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In this article, we developed a system for *r':"‘ﬂ]”;q'
driver drowsiness and warning they, aiming 10 _lm"-“"”'
applications on cars to minimize the risk of accidents
caused by sleepy drivers. Through the detechion
method. calculate the ratio of fucial faces directly from
the webcam installation system to receive the image ol
the driver's face to the Raspberry embedded computer
to process images and make decisions play or not give
warning. In particular, the article focuses on: Detecting
and identifying faces from webcams. The face detection
method s proposed using HOG and SVM  linear
classifier [1]. Method of determining the position of
landmarks on the face using the facial landmark
identifier of dlib with the iBUG 300-W facial feature
data set f-"]|-3”—1||‘7~| The Warning measures used in this
design include: sound warning (whistle}; tactile
{(vibrating system); brake system: emergency light
system. Function to maintain alertness with blue LEDs
[6]. Store images of driver drowsiness and sent to the
monitoring center via email. :

I'mong bai bio nay, chung 151 phat trién moi hé thong
phat hién ngu gat va canh bao 13 xé, hudmg tan mue tién
ung |._11_m;-;_1;|'ﬁn cdc 616 dé oidm thiéu nguy co tai nan do
lai x¢ buin ngi gdy ra, Thong qua phuomg phap phit
hién, tinh todn 6 1& cic b0 phin trén khudn mat theo
thoi gian thye. Hinh anh khuén mdt tai xé duge thu
nhin théng qua webcam sau d6 dua vé may tinh nhing
dé xr ly va dua ra quyét dinh phat hay khong phat canh
bao. Trong d6, hai bdo tip trung ¢hinh vao: Phdt hién
cac biey hién thi¢u tap trung, mét mai, ngu gdt va canh
bao @i xé. Cach thir phit hién ducc dé xudt 1a ph
hi¢n va dinh diau cac mde khuén mit trén hinh anh
nhian duce tr webcam tir d6 tinh todn ti 1€ ¢cia mat,
mi¢ng. Phrong phap phat hién khudn mat duge de it
co su dung cic dac rimg HOG va bg phan ldp tuyén
tinh SWM [1]. Phuong phap xde dinh vi tri edc mée trén
khudn mat sir dyung b xic dinh facial landmark cia dlik
viri bd diF lidu vé mée dic trumg trén khudn mat iBUG
300-W[2][3][4][5]... Céc bign phip canh bio duoge sir
dung trong thiét ké nay gom: canh bdo bing dm thanh
{coi); xuc pgidc (hé thang rung): hé 1]1:‘1ng phanh; hé
thang den khén cap. Chire ning duy tri sur tinh tio hing
den led xanh dwong [6]. Luru tri hinh anh i xé ngu gt
Vi g ve trung tam gidm st thong qua email,

TBS.3 10:45 — 11:00 hrs [ ]
IP105] Applying Dual Comimand in Optimizing Ware-
house Operation.
Fucin Newven Minh, Long Le Naoe Bao, Duy Anh Newven
fochiming Ciry Univ, i Technology, VNU-HCM
Emanl: duyvanhnguveniabemu, edu vn

storage [ocation assignment and path planning are
the core of warchouse operation, This PEPEr proposes
imnovations for both aspects, llems will be assigned to
based on FSN analysis and utilized the
suitable path, Storage and retrieval (S/R) cycle is also
considered, instead of using single command SR cyele,
command 5/R cycle is applied 1o reduce the travel
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istance of AGVS. In this paper, the EnVironmen, of
el . is described by a semantic map, |p .
'.’l:-'ilr-Er'IL"'!l:"l- q;;:|rmr1ti-r |abels are ﬁ.*-.'-.i_l_','i-u-.l Lo EVErY nla ,'
-“'"r'fL”“”“In' sive us a thorough observation 2
"""lf":!11”£;2d T’“th plmminf_}.‘ The rr:f.u_lr i*-.. reducing i,
s m“d'-.nnut and the traffic congestion in wareh, 50
c--i;hlﬂr. the simulation shows the position of t'.wl-;
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hop mai cia nha may i__lh'f?‘t {?"r'” _'ilj;i"[ L ‘L‘”_':' 160 Muc tig,
bam lugng dit cong sudl va tich th.il‘ﬂ_ ”flllgﬂf leu

