Tap chi Khoa hoc va Coéng nghé Giao théng Tap 5 Sé6 3, 37-48

Tap chi dién tk

Khoa hoc va Céng nghé Giao thong
Trang website: https://istt.vn/index.php/vn

Article info
Type of article:
Original research paper

DOI:
https://doi.org/10.58845/jstt.utt.2

025.vn.5.3.37-48

"Corresponding author:
Email address:
tuan.vungoc@Iqdtu.edu.vn

Received: 12/02/2025
Received in Revised Form:
07/08/2025

Accepted: 11/08/2025

Design and Evaluation of PID and Fuzzy Logic
Control Laws for the Electronic Stability
Control (ESC) System in Cars

Tran Danh Dong', Vu Ngoc Tuan', Nguyen Dinh Dung?, Nguyen Huu Thanhs3,
"Institute of Vehicle & Energy in Transportation Engineering, Le Quy Don
Technical University, 236 Hoang Quoc Viet, Nghia Do, Ha Noi, Vietham
°Faculty of Aerospace Engineering, Le Quy Don Technical University, 236
Hoang Quoc Viet, Nghia Do, Ha Noi, Vietnam

3College of Agricultural Mechanics, Binh Nguyen, Phu Tho, Vietham

Abstract: The Electronic Stability Control (ESC) system plays an important
role in improving vehicle stability and safety, especially in sharp turning
maneuvers or when driving on road surfaces with low friction coefficients. This
paper presents the design and evaluation of two control methods: PID and
Fuzzy Logic. Both controllers are designed based on the vehicle dynamic
motion model and are simulated and analyzed using Matlab Simulink in
combination with CarSim. The obtained simulation results are used to evaluate
the effectiveness of the PID and Fuzzy Logic controllers on the ESC system in
terms of vehicle trajectory and overall stability. These findings assist in
selecting an appropriate control law, thereby enhancing the effectiveness of
vehicle stability control.
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Oscillations; PID controller; Fuzzy Logic controller.
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Thiet ké va danh gia luat dieu khién PID va
Logic m& cho hé thong can bang dién tr ESC
trén 6 t6

Tran Danh Déng', Vi Ngoc Tuén™, Nguyén Dinh Diing2, Nguyén Hiru Thanh?
Vién Co khi dong lwc, Dai hoc Ky thuat Lé Quy Doén, 236 Hoang Quéc Viét,
Nghia D6, Ha Noi, Viét Nam

2Khoa Hang khéng vii tru, Dai hoc Ky thuat L& Quy Pén, 236 Hoang Quéc Viét,
Nghia D6, Ha Noi, Viét Nam

3Trwdng Cao dang Co khi Néng nghiép, Binh Nguyén, Phu Tho, Viét Nam

Tém tat: Hé théng can bang dién tl (ESC) ddng vai trd quan trong trong viéc
cai thién dd on dinh va an toan cua 6 t6 d&c biét trong tinh hudng quay vong
gap hodc di chuyén trén mét dwérng c6 hé sé bam thap. Bai bao nay trinh bay
quaé trinh thiét ké va danh gia hai phwong phap diéu khién 1a PID va Logic me
(Fuzzy Logic). Ca hai bo diéu khién duoc thiét ké trén co s& mé hinh dong lwc
hoc chuyén déng va md phéng khéo sat trén phan mém Matlab Simulink két
hop Carsim. Céac két qua khao sat thu dwoc nham danh gia hiéu qua cta bo
diéu khién PID va bo diéu khién Logic me dbi véi hé théng can bang dién tir
ESC dén quy dao chuyén dong va sw 6n dinh téng thé clia xe, théng qua dé
gitp lwa chon dwoc luat diéu khién hop ly, nang cao hiéu qua kiém soat én
dinh xe.

T khéa: Hé théng can bang dién t&r; ESC; M6 hinh ddng lwc hoc; Dao dong
6 t6; Bo diéu khién PID; Bo diéu khién Logic mo.

