2.3.2. Research and manufacture hardware

The system structure depicted in Figure 4
requires the installation and fabrication of
hardware in two stages, namely (A) and (C).
In the data recognition and processing stage
(A), we make use of WebCam-PC-SWC-02 to
connect to Raspberry Pi 4 Mode B. To observe
the image processing, we employ a Waveshare
7-inch HDMI screen. Upon linking the devices,
we obtain the results as depicted in Figure 6.

uil_"Py

Figure 6. Installation of object recognition and
handling equipment.

To produce switchgear and measuring
equipment, we carry out the following steps:

Step 1. To understand the structure and
operating principle of the TuyA smart Aptomat,
an experiment was conducted to find the control
signal on the device, as shown in Figure 7. As a
result, the signal-receiving pin will be detected,
then this pin will be connected to the ESP32
Module using an intermediate relay.

73Ty RSE L

Figure 7. Construction and simulation of control

circuit signals for switchgear.

Step 2. To measure all parameters in
the power system, we need to install a UART
PZEM-004T measurement circuit with ESP32.
This circuit is highly versatile and allows us
to measure the electrical signal and voltage.

https://doi.org/10.52111/qnjs.2024.18505

The measurement pins are integrated with the
Aptopmat to measure the signal even when the
power is turned off as Figure 8.

.

Figure 8. Installation of measuring equipment and

switchgear.

Step 3. Fabricate and install a smart
switch using an existing mechanical switch,
ESP32, and relay to control devices. Following

the installation process, we will have a manual
manipulator, which is depicted in Figure 9.

Figure 9. Renovate the mechanical switch.
2.4. Building a server for the system
2.4.1. Server and communication protocols

The system used to build the server involves
Node-RED, a programming tool that enables
the connection of hardware devices, Application
Programming Interfaces (APIs), and online
services. It is primarily designed for IoT
(Internet of Things) applications, but can also
be used to quickly link different service flows
for other applications. The construction of
the data transmission scheme is illustrated in
Figure 10.

IP: 192.168.2.12

Nhan dién ddi |

1e Publi 192.168.2.12:1880
tugng Publish: MQTT g e 951682 T2 808¢ |
trang thai (True/ [Host: 192.168.2.12 kel e -168.2.12:

False) e-RED

I

TrTeorzel
2S0H
LIOW

Gidm sat va diéu
khién
Publish: I, V, P, f
Subscribe: at_on/
at_off

Figure 10. Diagram of data transmission and reception

in the system.

60 | Quy Nhon University Journal of Science, 2024, 18(5), 55-63



QUY NHON UNIVERSITY

I SCIENCE

The Node-RED tools and software,
database, and communication protocol will be
installed on the server or cloud server. We will
use influxDB and Google sheet to store system
data, and all communication within the system
will be done using MQTT communication. For
this reason, we will install the Mosquitto broker
on the server. The server will have an IP address
which will serve as the host address to identify
the object sending the monitoring state (publish)
to the server. The measurement stage will publish
the parameters in the power system to the server
and, at the same time, receive data from the
server through data registration (subscribe).

3. RESEARCH RESULTS

After fabrication, the devices are connected to
form a complete system as depicted in Figure 11.

Figure 11. Actual results of the whole system.

After running the test, it was determined
that the system operates stably and meets the
requirements outlined in Figure 12.

Figure 12. Run a system test.

The system can automatically switch
electrical circuits based on signals from image
recognition and processing on a Raspberry Pi.
It also allows for local switching, remote access
through Aptomat, as well as control through
computers and phones. Additionally, users can

monitor important electrical parameters such as
voltage, current, and power consumption, which
can help them evaluate their ability to save
electricity while using the product.

The graph interface displays the
parameters and stores them on the Google Sheet,
as shown in Figure 13 and Figure 14. This feature
allows the user to monitor the switchgear status,
the status of people being monitored, as well as

the real-time values of voltage and current.

= PARAMETER MONITORING

Figure 13. System monitoring interface.

On the control interface, we can set
threshold values for alarms and protection
against overcurrent, overvoltage, and increased
room temperature. These setting values will be
based on the process of monitoring parameters at
the monitoring interface to ensure system safety.
The system has two levels of protection: warning
and trouble. Suppose the warning level exceeds
the set threshold. In that case, the system will
send an email as shown in Figure 14 and the
system parameters will be continuously stored
on Google Sheets as shown in Figure 15, and
display a notification on the phone application
phone as shown in Figure 16.
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i b g 84 - eve i
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%) o o T ‘g
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g ]
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o

+

+

5z s & 8 8 s 8
3 3 3 3 3 3
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Dbrg @4 118 vé rang W b ek - i
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Figure 14. Warning results on Gmail.
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Figure 15. The results of the parameters are stored on
Google Sheet.

In addition to computer monitoring and
control, the system also allows phone interface
and function synchronization as shown in
Figure 16.

ll‘:.‘.n " -
QUOD O
h—d

| 0 1 Moy Mign
M

s W

Figure 16. Phone alerts, monitoring, and controls.

4. CONCLUSION

After completing the research, the installation
and testing of the system showed stable operation
and met requirements. The devices used in the
system are built on the frames and housings of
devices currently on the market and used by
consumers. Preliminary results show that the
product has potential for practical applications
and can replace existing devices. However,
further testing and evaluation is required to
ensure product reliability.

The integration of image monitoring units
via esp32-Cam image transmission to Raspberry
Pi for image processing enhances monitoring
scope and device control flexibility.
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TOM TAT

Trong thyc tién hién tai clia cac tdoa nha xdy dung dugc dit trén d4t mém ¢ Viét Nam, cong nghé coc xi
ming duoc sir dung ngay cang rong rdi vi nhitng loi thé ndi bat ctia n6. Coc dét xi mang 1a coc dugc lam tir dét
dia phuong tron voi mot lugng xi mang va phy gia nhét dinh tuy thudc vao déc tinh dia k¥ thuat cta dét trong khu
vuc du an. Muc dich chinh cua nghién ctru nay la xac dinh ham luong xi mang tdi wu cho coc xi mang - dét. Nhiéu
yéu té anh huong dén cuong do cua coc dat xi ming, trong d6 ham lugng xi ming duoc st dung dong mot vai tro
quan trong va can duoc nghién ctru cin than. Nghién ciru ndy nham muc dich cung cip thong sé ham luong cp
phdi xi mang phit hop cho céc coc dat xi ming dugc ap dung cho cac du 4n xay dung ¢ khu vic dit yéu cua song
Ha Thanh, thanh phé Quy Nhon. Cac mau dugc tao ra bang cach tron dat voi ham luong xi mang thay doi tir 5%
dén 25%. Nhom tac gia tién hanh xéc dinh ung suét doc truc cua cac mau coc dat xi mang 6 thoi diém 7 ngay tudi
va 28 ngay tudi bang thi nghiém nén mot truc né hong. Két qua cho thay ham lugng xi ming tdi wu cho coc dét xi
ming dat dwoc tir 12% dén 15% ddi v6i dét sét yéu khu do thi Ha Thanh, thanh phé Quy Nhon, tinh Binh Binh.

Tir khéa: Coc xi méng - dat, sirc chiu tdi ciia coc, dat yéu, xit Iy nén dat yéu.

*Tac gia lién hé chinh.
Email: hoangcongduy@qnu.edu.vn
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ABSTRACT

In the current practice of building foundations placed on soft soil in Vietnam, cement-soil pile technology
is increasingly widely used because of its outstanding advantages. Cement-soil pile is made from local soil mixed
with a certain amount of cement and additives decided by the geotechnical characterization of the soil in the project
area. The main purpose of this study is to propose the optimal cement content for cement-soil piles. Many factors
affect thecompressive strength of cement-soil piles, in which the cement content used holds an important role and
needs to be calculated. This study aims to provide appropriate cement gradation content parameters for cement-
soil piles applied to construction projects in the soft soil area of Ha Thanh River, Quy Nhon City. In the paper, the
samples were created by mixing soil with cement content varying from 5% to 25%. The authors determined the
axial stress of soil-cement pile samples at 7 days old and 28 days old using the unconfined compressive test. The
results show that the optimal cement content for cement-soil piles ranges from 12% to 15% for soft clay in the
Ha Thanh urban area, Quy Nhon City, Binh Dinh province.

Keywords: Soil-cement pile, bearing capacity, soft soil, soft soil treatment method.

1. INTRODUCTION Therefore, effective treatment of soft soil has

Due to constant development of the society, the become an essential problem in construction

need for land to build housing and infrastructure designs. Among them, the cement-soil pile

projects is essential, especially land in the
coastal and lagoon areas of Quy Nhon City, Binh
Dinh province, and the construction of high-rise
apartment buildings, ports, and roads on soft
foundations is extremely urgent. In this research
article, the soft soil treatment method will
encounter more and more complex problems,
thus creating opportunities for developing new
soft soil foundation treatment technologies.

*Corresponding author.

Email: hoangcongduy@qnu.edu.vn
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method is widely used for industrial and civil
buildings, docks, and highways.

In this study, the survey location was
located at the An Phu Thinh social housing
apartment building project at land lot B1 - 32,
An Phu Thinh new urban area, location: Dong
Da ward, Quy Nhon City, Binh Dinh province
as shown in Figure 1. Soil stratification of the
survey location is illustrated in Figure 1.
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In the survey area, the soft clay layer
has a relatively large thickness. The foundation
of the construction is placed on this ground
which is required to treat the soft clays or
choose the deep foundation. However, choosing
a deep foundation for low-rise buildings is not
reasonable. Therefore, the authors recommend
that the soft soil treatment method is the cement-
soil pile, which increases the bearing capacity of
the ground and solves the cost of the foundation
for the project.

Thus, we conducted experiments to
determine the cement content to optimize
the grade for soil cement piles. Based on the
results of this research, construction engineers
can choose the optimal cement content as

recommended by the study to manufacture
soil-cement piles. Then, the soil-cement piles
are statically compressed at the building site to
determine the load capacity that is applied in the
design ground consolidation.

Figure 1. Location of the An Phu Thinh social housing apartment building project.

2. METHODOLOGY

2.1. Geological structural conditions in the
survey area

The survey area has relatively flat terrain
because it has been partially leveled with river
bottom materials. Regarding geomorphology,
the area belongs to agglomeration morphology,

the geological formations are river and lake
sediments with many types of heterogeneous
materials. The soil and water samples were
brought in the laboratory to determine physical
and mechanical criteria.! The geotechnical
characteristics of the soft clays are shown in
Table 1.

Table 1. Geotechnical parameters of soft clays in the survey area.

Sample L. SPT
Depth(m) Description
test (N-Value)
10-52m | Soft clay Soft, blue-gray, dark gray, organic content of 13.1%, low plasticity <3
Mechanical consistency of soft clay
Y c [0} G, W W, W, I, I €,
kN/m? kN/m? 0 % % %

16.3 27.01 7 2.72 69.9 40.9 224 63.3 1.28 1.843
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2.2. Stabilization of soft soil - The soil cement
column method (TCVN 9403:2012)

In this study, the group of authors used the
dry mixing method to cast sample tests. The
process includes mechanically loosening the
soil in the field and mixing dry cement powder
with soil with or without additives. The method
of creating soil-cement samples conducted
following TCVN 9403:2012. Water and cement
in the required amount were mixed manually
until there was obtained homogeneous state of

“laitance”. The amount of cement is determined
by the weight ratio of dry soil. After that, the
cement mortar was mixed with soil which is
specific humidity. The obtained mixture was
mixed to a homogeneous mass over 5 minutes
in cylinders with dimensions h = 100 mm and
d =50 mm. The samples were pulled from the
blocks on the second day and they were retained
period till the test when 7 days and 28 days.??
The parameters of test samples are presented in
Table 2.

Table 2. Parameters of test samples in the axial load test.

e Sample Number of Cementv;]’el:ﬁlclts(:)fnsamples He?;ft = sanll)li):l:leter

group samples PCBA0(g) Soil (g) (mm) (mm)

1 5% 6 74.23

2 8% 6 118.77

3 10% 6 148.47

4 12% 6 178.16 1814.27 100 50

5 15% 6 222.70

6 18% 6 267.24

7 20% 6 296.93

8 25% 6 371.17

2.3. Axial load test

This test method is used to determine the
unconfined compressive strength of cohesive
soil in the undisturbed, remolded, or compacted
condition by using strain-controlled application
of the axial load based on ASTM D2166

standards. The equipment used in the unconfined

compressive test is the Triplex II advanced
as shown in Figure 2. In this standard, the
unconfined compressive strength (q, ) is extracted
as the maximum load attained per unit area or
the load per unit area at 20% axial strain.!

9y =01-03 )

Figure 2. The Triplex II advanced and form of cement-soil piles damage.
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3. RESULTS AND DISCUSSION

The cement-soil strength is increasing over time.
As the cement content of the cement-soil pile
increases, the unconfined compressive strength
increases as shown in Figure 3.3

When the cement content increased from
5% to 8%, the compressive strength of samples
at 28 days increased from 249.5 Mpa to 842.3 Mpa.
The percentage increase of the compressive
strength is 238% as shown in Figure 4.

When the cement content increased from
8% to 10%, the compressive strength of samples
at 28 days increased from 842.3 Mpato 961.3 Mpa.
The percentage increase of the compressive
strength is 14% as shown in Figure 4.

When the cement content increased
from 10% to 12%, the compressive strength

of samples at 28 days jumped from 961.3 Mpa
to 1632.4 Mpa. The percentage increase of the
compressive strength is 14%. Similarly, the
percentage increase of the compressive strength
is 99% when the cement content increased from
12% to 15%as shown in Figure 4.°

When the cement content of the samples
increases from 12% to 15%, the compressive
strength of cement-soil plies increases from 70%
to 99%. However, when the cement content is
greater than 15% the compressive strength of
samples at 28 days decreased significantly, as
presented in Figure 4.

When the cement content of the sample
increases from 15% to 20%, the increase in
axial compressive strength of the cement-soil
pile decreases from 99% to 15% as presented in
Figure 4.7%
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Figure 3. The unconfined compressive strengths of cement-soil piles at 7 days and 28 days.

