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Design of the robust adaptive controller based RBF neural
network for cleaning and detecting robot manipulators
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Abstract

This paper propses a robust adaptive controller based on Radial Basis Function Neural Network (RARBFNN)
for cleaning and detecting robot manipulators (CDRM) in uncertain dynamical environments. By combining the
sliding mode technique with Radial Basis Function neural network and adaptive controller the tracking control
was improved. The RARBFNN works well with the defined problems because of its simple structure, faster
training update laws and better approximation for the unknown dynamic of CDRM. The adaptive turning rules
for the network parameters were derived using the Lyapunov stability theorem. In this control scheme, a robust
compensator was constructed as an auxiliary controller to guarantee the stability and robustness under various
environments’ conditions such as the mass variation, the external disturbances, and modeling uncertainties.
Therefore, the stability, the robustness and the desired tracking performance of RARBFNN for CDRM were
guaranteed. Finally, the simulation results in comparison with adaptive Radial Basis Function Neural Network
controller are provided to verify the effectiveness of the proposed controller.

Keywords: Robot manipulator; neural network; RBF network; sliding mode control; adaptive control.

Tom tat

Bai bao dé xuat mot bo didu khién bén virng thich nghi trén co s& mang noron huéng tam (RARBFNN) cho robot
tim va lam sach ban (CDRM) trong méi trwdng dong lwc hoc bat dinh. O’ day, bang sw két hop cong nghé truot,
mang noron hwdng tam va diéu khién thich nghi dé cai thién diéu khién bam. RARBFNN c6 thé xt ly thanh cong
b&i cu truc don gian, tbc do hoc nhanh va kha nang x4p xi tbt hon cho déng hoc bat dinh cta robot tim va lam
sach ban. Cac luat hoc ctia cac tham sb mang dwoc xac dinh trén co sé thuyét on dinh Lyapunov. Trong cAu tric
diéu khién nay, bo didu khién bu trvot dwoc xay dwng gibng nhw mot bo diéu khién phu dé& dadm bao tinh 6n dinh
va bén virng trong mai trwong khac nhau nhw sw thay dbi ctia tai, nhiéu bén ngoai tac dong va mé hinh bat dinh.
Do d6, tinh &n dinh, bén virng va hiéu suét bam ctia RARBFNN cho robot tim va 1am sach ban duwoc dadm bao.
Cudi cuing, két qua mé phéng dwoc so sanh véi bd diéu khién thich nghi no ron hwéng tam(ARBFNN) dé kiém
chirng tinh hiéu qua cla bd diéu khién dé xuat.

Twr khéa: Tay méy robot; mang noron; mang RBF; diéu khién truot; diéu khién thich nghi.
1. INTRODUCTION

In general, robot manipulators are multivariable
nonlinear system, and they usually suffer from various

adaptive control strategies have been developed of
many researchers, as shown in [1-6], for example.

Recently, the applications of intelligent control

uncertainties in their dynamics, such as external
disturbance, nonlinear friction, highly time-varying, and
payload variation. Therefore, it is difficult to establish
exactly mathematical model to achieve the exact
trajectory tracking performance for reference inputs
and the robustness for the external disturbances of
robot manipulators. To overcome these problems,

Reviewer: 1. Prof.Dr. Than Ngoc Hoan
2. Ass.Prof.Dr. Tran Hoai Linh

such as fuzzy control and neural control to the
position control of robotic manipulator have received
considerable attention [11-15]. Research on neural
networks techniques have been provided online
learning algorithms and deal with unmodeled unknown
dynamics in robot model. In [16], adaptive control based
on neural networks have been designed on wheeled
inverted pendulum (WIP) system for dynamic balance
and motion tracking of desired trajectories by using
the LQR optimization technique to minimize both the

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 3 (82) 2023| 3
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motion tracking error and the transient acceleration for
the best driving comfort. In [17], adaptive neural control
was presented for a rehabilitation robot with unknown
system dynamics to deal with the system uncertainties
and improve the robustness. The adaptive NNs were
used to approximate the unknown model of the robot
and to adapt interactions between the robot and the
patient. In [18], a neural-based control with robust force
motion tracking performance for constrained robot
manipulators was proposed to deal with the uncertain
environmental constrains, disturbances, and unknown
robotic dynamics. In [19], a robust neural network
output feedback control scheme, that included a novel
neural network observer, was presented for the motion
control of robot manipulator.