1. Gi&i thiéu

Hién nay, nhu cau vé an toan trong giao
thdng ngay cang gia tang, cac hé thdng hé tro lai
xe an toan chi déng nhuw hé théng can bang dién
tlr (ESC), dang tré thanh mdt phan khang thé thiéu
trong thiét ké va san xuét 6 td hién dai. Hé théng
ESC déng vai tro quan trong trong viéc dam bao
s 6n dinh cta xe khi di chuyén, d&c biét trong cac
tinh hudng khan cép. Cac yéu té nhw luc ly tam,
tbc do va diéu kién méat dwong déu cé thé [am giam
kha nang kiém soat cla nguwdi lai, dan dén nguy
co' mét 6n dinh va gay ra tai nan.

Hién nay, co6 mot s6 nghién ctru vé luat diéu
khién cho hé théng ESC, trong d6 bo diéu khién
PID [1], [2], [3] va Logic m& (Fuzzy Logic) [4], [5] Ia

hai phwong phap phé bién. Bo diéu khién PID hoat
dong dwa trén viéc hiéu chinh sai sb gilra gia tri
mong mudn va gia tri thwc té bang ba thanh phan:
ty 1& (P), tich phan (1), va dao ham (D). PID duwgc
biét dén v&i cau tric don gidn va phan (rng nhanh
trong nhiéu &ng dung diéu khién. Tuy nhién, PID
c6 thé gap han ché khi xt ly cac hé théng phi tuyén
nhw ESC, dic biét khi xe hoat ddng trong cac diéu
kién phtrc tap.

Trong khi do, bd diéu khién Logic m¢& dwoc
thiét ké dé hoat dong hiéu qua trong cac hé théng
phi tuyén va khéng chac chan. Logic md st dung
céc luat diéu khién dwa trén suy luan me, cho phép
md hinh hdéa hanh vi ctia hé théng ma khéng can
mot md hinh toan hoc chinh x&c. Diéu nay gilp
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Logic mo c6 kha nang thich rng cao hon trong cac
didu kién lai xe thay ddi. Tuy nhién, hiéu suét cua
Logic mé& phu thudc vao viéc thiét 1ap tap luat diéu
khién va qua trinh hiéu chinh cé thé phrc tap hon
so v&i PID.

Tuy nhién, hiu hét cac cong trinh chi nghién
ctu riéng 1& trng phwong phap diéu khién ma
chwa thuc hién so sanh truc tiép hiéu qua cutia cac
bd diéu khién trén cing mét mé hinh déng lwc hoc
va trong cuing diéu kién thr nghiém. Vi vay, muc
tiéu ctia bai bao nay la thiét ké va danh gia hai bo
diéu khién PID va Logic m& cho hé thdng can bang
dién tr ESC dwa trén moé phdng CarSim—Simulink,

Tran et al

tlr dé so sanh wu nhwoc diém va dé xuét Iwa chon
luat diéu khién phu hop nham nang cao d6 6n dinh
va an toan khi xe di chuyén.
2. M6 hinh dong lwc hoc

M6 hinh ddng lwc hoc bao gédm 14 bac tw do
dwoc chia thanh hai phan: mé hinh hé théng dao
ddng khdéng gian 7 bac tw do va mé hinh déng Iwc
hoc chuyén ddng trong mat phang 7 bac tw do. N6
bao gém 6 bac tw do danh cho chuyén déng tinh
tién va quay cua than xe theo cac truc x, vy, z; 4 bac
tw do cho chuyén dong thang dirng cta bén hé
thdng treo va 4 bac tw do danh cho chuyén déng
quay cula cac banh xe.

Direction of forward
—

7

7

Hinh 1. Mé hinh dao déng khdng gian [3]

V&i mé hinh dao déng khdng gian 6 t6 (Hinh
1): Than xe xem nhw ctng tuyét dbi. Cac phan t
dan hdi va phan ttr gidm chan trong mé hinh cé déc
tinh tuyén tinh, khéng xét dén lwc can cla l6p va
xe chuyén dong trén dwong bang phang, déng
nhét.