250%

N

200% A

e (%)

50% A

100%

Percent increas

50% A

—o—Percent
increase
in cement
content

—&—Percent
increase
in the
unconfined
compressiv
e strength

0% -

5% 8% 10% 12%

15%
Sample group

S,
ra

18% 20% 25%

Figure 4. The percent increase in cement content and the percent increase in unconfined compressive strength of

the sample groups.

https://doi.org/10.52111/qnjs.2024.18506

Quy Nhon University Journal of Science, 2024, 18(5), 65-70 | 69



QUY NHON UNIVERSITY

I SCIENCE

4. CONCLUSIONS

The unconfined compressive strengths of
cement-soil piles increase rapidly when cement
content increases from 12% to 15% as presented
in Figure 4.

The cement content increases or decreases
depending on the moisture content of the soil.
The authors also proposed the optimal cement
content percentages of 10% and 18% for cement-
soil piles in the Mekong delta area.

Therefore, the authors suggested
reasonable cement content for soft clay in the
Ha Thanh River urban area, Quy Nhon City is
from 12% to 15%. So the content of cement has
a great influence on the unconfined compressive

strength of cement-soil piles.

In the geographical area of the study,
based on the experimental results regarding the
cement content for soil-cement pile specimens as
mentioned above, the group of authors proposes
an optimal cement content ratio for soil-cement
piles ranging from 12% to 15%. The research
recommends that design engineers may use a
cement content for soil-cement piles from 12%
to 15% to manufacture soil-cement piles and
conduct static compression tests on-site in the
research area for application in design problems.

The cement-soil pile method is proposed
to treat soft clay for 4 to 8-storey buildings,
located in the Ha Thanh River urban area, Quy
Nhon City.
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TOM TAT

Khi thiét ké két cAu cot bé tong cbt thép chiu nén léch tim xién, viéc kiém tra kha ning chiu lyc cuia cot
sau khi dat c6t thép 1a can thiét dé xac dinh tinh hop 1y ciia c6t thép duoc bd tri. Nghién ctru nay phat trién mot
chuong trinh x4y dung cac mit twong tac ba chidu ciia cot bé tong ¢t thép chiu nén 1éch tim xién c6 mit cit ngang
hinh chir nhét bang ngdn ngir 1ap trinh MATLAB, theo m6 hinh bién dang phi tuyén. Moémen ni lyc tir phan mém
nhu ETABS dung dé kiém tra kha nang chiu lyc cta cot dugce xu Iy dua vao hé s6 udn doc theo tiéu chuan TCVN
5574:2018, sau do6 so sanh voi mat tuong tac 3D da thiét 1ap dé danh gia kha ning chiu luc cia cot. Bai bao trinh
bay hai phuong phap don gian dé kiém tra kha néing chiu ctia cot. Cac vi du minh hoa duoc trinh bay trong bai viét
nay dé xac nhan do tin cdy va kha niang tng dung ctia chuong trinh da dé xuét. So sanh voi ETABS va CSI-Col,
sai s6 ludn nho hon 7,2%. Chuong trinh c¢6 thé duoc dung cho cac nghién ctru sdu hon nhu nghién ctru anh hudng
ctia cac tham sb dau vao dén kha nang chiu lyc cua ct, phan tich xac suét, phan tich do nhay hodc tao dir li¢u cho
hoc may.

Keywords: Mat twong tac 3D, cot bé tong cot thép, kha nang chiu luc, tiét dién chiv nhat, TCVN 5574:2018.

*Tac gia lién hé chinh.
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ABSTRACT

On designing reinforced concrete (RC) columns subjected to combined axial load and biaxial bending,
checking the bearing capacity of the column after placing the reinforcement is necessary to determine the integrity
of the placed reinforcement. This study developed a tool to generate the 3D interaction surfaces of rectangular
RC columns subjected to biaxial flexural and axial loads using MATLAB software, according to the theory of
non-linear material model. The internal moments from the software, such as ETABS, are processed to include
the buckling factor according to TCVN 5574:2018, then compared with the established 3D interaction surface to
assess the bearing capacity of the designed column. Two methods to check the load-bearing capacity of the columns
were introduced. Examples are illustrated in this article to apply and verify the proposed program. Compared
with ETABS and CSI-Col, the errors are less than 7.2%. This program can be used for further studies, such as
investigating the effect of initial parameters on the column capacity, probabilistic analysis, sensitive analysis, or
generating data for machine learning.

Keywords: 3D interaction surfaces, reinforced concrete columns, load-bearing capacity, rectangular cross-
section, TCVN 5574:2018.

1. INTRODUCTION Symmetrically-reinforced rectangular sections
can be designed to withstand an increased
moment about one axis, as detailed in BS 8110-
1:2005 and Nguyen.? Bresler discussed other
design criteria for short columns, including three

The required reinforcement for rectangular
reinforcement concrete columns subjected to
uniaxial flexural and axial loads is calculated
based on Vietnamese national design standards
TCVN 5574: 2018. However, the method for
biaxial flexural and compression forces is

simple methods to generate the failure surfaces.?
From then, several authors have developed
approximate methods based on the research

sophisticated for practical application. Various of Bresler and ACI standards.*® In particular,
approximated approaches were proposed. The Mavichak and Furlong conducted experiments
superposition method, introduced by Moran, on nine rectangular cross-section columns and
calculates reinforcement separately with (N, Mx) compared the test data with an analytical
and (N, My) and then adds the results.' model to validate the equation for strength

*Corresponding author.

Email: lethimaitrang@qnu.edu.vn
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approximations.” Some authors suggested
methods to draw 2D interaction diagrams
based on TCVN 5574:2012.7° A combination
of Bresler’s equations and uniaxial interaction
diagrams based on TCVN 5574:2012 was
proposed by Nguyen to estimate the required
reinforcement or check the load-bearing
capacity.!® Nguyen presented the interaction
diagram of circular reinforced concrete columns
under fire, based on TCVN 5574:2012 and
Eurocode 2.!" Hoach and Tran et al. developed
software for creating interaction diagrams
based on TCVN 5574:2018 for biaxially loaded
members.'>!® Existing software for generating
interaction surfaces based on Vietnamese
standards for biaxial flexural columns has its
limitations. Most software is written in Excel,
with 2D graphs drawn according to the Mx-My
or N-M relationship. For the new Vietnamese
load and impact standards TCVN 2737:2023,
the cases of dangerous internal forces that need
to be considered have significantly increased.
Checking the column's bearing capacity for each
axial force or moment is time-consuming.

Pham proposed approximate approaches,
which refer to uniaxial compression, to create
the interaction diagram and check the load-
bearing capacity for columns under eccentric
compression based on TCVN 5574:2012."
Hoach and Nguyen explained a method to
calculate the coefficient of safety for reinforced
concrete columns, considering the slenderness
of columns according to TCVN 5574:2018.151¢
The proposed method to identify safety factors
requires discrete points of the interaction surface
to be displayed in a spherical coordinate system.

Even imported software like ETABS and
CSI-Col, which integrate the function of drawing
interaction surfaces, have drawbacks. They do
not support Vietnamese standards, allow users
to modify related coefficients, or provide visual
load-bearing capacity checks. These limitations
underscore the need for our program.

This research presents a novel program,
written by MATLAB, for generating 3D
interaction surfaces of columns under biaxial
flexural and axial forces. The program is based
on the limited strain and non-linear material
models, considering the buckling factor per
Vietnamese standard 5574:2018. It also includes
a tool for assessing the load-bearing capacity of
the columns. The paper provides a step-by-step
procedure for checking the load-bearing capacity
corresponding to the internal forces calculated
from the load combination. Additionally,
the paper includes an illustrative example to
demonstrate the program's capabilities further.

2. METHODOLOGY
2.1. Assumptions

The strain distribution is linear across the section
of the column (the cross-section of the column is
always a plane).

The stress in the steel and concrete is
given by the stress-strain graphs as shown in
Figure 1 and Figure 2.

The tensile resistance of the concrete is
negligible.

The concrete strain at failure is 0.0035.
2.2. Stress-strain model of concrete

According to TCVN 5574:2018, for normal-
strength concrete, the stress-strain graph, which
includes three or two segments, can be used
when calculating reinforced concrete per a non-
linear deformation model. In this research, a
three-segment stress-strain graph is selected.

When 0<¢, <¢,;: c=E¢, (D
When ¢,, <&, <&:
Op | p—n , On
o, = l——J—+— R, 2)
|:( Rb €0 ~ &1 Rb :|
When &,,<¢,<¢,,: 0, =R, 3)

Where: 0,, =0.6R,; ¢&,=0,/E,

https://doi.org/10.52111/qnjs.2024.18507

Quy Nhon University Journal of Science, 2024, 18(5), 71-82 | 73



QUY NHON UNIVERSITY

IR SCIENCE
b that element. The coordinates of steel bars and
concrete elements are (x, y ), and (x,, y,),
Ob0=0b2=Rp [ —— — — — — . Lo s / /
| | respectively, as shown in Figure 3.
Gbl | |
| I I y (Xbis Ybi)
| | ] ] [
' | |
! | | 4o 3@ o
l arctgEb I I (%52, ys2i) (%1, ¥s1)
0 | | €
€bl €b0 Eb2
(0.0035)
. 9@ e
Figure 1. Stress-strain model of concrete.
X
2.3. Stress-strain model of steel
According to TCVN 5574:2018, it is possible 10e 20
to use a simplified stress-strain chart with two
segments for the steel, which has a yield point,
as described below. 3@ 7@ 6® 50
When 0<¢ <¢,: 0, =¢E, 4)
Figure 3. Concrete elements and steel bar coordinates.
When 830 S gs S 852: Gs = Rs (5) &
Assume the neutral axis occurs in three
o cases, as shown in Figure 4. Figure 4a shows
Gs0=Gs2=Rs | — — — : the neutral axis inclined (biaxial flexural
| | compression), Figure 4b shows the neutral
: : axis parallel to the x-axis (uniaxial flexural
| | compression in the x-direction), and Figure 4c
: : shows the neutral axis parallel to the y-axis
arctgFs| | (uniaxial flexural compression in the y-direction).
| | Es . .
0 £ o The neutral axis' angle and distance were

Figure 2. Stress-strain model of steel.

The tensile and compressive stress-strain
graphs of steel are identical.

2.4. Generation of 3D interaction surfaces

Considering the section of a reinforced concrete
column with pre-arranged reinforcement, the
Oxy axis system with the center O coincides
with the column section's center of gravity. Each
steel bar is modeled by a circle with diameter
¢ and area 4. The concrete part is discretized
into a matrix of equal elements. Each element
in the matrix is a square with size du and area
du’. The size of these elements is relatively
small, so it can be assumed that the stress in the
elements is considered evenly distributed within

https://doi.org/10.52111/qn;js.2024.18507

changed to cover all the possible scenarios for
the column. In this research, the interaction
surfaces were constructed for the first quadrant,
assuming that the maximum compressive strain
of concrete is in the top-right corner, equal to
0.0035.

The strain of each steel and concrete
element is calculated according to Equation (6).

g =tu =X, (©)
X

Where:

x is the distance between the neutral axis
and the top-right corner.

h,, is the distance between the material

element and the straight line paralleled to the
neutral axis across the farthest point of the
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compression zone, as shown in Figure 5. %, can
be calculated from the coordinates (xi, yi) of
steel bars or concrete elements and the equation
of neutral axis.

y
. e 9
- /
. . £
108 120
ge 7@ 6 s®
(a)
. y . ‘ Eb2
7 i x
.
9e 11e
10@ ° 12e ‘( €si
8@ 7® 6® 5@
(b)
y |
40 3e 20 %
) .
100 0 // X
/
8@ 7® 60 ”

(©
Figure 4. Neutral axis positions and strain distribution:
(a) neutral axis inclined, (b) neutral axis parallel to
the x-axis, (c) neutral axis parallel to the y-axis.

O \\
10® 2@

Figure 5. /1, in the general scenario of an inclined
neutral axis.

Then, the stress in each steel bar and
concrete element is calculated per the stress-
strain model in 2.2 and 2.3.

Assume that:

Compression stresses in concrete are
positive values;

Compression stresses in steels have
negative values, and tensile stresses are positive;

N _ is positive when the column is
compressed;

N_ M_, M, _on the failure surfaces was
calculated as below:

Nuz = _Zn: O-siASi + Zmlo-biduz (7)
i=1 i=1

M, = _i oAy, + Zmlo-biduzybi (8)
i=1 i=1

Muy = _Zn: O-siAsixsi + Zmlo-biduszi (9)
i=1 i=1

Where n is the number of steel bars, m is
the number of concrete elements.

The maximum compression force columns
can withstand is N, . which occurs in concentric
compression. As stated in TCVN 5574:2018,
when accounting for the buckling factor, N,

u max

must be decreased by the coefficient ¢, whose
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values change linearly from 0.9 to 0.85 when
L /h varies from 10 to 20.

Nu,max :w(RszAsi +Rbbhj (10)
i=1
Where:

b, h are the dimensions of the rectangular
cross-section;

L, is the effective length of the column.

The interaction surface includes a series
of discrete points, as shown in the Figure 6.

The space defined by the interaction
surface is called column capacity interaction
volume.

10000

Nz

1000 - 1000

500 1500
o 1500 My

Figure 6. Discrete points of the interaction surface.

2.5. Assessing column capacity

The designer must check the capacity of
columns for every load combination at every
output station. Based on TCVN 5574:2018, the
program follows the flowing steps to check a
specific column for a particular load combination
at a specific location.

(1) Input the internal moments and forces
from the specified load cases and load
combination, including N, M,, (or M), M,
(or My).

(2) Calculate the eccentricity of axial force.

M
=%; 6, == (11)

(3) Define the random eccentricity e,.

https://doi.org/10.52111/qn;js.2024.18507

e, = max (L/600, b/30, 10 mm) 12)
e, = max (L/600, h/30, 10 mm)

Where L is the length of the column.