Quality evalution of a new coordinated Control
chustare of coal-fired ”.Hl_r.l]'lg"li power plants with e
objective of tracking serp{ur‘}[ power fmd saving Tuel.
Phant Thi ,."._-.'-""', Rier Oucic Khanh', Pham Vin Long”
Tren Hai Long' : _ e :

'O Bach Khoa Ha Noi, "BH Giao thong van ta
Email: prlvdkiauic.eduvn (e :

The paper presents ;]l]ﬂ]}'fclﬁ :_:E structure of boiler-
turbine coordinated control of Hai Phong thermal power
plant, comparison its similarities and -;ii!r_a:rurtcc&c._ its
structural advantages and disadvantages with the new
boiler-turbine coordinated control structure  that was
designed by authors. Next, the simulation Iiu_r both the
plant structure and the new .«;lrur!tlre_a-:_‘l:c'-rd;n_:__- 1o the
targets of following setpoint and fuel saving Both
structures use data collected from Hai Phong thermal
power plant to simulate. The simulation results show
that the new coordinated control structure has more
advantages than control structure of the plant about 1l
largets of following power setpoint and consuming less
fuel. as well as simple structure, casy operation and
adjustment,

NI dung bai bao thuc hién viée phin tich cau tric
dicu khién phoi hop 10 hoi-tuabin cna nha mdy nhiét
dién Hai Phong. Sau do. thuc hién viée so sdnh nhimg
‘I"';-:"“ giong va khac nhau, nhirmg uu, nhuee didm ciu
lrl{"? "5";" "f’i cau tric dieu khién phoi hop 16 hoi-tuabin
mai ma no di duge thiét ké boi dé tai. Liép theo, thyc
h'_-':" vigc md phong cho ca hai ciu trie coa nha mdy vi
cau tnic mai di duge d& xudt theo chi tisy bam lrong
Sf_‘i_[ J‘;z L}Ifliluklrﬁja‘n nl};ien liu. Ca hai cdu trie déu sit dung
BT R 5 r;m: uhlg _;ma;.' ;nlwfl d len Hai Phang Jx
i Kidn phii o et 14 8 phong cho hiy.
1o Qi ke nh.;pl TI:.'ET_I C.}ﬂ bu }hcn} I|c{|'| SO Vi cdl
liong bam luong da 1w-J:é: ..1" Lhm} .uat_1:-1.: E.Jfl tieu cha
thier ké co cay lrEc n.}im cT'.“L“ Ibun” HEHD“ ligu lw."' 2
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Rai bhdo dé KUt |1hlm11" phip thiét ké hé '[h-:_‘lnl_ diéu
chinh mire nude trong noi hoi. He thong diéu khién e
rong noi hoi duge sir dung rgng rdi trong cdc hé lhnrl'-'

nang lugng va cong nghiép. Yéu cau coa he thing dien
L‘w.ll i dua noi hoi dén nhiét dé s6i va duy tri mic vai
théng s0 luong hoi Khdng dai. Heé 'Ihnn-- dieu khign deé
xuat sir dung b dieu khién PID vdi cac thong so duge
toi wru hoa sir dung phuong phdp cross-entropy. K.ét quia
dat dupe dd chimg minh wm diém cla phuong phap
cross-cntropy, ndng cao chat heemg diéu khién.

L}{'ﬂ:l;ﬂ ol a Lnn[lnl system tor n:;__',u]n.nnu of water
level in a boiler drum is developed in this paper. Drum
level control systems are used extensively in heat power
engineering and industrial process. The purpose of the
control system is to bring the drum up to level at boiler
point and maintain the level at constant steam load. The
proposed control system is designed with a PID
controller which is optmized by cross-cntropy method.
I'he received results showed advantages of the cross-
entropy method in quality improvement of the designed
control system
TB5.6 11:30 - 11:45 hrs =]
[P68] Thue nghigm dicu khién phi tuyén cho thict bj
phan img co khudy trén lién tye CSTR.

