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THIET KE BODIEU KHIEN PID

CHO CHUYONG TRINH ON BINHBIEN TU TREN O TO

PID CONTROLLER DESIGN FOR AN ELECTRONIC STABILITY PROGRAM ON CARS

TOM TAT

Qui dao chuyén dong khong theo mong mudin clia nguoi 14i xe la mt trong
céc nguyén nhan chinh gay ra tai nan giao thong. Bai bao nay trinh bay viéc st dung
hé thang phanh dé dn dinh quy dao chuyén dong ctia 6 to. Trede tién mot md hinh
tong quat clia 6 t0 dugc dé xudt gdm md hinh dong luc hoc chuyén dong va dao
doing. Sau do tac gia st dung phuong phép digu khién PID dé thit ké bd diéu khién
liyc phanh t6i ting banh xe nham néng cao tinh an toan chuyén dong. Thong s
duoc xem xét dé thiét ké diéu khién la sai léch clia van toc gdc quay than xe gitiamo
hinh 6 t0 thuc t& vama hinh Iy tudng. K&t qua md phdng trén mién thoi gian da thé
hién 16 hiéu qué cla bd diéu khién d& xuét khi giam cac tin hiéu khao sét trén 30%
50 V6i 0 t6 khi khoing diéu khién. B&n canh d sai Iéch tdc d6 goc quay thén xe trong
mot thoi gian ngan ludn tién vé gia tri khdng, diéu nay cho thdy quj dao chuyén
dong thuc té ctia  to gan nhw theo mong mudn clia nguoi lai.

Tlr khoa: Bong lc hoc 010, hé thang phanh, hé thang n dinh qui dao chuyén
dong ESP, digu khién PID, dao ddng o to.

ABSTRACT

The incorrect trajectory of cars according to the driver's wishes is one of the
main causes of traffic accidents. This paper presents the use of the brake system
to stabilize the trajectory of cars. First, an integrated model of a car is proposed,
which includes the longitudinal, lateral and vertical motions. Then, the author
uses PID control method to design the braking force controller to each wheel to
improve the road safety. The parameter considered for the controller design is
the deviation of the yaw rate between the actual car model and the ideal one.
The simulation results in the time domain clearly show the effect of the proposed
controller when reducing survey signals by more than 30% compared to cars
without control. Beside that the deviation of the yaw rate is always forward to
zero with the short time, which shows that the actual trajectory of the car is
almost what the driver wishes.

Keywords: Vehicle dynamics, brake system, electronic stability program, PID
control, vehicle vibration.

Khoa Co khi, Trung Bai hoc Giao thong Van tai
Email: vwtan@utc.edu.vn

Ngay nhan bai: 05/8/2020

Ngay nhan bai stta sau phan bién: 25/9/2020
Ngay chap nhan dang: 21/10/2020

1.GIOITHIEU
Khi 6 t6 chuyén dong trén dwdng, nhiéu tinh hudng bat
ngo co thé xay ra khién lai xe khdng lam chi dugc phrong
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tién. Trong d6 6 t6 mat tinh diéu khién hay kha nang én
dinh huéng chuyén déng la mot trong cac nguyén nhan
dan dén cac vu tai nan giao théng nghiém trong. Tinh 6n
dinh quy dao chuyén dong cuia 6 t6 duoc hiéu la kha nang
0 t0 gilr dugc hudng chuyén déng theo yéu cau trong moi
diéu kién chuyén dong. Tuy thubc vao céac trang thai
chuyén déng khac nhau, 6 td c6 thé mat én dinh hudng
chuyén dong khi co tac dung lvc ngang (do tac dung clia
gié hodc mat dudng nghiéng), khi quay vong hodc phanh
gdp trén dudng c6 hé sé bam khac nhau & hai bén banh xe.
Trong nhitng diéu kién st dung phrc tap nhu vay, 6 to phai
gitt dugc quy dao chuyén dong mong muén theo tin hiéu
diéu khién ctia nguoi lai.