Hinh 2 minh hoa mé hinh 6 t6 hai vét nghién
ctu chuyén déng cua 6 td véi gia thiét 16p dan hoi
chuyén déng trén nén dwdng cirng, ludn tiép xuc

véi mat dwong, hé sb can 1&n & cac banh xe coi
nhw bang nhau va khéng déi; lwc can khong khi va
tai trong tinh phan bd dbi xing theo phuwong
chuyén déng cuia 6 td; ciu trwdc dan huwéng va géc
quay cla hai banh trwéc & bang nhau. Chiéu
dwong clia cac truc toa dd nhw hinh vé. V&i chuyén
déng quay, quy wéc chidu dwong dwoc xac dinh la
chiéu quay nguoc chiéu kim déng hé (khi nhin tw
trén xudng).
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Hinh 2. M6 hinh déng Iwc hoc chuyén ddng hai vét ctia 6 to [3]

Céc ky hiéu trong md hinh: ms la khéi lwong
phan treo ctia 6 t; F, Fefr, Fsri, Forr 12 e dan hoi
cla hé théng treo tai banh trwéc trai, banh trwdc
phdi, banh sau trdi va banh sau phai; Fg,
Fatr» Fart» Farr 1a lwc c@n gidm chan cha hé théng
treo tai banh trwérce trai, banh trwwéc phai, banh sau
trai va banh sau phai; a, b la khoang cach tw trong
tam dén cau sau va cau trwdc; w la chiéu réng co
s& cua 0 to; Iy, |, 1a momen quan tinh khéi lvong
treo déi v&i truc x va truc y.

Fufis  Fxfrs Fxrts Fxr 1@ lwc tac dung theo
phwong x tai banh trwéc trai, banh trwdc phai,
banh sau trai va banh sau phai; Fyq, Fyf, Fyn, Fyr 1@
Ilwc tac dung theo phwong y tai banh trwoc trai,
banh trwdc phai, banh sau trai va banh sau phai;
m, & khéi lwong cla 6 t6; & 1a géc danh lai. Vi
Fii, Fifrs Fi» Fir 1@ lwc dan héi cua 16p xe tai banh
trwwde trai, banh trwdc phai, banh sau trai va banh
sau phai; myg, My, Myr, My 1@ khdi lwong khéng
dwoc treo tai banh trwdc trai, banh trwdc phai,
banh sau trai va banh sau phai; Zq, Zusr, Zur, Zurr
la dich chuyén cutia khéi lwong khong dwoc treo tai
banh trwéec trai, banh trwdc phai, banh sau trai va

banh sau phai; M,q, My, My, M, 1a mé men
quanh truc z tai banh trwéec trai, banh trwdc phai,
banh sau trai va banh sau phai.
Hé phuwong trinh dao déng khong gian 6 t6 [3]:
FesntFantFsitFartFsntFan

I C)
+Fsrr+Fdrr_msZs
(an+FdrI+Fsrr+Fdrr)b'(Fsﬂ+ (2)
Fdfl"'str"'Fdfr)a=|ye
w
(FgtFantFsntFan) -
sfl 2 (3)

(str+Fdfr+Fsrr+Fdrr)g zlxé

Phwong trinh dao déng ctia bdn banh xe [3]:
(4)

thr'str'Fdfr=murI2ufr (5
(6)

I:trr'Fsrr'Fdrr=murrzurr (7)
Hé phwong trinh déng Iwc hoc cua 6 té trong

mat phang:

FxnC0s0-FySind+F,COS0-

Fi-Fsn-Fan=munus

~—

FtrI'Fer'FdrI=murI2urI

(8)

I:yerina"'Fer +Fxrr=mt(vx'vy\]f)
Fyncosd+F,qsind+Frcosd+

(9)