Nonlinear control experimental for a Continuous stirred

tank reactor.
Mai Thi Doan Thanh® Dodin Quang Vinh™
-’Jr.nlmr quﬂ.fr‘;‘ nehé Pda Ndng

Dat hoc Bach Khoa-Dai hoc Pa

rmail: maithidoanthanh vl r,-”m, Com

I'hiét bj phan (mg cd ki uay trgn lién tuc (CSTR-
Continuous Stirred Tank Reactor) gém cdc chudi thiét
bj phan img noi tiep nhau (4-10 thiet bj) dwoe dung phd
bién vi nd co nang suat cao, tuy nhién dic tinh dong hoc
qua trinh cia CSTR 14 hé da bien phi tuyén tac dong
xen kénh. Trong nhimg ndm gin diy co nhiéu cong
triinh nghién ciru diéu khién phi tuyén cho CSTR. tuy
nhién, da phan cac thuait diéu khién NMPC chua chi ra
dugre kha ndng img dung cai dit vio cac bo dicu khién
trong cong n*-hu:p Bai bdo trinh bay md hinh CSTR
thuy phin anhydride acetic va thuc nghiém theo diéu
khién PID va NMPC sir dung bé dicu khién cong
nghiép AC B00M cia hidng ABB nhdm danh gia kha
ndng trién khai vio san xut,

N

Continuous Stirred Tank Reactor (CSTR) consists of

series of continuous reactive devices (4-10 devices) that
are commonly used because of their high productivity,
but process dynamic characteristics of CSTR is a
nonlinear multivariate system that interacts with
channels. In recent years there have been many
nonlinear control studies for CSTR, however most
NMPC control algorithms have not yet shown the
ability to istall applications into industrial controllers.
[his paper presenis the model of CSTR acetic
l”'*-JIIdL hydrolysis and pr-._rllm,nul according to
PID and NMPC control using S00M industrial

CCA-2019
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controller of ABB company to evaluate (he deplovment
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capability in production.
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may dién, hé
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PGS. TS Lé Tong
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[P31] Ung dung Matlab/Simulink 1dp trinh €2000 diéy
khién déng co PMSM bing giai thuit FOC.

Application of Matlab/Simulink programmed C2000
to control PMSM motor by FOC algorithm.

Neuven Ticn Dar', Cao Vn .‘Lrur Ha Pham [ Anly’
DH Beich Khoa ."]'.lru"{.-l'{.r TPHCM, DH Cane Nehi ",
DH Bdch Khoa BHOG TPHCM

Email: hphanliahemut.eduvn

Fhis report applied the familiar programming
environ-ment  Matlab/Simulink program  C20(K)
micropro-cessor o control PMSM engine by FOC
algorithm. [n order to program C2000 processor directly
from Matlab/ Simulink we need to install some
important software and set up hardware for facilitating
retrieval of feedback signals and output of control
signals. For embedded programming, the simulation
program will be converted into embedded program for
C2000 microprocessor on Matlab/Simulink with just a
few steps (o change the simulation program into the
peripheral blocks of C2000 installed in Matlab/ Simulink.
I'he simulation program and experimental system gave the
same results. With embedded programming capabilities
integrated into Matlab/ Simulink. all barmmiers to the
application of complex control algorithms to an embedded
system have been removed.,

Bar biao cao img dung mai truémng i4|1 trinh quen
thuge |4 Matlab Simulink dé lip trinh vi xtr Iy C 2000
diéu khién dong ca PMSM bing oiai thudt FOC.Dé co
the 1dp trinh vi xir Iy C2000 truc tiep tr Matlaby
Simulink ta n.:m phai cai dit cac plmn mém quan trong
vi thiet dat phin cimg phi hop, tao thudn Igi cho viée
]M lin |1|l..l] hn-l I|L‘|:| VA MuAL tin |-||“|. dIL‘LJ khién. Va |'l|‘lcll'l
lap trinh nhing ., chuong trinh mé phong se duge
chuyén déi thanh chuong trinh IIlH.tHl_L cho vi xir ly ngay
trén Matlab/Simulink chi véi mét vai bude thay doi
chuong trinh mé phang bing cac khdi ngoai vi cua
C2000 duge cai dit trong Matlab/Simulink. Chuong
Lrinh mdé phu.unL va he 1_|'|{1|'|r! thue nghiém cho két qua
siong nhau, Vi kha nang |-:!J_'| trinh nhmw durgre tich | hop
VAD P'"‘*'-'.hh 'h"“”-u'”il- I'ﬂm a0 can ve |_|T|_'-T |__1=||='|‘1-:l Cac -.l| A1
thuat {!IE‘L.I khién phirc tap vao mot hé [|'|L'-Il" nhing 43
duoe pha bo.