In addition, the radial basis function network has been
applied also to control dynamic systems. The RBF
network is a special architecture of neural network
[20]. It has been very useful to control the dynamic
systems [21-23]. The RBF network adaptation can
improve the control performance with large uncertainty
of the system. The adaptation rule is derived using
the Lyapunov method so that the stability of the entire
system and the convergence of the weight adaptation
are guaranteed. In [24], an adaptive controller using
RBF network was proposed to derive elements of inertia
matrix, Coriolis matrix and gravitational force vector for
the dynamics of robot manipulators in task space. By
designing the control law in the task space, force control
can be easily formulated. In [39], multiple parameters
model-based sliding mode technique was presented
to improve the tracking performance for a certain
class of nonlinear mechanical system. The introduced
method could be used to remove the chattering and
infinitely fast switching control problem from the robust
control strategy. In this paper, we propose an adaptive
RBF network-based NN controller which combines
with SMC robust compensator to control problems
for two-link robot manipulator which the conventional
controllers cannot properly handle large disturbances
and parameter changes. The weights of RBFNN are
updated online by using Lyapunov stability theory. We
also use Lyapunov stability theory to prove that the
proposed scheme is not only ensure the stability of
the control system, but also has the robustness to the
unmodeled dynamics. When compared with the existing
results in the literatures, our proposed controller is
more flexible, and the time-consuming training process
is not necessary. Furthermore, based on simulation
and ex- periment results, the disadvantages which are
the chattering phenomenon, tracking errors from the
discontinuous control efforts of SMC, are improved.

2. STRUCTURE OF RBF NEURAL NETWORKS

The RBF neural netwrks configuration is described in
Fig. 1.

Layer 1 (Input layer) In this layer, input signals x = [x,;
X,; ..., X ] are moved directly to next layer.

Layer 2 (Hidden layer) This layer consists of an array

of computing units which is called hidden nodes. Each
neuron of the hidden layer is activated by a radial basis
function. The output of hidden layer is calculated as

follows:
2
[x-a)]

h,(x)=exp| — 2bf

,j=1,...,m

(1)

Where:
m is the number of hidden nodes;

[ 155 is the center vector of neural net
js b/. notes the standard deviation of the jth radial basis
‘ T
function, 6=[b,,b,,...b,] and h;is Gaussian activa-
tion function for neural net j.

Output
layer

Hidden
layer

Fig. 1. Structure of RBFNN

Layer 3 (Output layer) In this layer, the output signal is
calculated as follows:

ZWh

fj(x) ﬂ](xab)l—12

2)

where W, is the weight connecting the j-th hidden
node to the i-th output node and n is the number of
inputs.

3. DYNAMIC OF ROBOT MANIPULATORS

Consider the dynamic equation of two-link Cleaning
and Detecting robot manipulator [9]:

MCD (m)rj+ CCD (m,mn+ GCD (m+ FCD(ﬁ)

=77

Where:

(n,n,1) € RnXl are the vectors of joint position, velocity

and acceleration, respectively;

nxn ; i~ i art -
MCD (m) eR is the symmetric inertial matrix;

6  Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 3 (82) 2023
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Copm.m) € R™" is the vector of Coriolis and centripetal
forces;

Gepln & RnX1expresses the gravity vector;

F(77) represents the vector of the frictionis;

7 ER”Xlthe unknown disturbances input vector and

TE RnXIis the joints torque input vector.

For the purpose of designing controller, there are four
properties [6] for the dynamics of the robot model (1)
as follows.

Property 1: The inertial matrix M -, (1) is a positive
symmetric matrix and bounded:

Vx € Rn><1 :

(4)
i < " 0y G <y ol
With m, and m, are known positive constants.

Property 2: M ~, (1) =2C -, (1,77) is a skew symmetric
matrix, for any vector x:

X [MepGi-2Cep () ] x =0 (5)

Property 3: CepUmn,Gep(m)  and  Frp () are
bounded as follows:

L 2
Copmin < Cri™,Gop (m) < G,
Fep () < F (1) + Ky

(6)

with €. G, F,.. Fy are positive constants.