(4) Define the initial eccentricity e,

e, = max (e,,e,); ¢,= max (ely,eay) (13)

(5) Determine the coefficient »_and n, due to
slender column effect.

1 1
= : = 14
77)5 N > ny N ( )
1-—— 1-—
Ncrx cry
7D 7D
Nyw=—7"3 N,y =—— (15)
L R

Dx = kbebe + kSESIS‘X
‘ (16)
Dy = kbyEny + kvalsy

Where:

1, IV are the inertia moments of the cross-
section,

I, ]Sy are the inertia moments of the steel
bars, k = 0.7

015 0.15

k, = Dk, = (17)
" 0, (03+5,) " g, (03+5,)
M
P =1+ g 1T (1)
Lx Ly

.=y /b;8,=¢,/h;015<5,<15 (19)

M, is the internal moment of total load and
M, , is the internal moment of dead load about
the axis across the farthest tension steel bar. In
the most dangerous cases, ¢, is equal to 2.

(6) Determine total design moments by
multiplying the coefficient e and e by the
factored axial forces N, obtained from the
analysis.

ex = erT]x ’ey = eOyny (20)
M =Ne;M, =Ne, (21)

(7) Determine whether the point, defined by
the resulting axial load and biaxial moment set
(N, M, M) lies within the interaction volume.
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There are different ways to examine
whether the load points lie within the interaction
volume. Beside using a 3D rotational interaction
surface, this program uses the method mentioned
below.

First, calculate the neutral axis angle of
each load point.

M*
o L (22)

M_1

x Ty

tana =

Second, cut the interaction surface at
the above angles to obtain the N-M interaction
diagram. Then, determine the resultant moment
on the N-M curve corresponding to the axial
force N. Finally, if Equation (23) is true, the
column can withstand the load and vice versa
(Figures 8 and 9).

* %\2 %\2
M :J(Mx) +(M;) <Resultant M (23
7000 — ® [Interaction surface
.

6000 —

5000 —

4000 —

3000 —

2000 —

Nz

1000 —
0 —

-1000 — !

-2000 H

23000 -

600

0 200 400 600 00 19000 200 0
My Mx

a)

® Interaction surface
*  Load point

8000
6000 |
4000
2 2000
0
<P -

2000 "

200
T e 400
800" w0 4o NW” 600
- 0 X
My

Figure 7. Checking load-bearing capacity using 3D
interaction surface: (a) Front view, (b) Rear view.

—— Interaction diagram ® Load point
7000
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4000
3000

2000

Nz (kN)

1000

|
Resultant M
0 A 3

0 100 200 300 400 600 700 800

-1000
-2000

-3000
Resultant M (kNm)

Figure 8. Checking load-bearing capacity using N-M
interaction diagram-passed load case.
——Interaction diagram  ® Load point
7000
6000
5000
4000
3000

2000

Nz (kN)

1000

Resultant My
100 200 300 400

M*

0 d
600 700 800

0
-1000

-2000

-3000
Resultant M (KNm)

Figure 9. Checking load-bearing capacity using N-M

interaction diagram-failed load case.

3. MODEL VERIFICATION AND APPLICATION

The 3D model generated by the proposed
program is verified in comparison to the result
from ETABS ver18.1.1 and CSI-Col ver10.0.0.

3.1. Verification for a square column

A column has a square cross-section of 70 cm x
70 cm, concrete grade B25, reinforcement
CB400-V, 28 @ 25 mm arranged evenly along
the perimeter. The distance between the edge
and the central of steel bars a,= 4 cm. The length
of the column is 7 m. Work condition coefficient
of concrete yb = 0.85.

The proposed program, ETABS, and CSI-
Col give the same results, with an error of less
than 7.2%. There are no noticeable differences
in the uniaxial scenario. The maximum error
occurs at the balance point, the transition
between compression-controlled and tension-
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controlled points, in case the neutral axis angle
is 45°. The discrepancy can happen because of
the method for calculating the force and moment
due to the concrete compression area, stress-

strain relationships, failure criteria of concrete,
and work condition coefficients. In the proposed
program, the maximum value of N is 9717.18 kN
due to the coefficient ¢, as mentioned in
Equation (10).

---- ETABS —@®—Program —#&— CSI

Nz (kN)
W
g
(=)

200 400 600 800 100Q - 08 1400 1600

Mx (kNm)
a) 00

---- ETABS —@—Program —a&—CSI

12000 |
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Nz (kN)

-1000
-2000
-3000
-4000
-5000
-6000

Resultant M (kNm)
b) 45°
- ---ETABS —s—Program —a&—CSI

12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Nz (kN)

-1000
-2000
-3000
-4000
-5000
-6000

Resultant M (kNm)
) 60°

Figure 10. N-M Interaction diagram of square column
for variety neutral axis angles: (a) a = 0°, (b) a = 45°,
(c) a=60°.
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The proposed program, ETABS, and CSI-
Col give the same results, with an error of less
than 7.2%. There are no noticeable differences
in the uniaxial scenario. The maximum error
occurs at the balance point, the transition
between compression-controlled and tension-
controlled points, in case the neutral axis angle
is 45° The discrepancy can happen because of
the method for calculating the force and moment
due to the concrete compression area, stress-
strain relationships, failure criteria of concrete,
and work condition coefficients. In the proposed
program, the maximum value of NV is 9717.18 kN
due to the coefficient ¢, as mentioned in
Equation (10).

3.2. Verification for a rectangular column

A column has rectangular cross-section 0.7 m x
0.5 m, concrete grade B25, reinforcement
CB400-V, 16 @ 25 mm as shown in Figure 11.
The distance between the edge and the central
of steel bars a,= 4 cm. The length of the column
is 4.5 m. Work condition coefficient of concrete
vp = 0.85.

y

o o ® [ ] [ ]
E e .
(o)
A ° o
I X
© ° °

e ° 'Y ° °

Cx =700 mm

Figure 11. Rectangular column’s cross-section.
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---- ETABS —®—Program —#&— CSI
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Figure 12. N-M Interaction diagram of rectangular column for variety neutral axis angles: (a) a = 0°, (b) a = 45°,

(c) o= 60°, (d) &= 90°

Notice: The relationship between the neutral
axis angle and the point’s coordinates is
1

uw “x

1

ux y

tana =

As can be seen from Figure 12, in cases
where the neutral axis angle is 0° and 90°, the
discrepancies between the three software are
negligible. The max error occurs at the balance
point in case the neutral axis angle is 60° and is
less than 7.2%. The maximum axial forces that
the column can withstand when considering the
buckling factor is 6394.64 kN.

Compared with other research, where the
errors are up to 16.8% for square column'® and

8.74 for rectangular column,!> the proposed
program errors are less than 7.2% for both
types of cross-section. As a result, the proposed
program is reliable. It can be used in practical
design, further research and teaching.

3.3. Application for checking load-bearing
capacity

The column is as shown in the subsection 3.2.
The internal moments and axial forces from the
load combinations are given in Table 1. Internal
moments of dead load are M,, =80 kNm,
Muy= 300 kNm.

Question: Checking the load-bearing
capacity of the column.
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Table 1. Forces and moments from load combinations.

Combo N (kN) M_(kNm) | M (kNm)
1 5400 90 315
2 5310 180 360
3 6300 45 180
4 4320 270 450
5 4050 270 540
6 2700 180 630
7 1800 270 540
8 900 315 495
9 3420 315 585

The load points are determined from
Equations (11-23), as shown in Table 2.

Table 2. Load points after considering slender column

Using 3D interaction surface, the program
points out 4 load points outside of the interaction
volume, as shown in Figure 13. They come from
combination 2, 3, 5 and 9.

—— Interaction diagram

® Load point
7000

6000
5000
4000
3000

2000

Nz (kN)

1000

0

0 100 200 300 400 500 800

-1000

-2000

-3000

Resultant M (kNm)

Figure 14. Checking load-bearing capacity using
N-M interaction diagram (o = 45°).

Notice: The relationship between the
neutral axis angle and the point’s coordinates

*

. M. ]
1S tana = ——
M 1

x Ty

The integrated module in the program to
checking the load-bearing capacity using N-M
curve yields the result in Table 3.

Table 3. Checking load-bearing capacity using N-M
interaction diagram.

effect.
N M M, M*
Combo
(kN) | (kNm) | (kNm) | (kNm)
1 5400 134.7 326.1 352.8
2 5310 190.3 372.2 418.1
3 6300 162.2 188.4 248.6
4 4320 282.3 462.3 541.7
5 4050 281.6 553.8 621.3
6 2700 185.5 641.6 667.9
7 1800 275.7 547.2 612.8
8 900 319.0 498.9 592.2
9 3420 326.6 598.0 681.4
Nz X 162.2
2000 — Y 188.4 ® Interaction surface
| Z6300 * Load point
6000 — \
e X 281.6
5000 — X 190.3 Y 553.8
Y 3722 24050
4000 — Z 5310 s
3000 | \ X 326.6
'\ Y 598
2000 ,\ Z 3420
1000 — 3 X)“é.:'
0 — E g '-.'"{:
™
1000 — 2 ,4;7\
.-."-r'"m
20004 _'./
23000 T T : ,
0 200 400 600 8000
Mx

Figure 13. Checking load-bearing capacity using 3D
interaction surface.
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Com M* Angle Resultant | Check
(kNm) | (degree) M
1 352.8 51 386.1 Pass
2 418.1 45 395.8 Fail
3 248.6 31 174.3 Fail
4 541.7 40 542.4 Pass
5 621.3 45 594.0 Fail
6 667.9 60 815.7 Pass
7 612.8 45 776.6 Pass
8 592.2 39 720.9 Pass
9 681.4 43 664.9 Fail

As can be seen from Figure 14 and Table 3,
the two methods of checking load-bearing
capacity show identical results.
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4. CONCLUSIONS 2. C. D. Nguyen. Calculate the cross-section of
This study develops a program to generate 3D reznf?rced con.crete columns, Construction
interaction surfaces of rectangular reinforced Publisher, Hanoi, 2006.

concrete columns subjected to axial force and 3. B.Bresler. Design criteria for reinforced columns
biaxial bending. The method is explained in under axial load and biaxial bending, Journal of
detail, using non-linear deformation models and the American Concrete Institute, 1960, 481-490.
considering the buckling factor per Vietnamese 4. A.L.Parme,]. M. Nieves, A. Gouwens. Capacity
standard 5574: 2018. The program also includes of reinforced rectangular columns subject to
a module to evaluate the load-bearing capacity biaxial bending, ACI Journal, 1966, 63(9),
of the columns. 911-923.

The proposed method and program are 5. V. Mavichak, R. W. Furlong. Strength and
highly accurate compared to imported software stiffness of RC columns under biaxial bending,
such as ETABS and CSI-Col. The most Texas State 5 Department of Highways and
discrepancy is less than 7.2% for both square Public Transportation, Transportation Planning
and rectangular columns. In addition, 3D views Division, USA, 1976.
allow the program to check fast the column 6. T. Hsu. Analysis and design of square and
capacity subjected to various biaxial bending rectangular columns by equation of failure
and axial load cases based on TCVN 5574:2018. surface, ACI Structural Journal, 1988, 85(2),

A step-by-step procedure to calculate 167-179.
the coefficient of slenderness effect 7, , 7, was 7. V. H. Hung, D. X. Pham, H. T. Nguyen. Method
introduced. Two simple methods to check the to create interaction diagram and calculate
column capacity using 2D interaction diagrams amount of reinforcement for biaxial eccentric
is presented and incorporated into the proposed compression members, Conference on the
program. An example of cross-checking the 50" Anniversary of Establishment of Vietnam
results from 3D views and 2D diagrams was Institute for Building Science and Technology,
conducted and showed identical checking results. Hanoi, 2013.

The proposed program can be used for 8. L. T. Pham. Creating interactive diagrams for
further research, including investigating the reinforced concrete columns under eccentric
effects of initial conditions on the column compression in Excel, Vietnam Journal of

. . . Construction, 2018, 12, 8-12.
capacity, such as uncertainty of materials
properties, effective cover, work condition 9. H. P. P. Nguyen. Examining and evaluating
coefficients, stress-strain relationship, etc. practical - calculation methods of reinforced
However, there is a requirement for validating concrete column subjected to biaxial eccentric
the program using experiment results. compression, Master thesis, Ha Noi University

of Civil Engineering, 2007.
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TOM TAT

Quan 1y nhu ciu st dung dién ning (DSM) 1a mét trong nhiing thach thirc chinh ciia ludi dién néi chung
va lué6i dién théng minh noi riéng. N6 s& gop phan hd trg khach hang va don vi san xuét, kinh doanh sir dung dién
mot cach hiéu qua, tiét kiém thong qua cac giai phap phan b lai nhu cau phu tai gio cao diém, thap diém va binh
thuong. Bai bdo nay nghién ctru tmg dung phan mém SCADA Designer dé thiét ké chuong trinh diéu khién va
giam sat DSM cho m6t hé thng dién trong pham vi phong thi nghiém. M6 hinh thyc nghiém bao gom cac thiét
bi phan ctmg nhu: Dong co khong dong bo ba pha rd to 16ng soc, ddng co servo, tai dién tro, dong d6 do ludng va
cac thiét bi phu tr¢g khac dugc két ndi gia 1ap cho mo hinh phu tai hdn hop ciia khach hang st dung dién. Bai bao
da dua ra luu do thuat toan dé thiét ké chuong trinh phin mém biang SCADA Designer. Ngoai ra, d6 thi phu tai
cling dugc gia dinh boi viéc didu khién dong co servo nham thiét 1ap cac kich ban thi nghiém ky thuat DSM. Cac
truong hop thi nghiém thyc té dua trén hé thdng mo hinh da kiém chimg dugc hiéu qua lam viée ctia ki thuat DSM
trong bai bao nay, déng thoi nd con gbp phan giam cong suat cuc dai gid cao diém cua hé thdng dién, loai bé cac
dinh phu tai cta h¢ thong dién.