1o

TB6.2 13:45 — 14:00 hrs |
|F’1'-"| Biéu khién trugpt thich nghi triét tiéu trang thai
hon loan cua hé truven dong len" ddng bd xoay chiéu
ba pha diéu khién tra theo tir ll'h_mu roLor.
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Design of Control System for Regulation of Water Level in a Boiler Drum

Nguyen Hoa Lu?, Dang Thai Son?, Le Van Chuong?, Ho Sy Phuong?,
Ta Hung Cuong?, Duong Dinh Tu?, Phan Van Du?, Mai The Anh'*

Vinh University, Nghean, Vietnam
*Email: theanh@vinhuni.edu.vn

Tém tit

Bai bao dé xuat phuong phap thiét ké hé thong didu chinh muc nudc trong ndi hoi. Hé théng diéu khién murc
trong noi hoi dugc str dung rong réi trong cac hé thong ning lwong va cong nghiép. Yéu cau cua hé thong diéu
khlen 1a dua ndi hoi dén nhiét do s6i va duy tri murc vo6i thong sO ludng hoi khong doi. Hé théng diéu khién dé
xudt sir dung bo diéu khién PID véi cac thong sé dwoc tdi wu hoa st dung phuong phap cross-entropy. Két qua
dat dwoc da chimg minh wu diém ciia phuong phap cross-entropy, nang cao chat lwong diéu khién.

Keywords

Boiler drum, water level control, PID control, Cross-Entropy.

Abstract

Design of a control system for regulation of water
level in a boiler drum is developed in this paper.
Drum level control systems are used extensively in
heat power engineering and industrial process. The
purpose of the control system is to bring the drum up
to level at boiler point and maintain the level at
constant steam load. The proposed control system is
designed with a PID controller which is optimized by
cross-entropy method. The received results showed
advantages of the cross-entropy method in quality
improvement of the designed control system.

Nomenclature

Notation Unit Expression

W, (s) Transfer  function of
boiler drum

Kp, Ki, Kd Parameters of a PID
controller

H Sample mean

o’ Sample variance

a, fp smoothing update
parameters

N etre Best performing samples

Acronym

PID Proportional-Integral-Derivative

pdf probability density function

IMC Internal Model Control

FLC Fuzzy Logic Controller

CE Cross-Entropy
ITAE Integral Time Absolute Error

1. Introduction
Drum Level Control Systems are used extensively in
the process industries, in the utilities to control the

level of boiling water contained in boiler drums on
process plant, and it help provide a constant supply of
steam. The purpose of the drum level controller is to
bring the drum up to level at boiler start-up and
maintain the level at constant steam load [1]. All
boilers require feedwater flow control to supplement
for the steam that leaves the boiler. Most boiler
designs use a steam drum where the feedwater flow
enters the boiler and the steam leaves. The water level
in the drum must be maintained to provide responsive
and stable control of the steam flow to prevent
equipment damage. To maintain drum level, the
feedwater flow into the drum must equal the flow of
steam out on mass basis. Therefore, boiler load
changes, which change the steam flow and require the
feedwater flow be changed to control and maintain the
drum level. If the drum level drops too low, the boiler
can suffer thermal stress damage. If the level gets too
high, steam leaving the drum may carry some water
particles along, which can cause damage to turbines
or other steam users. Finally, oscillation in drum level
cause effects on the boiler combustion controls which
can carry out unstable boiler control resulting and
dangerous operation. Boiler drum water level control
is critical to secure operation of the boiler and the
steam turbine.