Property 4: t,>0;7, e ™ is the unknown distur-
bance and bounded as:

7, < E, (7)

4. DESIGN OF ADAPTIVE NEURAL NETWORK

CONTROLLER
4.1. Adaptive RBFNN with SMC robust compensator

The block diagram of the adaptive radial basis function
neural network is shown in Fig. 2. The output of the
RBF neural network (2) can be rewritten as follows:

f(x)=W"h(x)+¢ 8)

T
where h=[h,h,,...h,] , Wis optimum weight value
and € is an approximation error vector.

d/di

Mg n
d/dt didt
Update Laws Ta __l_l__l_‘[_
Wy =—ky @, Ws|+®, A RBF
a= —k,®,als ‘ neural
b= ~k,®,b|s| network
2
'y
81
A J
Robot manipulator

T?d

s(t) z.é + Ae }L

Figure 2. Architecture of the adaptive RBFNN

Assumption 1 The approximation error € is a positive

real constant and bounded as follows:
£<g,

The approximate value of the output RBF is designed as:
F(x)=WTh(x,a,b)

©)

(10)

Where W' =[W, W2~--Wm]T
From (8) and (10), we have
)= F(0)=f(x)=Wh(x)+&=W"h(x)

F()=WTh(x)+¢ an

Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do, S6 3 (82) 2023| 7
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Where W=W - W

In this section, we consider that by using an approximate
adaptive robust law, the system stability is guaranteed
and tracking errors is converged to zero when t —e.
Define a tracking error vector and the sliding mode
function as the following equation:

e()y=n,-1n (12)
s(t)y=é—1e (13)
Where A =diag(4,4,,...4,) is a diagonal positive

definite matrix.
It is typical to define an error metric s(¢) to be a
performance measure. When the sliding surface
s(t) = 0, the sliding mode is governed by the following
differential equation according to the theory of sliding
mode control:

e=—Je
The behavior of the system on the sliding surface is
determined by the structure of the matrix A. When the

error metric s(¢) is smaller, the performance is better.
Therefore, (3) can be rewritten as:

M pps§ =My (é+ 28)

Meps =M ep (7 +A8) =M i (14)
MCDS = f(x)—CCDS—T+TO

Here, f(x)is defined as follows:

S (x) =M ()7 + Aé) + C(57,7)(7} + Aé)

+G(n) + F (1)
The adaptive law is represented as follows:

(15)

T .
r=rsmc+KPs+K](I)sdt+f(x) (16)

Where K,, K, are the positive definite matrix and
Ky = diag (Kp1.Kp2iKpy) , K; = diag (K1.K 12K n)

/}(x) is the approximation of the adaptive function

JS(x). And Zsnc is a robust term that is used to
suppress the effects of uncertainties and approximation

errors. The sliding mode controller 7, is designed by:

s [ kW2 kga® ph?
IsIL 4 4 4

Tome =k g sgn(s) + (17)

where ks is positive constant as: &, =(& +7,)
Substituting (16) into (14) and using (11) yields.

T N
Ms':f(x)—CCDs—(‘rsmc+KPS+KI(I)Sdf+f(x))+To

~ T
=f(xX)—(Kp+C-)s—K, [sdt—1g, .+
P CD [0 smc 0 (18)

Ms=—~K +C
p

T =T
p)S— KI(J)sdt + W' h(x)

+8+‘L’0 ~Tsme

By applying the adaptive control law (16) to the
dynamic (1) and using the sliding mode control robust
compensator (17), the online RBF adaptive update
laws are selected as:

2 " T

W=k ® Wls|+o hs

a=—k ® als

a a

b=k, ®,5s]
Where Py @ i@y sk sk sk are positive.
4.2. Stability and convergence analysis
We choose the Lyapunov function as follows:

T
1 t t
V()= 5 sTM s+ [Jsdtj K, UsdtJ

0 0
+%tr(V~VT(DW1W) +%tr(dT(Dalc?) (20)
+%tr(I;TCD;I;)

Where tr(.) is a trace operator and W=W-W;

i=a-a; b=b-b.