Tir khoa: Luci dién thong minh, quan Iy nhu cau sit dung dién, tiét kiém nang lwong, SCADA Designer:
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ABSTRACT

Demand side management (DSM) is one of the main challenges of general power systems and smart grids.
It plays a vital role in supporting customers and utilities to use electricity efficiently and economically through
techniques that redistribute peak, off-peak and normal load demand. This paper has studied the application of
SCADA Designer software to design a DSM controlling and monitoring program for an electrical system in our
laboratory. The experimental system includes hardware devices such as a three-phase asynchronous motor with
a squirrel cage rotor, a servo motor, a resistive load, a measurement meter and other auxiliary devices that are
connected to simulate a mixed load of electricity customers. The paper has developed an algorithm flowchart for
designing the software program using SCADA Designer. Additionally, the load profile is controlled by the servo
motor to establish various DSM operation scenarios. These scenarios based on the experimental system have
verified the working efficiency of the DSM technique in this paper, and it also contributes for reducing the peak

load of the power system.

Keywords: Smart grid, demand side management, energy saving, SCADA Designer.

1. INTRODUCTION

The economic and environmental challenges
posed by the use of fossil fuels have led to a
restructuring of the conventional power system.
As a result, future grids, known as smart grids,
incorporate newer types of digital and high-tech
devices that enable two-way communication
between the supply and demand sides. These
systems offer additional options, such asreal-time
monitoring, controlling and monitoring between
supply and demand, which enhance efficiency,
reduce energy consumption and improve system
reliability, thereby helping the power system
operate safely, flexibly and intelligently. These

*Corresponding author.

Email: ngominhkhoa@gnu.edu.vn

https://doi.org/10.52111/qn;js.2024.18508

benefits are achieved through the application
of various demand side management (DSM)
techniques.'?

DSM is a set of technical, technological,
economic, social and control solutions to use
electricity effectively and economically. DSM is
a part of the overall Supply Side Management
(SSM) and Demand Side Management (DSM)
programs. In previous years, to satisfy the
increasing energy demand, people were
interested in investing in the exploitation and
construction of new power plants. Nowadays, due
to the rapid development of electricity demand,
the amount of capital invested in the electricity
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industry has become a burden for countries.
In addition, the use of coal, oil, gas and other
resources in power plants is increasing, leading
to increasingly serious environmental pollution.
This has resulted in the DSM being recognized
as the cheapest and cleanest source of electricity
supply process.>* The DSM helps us to mitigate
the investment capital in building new power
plants, save resources, and reduce environmental
pollution. Besides, thanks to DSM, consumers
can also be provided with cheap and higher
quality electricity.

In fact, the results of DSM implementation
in countries worldwide have concluded that
the DSM can reduce more than 10% of energy
demand at a cost of only 0.3 to 0.5 of the costs
required to build power plants and networks to
meet the corresponding amount of electricity.
As a result, the DSM brings economic as well
as environmental benefits to the country, power
sectors and customers. The main objective of the
DSM is to reshape the load graph and regulate the
maximum and minimum daily demand profile to
make the most efficient use of energy sources to
relieve the need to build new power plants.® This
may result in the direction of energy using during
normal hours. Virtually all DSM programs aim
to maximize efficiency in order to avoid or slow
down the construction of new power plants.
In addition, other reasons for implementing
the DSM programs are social relationships,
environmental reasons and changing customers'
electricity habits both during peak and normal
hours to save energy.®

Inordertomanage, monitor, collectdataand
control the electrical system with the application
of the DSM techniques, the Supervisory Control
and Data Acquisition (SCADA) system is one of
the optimal solutions to be applied. The SCADA
system helps operators to monitor and control
the power system effectively, thereby making
accurate and timely control decisions. Besides,
the SCADA also contributes to improving the
reliability of the power system, optimizing
energy use, reducing power loss and operating
costs of the power system.”?

From the above issues, this paper focuses
on researching the application of SCADA
Designer software to design a DSM program
within the laboratory range. The hardware
structure is designed based on the laboratory
equipment including a three-phase squirrel cage
rotor asynchronous motor, a variable resistive
load, a servo motor, a power meter, etc. In
addition, the SCADA Designer software is
applied to design a system monitoring control
program based on the DSM technique. The
guide user interface (GUI) is designed to make
it easy for users to manipulate and monitor the
operation of the system in real time.

2. DSM AND SCADA
2.1. DSM programs in Vietnam

The national program on electricity Demand
Side Management (DSM) - brings great benefits,
of which a basic benefit is that the cost to change,
adjust to reduce or save 01 MW of power load
capacity during peak hours will be cheaper
than the cost to provide 01 MW of additional
power capacity by building new power plants or
mobilizing high-priced power sources and grid
infrastructure systems.’

Over the past decade, in the global
context, primary energy sources (coal, oil, gas)
have been increasingly depleted, in contrast
to the growing trend of energy consumption,
electricity consumption and climate change.
In order to ensure electricity supply security,
energy security and sustainable development,
in addition to paying attention to supply side
development, it is also necessary to pay attention
to the demand side. For that reason, Vietnam
focuses on building research and promoting the
DSM programs. Currently, the DSM programs
in Vietnam have gone through many stages
and have brought many practical results to the
power system.!® Since the implementation of
the DSM stages, the DSM program has mainly
implemented programs to change customers'
electricity use habits, including programs that
reduce electricity use, both during peak and
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normal hours, without specifically affecting
the quality of service provided to customers.
The DSM replaces old equipment with modern
equipment to provide services at the same (or
higher) level for electricity users (e.g., lighting,
heating, cooling, etc.) that consume less
electricity.''

The electricity using reduction programs
are implemented during peak hours in the power
system of a power company or a specific area
of the power transmission or distribution grid.
These programs consist of time-of-use pricing,
also known as Time of Use/TOU, and direct load
control. The programs that adjust electricity rates,
equipment cycles, or power outages in response
to changes in energy costs or energy sources can
provide flexibility in the shape of the load graph,
which can be achieved through instant pricing
and pro rata pricing of time spent on electricity.
Furthermore, breakable load schedules, live load
control, and other load management programs
may be included as long as they do not interfere
with peak load periods."?

The programs that change electricity rates,
equipment cycles, or power outages in response
to specific changes in energy costs or energy
sources can achieve flexibility in the shape of
the load graph. These include instant pricing
and pro rata pricing of time spent on electricity.
They may also include breakable load schedules,
live load control, and other load management
programs when these activities are not limited
by peak load periods."

Electricity load building programs
are designed to increase the use of electrical
equipment or shift electricity consumption from
peak hours to normal hours in order to increase
total electricity sales. These programs include
increasing electricity use during normal and off-

peak hours to help stabilize the system.
2.2. DSM techniques

The DSM programs bring many benefits
including electricity customers, electricity
suppliers, and society, but electricity customers

https://doi.org/10.52111/qn;js.2024.18508

will be the biggest ones. For electricity suppliers,
the benefits are to increase investment efficiency,
power supply reliability, power quality, optimize
supply and demand balance, reduce investment
pressure to upgrade new power sources and
expand the grid, and reduce production and
business costs.!* For customers, the benefits are
reducing electricity costs, being served with a
higher power quality, receiving certain supports
(depending on each specific DSM program),
increasing electricity efficiency, and improving
production and business efficiency. For society,
the advantage is to reduce the pressure of
increasing electricity prices, which contributes
to the development of a sustainable electricity
and energy sector, socio-economic stability,
and sustainable environmental development. In
order to bring about the above benefits, the DSM
program has applied the following techniques:
peak load reduction, power load adjustment,
off-peak load filling, strategic load growth, load
chart shifting, and efficient and economical use
of electricity.!>!° These techniques are shown
visually in Figure 1.

DSM
techniques

— Initial load curve
—— DSM load curve

v v v

0 t 0 t
) ( Valley filling ) ( Load shifting )

to
C Peak cutting

v v v
P Py 1 Py 4
to t| | to "t |t t

Flexible load Strategic load Effective and
adjustment growth economical use

Figure 1. DSM techniques.

Each DSM technique has different
advantages and disadvantages. We use the
corresponding techniques to bring the best
efficiency to customers, depending on the
characteristics of the load.*!s

This research model is mainly focused
on peak cutting and valley filling techniques as

86 | Quy Nhon University Journal of Science, 2024, 18(5), 83-93



QUY NHON UNIVERSITY

I SCIENCE

shown in Figure 2. To analyze the peak cutting
method, the initial load factor, the average
demand can be calculated using Equations (1)
and (2) from the load time curve.

Pavg
LF =29 (1)
Pmax
n
n o p.
P — =141 (2)
wIONELT,
CdzLF*Ce*ZT (3)

where LF is the load factor value; Payg is
the average capacity of the load; Ppax is the
maximum capacity of the load; » is the number
of loads; P; is the capacity of all types of loads
i=1,...,, n; T; is the time period for each type of
load t=1,..., 24; C,is the demand cost; C, is the
energy cost.

A

Power

Valley
l filling

»

Time

Figure 2. Load curve illustrating DSM program.
2.3. SCADA

SCADA is the process of collecting real-time
data from objects to process, perform, store,
analyse and potentially manipulate those
objects.>> A SCADA system can be divided into
two parts: a hardware system for data collection,
communication, control and operation, and a
software system for data storage, construction,
visualization, optimization, alarm management,
etc. A SCADA system is shown in Figure 3 and
has the following basic components:

- Remote Terminal Unit (RTU): the
RTU is to perform processing and control
tasks in real-time mode (There are two types
of real-time systems: hard real-time systems
and soft real-time systems). The RTUs range
from primitive sensors that collect information

from objects to multiprocessing machines that
process information and control it in real-time.
The use of a processor-enabled RTU reduces the
requirement for the speed of the transmission
channel in connection with the control center.

- Master Terminal Unit (MTU): the
MTU is a dispatch center that performs data
processing and control at a high level in real-
time mode. One of the basic functions of MTU
is to provide an interface between people and
observers of the system. The MTU can take
different forms, from a single computer with old
devices to a mainframe system including servers
and clients.

- Communication System (CS): the
communication channel is required to transmit
data from remote locations to the MTU and
transmit the control signal to the RTU.

SCADA HMI DMS OMS Historian
Enterprice To other

ﬁ ﬁ ﬁ ( Business Control
~ N N N

Systems Centers
I | |

o | &

Operator :

Workstations
? Front End - )
Q ‘ Processor icB S
N RTUs E

iCE EEIEEE iCE
Controller El___ #Gateway

Load Shedding
Automation
Protection Control

Data Acquisition
and Monitoring

Field Crews

Figure 3. SCADA system model.*?

At the first level of the SCADA system,
there are sections with monitoring and control
functions for each individual device. The most
common component in the power system is the
protection relays. When the equipment is in
trouble, these relays can completely calculate
and act on predetermined parameters without
communicating with the superior system. In
addition to the control function, the elements
of this level also have the function of collecting
data and parameters from the devices to send to
the servers at the station. In modern systems,
these elements are collectively referred to as
intelligent electronic devices (IDEs) that have
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different working principles and functions
but have the same communication standards,
allowing this IED to exchange information with
other IEDs in the same station (peer to peer) and
communicate with the server of the station. In
principle, failure of an IED in maintenance will
not affect other IEDs in the system.!®

The second level of the SCADA system
1s the Substation Server, with the main function
of collecting data from the IEDs managed by
it, stored in the database, serving the needs of
reading local data via HMIs (Human Machine
Interfaces).

The third level is the Control Center of
the whole system, which collects data from
Substation ~ Servers, performs calculation
functions to assess the state of the system,
forecast load demand, and performs important
control functions such as redistributing power
generation between factories and planning the

operation of the whole system.

Due to the large scale of the power
transmission system, the central control stations
can also be divided into levels - central control
center (Central Control Center or Central
Dispatching Center) and area control stations
(Area Control Center). Currently, people often
use the SCADA/EMS system.!’

3. EXPERIMENTAL SYSTEM
3.1. Hardware configuration

The experimental system within the laboratory
range includes some basic equipment such as a
power source, a power meter, a multifunctional
relay and loads such as resistive loads and motor
loads in addition to some other loads such as
capacitive loads, inductive loads, bulb loads.
The technical specifications of these devices are
shown in Table 1. Here we assume the motor
load is the critical load and continuous operation,
and the resistive load is the less critical load and
can be operated at any time. This model allows
us to simulate the typical process of energy
management through two techniques of bottom
lifting and peak cutting, thereby helping us

https://doi.org/10.52111/qn;js.2024.18508

understand the process of managing electricity
demand. The hardware equipment system
and the wiring diagram between the hardware

devices are shown in Figure 4 and Figure 5.
' e

Figure 4. Hardware configuration.

The system consists of two loads: the
static load is the resistive load and the dynamic
load is the three-phase asynchronous motor
of the squirrel cage rotor. In this system, the
critical load requires continuous operation and
the resistive load is a secondary load and less
important can be operated at any time. The system
operates through the SCADA Viewer software.
Here, we set the maximum total power value
and the minimum total power when running in
auto DSM mode, and then the system will run
according to a pre-programmed cycle. When the
maximum power value is set, the system will
cut the resistive load out of the system, leading
to a decrease in power and when the power is
less than the minimum value when set, the
system closes the static load into the cycle. The
bottom part is the interface of a simple electricity
demand management simulation program.

B

Figure 5. Wiring diagram of test system.
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Table 1. The technical specifications.

No. Device Technical
name specifications
1 Three-phase Siemens
power meter PAC4200
2 Servo omina = LA KW,
power U v = 390V,
tester L - .=33A
n=2000 rpm;
cosp =0.75
3 Three-phase i = L KW
asynchronous ominat — 3907690 V;
motor L, . =2112A;
n=2900 rpm;
cosp = 0.83
4 Resistive load P =1kW

3.2. Software program

The software program is designed based on the
algorithm flowchart as shown in Figure 6. This
flowchart consists of the following basic steps:

Step 1: Start

Step 2: Initialize the initial signal and
set the parameters of the system. In this step,
the program will take the input signals such as
voltage, frequency, current, and power from the
meters and also receive the initial set values such
as the total maximum power XPuqy, the total
minimum power 2Py, the load profile and other
set values from the SCADA control monitor.