I:xfrsmé"'lzyrl +Fyrr=mt(vy+vx\if)
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w w w
) F,qcosd+ 2 FsCOSO- 2 Fun
+ D E 4D SinG- 2 FyqsinG
5 Fxre™ 5 FyfSINO- 7 Fyf Sl
2 2 2 10)

+bF,fsind+bF,;Cc0s0+bF,4sind
+bF,cosd-aFyy-aFy+M,q
"'szr"'I\/Izrl"'lvlzrr=|z(|'J
DPong lwc hoc cta bdén banh xe dwoc biéu
di&én bang cac phwong trinh sau:

lwwg=Mgn-Mpa-FxaR,, (11)
Iwwfr=Mdfr'ber' I:xfr Rw (1 2)
lwwr=Mgr-Mpr-F xiRw (13)
Iw(’:)rr:Mdrr'Mbrr'FxrrRW (14)

véi ly, Ry 1@ momen quan tinh va ban kinh
doéong Iwc hoc cua cac banh xe; ws, W, Wy, Wyr;
Man, Matr, Mar, Mg M, N!bfra My , Mgy 1a van toc
g6c, momen dan déng truyén téi va momen phanh
tai banh trwéec trai, banh trwdc phai, banh sau trai
va banh sau phai.

Momen phanh tai méi banh xe tinh theo dién
tich ma phanh A,,, hé s6 ma sat cia ma phanh Mo
ban kinh phanh R, va ap suat phanh Pyi [6]:

Mpi=AwH, RpiPpi

Theo cbng thrc Magic Formula do H.B.
Pacejka dé xuét, cdng thire tinh lwe doc F, dwoc
xac dinh bang cach khép div liéu thtr nghiém 16p
theo cong thirc két hop clia cac ham lwgng giac va
lwe 16p [3]:

F,=D,sin{C, arctan[B, X4-E, (B, X1-
arctan(B,X1))1}

Cong thtre tinh Iwc ngang Fy:

F,=D,sin{C, arctan|B,X,-E,(B,X,-
arctan(ByX,))]}

Cong thire tinh momen tw can bang cla 16p

voii=1,...,4 (15)

(16)

(17)

M.
M,=D,sin{C, arctan[B,X3-E,(B,X3-
arctan(B,X3))]}
trong d6 X la géc l1éch bén hoac dd trugt doc
(tuy theo lwc ndo dang xét); D 1a hé sb dinh; B 1a
hé sé do cirng; C 1a hé sb dang duwong; E |4 hé sé
dd cong dwérng cong. Cac hé sé nay dac trung cho
két cAu va d&c trung cla tirng loai 16p riéng.
M6 hinh dao déng 7 bac tw do, mé hinh déng

(18)

Tran et al

lwe hoc chuyén déng 7 bac tw do va md hinh I6p
mo ta chuyén dong tbng quat cia than xe.

3. Thiét ké bd diéu khién

3.1. Bo diéu khién PID

Bo diéu khién PID dworc thiét ké dwa trén co
s& gidm thiéu sai léch e gitra van téc géc quay than
xe mong mudn va van téc géc quay than xe thuc
té trong qua trinh chuyén déng.

Van téc géc quay than xe thuc té nhan tw
cam bién (l4y tir khdi mé phéng dong lwe hoc trong
CarSim) va van téc goc quay than xe mong muén
duwoc tinh toan géc danh lai va van téc chuyén
déng cha 6 t6 (tr khéi tinh toan trong Matlab —
Simulink) theo céng thirc sau [6]:

Ox

¥ +ps M (aCqr - BCq) (19)

dquf )

vOi Cq, va Cys la dé clrng ngang cua lop truwde
va l6p sau.