Boiler drum is one of the typical systems which have
high non-linearities, time-varying response, and a
transportation lag. Various controlling mechanism are
used to control the boiler system so that it works
properly. Conventionally, such a system has been
controlled in the past using control methods, such as
PID controllers [2, 3], IMC theory [4], fuzzy logic
controller (FLC) [5].

A PID controller is a general feedback control loop
mechanism widely used in industrial process control
systems. Design of the PID controller using Ziegler—
Nichols and Tyreus-Luyben methods for control of
water level in a boiler drum is implemented in [6], but


mailto:theanh@vinhuni.edu.vn
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quality metrics of transient processes in the system
are not really good. Therefore, parameters of
controller are required to optimize and improve the
performance of drum level control system.

A Macroscopic optimization using the cross-entropy
method is a general Monte Carlo approach to
combinatorial and  continuous  multi-extremal
optimization and importance sampling. This method
was motivated by an adaptive algorithm for
estimating probabilities or rare events in complex
stochastic network [7], which involves variance
minimization. A simple modification of the initial
algorithm allows applying it to solve difficult
combinatorial optimization problems [8]. In [9] the
CE method was used to optimize the parameters of a
Fuzzy-PD controller for stability regulation of a two-
wheeled self-balancing robot. In this paper, the CE
method is proposed to optimize the parameters of a
PID controller for control of water level in a boiler
drum.

2. System description

2.1 Drum level control system

Boiler drum level control is critical for the protection
of plant and safety of equipment. Typically, there are
three strategies used to control drum level. With each
successive strategy, a refinement of the previous
control strategy has been taken place. For extent of
the load change requirements, the control strategy
depends on the measurement and control equipment.
In the paper, three-element drum level control is
considered (Fig. 1). This control system is ideally
suited where a boiler plant consists of multiple boilers
and multiple feed water pumps or feed water valve
has variation in pressure or flow. It requires the
measurement of drum level, steam flow rate, feed
water flow rate and feed water control valve.
Mathematical model of the system can be described
by the transfer function [1,6]:

0.25-0.25s

W, (S) = ——2 =290
o©) 0.3s° +2.1552 +5

Three Element
Module €

Fig. 1 Three element boiler drum level control.

The block diagram of typical drum level control
system using the PID controller is shown in Fig. 2

VCCA-2019

r e u y

ﬁj’o— PID W,

o(s)
Fig. 2 Structure of control system with PID controller.

2.2 PID controller

PID controllers are widely used in industrial control
systems. Even complex industrial control systems
may consist a control network which is constructed
from PID control modules. The PID controller
separately calculates the three parameters i.e. the
proportional, the integral, the derivative values. The
proportional value determines the reaction to the
current error. The integral value carries out the
reaction based on the sum of recent errors as the past
error. The derivative value defines the reaction based
on the rate at which the error has been changing as a
future error. By tuning these three constants in the
PID controller algorithm, the controller can provide
control action designed for specific process control
requirements.

2.3 Cross-Entropy method

The factors (Kp, Kd, Ki) of the PID controller are
designed using cross-entropy optimization method.
This approach is based on a population and simulation
optimization [10]. The CE algorithm generates a set
of N PID controllers x=(Kp, Kd, Ki) with
9(x,0) = (9(Kp,v), g(Kd,v), g(Ki,v)) and
calculates the cost function value for each controller.
Then updates g(x,0) using a set of the best
controllers. This set of controllers is defined with the
parameter N®*®. The process finish when the
minimum value of the cost function or the maximum
number of iterations is reached, as is shown in the
Algorithm 1.

Algorithm 1. Cross-Entropy algorithm for PID
controller optimization

1. Initialize t=0 and o(t) =0(0);

2. Generate a sample of N
Qi from 90O
X = (Kp,, Kd;, Ki;)

3. Compute #(% (1) and order By Py
from smallest 1 =1 to biggest J=N et
the N first controllers 7® = AN™1,

4. Update v(t)

controllers:

being each

with

v(t+1) =arg, minﬁ

N elite

Z; Lzt prn - NG X; (1), 0(1)
]:
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5. Repeat from step 2 until convergence or
ending criterion
6. Assume that convergence is reached at

t=t", an optimal value for ¢ can be
obtained from g(.,o(t)") .