Cé rat nhigu nguyén nhan gy mat 6n dinh huong
chuyén déng clia 6 t6 nhw: mat dn dinh khi quay vong, mat
on dinh do lvc ngang va bién dang bén clia 16p, mat 6n dinh
hwéng khi phanh, mat 6n dinh khi khai hanh hoac tang toc.
Pé 6n dinh quy dao chuyén dong theo mong mudn clia
nguoi lai thi phai dé cap t¢i dong luc hoc chuyén dong ctia 6
t6, c6 thé tach ra ba hwdng nghién ctru chinh 1a: chuyén
dong théng, chuyén dong quay vong va tinh tién nghi ém
diu chuyén déng. D& khao séat tinh 6n dinh clia 6 t6 nguoi ta
dua ra mo hinh khao st tong quéat “xe - m6i trvong - nguoi
14" [1]. Trong thuc té€ cac yéu t6 cla méi trvong ludn ludn
thay déi, dan tgi thay déi méi twong quan chuyén déng clia
0 t6 trén dudng. Nguéi lai luén ludn co6 tac dong diéu chinh
dé c6 thé thu dugce cac chuyén vi phi hop.

Ngoai canh:
Mobi Gi6 bén, dwong,..

truwong
Nhan thire .
i Chuyen vi
) . AxgAyg —— ¢ ) uyen vi
Hwng;dd YU Ay, Agy | Neudi Oy X0, Y05 Pos Wo
b lai

x1,51, B1, W1 |

Hinh 1. So do m@ hinh diéu khién quj dao chuyén dong clia 6 to

Dva trén co s& ciia md hinh diéu khién quy dao chuyén
dong nhw hinh 1, hién nay xuét hién nhitng huéng nghién
ctru chul yéu sau veé tinh én dinh ctia 6 t6: 6n dinh quy dao
chuyén dong bang lai dién ti [2], 6n dinh bang digu khién
Iuc kéo [3], 6n dinh quy dao chuyén dong bang diéu khién
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Iyc phanh [4]. Trong d6 8n dinh quy dao bang luc phanh 1a
hé théng dugc quan tam va nghién ctiu nhiéu nhét va duoc
trang bi nhiéu trén 6 t6 hién nay. Hé théng nay st dung bd
chép hanh thiy luc dién tlr dé thay doi ap sudt phanh & cac
banh xe [5]. Luc phanh dugc diéu khién bang cach ting 4p
suat phanh cla banh xe bén trai va so sanh véi voi cac banh
xe bén phai, s& sinh ra m6 men xoay than xe ngugc chiéu
kim dong hoé. Hodc tang ap sudt phanh cac banh xe bén phai
va so sanh vai ap sudt phanh cac banh xe bén tréi, tao ra mo
men xoay cling chiéu kim déng hd. Trén co s¢ dé vao nam
1995, ESP (Electronic Stability Program) ra doi la chuwong
trinh diéu khién 6n dinh hudng chuyén dong clia xe nho tu
dong diéu khién lyc phanh trén tirng banh xe. C6 rat nhiéu
phuong phap diéu khién hé théng 6n dinh ESP ¢ thé ké dén
nhu PID [6], Fuzzy [7,8]. Tuy nhién cac nghién ctu nay cht
yéu gidi quyét van dé xay dung thuat toan diéu khién t6i vu
nham khac phuc cac ton tai ctia hé théng chéng bé ciring
banh xe ABS va on dinh quy dao chuyén déng ESP.

Bai bao nay tac gia budc dau dé xuat xay dwng mot bo
diéu khién PID dé diéu khién lyc phanh tai tirng banh xe
nham &n dinh quj dao chuyén déng trong truong hop
quay vong thiéu. M6 hinh 6 t6 st dung trong nghién ctu
nay la mo hinh day da gom dao ddng va quay vong clia 6
t6 con. Do vay, bai bao duoc phan véi cdu triic gom 5 phan.
Phan 2 gi¢i thieu md hinh day da cta 6 td nghién ctu.
Phan 3 thiét ké bd diéu khién PID v&i muc tiéu nang cao on
dinh quy dao chuyén dong theo mong mudn clia ngudi lai.
Phan 4 la két qua mo phong trén mién thoi gian. Phan 5 la
két luan va dé xudt huvéng nghién clru ti€p theo.
2.MOHINHOTO CON
2.1. M6 hinh déng luc hoc dao déng

Truc lic dot;}_,'/
ms, Jx, Jy /'T
Z

Hinh 2. So do m@ hinh dao ddng tong quat clia 6 [12]