M6 hinh dong lwc hoc dwgc md phéng trong
CarSim va bo diéu khién PID dworc tich hop vao bo
didu khidn (Hinh 3). Hinh 3a 14 mo hinh lién két
gitra CarSim va Simulink bao gém céac khdi chirc
nang chinh: bd bat/tdt ESC, mé hinh déng lwc hoc
xe trong CarSim, b6 diéu khién ESC. Hinh 3b la mo
hinh hé théng ESC, bao gém céac khéi chinh: cac
tham sb dau vao nhw van téc, goc danh lai, van téc
goc quay than xe thuc t&; khdi tinh toan van tbc
quay than xe mong mudn va bod diéu khién PID.
Sau khéi PID la khéi Dead Zone dé loai bd ving
sai s6 nhé (nhiéu hoac léch nhd), tranh trwdng hop
ESC can thiép khi sai léch khéng dang ké&. Khbi
Product (khdi x) nhan dau ra PID v&i véc to phan
phdi lwc phanh. Khéi Switch (sau khéi product)
doéng vai tro lwa chon gitra ba tin hiéu diéu khién
khac nhau, twong (ng v&i cac tinh huéng mét én
dinh cla xe. Gia tri du vao diéu kién 1a gia tri sau
khéi Dead Zone. Néu dau vao dwong twong tng
v&i viéc phan bd lwc phanh vé bén trai dé tao mo
men quay nguoc chiéu kim déng hé. Nguwoc lai,
néu dau vao am phan bd lwc phanh vé bén phai
nhdam tao mé men quay theo chiéu kim déng hd.
Trong trwéng hop dau vao bang 0, khdi Switch
chon tin hiéu dau ra bang 0, twong ng véi khdng
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diéu khién.

DPau vao cla bo diéu kién PID 14 sai sbé gitra
gia tri van téc goc quay than xe mong mubdn va gia
tri van téc goc quay than xe thuc té, dau ra 13 tin
hiéu diéu khién ap suét phanh trén tirng banh xe.

Trong nghién ctru nay, mé hinh xe dwgc mo
phéng bang phan mém CarSim — Ia mét md hinh

Tran et al

phi tuyén, phirc tap nén viéc xac lap mot ham
truyén tuyén tinh cu thé cho toan hé théng la khéng
kha thi. Do d6, nhém tac gia Iwa chon phwong phap
diéu chinh théng sé PID tha cong, tic 1a tac gia
diéu chinh tirng théng sé dé lwa chon gia tri phu
hop. Tac gid xac dinh dwoc cac thong sb cha bd
diéu khién PID 1a KP = 37; Kl = 100; KD = 0.1.

ESC Disable
[0000]

O i

ESC Enable

Steering Angle

)

Pressure

CarSim S-Function

Vehicle Code: i_s

Monitor

Pressure (MPa)

Steering Angle (deg)

Vx (km/h)

Electronic Stability Controller

]

Time (sec)

Steering Angle
(deg)

Yaw Rate (rad/s)

G
Yaw Rate
. (deg/s)

PiD(s)

0-10-06)

§ L

Pressure
(MPa)

(b)
Hinh 3. M6 hinh m6 phéng lién két CarSim — Simulink (a);

va md hinh hé théng ESC véi bd diéu khién PID (b).
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3.2. B6 diéu khién Logic mo

Bai bao si* dung MATLAB® (Natick, MA,
USA) Fuzzy Logic Toolbox™ dé thiét ké bo diéu
khién logic mé. Ban d4u, cac bién dau vao va dau
ra can dwoc xac dinh. Cac dau vao clia hé thdng
ESC bao gébm van tbc géc quay than xe va goéc
danh l1ai do nguwdi lai diéu khién (Hinh 4).

Hé théng ESC dwoc kich hoat déng thoi véi
ban dap phanh va sé tat khi tdc do xe gidm xubng
dwéi 8 km/h. Dau ra cla hé théng ESC la ap suét
phanh, 1am dau vao cho mé hinh déng Iwc hoc xe
trong CarSim. Bo diéu khién logic m& cia ESC
kiém soat ca hai bén cla xe. Tw do, co thé diéu
chinh ap suét phanh cla banh xe bén phai hoac
bén trai, tuy thuéc vao hwédng quay than xe.