Input signal and
setup signal

Loads are normally operated
according to their modes

Turn off
resistive
load

Control and monitor
on SCADA and
Data logger

Figure 6. Algorithm flowchart.

Step 3: Run the DSM technique. The
step of running the DSM technique is that the
program will check whether the DSM mode is
active or not. If the DSM mode does not work, the
program will return the wrong (NO) conditions,
then the loads will operate normally according to
the operating mode of each load and return the
data to the SCADA control monitor. Conversely,
when the DSM mode is activated, the program
returns the true (YES) condition and continues
to check the next condition.

Step 4: Check conditions in the DSM
mode. In this step, the program will check the
condition of the total load power (XP) with the
minimum total load power XP;,. If the total
load power is less than the total minimum load
power (2P < ZPyy) then the program will return
the true (YES) condition and turn on the resistive
load. In contrast, if the total load power is greater
than the total minimum load power (2P > 2Py,
the program will return the wrong (NO)
condition and continue to check the condition
of the total load power with the total maximum
load power (ZPuqy). Under this condition, if
the total load power is greater than the total
maximum power (ZP > XPpyy), the program
will return the true (YES) condition and turn off
the resistive load. Conversely, if the total load
power is less than the total maximum load power
(2P < ZPp14x), the program will return the wrong
(NO) condition and send a signal to the SCADA
monitor and controller, then continue to check
the original condition. In this step, when turning
off or turning on the resistive load, the regulator
returns the data to the SCADA control monitor.

Step 5: Stop.
3.3. GUI design

The SCADA Designer software is applied to
design the GUI of the SCADA program in this
paper. The SCADA Designer is a software with a
hardware key that is equipped in the laboratory to
assist in the design of controlling and monitoring
programs for electrical grids in the laboratory
range.'® The GUI is shown as Figure 7. It consists
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of the main parts numbered on the Figure 7 and
has the following basic function:

[o 1 53e 1
= [ e 11

——@— 0/0.00

Figure 7. SCADA program GUI.

Block 1 is the load adjustment operation
and the configuration of the limits. In this
block, the user can mainly set the minimum
and maximum load power (XPys, and ZPyy)
for the DSM operating mode. With this model,
we configure the XP)y,, value range to be 800W
and minimum and maximum load power must
strictly comply with the following conditions:

EPMin < z:PMax (4)

Our set values are visually represented on
the register and on a descriptive chart. The graph
clearly shows the limit values and also the power
difference AP.

Block 2 is the manual load control via
the load switches. The load blocks are used to
describe two typical loads of the model, motor
load and resistive load. Motor load is considered a
critical load of the system and has a predominant
operating time. The impedance load is the
secondary load, which is less important and is
turned on at any time during the operation of the
system. Here the resistive load can be replaced
by other types of loads such as lamp loads,
capacitive loads, etc. On the GUI, the load block
is operated in two automatic and manual modes
through emulator buttons on the interface.

Block 3 is to display the mode and the
operating status. The status block visually
represents the functions in operation.

Block 4 is the ramp gradient configuration
for the motor load. The ramp block allows
the motor load to operate according to the

https://doi.org/10.52111/qn;js.2024.18508

pre-setting curve with the established parameters.
This includes settings such as the torque, holding
time, and step. Thereby it is easy to observe the
load demand controlling process.

Block 5 shows the load level of the
dynamic load.

The data logger window in Figure 8
allows us to record the operation parameters
of the loads in the form of a profile so that we
can easily observe the operation in the different
modes. From there, it is easy to assess the
operating status of the system as well as the
power management process."”

Q, Logger - o x
File Settings View Chart
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Figure 8. Data logger logging window.

4. RESULTS AND DISCUSSION

The experimental results from the test system
are analysed and discussed in this section.
From these results, it can be seen how the
two techniques of peak cutting and bottom
lifting work in the process of power demand
management. When the system is operated in
the auto mode or DSM mode, it is easy to see
that when the total load power (AP) reaches
the maximum load power (XPyy), the resistive
load is turned off from the network and when
the total load power (2P) is reduced to the value
lower than the minimum load power (XPy,), the
resistive load is turned on. Thereby, in order to
stabilize the supply capacity and help the loads
operate most efficiently and optimally, thereby
helping to save economically for both the supply
side and the demand side. The two cases studied
in this paper are as follows:
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Case 1: Without DSM

In Case 1, the DSM technique is not
activated, the experimental results are shown in
Figure 9. The torque and total load power curves
in Figure 9c illustrate the motor torque and the
load power profile during three working cycles.
From this figure, it can be observed that the total
load power is operated according to a given curve,
with a peak load power of approximately 900 W
and a minimum load power of approximately
400 W. The difference between the peak and
valley load power is significant. Consequently,
in conjunction with the algorithm flowchart,
it can be deduced that when the DSM mode is
not activated, these loads operate independently
with their respective modes, resulting in a
large power difference. Simultaneously, when
examining the switching state chart of the loads
in Figures 9(a), (b) the SIO and SI1 switch states
remain at the constant value of 1 throughout the
operation period.

2

a)
1
=
wn
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-1 . . .
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17}
0_
-1 . . .
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0 . . .
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Figure 9. Experimental results without DSM: (a)
SIO contact state, (b) SI1 contact state, (c¢) Total load

power and the torque of the motor.
Case 2: With DSM

In Case 2, the DSM mode is activated,
the motor torque and total load power curves in
Figure 10c, this figure shows that the difference
between peak and valley load power is reduced
in this case compared with the first case. This
reduction is due to the application of the peak

cutting and valley filling techniques in the DSM
program. The program sets the total maximum
load power to 760 W and the total minimum
load power to 530 W, resulting in a difference of
230 W between these two values. The curve
clearly demonstrates this technique, as the load
power quickly decreases when the total load
power reaches 760 W, and increases again
when it falls below 530 W. This corresponds to
Step 4 of the algorithm flowchart. In this step,
the program checks the conditions of the DSM
mode and, upon detecting a decrease in total load
power to the minimum load power of 530 W, it
will turn on the resistive load. This causes the
power curve to increase again. When the graph
reaches the maximum total load power value of
760 W, the system will turn off the resistive load,
leading to a decrease in the curve. This process
is repeated throughout the operation of the
system, as shown in Figure 10c. Figures 10(a),
(b) depict the switching state of the loads. When
the DSM technique is applied, the SIO contact
continuously switches its status between 0 and 1,
due to continuous switching of the resistive
load during working cycles. The SI1 contact
is always maintained at the level 1, because it
represents a critical load. Therefore, the DSM
technique allows for flexible operations of the
load and reduces the large difference between
peak and valley load power, resulting in a flatter
aggregate load graph.

2
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Figure 10. Experimental results with DSM:
(a) SIO contact state, (b) SI1 contact state, (c) Total
load power and the torque of the motor.
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5. CONCLUSION

This paper applies SCADA Designer software to
design a program for demand side management
(DSM) technique.
calculation of energy saving solutions for
factories and enterprises to bring economic
efficiency to companies and avoid unnecessary
loss of electrical energy through the flexible
adjustment of load using SCADA. In addition,
the research results show that the application of
the SCADA program for energy management is
an inevitable trend. It helps the operation cycles
to communicate with each other, thereby creating
an energy ecosystem. Combining SCADA
with typical energy management measures
such as DSM not only benefits companies and
businesses but also reduces capacity demand,
saves electricity, and reduces CO, emissions.
This helps to mitigate the greenhouse effect.
Furthermore, it makes it easy to manage special
electricity consumption activities, which is
very important for energy management for the
national power system.

The article studies the
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ABSTRACT

In the context of Vietnam's rapidly growing tourism industry, supporting tourists in choice of attractions

that suit their personal interests has become very important. This paper studies the application of graph learning

in recommender systems, thereby building a travel recommender system, aiming to provide suggestions about

attractions based on user ratings. The recommender system is built on Graph Neural Network, specifically the

LightGCN algorithm, an advanced machine learning technique that allows learning features and relationships from

graph-structured data. We have tested the algorithm on three different datasets before applying it to the real system.

The system is being deployed and tested on the Internet.

Keywords: Recommender systems, recommendations, graph learning, graph neural networks, travel.

1. INTRODUCTION

With the advancement of information technology,
an increasing number of products and services
are being introduced to the digital space. As the
volume of available products and services grows,
users face significant challenges in selecting
the most suitable ones. On the other hand,
personalized recommendations, those based on
user profile information, can greatly enhance
the likelihood of selecting appropriate products.
Therefore, the application of recommender
systems (RSs) to provide appropriate suggestions
is very important.'-

To build recommender systems, one of
the emerging approaches being adopted is graph

*Corresponding author.

Email: vusonlam@gnu.edu.vn

https://doi.org/10.52111/qn;js.2024.18509

learning. Graphlearningisatechniquethatapplies
machine learning to graph-structured data.* This
is an emerging technique in the field of artificial
intelligence and has been developing rapidly in
recent years. In practice, the data collected and
provided to recommender systems can naturally
be represented in a graph structure. Specifically,
entities within the recommender system,
including users, items, attributes, and contexts,
are often tightly interconnected, either explicitly
or implicitly, forming either homogeneous or
heterogeneous graphs. Moreover, graph learning
has the capability to learn complex relationships.
In fact, many graph learning techniques have
been developed to understand relationships
modeled by graphs.”” Consequently, applying
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graph learning in recommender systems is one
of the research directions that is of interest and
urgency today.

In Vietnam, the tourism industry has seen
significantinvestment and robust growth in recent
years. Vietnam, with its numerous renowned
attractions (such as the ancient town of Hoi An,
Sapa, Ha Long Bay, Fansipan Mountain, and
more), is recognized internationally as an ideal
destination. Travel magazines consistently rank
Vietnam among the top attractive destinations,
showing the appeal of Vietnamese tourism.
Alongside the growth of the tourism industry,
choosing sightseeing spots to plan a trip has
become increasingly challenging. Travelers
often spend considerable time and effort reading
reviews on various attractions or consulting
friends for travel recommendations. This
necessitates the development of systems that can
recommend attractions to tourists based on their
preferences.

Based on these issues, we have conducted
research to develop a tourism recommender
system using graph learning. The system is
designed to provide recommendations for tourist
attractions based on user preference profiles.
This system is currently being tested online at
the following address: https://travel.fansis.vn.

2. RELATED WORKS

Recommendation systems are widely applied
across various domains, including online
shopping, news reading, travel, music, movie,
and social networking. These systems act
as information filters, suggesting products
or services that users might be interested in,
based on their behavior history or the matching
characteristics between products/services and
user profiles.

Among the many approaches to building
recommender systems, Graph Learning is
currently attracting significant attention. Graph
learning applies machine learning techniques
to graph-structured data and is rapidly
evolving.* In recent years, several graph-based

recommendation models have been proposed
and studied.>® The application of graph learning
to recommender systems can be categorized
into three main approaches: (i) Random Walk
Based Approaches.®® These methods explore the
graph by simulating random walks to generate
sequences of nodes, which are then used for
making recommendations. While effective in
capturing the connectivity within the graph,
these approaches are heuristic-based and lack
model parameters for optimization. (ii) Graph
Embedding Based Approaches.!*!* This method
is efficient for analyzing complex relationships
embedded in the graph. (iii) Graph Neural
Network Based Approaches.'*'® GNNs apply
neural network techniques to graph data. They
iteratively aggregate information from a node's
neighbors to learn representations. GNN-based
models have become increasingly popular due
to their ability to effectively model the intricate
dependencies in graph data, leading to significant
advancements in recommendation performance.
In Vietnam, a group of authors proposed using
GNN to build session-based recommendation
models.” Their model was evaluated using
common metrics in recommender systems,
such as Recall@20 and Mean Reciprocal Rank
(MRR)@20, demonstrating the effectiveness of
GNNs in capturing user preferences and making
accurate recommendations.

3. GRAPH LEARNING IN RS
3.1. Problem definition

The recommender system allows making
predictions about user preferences for products/
services, thereby suggesting items that users
might be interested in. With a graph learning
approach, the recommender system can be
modeled as a bipartite graph.® Here, each vertex
represents either a user or an item, meaning there
are two types of vertices: user vertices and item
vertices. Each edge connecting a user vertex to
an item vertex represents the interaction between
the user and the corresponding item. These
interactions can be views, purchases, ratings,
and more.

https://doi.org/10.52111/qnjs.2024.18509
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Formally, let U denote the set of users
and / denote the set of items. We construct
a graph G = (V, E) where V is the set of
vertices and £ is the set of edges representing
recorded interactions in history. In other words,
E={(ui| ueU,ié€l r(ui)# 0} where r(u,i)
denotes the interaction of user u € U with item
i € I. If the interaction is a rating given by user u
on item i, we can define u interacting with i when
u's rating on i is greater than a certain threshold
6 (where 0> 1).

The input to the RS is the set of interactions
between each user and item. The task of the RS
is to predict items that users may be interested
in the future. This can be viewed as a link
prediction problem in the bipartite graph G (as
illustrated in Figure 1). In other words, we need
to find a function f, such that f'(1,i) represents
the likelihood of interaction between user u# and
item .

Observed interactions

Users Items

Figure 1. Bipartite graphs represent interactions

between users and items.

3.2. The graph neural network approach

The Graph Neural Network (GNN) approach
is a method that applies neural networks to
data structured as graphs. GNNs leverages this
structure to learn features and relationships from
the data, offering better efficiency compared
to traditional methods. GNNs enables RS to
exploit the complex structure of the user-item
graph to uncover deeper hidden relationships.
For instance, a RS using GNNs can analyze
not only the interaction history of users but
also the relationships between items, this means
capturing collaborative signals from higher-order

https://doi.org/10.52111/qn;js.2024.18509

neighbors (multi-hop connections), thereby
providing more accurate recommendations to
each user.’