Differentiating V(t) along to time, we have:

V(t)= sTMCDS +%STMCDS + STK1 ‘([sdt

. . (21)
37T -1 1R ~T -1 A LT 17

-tr(W O W) —tr(a" D, a)—tr(b" D, b)

Substituting (18) into (21), yields:

. r 1 7 .-
V(t)=-s Kps+§s (MCD—ZCCD)S

+s'E-s"T, + WTh(x)ST - tr(VNVTCD;;VAV) (22)

(@ DGy~ tr (D)

Where £ =¢+7
W= -W;

s' W h(x)(x) = tr(Wh(x)s") and from adaptive law
(19), (22) becomes:

By using property 2 and since

V(t)= —sTKps + STE + ”s” kwtr(VVTW)

—STT
smc

Substituting (17) into (22), we have:

o lewW?2  kga?  kpb?
[ O
T

—s Kps + sTE +||s|| kwtr(WTW)

tsl| katr(@" @y + o i 5 By

+ls| eqera @y + ||s||kbrr(1§T b)

8  Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, 56 3 (82) 2023
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By using

oW (W= W) = (W, )W
. -2

<[[wlw]-[w]

(24) can be rewritten as:

2 2 2
; T S | kww* K kpb
Vt)<s [—kssgn(s)—s[ W4+ a: +b4J

- 2
i s ol ([P

~ 12 ~ ~112
b -1 ol (0 -5

(25)
T W ’
02Tk s i [ 1)
. 2 b 2
it (2 160 +lib, (2-161)
V(t) < —sTKps (26)
Then
V(t)<0 (27)

From this result we see that, will converge to zero when
and the global stability of the control system for CDRM
is guaranteed.

5. SIMULATION RESULTS

In this section, this study will consider the two link
Cleaning and Detecting robot manipulator to verify
the effectiveness of the proposed intelligent adaptive
control method by using the RARBFNN (Fig.3).

Fig. 3. The Cleaning and Detectif:lg robot manipulator

The detailed system parameters of the two link Cleaning
and Detecting robot manipulator are given as following:
MCD ()7 + CCD (n,m) + GCD(U) + FCD(ﬁ) =7-7,
Where

My () My, ()
Mepn) :[Mu M12
21(’7) 22(’7)

2 2 2
(m1 + m2)11 + m212 + 2m21112 cos(l]z) m212 + m21112 cos(l]z)

2 2
m212 + mzlll2 cos(r]Z) m2l2

Co ()= G €,
o= ey C,m

_ [—mzlll2 sin(ny )iy —m,LL sin((n,)(i; + 73y )}
mzl1lz sin(n7, ), 0

Gl(m,nz)]

G -
cp™ {Gz(m )

_ [(m1 +my) g cos(ny) mylyg cos(n, +1n, )}
m212g cos(n; +15) 0

F (1) } _ {o.Ssignm}
Fy(m2)] [ 0.5sign(r;)

F(ﬁ){

7, =7, = 0,1sin(?)

In which m, and m, are the mass of joint 1 and joint
2, respectively, |, and |, are the length of joint 1 and
joint 2, respectively and g is acceleration of gravity. The
parameters of two-link robot manipulator are given as:

m, = 3(kg); m, = 2(kg);

I, =0.8(m); I, = 1(m);

g = 10(m/s?).

The parameter values used in the adaptive control
system are:

A=diag[5,5]:K , = diag[20,20]: Dy, = diag[15,15]

The control objective is to control the joint angles of
a two-link robot manipulator to follow the desired
trajectories. The desired position trajectories of two-link
robot manipulators are chosen by: 7, =7,, = 0.1sin(?)
and initialsitions of joints are 1, =[0.1 —0.1]" and
initial velo-cities of joints are T, = [0.0 —0.0]"  Let
e=r1n,—n=[e; —e]" be the tracking errors.

The structure of the proposed controller can be charac-
terized by m=4 nodes.