Cac dau vao va dau ra dwoc md ta bang biéu

Tran et al

dién dwdi dang ham thanh vien me (Hi, i=1,2, ...).
Dau vao dau tién cta bo diéu khién logic me |a téc
dod quay than xe. Trang thai nay bao gf“)m chin ham
thanh vién (H1:H9); mién gia tri dwoc gidi han
trong khoang [-4, 4] va dwoc trinh bay trong Hinh
4a. Pau vao tht hai 1a goc danh lai véi cac ham
thanh vién dwoc trinh bay trong Hinh 4b. Gibng
nhw dau vao th(r nhat, nd cé chin ham thanh vién
phan bd dbi xirng, dwoc gidi han trong khoang [-
180, 180] dd. Gia thiét dat ra la phdn (ng cla
ngwdi lai trong céac tinh huéng khan cép phai dwoc
gi¢i han trong mét nira vong quay cla vo lang vé
moi bén, twong dwong v&i tbng cong 360°. Ap suét
tdi da ctia hé théng phanh trong trwérng hop nghién
ctru 12 65 bar. Mién gia tri ctia bién ap suat phanh
dau ra p (Hinh 4c) nam trong khoang [0, 65] va bao
gébm nam ham thanh vién (H1:H5).

H1  H2 H3 Hs H5 HE HT HB  Ho I H2 Ha Ha H5 HE WY He | HO
I ! | 1 | 1 ". il i /"h". n
0.8 L.l ‘I". / I‘". I".‘
|I II. ‘. .' I Ifl ".I ||I‘ :‘.-
0.6 II‘-I I".‘ ,l’I \ I"‘I g
U SR R / ()
0.4 II". II". / Iﬂll ]
0.2 I f.'/ / J
0 J L VR |
4 3 2 1 0 1 2 3 4 150  -100 50 0 50 100 150
(@) (b)
H1 H2 "Ha Ha " hs
1 :- " .-A‘.
081\
06| \
04 z
J ‘\\‘.
02} / ‘
ok
0 10 20 30 40 50 60
(c)

Hinh 4. PAu vao va dau ra cla b diéu khién logic mo:
(a) Pau vao y; (b) Pau vao d; (c) Paura p.

Céac quy tac cla Logic m& dwoc thé hién
trong Bang 1. Hé thdng nay cé cAu tric nhiéu dau

vao, nhiéu dau ra. Tdng cong, 81 quy tac dwoc st
dung dé kiém soat trang thai cta hé théng. Trong
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bai bao nay, dé suy luan m& str dung phwong phap
Mamdani va gidi md& bang phwong phap gia tri nhd
nhét cla cwc dai.

Tran et al

Sau khi biéu dién dwoc cac dau vao va dau
ra, moé hinh hé théng ESC tich hop bo diéu khién
Logic m& dwgc md phéng nhw Hinh 5.

Bang 1. Cac quy tdc ngdn ngir mo cho diéu khién ESC: mau xanh — &p suét phanh bén trai clia xe, mau
den — &p suét phanh bén phai cta xe [7]

v 'Hy H, Hs Hs Hs He Hr Hs Ho
Hy : Ho Hz Hs Hs Hs Hs Hs Hs
H, | H2 :1 Ho Hz Hs Hs Hs Hs Hs
H; | Hz H2 :: Ho Hz Hs Hs Hs Ha
Has Hs Hz H2 E: Ho Hz Hsz Hs: Ha
Hs | Hs Hs Ho Ho :1 Ho Ha Hs Hs
He | He Hs Hs Hz H2 : Ho Hz Hs
H; | Hs Hs Hs Hs Hz Hz :1 Ho Ho
He | Hs Hs Hs Hs Hs Hz Ho :: H>
Ho | Hs Hs Hs Hs Hs Hs Hz2 Ho :
D o>t
Steering Angle ) )
{deg] in ‘m out Phanhtrai
(2) b &—« Pressure
Yaw Rate . (MPa)
(degls) Fuzzy Logic Phanhphai

Hinh 5. So d6 hé thdng can bang dién tir ESC v&i bd diéu khién Logic mo

4. Két qua va danh gia

Bo diéu khién ESC dwoc md phdng trong
Carsim st dung mo hinh xe D-Class SUV v¢&i bai
kiém tra chuyén lan kép (Double Lane Change —
Hinh 6) vé&i van toéc 50 km/h (13,89 m/s) trong quéa
trinh md phong.