GNNs focus on learning representations
of nodes by propagating information from
neighboring nodes through multiple iterations
on the graph structure and aggregating it. This
is similar to the Convolutional Neural Network
(CNN) technique, with the key difference being
that CNNs operate on grid-like structures where
the number and order of neighbors are fixed,
whereas in GNNs, the number of neighbors is
determined by the historical interaction data.

3.3. Graph neural network architecture

The architecture of the GNN model consists of
four components (illustrated in Figure 2):2°%!

* Embeddings

* Graph Convolution

* Layer Combination

 Prediction

O 9(uy,is) Prediction
g
® 2 £
(I Je i CET ) LR (eI} g
(2) €1 €y ) =
[ [T Jew e, [ 1] H
9]
1 1
(T Je® Prmri<|| 5
, 3
=31 11=3
1=2 i i 1 [=2 =
=1} =1 £
-1 N 1-1 k]
€u1 1 654 ) g
Y ]
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H E‘
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€1 €, €3 e,(l2 J ei3 ) <]
(LT} [T]]  Embeddings
(0)
€y1 egg)

Figure 2. The process of learning representations and
predicting links (between node u, and i,) through the
GNN model architecture.

First, in the FEmbeddings component,
each user and item is represented by an initial

embedding vector el(LO), ego),respectively. Here,

el e RY, ¥ € R, where d is the dimension
of the initial embedding vector. These embedding
vectors are propagated through the interaction
graphto learn and generate the final representation
for each corresponding user and item (e, and e;).
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Next, in the Graph Convolution
component, features from neighboring nodes
are transmitted along edges to the active node
to aggregate and create a new representation for
that node. For example, consider the interaction
data illustrated in Figure 1, the corresponding
graph for the root node u, with an interaction
depth of 3, as shown in Figure 3. In the first layer,
the neighboring nodes of u, are i, i,, i, which
transmit their information and contributing to
the representation of node u,; similarly, this
process continues for the second and third layers.
Specifically, let e,V be the embedding vector
of node u at the (k + 1)-th layer. Then, eV is
constructed based on the following formula:

ed*V = AcGe, (e®:ienN (D)

Where,

* AGG is the aggregation function (for
instance, using a summation function).

ee® and e represent the initial
embedding vectors of user # and item i.

* ¢/Pand e denote the embedding vectors
of user u and item i after k layers of propagation.

* N, represents the set of items interacted
with by user u .

Each different specific algorithm in
the GNN approach will have a different
implementation. For example, in the NGCF
algorithm, e,V is specifically calculated as
follows:*

eg,kﬂ) —
1 2
o wel + Z (Wlegk) +W,(e® O eflk)))
( SAINJINTS '

eL(k+1) —

3)

o <W1e§k) + Z ! (Wle;k) + W, (e,ﬂk) ©) egk)))>
VNN
Where,
* W,, W,: are weight matrices.
e ¢ 1s the nonlinear activation function.

e (O: denotes the element-wise product.

Meanwhile, the LightGCN algorithm
simplifies this propagation function by removing
the nonlinear activation function ¢ and weight
matrices , W,, W, ! The formula for calculating
e and e in LightGCN is as follows:

(k+ 1) (k)
D T = @)

i €Ny

(k+1) z (k) )
u € N; V N ”N

Figure 3. Information propagation from neighboring
nodes to node u, with 3 layers of connections.

The next part of the GNN is Layer
Integration. After k layers, we combine the
embedding vectors from all layers to form
a single representation for the node under
consideration. Specifically:

« = COMBINE({e®, k = [0..K]} (6)

Here, COMBINE can be a concatenation
of vectors as used in the NGCF algorithm:
0 1 K
D el . .neld;

e, =e
(7
N e(K)

e;=e? e ..

Or it can be a summation, as in the
LightGCN algorithm:

With o, > 0 as a hyperparameter, it
represents the importance of the embedding
vector at the £-th layer in contributing to the final
embedding vector. In the LightGCN algorithm,

1
the authors set o = a1

Finally, we have the Link Prediction
component. Once the embeddings for each
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node have been established, the predicted link
V. between two nodes u and 7, can be simply
computed using the inner product:

Yui = ey )

The higher this result, the stronger the link
between « and i. Recommending items to user u
is done by calculating the link values between
u and various candidate items 7. These links are

then sorted, and the top-K strongest links are
selected for recommendation.

3.4. Model training

Using a loss function to optimize parameters in
the model. One popular loss function is BPR
(Bayesian Personalized Ranking) designed to
optimize the ranking of recommendations:*

L= - Ino (yui - yuj) + /1”9”2 (10)
(u,i,j)eD

In which,

o D: is the set of triples (v, i, j), where (i, i)
is the observed interaction of user u with item i,
while (i, j) is the interaction of user u# with item
j that is not observed.

e ¥, and ¥, : are the predicted values of
the strength of the connections between the pairs
(user, item): (v, i) and (u, j), computed by the
model.

e G: is the sigmoid function.

o O: are the parameters of the model. In
the LightGCN algorithm, these parameters are
the embedding vectors representing each user
and item at layer k= 0.

o \: is the regularization coefficient.

The BPR loss function encourages the
model to predict links so that items the users have
interacted with (e.g., viewed or rated highly) are
ranked higher than items they have not interacted
or disliked. Through the above calculation steps,
the model will adjust the parameters to minimize
the BPR loss function, thereby improving the
personalized ranking.

https://doi.org/10.52111/qn;js.2024.18509

4. TRAVEL RECOMMENDATION APPLICATION
4.1 System architecture

Our system is built using a layered architecture,
specifically consisting of four layers: the
Database layer, the RS (Recommendation
System) layer, the Service layer, and the
Application layer, as illustrated in Figure 4.

The Database layer provides data for
the system, comprising two types of data: (i)
Rating data for tourist attractions and (ii) Side
information, which includes detailed information
about the attractions (such as category, address,
images). In particular, the Rating data shows the
interest and satisfaction level (from 1-5 stars)
of tourists with the attractions. This is the basis
for building a prediction model, which helps in
generating suitable recommendations. These
data will be periodically extracted (e.g., every
3 days) from the application database, then they
will be stored (using Google Cloud Storage
service) to serve the recommender system.

Web General
Application Recommender

Application
Layer

Recommender Service Service Layer

User-based Recommender RS Layer
[T EEmEEmEmEmEmEmm——— 1
1 1
1 1
i i
: ! Database
! : Layer
e i
i Rating data ~ Side information i App|database

Periodic Data Extraction
(Tourist Attractions)

Figure 4. Architecture for the Travel Recommendation
Application.

The RS layer contains the Tourist
Attraction Recommendation Module. This layer
is responsible for building the prediction model
based on the collected rating data and generating
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a personalized list of recommendations for each
user based on their rating history. We will provide
detailed information on the implementation of
this module in the following section.

The Service layer creates Web APIs to
expose the functionalities of the recommender
system to various applications, allowing them
to call these APIs and present the results. The
primary purpose of this layer is to enable different
types of applications across various platforms
and technologies to utilize the recommender
system. We implement this module using Flask
(a framework for developing web applications
on Python) and deploy it on Google Cloud.

Finally, the Application layer includes
applications that interact with end-users and
present the results. Since this layer is built upon
the Service layer, these applications can be
deployed on various platforms such as Mobile,
Desktop, and Web. In this study, we implement a
Web application for testing, using Wordpress—a
powerful and widely-used Content Management
System (CMS). The General Recommender
module within the application provides
recommendations for users who are not logged
into the system or do not have profiles on the
system. This module recommends highly-rated
attractions to users based on simple statistical
methods. In the future, this component could be
enhanced to offer recommendations based on
seasonality, regions, and other factors.

4.2. Recommendation process & experiments

The User-based Recommender module in
the RS layer provides personalized attraction
recommendations for a specific user based on
their past rating history. In which:

o Input: User ID.

o Output: Top-K tourist attractions the user
may be interested in.

We propose a general process for
generating recommendations, as illustrated
in Figure 5. Specifically, it includes main

components such as: Data, Filter, Model
Training, Links Prediction & Ranking.

The Data component includes two types:
Rating Data and Side Information Data. The
Rating Data includes user ratings for various
attractions and is used to train the prediction
model. Meanwhile, the Side Information Data is
used to filter candidate attractions.

The Filter module is designed to
select candidate attractions from all available
attractions in the system based on user-specific
criteria. For example, it can filter attractions that
belong to categories such as spiritual tourism or
adventure tourism. However, within the scope
of this study, the module is implemented in a
simplified manner by including all attractions in
the system, except for those the user has already
interacted with, as input for the recommendation
process.

The Model Training module is responsible
for training the prediction model. The output
includes the trained model and the final
embeddings for each user and attraction. In this
study, we utilize the LightGCN?! algorithm for
model training and prediction.

Links Prediction & Ranking: This module
predicts the links between users and attractions,
followed by ranking them. Specifically, for each
attraction, the system predicts the strength of the
connection between the user and that attraction.
The attractions are then sorted in descending
order of connection strength, and the top-K
attractions with the highest connection strengths
are returned as recommendations.

One noteworthy point is that we do
not store the trained model. Instead, for link
prediction, we only save the final embeddings
of each wuser and attraction (Users/Items
embeddings) and compute the inner product
between these vectors. This approach simplifies
server processing since it eliminates the need to
reference libraries for loading the model.
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Figure 5. Recommendation process.

To evaluate the effectiveness of the
prediction model, we conducted experiments
on three datasets: MovieLens, Yelp2018,*' and
TripAdvisor?. Both Yelp2018 and TripAdvisor
are datasets about the tourism domain. Statistics
on the size of these datasets are described in
Table 1. Specifically, we used the MovieLens
dataset with 100,000 ratings, the Yelp2018 dataset
with 500,000 rating (we reduce the data size to fit
computational resources), and the TripAdvisor
dataset with 13,697 ratings for our experiments.
The datasets are divided into 2 parts, specifically,
75% for training and 25% for evaluation. The
metrics recall@20, ndcg@?20, and precision@20
were used to assess the model's performance.?*
The graph learning algorithm used in these
experiments is LightGCN. The initial embedding
size is set to 64. The model was optimized using
the Adam optimizer with a learning rate of
0.005.2° The number of propagation layers in the
graph was set to 3. Each batch size was 1,024,
and the model was trained for 100 epochs. We
utilized Google Colab (a cloud service provided
by Google, allowing writing and execution of
Python code through a web browser) to train the
model and to learn the embeddings for users and
attractions.

https://doi.org/10.52111/qn;js.2024.18509

Table 1. Experimental datasets.

Datasets Ratings # | Users# | Items#
MovieLens 100.000 943 1.682
Yelp2018 500.000 8.154 36.837
TripAdvisor 13.697 2.371 2.269

The training process to optimize the model
is illustrated through the training-loss curve in
Figure 6-8, corresponding to the MovieLens,
Yelp2018 and TripAdvisor data sets.

Movielens
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Figure 6. Training-loss curve on the MovieLens dataset.
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Figure 7. Training-loss curve on the Yelp2018 dataset.

TripAdvisor

Figure 8. Training-loss curve on the TripAdvisor

dataset.

Experimental results of the LightGCN
model on the datasets are shown in Table 2.
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Table 2. Experimental results of the LightGCN.

Metrics
Datasets
Recall Precision | NDCG
MovieLens 0,212395 | 0,386744 | 0,439850
Yelp2018 0,082281 | 0,052545 | 0,083219
TripAdvisor | 0,088338 | 0,005332 | 0,039634

Experimental results show that the
LightGCN algorithm works effectively, shown
through Recall, Precision, and NDCG metrics.
In particular, with the MovieLens data set, the
best results were obtained with Recall, Precision
and NDCG values of 21.2%, 38.7% and 44%,
respectively. For the other two datasets, the
results were similar: for the Yelp2018 dataset,
the results were 8.2%, 5.3%, and 8.3%; and for
the TripAdvisor dataset, the results were 8.8%,
0.5%, and 4%. LightGCN was evaluated to be
more effective compared to the NGCF algorithm
and other algorithms®*?'. In this study, we do
not aim to compare the LightGCN algorithm
with other algorithms, instead, we test the
algorithm with different data sets, to ensure that
it performs well before integrating it into the
travel recommendation application.

4.3. The web application

The web application is built on the WordPress
platform, providing a useful and convenient tool
for users to explore attractions. The application
serves two main types of users: administrators
and tourists. In particular, the administrator has
main functions such as: Managing attractions
(posting, editing articles...) and Managing
users; Meanwhile, tourists can search for
attractions by province/city, leave reviews about
their experiences with attractions, and view
recommendations based on their rating history.
If the user is not logged in, the system suggests
attractions with high average ratings.

As described in the previous section, this
Web application will connect to the Web API

to fetch recommended attractions for users.
Some images of the application are depicted in
Figure 9-11.

i Prosict P

Edit product

Phé C& Hi An

Figure 9. The function of Posting attractions.

TravelRS

‘.

Q Tim ki€ém dia diém..

Tinh thanh v

Figure 10. The function of searching attractions.

GOl Y CHO BAN

Bai tam Quy Nhon

Trung tam Mua roi nudc Bong Ho Hoan Kiem
1 Sen 4

3 Dia aiém fich s « Digm thu hgt khich
tham quan & thang canh

Figure 11. The function of suggesting attractions.

To validate the recommendation
functionality of the web application, we simulated
creating 3 users: u,, u, and u,. These users rated 5
tourist attractions (encoded as i, 7, ... i) out of a
total of 50 attractions in the system. To facilitate
the creation of visual graphs, we have encoded
users and attractions with their IDs. Specific
information about the attractions is given in
Table 3. The rating data is illustrated in Figure 1.
We plotted graphs (Figures 3, 12, and 13) with
the root nodes corresponding to each user to
find attractions the user might be interested in
through the connections in the graph.

https://doi.org/10.52111/qnjs.2024.18509
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Table 3. Information about some attractions.