For this work the Normal (Gaussian) distribution was
selected. The mean x and the variance o are

estimated for each iteration h=1,2,... parameters
elite

(Kp, Kd, Ki) as i, :ZNT‘I:E and
j=1

lit _ 2
52 _EIe(th lujh)
th — Nelite
j=1

. In order to obtain a smooth

update of the mean and the variance we use a set of
parameters (8,a,n), where o is a constant value

used for the mean, 7 is a variable value which is

applied to the variance to avert the occurrences of 0[s]
and 1[s], g is constant value which modify the value

of n(t) .
() =ﬂ—ﬂ[1—%j

at) = a.p(t) + (1-a).at-1)
&(t) = n(t).6 +(1-7).6(t-1) @

The values of the smoothing update parameter are
04<x<09and04<£<09. In order to an

optimized controller the Integral Time Absolute Error
criterion (ITAE) could be chosen. The block diagram
of the control loop during the optimization process is
shown in Fig. 3

ITAE —+ CE
Kp [Ki |[Kd
r € u y
—»(T PID W,(s) >

Fig. 3 Control loop used the cross-entropy optimization
method.

3. Main results
The cross-entropy system generates N= 60 controllers
per iteration based on the last update of the
probability density function (pdf) for each again.
From this set of controllers the ten with the lowest
ITAE value are selected (N®™ =5) to update the next
pdf parameters. The initial values for the pdf of the
parameters are 1(0) =1 for Kp, Kd ; x(0)=1 forKi;

o0(0)=0.5 for the all factors. The evolution of the

mean of the ITAE value of the 5 winners from each
set of 60 controllers is shown in Fig. 4. The evolution

3
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of the different parameters of the PID control during
12 iterations is shown in Fig. 5

S
=
o

ITAE mean of
the 5 best controller:
/

20123456789101112

Cross Entropy iterations

Fig. 4 Evolution of the ITAE error during the 12 cross-
entropy iterations. The ITAE value of each iteration
correspond to the mean of the first 5 of 60 controllers of
each iteration.

2 3 45 6 7 8 9 10 11 12
Cross Entropy iterations

01

¥ 0.05

% 1 23 45678 91011

Cross Entropy iterations

or
=
=
=
N

4

v 22—

00123456789101112

Cross Entropy iterations

Fig. 5 Evolution of the scaling factors of each input. The
values of the scaling factor correspond to the first 5 of 60
controllers of each iterations.

The normalized transient processes in the system
which use the PID controllers turned with Ziegler-
Nichols  (ZN-PID),  Tyreus-Luyben (TL_PID)
methods and with the optimal PID based on the CE
method (CE-PID) are shown in Fig. 7

2 f
——ZN-PID
——TL-PID —
- ——CE-PID
055 10 20 30 40 50

Time [s]

Fig. 6 Transient processes in three systems
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Table. |  QUALITY METRICS OF TRANSIENT PROCESSES

Parameter

Controller R_’lse Eeak Peak Sett_lln
time time overshoo | g time
[s] [s] t[%] [s]

ZN-PID 4.22 7.62 77.89 26.67

TL-PID 6.31 10.54 19.24 33.57

CE-PID 5.12 6.02 1.02 5.12

Quality metrics of transient processes in the system
are shown in Table I. Quality metrics of transient
processes in the system with the CE-PID controller
are better than the other controllers.

4. Conclusion

The paper presents a design of a PID controller using
the cross-entropy optimization method for control of
water level in a boiler drum. Simulation is
implemented in the MATLAB environment. Though
the simulation the cross-entropy algorithm perform an
efficient search to obtain an optimal solution for the
parameters of the PID controller. The comparison
between the different design methods is shown. The
received results showed advantages of the cross-
entropy method in quality improvement of the PID
controller in level control system of a boiler drum.
The received parameters using the cross-entropy
method let the PID control achieves better
performance criterion with respect to rise time,
settling time, percentage of overshoot.
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