Hinh 7 thé hién quy dao chuyén dong cla
trong tam 6 t6 trong bai kiém tra chuyén lan kép khi
st dung b diéu khién PID va Logic mé. Trong ca
hai trwéng hop, quy dao cla trong tam xe déu gan
véi quy dao thiét ké va 6n dinh khi xe tré vé dung
lan dwdong.

Hinh 8 biéu dién theo thdi gian cla: Géc

danh lai, gia tdc ngang, van téc géc quay than xe
va sai l&ch van tbc géc quay than xe. C6 thé thay
rang PID kiém soat sai s6 van téc géc quay than
xe t6t hon, gitp dwa tdc d6 quay than xe vé gia tri
mong muén nhanh hon so véi Logic meé. Tuy
nhién, PID c6 xu huwédng gay ra dao déng manh
hon, d&c biét la & gia tbc ngang (Bang 2) khién xe
c6 thé bi rung I4c khi ddi an.

Hinh 9 1a 4p suét phanh trén cac banh xe khi
ESC hoat déng. Viéc diéu chinh ap suat phanh tai
cac banh xe déng vai trd quan trong trong viéc gitr
can bang va 6n dinh cho xe. Cu thé, khi xe c6 nguy
co méat 6n dinh (vi du nhw quay vong thira hodc
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quay vong thiéu), hé théng ESC sé diéu khién ap
suét phanh ting hodc gidm tai tirng banh xe, tir 6
sinh ra mé men bu gitp dwa van téc quay than xe
¥ v& gan gia tri mong mubn. Nh& vay, xe duy tri
dwoc quy dao di chuyén én dinh, d&c biét trong cac
tinh huéng danh lai gap hodc chuyén lan dét ngot.
DAu hiéu can thiép nay dwoc thé hién ré qua sw
bién thién cla ap suat phanh theo thoi gian & cac
banh xe. Ap suét phanh cta b diéu khién PID bién
thién lién tuc theo thoi gian, thé hién dwoi dang

Tran et al

dwéng cong, gitip phan (rng nhanh véi sai s6 yaw
rate nhwng dé gay dao dodng, anh hwéng dén do
4n dinh cla xe. Nguoc lai, ap suét phanh cla bd
diéu khién Logic m& c6 dang bac thang, phan anh
sw diéu chinh theo tirng mrc cb dinh, gitp hé théng
phanh hoat déng 6n dinh hon va han ché dao déng
khéng mong muén. Tuy nhién, dac diém nay co thé
lam gidm téc d6 phan ng clia hé théng trong mot
s6 tinh huéng khan c4p. Do d6, PID phu hop hon
khi yéu cau phan &ng nhanh.

Quy dao thiet ke

0 " I
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40
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Hinh 6. Kich thwéc duwérng mé phéng chuyén lan kép
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Hinh 7. Quy dao cla trong tam & t6 v&i bo diéu khién PID va Logic m&
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Hinh 8. Cac thong sb khao sat khi sir dung ESC véi PID va Logic mo: (a) Géc danh lai; (b) Gia toc
ngang; (c) Van tbc géc quay than xe; (d) Sai léch van tbc goc quay than xe
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Hinh 9. Ap suét phanh trén cac banh xe v&i bod diéu khién PID (a) va Logic m& (b).
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Bang 2. So sanh hai bd diéu khién PID va Logic mo
R Sai léch van téc goc Gia toc ngang ] .
d ’ . . A t phanh
Quy dao quay than xe I&n nhat p stuat phan
RRMSE IAE @max IACA
PID 0.36% 0.197 0.797 133.34
Logic m¢& 1.65% 0.309 0.701 102.28