Attraction . .
Attraction name Location
1D
i Hb Hoan Kiém Ha Noi
. Trung tim Mua rdi e
I, , R Ha Noi1
nudc Bong Sen
i Dén Ngoc Son Ha Néi
Iy Phé ¢6 Hoi An Quang Nam
i Bii tim Quy Nhon | Binh Dinh

Figure 12. Graph with 3 connection layers for root

vertex u,.

Figure 13. Graph with 3 connection layers for root
vertex us.

By visually analyzing these small graphs,
the attractions that should be suggested for each
user are identified and listed in 7able 4 below.
These are the leaf nodes on the graph, connected
to the root nodes (users) through intermediary
nodes.

Table 4. Attractions that should be suggested to each

user, derived from the graph analysis.

Following the recommendation process
described earlier, we learned the representations
for each user and attraction to calculate the
strength of the connections between them. The
predicted connection strengths are provided in
Table 5 below. Based on these results, we observe
that the constructed model accurately predicts
the attractions that users might be interested in.
Specifically:

e For u,, the two attractions with the
highest positive connection strengths are i, and i;.

e For u,, the two attractions with the
highest positive connection strengths are i; and 7.

o For u,, the two attractions with the highest
positive connection strengths are i,, 7, and i.

Table 5. Predicted connection strengths between
users and attractions.

User Attractions Predicted Links
u, I 4,399
u, s 3,109
P P A -1,567, -1,694, -1,699,
u, Iy g s Lygo -1,705, -1,713, -1,718,
I460 L1g -1,725,-1,726
U, I 4,378
u2 il 3,184
[ N I -1,640, -1,747, -1,752,
uZ i39 2 i33 2 i36 4 _1’7649 '197739 '197769
Lgs Iy -1,794, -1,797
Uy I, 3,669
Uy I 2,735
Uy s 2,697
il77i349i7> '173699 '134153 _194419
U, Ly Lgp s Lggo -1,442, -1,459, -1,466,
Iy -1,471

Attractions should be
Users
suggested
U, Iy, s
u, I3 1
Uy Iy, Iy, i

https://doi.org/10.52111/qn;js.2024.18509
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Thus, the web application has
demonstrated a travel recommender system
according to the proposed process described
earlier. Accordingly, for users who already have
a profile on the system, the application will
suggest attractions that they may be interested
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in based on their review history. Here, we only
created a very limited number of users and
attractions to illustrate the system's workflow.
Building a larger dataset can be undertaken
once the system is deployed in a real-world
operational environment.

5. CONCLUSION

In this paper, we have presented the application
of graph learning in a travel recommender
system. Specifically, we have illustrated the use
of the LightGCN algorithm in the Graph Neural
Network approach to model and process data in
the form of a bipartite graph. This method allows
the recommender system to exploit the complex
structure and hidden relationships between users
and attractions, thereby providing accurate
suggestions to users. At the same time, we also
tested the algorithm on three different data sets
to evaluate their effectiveness. Besides, we
have proposed the travel recommender system
application architecture. This architecture is
general, and based on that, we can build systems
with different recommendation algorithms, with
different technologies.

In the future, we plan to continue to
improve and expand the system. Specifically,
some future research directions include: (i)
Integrating contextual recommendation. We
aim to enhance the recommender system by
incorporating
example, the system could suggest tourist
attractions based on additional context such

contextual information. For

as the time to visit or the type of companions
(family, friends, solo travel). (ii) Exploration of
advanced machine learning techniques. We plan
to investigate and apply more advanced machine
learning techniques to optimize the system. (iii)
Enhancement of the web application. We intend
to further develop the web application by adding
more diverse information and functionalities.
This could include features like tour booking,
itinerary  planning,
accommodations (hotels, hostels) and dining
options (restaurants, cafes).

recommendations  for

In short, building a travel recommender
system is important and necessary, especially in
the context of the rapid growth of the tourism
industry in Vietnam. We hope that these research
results will be an important stepping stone to
developing more intelligent travel recommender
systems in the future.
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Nghién ctiu kha nang hap phu va tach loc carbon dioxide
cha véat liéu MIL-53(Cr) bang phudng phap

~
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TOM TAT

Nong d6 khi CO, dang tang rat nhanh de doa su néng 1én toan cau, canh bao dén méi trudng va strc khoe
ctia con ngudi. Do d6, viée lam giam hodc chuyén do6i CO, thanh cac hop chat co gia tri 1a hét sirc cap thiét. Trong
nhitng thap ky gan déy, viéc ing dung cac vat liéu c6 do xdp cao nhur vét liéu khung hitu co kim loai (MOF) dé
hép phu va tach loc khi CO, dang rét thu hut. Trong nhém MOF, vat liéu MIL, dién hinh 1a MIL-53(Cr) rét duoc
chu y voi kha nang hép phu va tach loc cao nho vao tinh 6n dinh nhiét, dién tich bé mat riéng rat 16n va chia cac
vi tri kim loai mé, v.v. Do vdy, nghién ctru ndy st dung chinh phuong phap mé phong Monte Carlo chinh tic 16n,
mot phuong phap mé phong phan tir ¢b dién, dé tinh lugng khi hip phu trong MIL-53(Cr) va lam sang té kha ning
hap phu CO, va tach loc CO,/H, & nhiét 4o phong va ap suat dudi 50 bar. Két qua chi ra kha nang hip phu CO, va
tach loc CO,/H, ctia MIL-53(Cr) dugc dénh gid cao. Cu thé, luong khi hép phu CO, tinh khiét trong MIL-53(Cr)
dat dén 9,18 mmol/g ¢ 298 K va 50 bar. B¢ tach loc CO,/H, lé6n nhét, Sco,m,max ciia MIL-53(Cr) dat 116 6 298 K.
Nghién ctru cling chi ra ty 1¢ mol CO,:H, gan nhu khong 1am thay doi gia tri Sco,m,max ma chi lam thay doi ap
suat dat Sco,m,may d0. Hon nira, viéc giam nhi¢t dg cling lam tdng dang k€ kha nang tach loc khi CO,/H,, cu thé
Sco,myma = 245 khi giam nhiét do dén 273 K.

Tir khéa: Hap phu CO,, bit giit CO,, tach loc CO,/H,, vét liéu MIL-53, mé phong cé dién.

*Tac gia lién hé chinh.
Email: nguyenthixuanhuynh@qnu.edu.vn
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ABSTRACT

Carbon dioxide (CO,) concentrations are increasing, threatening global warming limits and leading to an
alarming impact on the environment and human health. Therefore, reducing or converting CO, into high-value
chemicals is necessary. In recent decades, CO, capture and separation based on the adsorption of highly porous
materials, especially metal-organic framework (MOF) materials have become an issue of great interest. Among
MOFs, MIL material, notably MIL-53(Cr), has been a top concern for its noteworthy adsorption and separation
capacity due to its thermal stability, ultra-high specific surface, open metal sites, and more. Therefore, this work
mainly uses grand canonical Monte Carlo simulation, a classical molecular simulation method, to calculate the
amount of gas adsorbed in MIL-53(Cr) and study CO, adsorption and CO,/H, separation capacity in the mixture
of hydrogen (H,) and CO, at room temperatures and low pressures below 50 bar via adsorption isotherms. This
research explored the high CO, adsorption capacity and the impressive CO,/H, selectivity of MIL-53(Cr). For pure
CO,, the absolute CO, uptake in MIL-53(Cr) is 9.18 mmol/g at 298 K and 50 bar. Besides, the maximum CO,/H,
selectivity of MIL-53(Cr) is SCOZ/Hz(‘“aX) =116 at 298 K. Remarkably, the CO,/H, mole fraction has almost no effect
on the value of the maximum SO,/H, separation, Sco,m,max, but leads to the change of pressure reaching Sco,m, max)-
Furthermore, reducing the temperature significantly increases the separation capacity of CO,/H.; specifically,
SCOZ/HZ(maX) = 245 when the temperature drops to 273 K.

Keywords: CO, adsorption, CO, capture, CO,/H, selectivity, MIL-53 material, classical simulations.

1. INTRODUCTION To overcome those problems, the demands for

Fossil fuels are our primary energy source, and cl:lar.l enerey prodllllcnon, gas separatlon., allld
their consumption is increasingly uncontrollable. cfficient - storage have grown dramatlf:al Y
This problem has a significantly negative impact Tremendous - advances have been  achieved

on the environment and human health due to the
increasing amount of emissions such as CO,,
CO, NO_, and more, and causes severe energy
shortage issues. Furthermore, CO, capture, H,
purification, and CO, separation over H, are
significant in combustion plants and refineries.'?

*Corresponding author.

Email: nguyenthixuanhuynh@gqnu.edu.vn
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in both theory and experiments thanks to the
outstanding properties of porous materials.**

Metal-organic framework (MOF), a new
type of inorganic-organic hybrid porous material
with a periodic network, appears as a potential
technology.®” Since the early 1990s, MOFs have
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gained increasing attention, leading to more
MOFs that have been successfully synthesized
by experiments and proposed by simulation
methods. Researchers have successfully
synthesized about 100,000 MOFs through
experiments and have predicted over 500,000
structures by simulations or theories, but only
nearly 3,500 works related to MOFs have been
published.!o!!

MILs (Material Institute of Lavoisiers),
a class of MOFs, have gained recognition as
promising adsorbents for H, purification and
CO, capture thanks to unique properties such as
extraordinary chemical and thermal properties,
water stability, ultra-large specific surface areas,
high porosity, coordinately unsaturated or open
metal sites, and more.">"> In 2002, the first
MIL, published by Ferey and co-workers, was
the MIL-53 with M = chromium(IIT) (Cr**).!%7
MIL-53, obtained by the hydrothermal method,
has many potential applications because of its
good thermal stability and flexibility compared
to other MOFs.!'3!° Several works have displayed
that MIL-53 (Cr or Al) materials have superior
CO, capture*®** and high selective adsorption
for binary mixtures such as CO,/H,, CO,/CH,,
and CO,/N,."%#

Due to the potential of MIL-53, in this
work, we use the classical grand canonical
Monte Carlo (GCMC) simulation (a suitable
approach to simulate the equilibrium of the
physisorption of small molecules in porous
at well-defined pressure and temperature) to
study the capacities of CO, capture and CO,/H,
separation on MIL-53(Cr).

2. COMPUTATIONAL APPROACHES

GCMC simulations are carried out using the
RASPA software to calculate the gravimetric
amount of gases (CO, and H,) adsorbed in a
solid porous material, MIL-53(Cr),* at room
temperature and pressure up to 50 bar. The
GCMC simulations run up to 3.0 x 10° cycles
after an initial equilibration of 1.5 x 10* steps.

In order to obtain the simulation box
for GCMC, a unit cell of MIL-53 (including
20 hydrogen, 32 carbon, 20 oxygen, and 4
chromium) was optimized using the density
functional theory (DFT),* and then repeated
the unit cell to 2, 2, and 4 times for a, b, and ¢
lengths (a = 16.73 A, b =13.04 A, c = 6.81 A),
leading to L, = 33.46 A, L, = 26.08 A, and
L.=27.24 A, respectively (Figure 1).

Figure 1. The simulation box of MIL-53(Cr). Each

rectangular cube represents a unit cell.

The interactions between gases (CO,, H,)
and MIL-53(Cr) include (7) van der Waals (vdW)
interactions using the Lennard-Jones (L.J) model
and (ii) electrostatic interactions.

First, the LJ 12-6 repulsive and attractive
interactions between pairs of atoms of gases and
MIL-53 are presented by

12 6
;i ;i
Vi =4 {r—f] _ETUJ .M

herein, £; and o,are pair LI parameters, calculated
using the pair combining rule of Lorentz and
Berthelot,* in which o, and ¢, are taken from the
force fields for MOFs with universal force field
for metal (Cr) and DREIDING for other elements

https://doi.org/10.52111/qnjs.2024.18510
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of MIL-53 (H, C, O),” listed in Table 1. The cut-
off radius used for the vdW interaction is 16 A,
tested for reliability.

Second, electrostatic or Coulomb
interactions between pairs of atoms are as
follows:

elec qiqj
I/lj _kc_a (2)
T

where k. is the Coulomb constant and ¢; is the
partial point charge of atom i, calculated by
the DFT-based density-derived electrostatic
and chemical charges (Table 1 with the labeled
atoms as in Figure 2).”* Additionally, TraPPE
force fields are used for CO, and H, (Table 1).

The adsorption separation or selectivity
of CO, over H, (CO/H,) in their mixture is
calculated via the formula'

dco fico
Sco,m, = . : / ﬁ» 3)
2 2

where dco, and q,, are the amount of adsorbed
CO, and H, (mol/g) in MIL-53, respectively;
Mo, and n,, are mole fractions of the CO, and
H, components in the mixture, respectively. The
investigated molar fractions of CO,:H, includes

1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1.

Figure 2. The labeled atoms of MIL-53(Cr), where
hydrogen (H), carbon (C), oxygen (O), and chromium
(Cr) atoms are displayed by soft pink, brown, red, and
blue balls, successively.

Table 1. LJ parameters and partial atomic charges of MIL-53 and gases (H, and CO,).

Atoms elk, (K) o (nm) Partial point charges (e)

Cr 7.548 0.269 +1.581

H1 +0.414
7.649 0.285

H2 +0.100

Cl1 -0.077

C2 47.856 0.347 +0.636

C3 -0.033

01 -0.589
48.158 0.303

02 -0.938

C[CO,1” 27.000 0.280 +0.700

O [CO,” 79.000 0.305 -0.350

H oy [H]? 36.700 0.296 -0.936

H [H,J* - - +0.468
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3. RESULTS AND DISCUSSION
3.1. CO, adsorption of MIL-53(Cr)

Firstly, the absolute CO, adsorption capacity or
uptake is determined and compared with available
experimental data. The results (Figure 3) show
that the CO, uptake increases rapidly in the
pressure region below 5 bar, then increases
slightly with increasing pressure. The absolute
CO, uptake is 9.18 + 0.02 mmol/g or 403.70 +
0.88 mg/g at the maximum pressure of 50 bar
(blue solid line). However, the maximum
excess CO, uptake is 8.02 + 0.02 mmol/g or
387.23 £ 0.93 mg/g at the saturated pressure
of 30 bar (red dashed line). Our findings show
that the absolute amount of CO, adsorption on
MIL-53(Cr) is consistent with the available
data of Bourrelly et al., about 10 mmol/g at
30 bar and 304 K.2° Moreover, the obtained
CO, adsorption heat of MIL-53(Cr) is 30.04
kJ/mol, consistent with data of Bourrelly and
co-workers (about 32 kJ/mol).?** We also find
that, at 298 K, the absolute CO, adsorption
isotherm obtained from molecular simulations
(blue line with solid circles) also agrees well
with that of the Schneemann group (back open
circles for experimental data) (Figure 3).*!
These agreements between simulation and
experimental measures indicate the reliability
of the GCMC simulations.