Since these simulated resultsin Fig.4, the tracking errors
of the ARBFNN and the proposed intelligent control are
converged. However, the proposed intelligent controller
converges faster than the ARBFNN. In addition, based
on tracing erors for links, we see that tracking errors
of the proposed RARBFNN is smaller than tracking
errors of the ARBFNN. It means that the proposed
controller has position tracking improvements better
than ARBFNN and the approximation ability of the
dynamics structure RARBFNN is also better than the
ARBFNN. Moreover, from Fig.4 can observe that, the
control force of the proposed controller is smoother and
has smaller oscillation than the ARBFNN.
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Fig. 4. Simulated position responses, tracking errors and control efforts of the proposed system,
ARBFNN control

REFERENCES

6. CONCLUSION

In this paper, we have successfully demonstrated the
development and application of a robust adaptive
radial basis function neural network control system for
the trajectory tracking to control the two link Cleaning
and Detecting robot manipulator. The structure of
the proposed system incorporates the advantages of
radial basis function neural network, Adaptive control
and sliding mode robust term function. The radial basis
function network generates control inputsignals, and the
adaptive control law is derived to guarantee the stability
of the control system based on the Lyapunov method
which is often used in the conventional adaptive control
method. In this scheme, the robust compensator acts
as an auxiliary controller to guarantee the stability and
robustness of the control system under the existence
of disturbance, mass variation, and modeling errors.
Finally, based on the simulation results, the proposed
adaptive control scheme is shown to work well in the
trajectory tracking control of the two link Cleaning and
Detecting robot manipulator and can also be applied
to other system, such as AC servo system, mobile
robotic,...

[].

[2].

[3].

[4].

[5].

[6].

Sun FC, Sun ZQ, Feng G (1999), An adaptive
fuzzy controller based on sliding mode for robot
manipulators, |IEEE Trans Syst Man Cybern B
29(5):661-667.

Zou Yi, Wang Yaonan, Liu XinZhi (2010),
Neural network robust H? tracking control
strategy for robot manipulators, Appl Math
Model 34(7):1823-1838.

Topalov V, Cascella GL, Giordano V, Cupertino F,
Kaynak O (2007), Sliding mode neural-adaptive
control for electrical drives, IEEE Trans Ind
Electron 54(1):671-679.

Omatu S, Khalid M, Yusof R (1996), Neuro-
control and its applications: advances in industrial
control, Springer, Berlin.

Lee CH, Theng CC (2000), Identification and
control of dynamic systems using recurrent
fuzzy neural network, |IEEE Trans Fuzzy Syst
8(4):349-366.

Lewis FL, Dowson DM, Abdallah CT (2004),
Robot manipulator control theory and practice,
Marcel Dekker, New York.

10 Tap chi Nghién ctru khoa hoc, Truomg Dai hoc Sao D, S6 3 (82) 2023



[7].

[8].

[9].

[10].

[11].

[12].

[13].

LIEN NGANH DIEN - DIEN TU - TU DONG HOA

Ngo T, Wang Y, Mai TL, Nguyen MH, Chen J
(2012), Robust adaptive neural-fuzzy network
tracking control for robot manipulator, Int J Control
7(2):341-352

Wai RJ, Chen PC (2006), Robust neural-fuzzy-net-
work control for robot manipulator including
actuator dynamics, |EEE Trans Ind Electron
53(4):1328-1349

Song Z, Yi J, Zhao D, Li X (2005), A computed
torque controller for uncertain robotic manipu-
lator systems: fuzzy approach, Fuzzy Sets Syst
154:208-226

Li ZJ, Yang CG, Tang Y (2012), Decentralised
adaptive fuzzy control of coordinated multiple mo-
bile manipulators interacting with non-rigid envi-
ronments, |IET Control Theory Appl 7(3):397-410

He W, Ge SS, How BE, Choo YS (2014), Dynam-
ics and control of mechanical systems in offshore
engineering, Springer, London

Yang CG, Li ZJ, Li J (2013), Trajectory planning
and optimized adaptive control for a class of

wheeled inverted pendulum vehicle models, IEEE
Trans Cybern 43(1):24-36.

He W, Ge SS, Li Y, Chew E, Ng YS (2014),
Neural network control of a rehabilitation robot
by state and output feedback, J Intell Robot Syst.
doi:10.1007/s10846-014-0150-6

THONG TIN TAC GIA
Vi Thi Yén', Nguyén Thi Sim?, Dwong Thi Hoa?