Dé danh gia cu thé hon hai bo diéu khién, tac
gid dua ra sai léch twong ddi binh phwong trung
binh cia quy dao chuyén déng, tich phan cla sai
sb tuyét dbi IAE, tich phan ctia d6 Ion tuyét déi ctia
tac dong diéu khién (ap suét phanh) IACA va gia
tdc ngang 1&6n nhét. Gia tri IAE va IACA cho thay
murc do tac dong cla tivng bd didu khién [8].

T Bang 2, ta thay bd diéu khién Logic m&
can thiép it hon (qua gia tri IACA — gia tri cang I&n
thé hién sw can thiép cta hé théng cang Ién) nén
sai léch van toc géc quay than xe I&n hon (qua gia
tri IAE — gia tri cang I&n thi sai léch cang Ién). Biéu
nay moét phan dén tlr bd quy tdc mé chwa duoc toi
wu héa. Nguoc lai, bd diéu khién PID gitr sai léch
tbc dd quay than xe & mirc thap hon va can thiép
cta bd diéu khién nhiéu hon. Vi thé, quy dao trong
trwdng hop st dung bo diéu khién PID tét hon (gia
tri RRMSE nhé hon). Tuy nhién, ca hai bd diéu
khién déu duy tri dwoc quy dao clia xe so véi quy
dao da thiét ké ban dau (gia tri RRMSE déu duéi
10%).

5. Két luan

Nhw vay, trong nghién clru nay, tac gia da
xay dwng mé hinh déng luc hoc cla 6 t& bao gébm
mo hinh dao ddng khong gian két hop véi mé hinh
hai vét banh xe, va trién khai mé phéng tich hop
giba CarSim va Simulink. Trén co s& do, hai bd
diéu khién ESC st dung PID va Logic m¢ da dwoc
thiét k& nham diéu chinh ap suéat phanh tai cac
banh xe, gép phan &n dinh chuyén déng cla xe khi
thwe hién bai kiém tra chuyén lan kép & tbc d6 50
km/h. Két qué md phdng cho thdy ca hai bo diéu
khién déu gitp 6 t6 gitr 6n dinh quy dao va hoat
dong 6n dinh. Tuy nhién, bo diéu PID theo dbi sai
léch van tbc géc quay than xe tét hon va diéu chinh
hé théng phanh lién tuc dé bam theo van téc quay
than xe mong mudn. Trong khi Logic m& cé thé can

thiép dén hé théng phanh it hon nhwng van dam
bao quy dao chuyén ddng cla xe. Viéc so sanh nay
gitp lam rd wu nhwoc diém cla tirng phwong phap
va hd tro dé xuét lwa chon luat diéu khién phu hop
cho hé théng ESC trong diéu kién thuwc té. Nhw vay,
ca hai bd diéu khién déu cé thé s dung cho hé
thédng ESC. Tuy nhién, ca hai b6 diéu khién déu doi
hoi viéc téi wu hoa cac tham sd dbi vaoi didu khién

PID ciling nhw cac quy tdc ngén ngd mo dbi voi

diéu khién Logic m& dé hé thdng hoat dong téi wu

hon.

Hwéng nghién clru tiép theo la nghién clru
dwa ra cac tham sé PID t6i wu hon, bd quy tdc me
phu hop hon véi hé théng can bang dién tir ESC
ciing nhw str dung cac thuat toan diéu khién khac
nhw LQR (Linear Quadratic Regulator), MPC
(Model Predictive Control), ... cho hé thdng can
bang dién t&r ESC. T& d6, lam co s& dé so sanh
cac bo diéu khién hodc két hop cac thuat toan diéu
khién v&i nhau nham nang cao dd 6n dinh va chinh
xac clia hé théng.
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