At room temperature, MIL-53(Cr) is not
able to capture CO, as strongly as the most
highly evaluated MOFs available today, such
as MOF-200 (2400 mg/g at 50 bar), MOF-210
(2396 mg/g at 50 bar), MOF-117 (33.5 mmol/g),
MIL-100(Cr) (18 mmol/g), and more;'* however,
these results are comparable to the MIL-88
series (4.0 — 12.1 mmol/g), relatively well
recorded for CO, uptake with the isosteric
heat of adsorption of the MIL-88 series (31.8 —
34.9 kJ/mol).'

CO, uptake (mmol/g)

Absolute uptake (GCMC) —@—
2 Excess uptake (GCMC) -- @ --
Schneemann et al. (Experiment) ©

0 10 20 30 40 50
Pressure (bar)

Figure 3. The comparison of the absolute CO,

adsorption capacity on MIL-53(Cr) at 298 K between

GCMC simulation and experimental data.’!

Next, we study the co-adsorption capacity
of MIL-53 for H, and CO, in the binary mixture
at many different mole fractions (CO,:H, = 1:9,
2:8,3:7,4:6,5:5,6:4,7:3,8:2,9:1)at 298 K and
pressures below 50 bar (Figure 4 and Table 2).
At 298 K, our simulations also exhibit that
the uptake of CO, is much higher than that of
H,. This conclusion is reasonable because the
average adsorption heat of CO, (30.04 kJ/mol)
is more than two times higher than that of H,
(12.87 kJ/mol) in the low-pressure range. Indeed,
Figure 4 shows that MIL-53(Cr) adsorbs CO,
(9.16 — 6.26 mmol/g) superiorly than H,
(0.02 — 0.55 mmol/g) when the molar ratio of
CO,:H, changes from 1:9 — 9:1. The exciting
result is that the CO, uptake insignificantly
changes when the molar ratio of H, is less than
or equal to 60% in the mixture. For example, the
CO, uptake decreases from 9.18 mol/g for pure
CO, adsorption to 8.37 mmol/g for the case of
CO,:H, = 4:6 (40% CO, and 60% H,), making
an only 8.82% reduction compared to pure CO..
The presence of a high mole fraction of H, in
the mixture leads to a significant decrease in
CO, uptake of MIL-53(Cr). More specifically,
compared to pure CO, uptake (9.18 mmol/g),
the CO, uptake decreases by 12.64% to 8.02
mmol/g, 18.52% to 7.48 mmol/g, and 31.81%
to 6.26 mmol/g when the molar ratio of H, in

https://doi.org/10.52111/qnjs.2024.18510

Quy Nhon University Journal of Science, 2024, 18(5), 109-118 | 113



QUY NHON UNIVERSITY

I SCIENCE

the binary mixture occupies 70% (CO,:H, =
3:7), 80% (CO,:H, = 2:8), and 90% (CO,:H, =
1:9) (Table 2), respectively. These impressive
results demonstrate that MIL-53(Cr) has stable
and good selective adsorption for CO, over H, in
their binary mixture.

Table 2. The absolute CO, and H, uptakes of MIL-
53(Cr) with the different mole fractions of CO,:H,,

compared to pure CO, uptake at room temperature.

CcO Decrease in H

CO,:H, 2 . ?
uptake  comparison  uptake
mole-
. (50 bar)  to pure CO, (50 bar)
fraction
(%)
9.18 -
Pure €O, 16 (30 bary ]
9:1 9.16 0.22 0.02
8:2 9.08 1.09 0.04
7:3 8.95 2.51 0.06
6:4 8.80 4.14 0.09
5:5 8.61 6.21 0.12
4:6 8.37 8.82 0.16
3:7 8.02 12.64 0.22
2:8 7.48 18.52 0.32
1:9 6.26 31.81 0.55
10
8 -
@
E 6
&
£ L
g 4 2:8 —%— t
=) 3.7 —= 8:2 —w—
| 4:6 9:1 —»—
2 / 5:5 —=— pure CO, - * -
0 I T 131 Tt DTEIT It T nTL ITeT e THHT T e

0 - 10 20 30 40 50
Pressure (bar)

Figure 4. The CO, and H, co-adsorption isotherms
of MIL-53(Cr) at 298 K with different CO,:H, ratios
from 1:9 to 9:1. Solid and dot lines refer to the
adsorption amount of CO, and H, on MIL-53(Cr).
The black dashed line represents pure CO, adsorption
on MIL-53(Cr).

https://doi.org/10.52111/qn;js.2024.18510

3.2. CO,/H, separation of MIL-53(Cr)

From Figure Sa, it is evident that at 298 K,
the highest selectivity achieved for each
CO,:H, mole-fraction greatly depends on
pressure. Specifically, the CO,/H, selectivity
sharply increases at low pressure, peaks at
the maximum CO,/H, selectivity [Sco m,max]s
and then gradually decreases with pressure
to 50 bar. As a result, the maximum CO,/H,
selectivity varies for CO,:H, mole ratios, listed
in Column 3 of Table 3 (298 K). In addition, the
pressure corresponding to the maximum CO,/H,
selectivity decreases with an increase in CO,
mole fraction and a decrease in H, mole fraction.
More detail, the maximum selectivity Sco m max
= 107.87 at 25 bar for CO,:H, = 19, 114.30
at 15 bar for CO,:H, = 2:8, ..., and 118.25 at
5 bar for CO:H, = 9:1 (at 298 K of Table 3).
Surprisingly, the maximum CO,/H, selectivity
in MIL-53(Cr) remains nearly consistent
regardless of the change in the molar ratio
between CO, and H,, averaging Sco i, max = 116
at 298 K (pink line in Figure 6). This tendency
is similar to the case of MOF-5 and Cu-BTC
studied by experiments.’>* Remarkably, our
data also shows that the CO,/H, selectivity,
Sco,m, of MIL-53(Cr) is higher than that of many
previous MOFs, such as microporous silica
(3.5), activated carbon (45.0), zeolites Na-4A
(70.7), Cu-BTC (150 at 12.5 bar), MOF-5 (36
at 50 bar)*? and IR-MOF-n with n =9, 10...., 14
(<£100).*

Furthermore, our study delves into the
influence of temperature on the selectivity of
CO,/H, in MIL-53(Cr). To accomplish this, we
perform further investigation at temperatures of
273 K, 323 K, and 348 K surrounding 298 K,
visualized in Figures 5 b, ¢, and d, respectively.
Our results show the pressure with the maximal
value of Scom, decreases with the lowering
temperature (Figure 5 and Table 3). For instance,
at CO,:H, = 5:5, the maximum selectivities are
Scommay = 39.81 at 15 bar (348 K), 65.17 at
10 bar (323 K), 118.31 at 7.5 bar (298 K), and
246.43 at 2.5 bar (273 K). Figure 5 also shows
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that the peaks for CO,/H, separation broaden
as the temperature increases (Figure 5). The
maximum CO,/H, selectivity and the pressure
corresponding to different mole ratios at four
temperatures are listed in Table 3.

Similar to the case of 298 K discussed
above, the maximum Sco,u, values in MIL-53(Cr)
also remain constant with changes in the molar
ratio between CO, and H, at 273 K, 323 K, and
348 K. The average maximum selectivities are
245, 116, 64, and 39 at 273 K, 298 K, 323 K,
and 348 K, respectively (Figure 6). These
results indicate that decreasing temperature
significantly increases CO,/H, separation. More
importantly, for the maximum Sco,4,, when the
temperature drops from 348 K to 273 K, the
variation of CO,/H, separation dramatically
increases. Specifically, the maximum CO,/H,
selectivity increases 25, 53, and 128 when the
temperature drops from 348 K to 323 K, 323 K
to 298 K, and 298 K to 273 K, successively.
As reported in the literature, the gas adsorption

120 (a) 298 K
£ 90 [}
)
O
n
60 r
1:9 —=  4:6 7:3
28~ 5i5 ~W—~ {1 —8—
3.7 = 64 % O] —»
30 1 1 1 1 1
0 10 20 30 40 50

Pressure (bar)

(c)323K

E(\l
O(\l
&)
»n
30 b 19 = 46 7:3
2:8 —% 5.5 = 82 —»
3:7 —= 6:4 == O]
20 1 1 1 1
0 10 20 30 40 50

Pressure (bar)

capacity at different temperatures strongly
depends on the gas-MOF interactions.* At
higher temperatures, the reduction in CO,/H,
selectivity is attributed to the weaker interaction
between CO, and MIL-53, causing a remarkable
decrease in the CO, adsorption of MIL-53.
Conversely, the H, adsorption in MIL-53 is
minimal, so it remains largely unaffected by
changes in temperature compared to CO,.!
Therefore, the CO,/H, separation capacity
strongly depends on the temperatures. It should
also be noted that in order to gain insight into the
interactions between H,, CO, and MIL-53(Cr),
first-principles calculations are essential, and it
takes a long time to implement; therefore, we
will explore this issue further in future studies.

It can be concluded that to significantly
boost the CO, selective adsorption in the mixture
of CO, and H,, lowering the temperature is able
to achieve the desired CO,/H, separation at
appropriate pressures based on the determined
CO,:H, mole fraction.

250 . (b) 273K
200
g
g 150
%)
100 [ 1.9 = 46 7:3
2:8 %= 55 —»— 82 -
3:7 % 64 = O:] —= =
50 1 1 1 1 1
0 10 20 30 40 50
Pressure (bar)
45 + (d) 348 K

£
o)
@]
w
L 1.9 = 46 73
25 2:8 —#— 5:5 % 82 —w
37 = 64 % O] —=
20 1 1 1 1 1
0 10 20 30 40 50

Pressure (bar)

Figure 5. CO/H, selectivity of MIL-53(Cr) with different CO,/H, mole fractions at temperatures: (a) 298 K,

(b) 273 K, (c) 323 K, and (d) 348 K.
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Table 3. Maximum CO,/H, selectivity versus mole ratios of CO,/H, at 273 K, 298 K, 323 K, and 348 K.

CO,:H, 273 K 298 K 323 K 348 K
1:9 233.97 (15.0 bar) 107.87 (25.0 bar) 57.73 (40.0 bar) 35.27 (50.0 bar)
2:8 243.04 (7.5 bar) 114.30 (15.0 bar) 61.95 (30.0 bar) 37.82 (30.0 bar)
3:7 244.17 (5.0 bar) 116.68 (10.0 bar) 63.55 (20.0 bar) 38.75 (20.0 bar)
4:6 246.44 (5.0 bar) 117.30 (7.5 bar) 64.33 (15.0 bar) 39.54 (20.0 bar)
5:5 246.43 (2.5 bar) 118.31 (7.5 bar) 64.74 (10.0 bar) 39.81 (15.0 bar)
6:4 248.46 (2.5 bar) 118.34 (5.0 bar) 65.17 (10.0 bar) 39.95 (15.0 bar)
7:3 248.44 (2.5 bar) 118.96 (5.0 bar) 64.89 (7.5 bar) 40.02 (10.0 bar)
8:2 247.38 (2.5 bar) 116.78 (5.0 bar) 65.23 (7.5 bar) 40.04 (10.0 bar)
9:1 243.44 (2.5 bar) 118.25 (5.0 bar) 65.37 (5.0 bar) 40.02 (7.5 bar)
constant, but the pressure corresponding to
350 F° 273K = 33K —-— this maximal selective adsorption remarkably
300 F 298K —e— 348K —— decreases. Moreover, the temperature strongly
250 |, affects the separation capacity of CO, over H..

1 5 2.5 2.5) (2.3) (2.5) ¢ . . ..
€ 00 fus @ O © 4 Gihan Specifically, the maximum CO,/H, selectivity
c}? 150 + decreases from 116 to 245 with the decreasing
@5 15 (10 ¢35 035 6 O 8 .

100 o2 90— o—= temperature from 298 K to 273 K. This work
50 [$L1S gp ap ap 9 0D 03 Q evidences that reducing the temperature can
. (50) Goy @0 @9 (13 (15 (15) (10) 73) increase the selective adsorption efficiency of
1 2 3 4 5 6 7 8 9 CO,/H,. Additionally, adjusting the mole fraction
Mole fraction of CO, between hydrogen and carbon dioxide can help

Figure 6. Dependence of maximum CO,/H,
selectivity on the mole ratios of CO, at 273 K, 298 K,
323 K, and 348 K. The values in parentheses refer to
the pressure corresponding to the maximum CO,/H,
selectivity for each CO,:H, mole fraction.

4. CONCLUSIONS
This study obtained significant results:

- The CO, uptakes in MIL-53(Cr) are high
with the absence and presence of H,. The CO,
capture capacity insignificantly decreases when
the molar fraction of H, increases no more than
60%, i.e., decreasing from 9.18 mmol/g (pure
CO,) to 8.37 mmol/g (CO,:H, = 4:6) with 8.82%.

- The high CO,/H, selectivity is also
clucidated at various molar fractions of CO,:H,
and different temperatures (273 K, 298 K, 323 K,
and 348 K). The results exhibit that when the CO,
mole-fraction in the binary mixture increases,
the maximum CO,/H, selectivity remains nearly

https://doi.org/10.52111/qn;js.2024.18510

achieve the CO /H, selectivity at low pressure.
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