*Tac gia lién hé: ntsim1982@gmail.com

"Trwdng Pai hoc Cong nghiép Ha Noi;
2Trwong Dai hoc Sao 6.

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Li Z, Yang C, Gu J (2007), Neuro-adaptive
compliant force/motion control for uncertain
constrained wheeled mobile manipulator, Int J
Robot Autom 22(3):206-214

Kim YH, Lewis FL (1999), Neural network output
feedback control of robot manipulators, |[EEE
Trans Robot Autom 15(2):301-309

Haykin S (1994), Neural networks: a
comprehensive foundation, Macmillan College
Publishing Company, New York

Zheng Rong Yang (2006), A novel radial basis
function neural network for discriminant analysis,
IEEE Trans Neural Networks 17(3):604—612.

LiY, Qiang S, Zhuang X, Kaynak O (2004), Robust
and adaptive back-stepping control for nonlinear
systems using RBF neural networks, |IEEE Trans
Neural Networks 15(3):693-701

Patino HD, Liu D (2000), Neural network-based
model reference adaptive control system, |IEEE
Trans Syst Man Cybern B 30(1):198-204

Islam S, Liu PX (2011), Robust sliding mode
control for robot manipulator, IEEE Trans Ind
Electron 58(6):2444—-2453

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, 56 3 (82) 2023 | 11



C THLGUs |
TAP CHi NGHEN CUU KHOA HOC, TRUGNG DAI HOC SA0 0

Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do (P. ISSN 1859-4190, E. ISSN 2815-553X), thuong xuyén
cong bé két qua, cong trinh nghién clru khoa hoc va cdng nghé clia cac nha khoa hoc, can b, giang vién, nghién
ctru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nudc.

1. Tap chixuat ban 01 s6/quy bang hai ngon ngir tiéng Viét va tiéng Anh. Tap chi nhan ding cac bai bao khoa
hoc thudc cac linh vuc: Dién - Dién tir - Tu dong héa; Co khi - Dong luc; Kinh té; Triét hoc - Xa hdi hoc -
Chinh tri hoc; Céc linh vuc khac gdm: Cong nghé thong tin; Héa hoc - Céng nghé thuc pham; Ngon nglr
hoc; Toan hoc; Vat ly; Van héa - Nghé thuat - Thé duc thé thao...

2. Bainhan ding 13 nhirng cong trinh nghién ciru khoa hoc chua cong bé trong bat ky an pham khoa hoc nao.

3. Toa soan chi nhan bai bao glri online trén website http:/tapchikhcn.saodo.edu.vn. Bai bao giri vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tic gia ghi roé théng tin dja chi lién hé, s6
dién thoai, email va cap nhat thong tin trén website. Bai bao phai dugc trinh bay ding dinh dang, ro rang;
Trudng hop bai bao phai chinh stra theo thé 1€ hodc theo yéu cau clia Phan bién thi tac gid sé cap nhat trén
website. Ngudi phan bién sé do toa soan mai. Toa soan khong guri lai bai néu khong duoc dang.

4. Céc cong trinh thudc dé tai nghién ciru c6 Co quan quan ly can kém theo gidy phép cho cong bé cla co
quan (Tén dé tai, ma sd, tén chi nhiém deé tai, cap quan ly,...).

5. Tén bai bao trinh bay bing hai ngon ngir (tiéng Viét va tiéng Anh), font Arial, ¢ chir 14, in dam, can gilra.

6.  Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, ¢& chir 10, in dam, can I€ phai; co quan cong tac clia cac
tac gia, font Arial, c& chir 9, in nghiéng, can |é phai.

7. Chir “Tom tat" in dam, font Arial, c& chir 10; Noi dung tém tat cua bai bao khéng qua 10 dong, trinh bay
bang hai ngdn ngir (tiéng Viét va tiéng Anh), font Arial, ¢& chir 10, in thudng.

8. Chir “Tir khéa" in dam, nghiéng, font Arial, c& chir 10; Cé tir 03+05 tir khoa, font Arial, c@ chir 10, in
nghiéng, ngan cach nhau béi dau cham phay, cudi cung la dau cham.

9. Noi dung bai bao viét bang tiéng Viét hoac tiéng Anh; Néu Ia bai bao viét bing tiéng Viét: Tiéu dé tiéng
Viét trudc, tiéng Anh sau; Tom tat tiéng Viét trudc, tiéng Anh sau; Tir khéa tiéng Viét trudc, tiéng Anh sau;
Néu la bai bao viét bang tiéng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tom tat tiéng Anh trudc, tiéng
Viét sau; Tir khéa tiéng Anh trudc, tiéng Viét sau.

10. Bai bao dugc danh may trén khé gidy Ad (21 x 29,7cm) c6 do dai khéng qua 8 trang, font Arial, c& chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; can Ié trén 2.5cm, dudi 2.5cm, trai 3cm, phai 2cm; hinh vé
phai ré rang, di nét va dugc dinh dang dudi dang file anh (*.jpg); Phuong trinh, cong thirc phai soan thao
bang Mathtype hodc Equation; Phan ndi dung bai bao dugc chia thanh 02 c6t, khoang cach cot |a 1cm;
Trong trudng hop hinh vé, hinh anh ¢6 kich thudc Ion, bang biéu c6 dé rong Ion hodc cdng thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 cot.

11. Tailiéu tham khao dugc sip xép theo thir tu tai liéu duoc trich dan trong bai bao.

- Néu Ia sach/luan an: Tén tac gia (ndm), Tén sach/luan an/luan van, Nha xuat ban/Truédng/Vién, 1an xuat
ban/tai ban.

- Néu la bai bdo/bao cdo khoa hoc: Tén tac gia (ndm), Tén bai bdo/bdo céo, Tap chi/Hoi nghi/Héi thao, Tap/
Ky yéu, sé, trang.

- Néu 13 trang web: Phai trich dan day du tén website va dudng link, ngay cap nhat.

12. Pinhdangmaubaibaotham khaotaidia chihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé dugc céng bé trén http:/tapchikhcn.saodo.edu.vn.

THONG TIN LIEN HE:

Ban Bién tap Tap chi Nghién ciru khoa hoc, Trudgng Dai hoc Sao Do

Phong 203, Tang 2, Nha B1, Truong Dai hoc Sao Do.

Dia chi: S6 76, Nguyén Thi Dué, Thai Hoc 2, phuéng Sao Dé, thanh phé Chi Linh, tinh Hai Duong.
Dién thoai: (0220) 3587213, Fax: (0220) 3882921, Hotline: 0912 107858/0936 847980.

Website: http:/tapchikhcn.saodo.edu.vn

Email: tapchikhcn@saodo.edu.vn

Tap chi Nghién ciru khoa hoc, Trudng Pai hoc Sao D6, S6 3 (82) 2023



@R, BO CONG THUONG
=7 TRUONG DAI HOC SAO PO

Dia chi:

- §8 1: S6 76, Nguyén Thi Dué, Thai Hoc 2, phudng Sao D, thanh phé Chi Linh, tinh Hai Duong.

- §6 2: S6 72, duding Nguyén Théi Hoc, phuding Thai Hoc, thanh phé Chi Linh, tinh Hai Duong.

- Dién thoai: (0220) 3882 269 Fax: (0220) 3882 921 Website: http://saodo.edu.vn Email: info@saodo.edu.vn

P. ISSN 1859-4190
E. ISSN 2815-553X

$6 3 (82)
2023

i | 8

o I .
.
=]

Truong Dai hoc Sao Do.

S6 76, Nguyen Thi Dué, Thai Hoc 2, phudng Sao Do, thanh phé Chi Linh, tinh Hai Duong.
Dién thoai: (0220) 3587213, Fax: (0220) 3882 921, Hotline: 0912 107858/0936 847980.
Website: http:/tapchikhcn.saodo.edu.vn/Email: tapchikhcn@saodo.edu.vn.

Giay phép xuat bén s0: 620/GP-BTTTT ngay 17/9/2021 ctia B6 Thong tin va Truyén thong.
In 2.000 ban, kho 21 x 29,7cm, tai Cong ty TNHH in Tre Xanh, cap ngay 17/02/2011.