M6 hinh 6 t6 dwoc xay dung véi cac gia thiét. than xe
duwoc coi la cleng tuyét d6i, c6 trong lwgng phan bd doi
xrng theo truc doc xe, cac phan t&r dan hoi va giam chan
trong mo hinh cé déc tinh tuyén tinh, bé qua hé so can cla
I6p va do dbc chia dwdng. M6 hinh ¢c6 7 bac ty do duoc thé
hién trong hinh 2 gém c6: 3 chuyén dong cla than xe dich
chuyén theo phuong thang ditng Z; géc l&c quanh truc lac
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ngang céach trong tm mat doan h,; gdc lac quanh truc lac
doc cach trong tam mot doan h,, va b6n dich chuyén théng
ding clda bon banh xe Z;;.
Hé phuong trinh dao dong ctia 6 t6 duwoc viét nhu sau:
mZ =k, +F, +F, +F, +F,, +F, +F, +F +F, +F, +F, +F,
(A, +mh2)p =R, +F,, +F)TF— (R, +F,, +F ) TF
+(Fes +Fyg +R)Tr =R, +F,, +R)TY +ijhp
(, +mP )0 =—(F, +Fy +R L — (R, +F,, +Fop L (1)
+(Rea +Fag HRog )N+ (Reg +Fyy +RLr=F,h, —F.h,
M2y =R +F +Fop) +Kia (0, - 20)
M2, =—(Fp +Fa +Fp) Ko (0, = Z,)
MyaZ,g = —(Fs +Faa +Fps) +Ka (0 —25)
M2 = (s +Fas +Fos K (s —20s)

Trong d6: F; = kg(z, — z4): lwc dan hoi, voi kg 1a dd clirng

phan ti dan hoi.
Fai = Kai(zyi — Z4): luc chia thanh 6n dinh ngang, vai k,; la

do ctrng chdng xoan.
F, =d,(z, —2) : luc can gidm chén, voi dg; 1a hé s6 can

gidm chan.

2.2. M6 hinh ddng lyc hoc chuyén dong clia 6 td

Hinh 3. M& hinh ddng lyc hoc chuyén dong clia 6t [12]

Hinh 3 minh hga mé hinh 6 td6 hai vét nghién ctru
chuyén dong clia 6 to trong tredng hop téng quat chiu tac
dung cta luc gi6 ngang véi gia thiét cac luc tac dung lén
banh xe dat tai tim vét ti€p xlc cda banh xe v6i mat
duwong, bé qua cac lwc cdn & banh xe va tdi trong tinh phan
b6 dai xirng theo phwong chuyén déng cuia 6 to.

Céac ky hiéu trong hinh 3 goém: C - trong tam 6 t6, J; -
g6c quay clia cac banh xe dan huéng, ;- géc léch bén cla
banh xe thv i (i = 1 + 4), Y - g6c quay than xe quanh truc
thdng ditng qua trong tam, B - goc léch than xe so Vi
phuong chuyén dong, v- van téc chuyén déng clia 6 t6,
V,, V, . cac thanh phan van t6c 6 t6 trong hé toa do trong
tam, v; - van t6c cda banh xe thit i; F; - phan luc ngang tir
mat dudng tac dung lén banh xe thiv i, F,; - luvc doc tac dung
Ién banh xe thi i, F,, - lwc c&n khdng; N - e ngang tac dung
c6 thé déc treng cho gi6 ngang; T;,T, - nira khoang cach
gita tdm hai vét banh xe cau truéc va sau; Ly, L, - khodng
cach tlr trong tdm dén tam vét banh cau truéc va sau.
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Phuong trinh céc lyc tdc dung 1én 6 td theo phuong doc
va ngang dugc xac dinh nhu sau:
-mv, +mv, (B +)+F,cos(8,)+F,,cos(3,)
+F; +F, —F,sin(3,)—F,,sin(5,)-Fw =0 2
-mv, —mv, (B+\y)+F,sin(s,)+F,sin(3,)
+F,,c0s(8,) +F,,c0s(3,)+F,; +F, +N=0
Phuong trinh m6é men déi voi trong tdm xe dugc xac
dinh nhu sau:
—Jzg€ +F, cos(8,)Lf +F , cos(5, )Lf —FLr—F,Lr
+F,,sin(8,)TF —F,, sin(8,)Tf + F,, sin(8,)Lf + F, sin(3, )Lt (3)
-F,,cos(8,)Tf +F,, cos(8,)Tf+F,Tr—F,Tr+Ne =0
T cac phuong trinh (1), (2) va (3), hé phwong trinh mé
ta chuyén dong téng quat nhu sau:
0, =V, (04,0086, +F,,c0S(3,) +F
m
+F4 —F,sin(8,) —F,, sin(3,) —Fw)
. - o1 . .
Vy :7Vx (B+W)+E(Fx2 Sln(62)+Fx1 Sln(él)
+F,,€08(,)+F,,€0s(8,) +F,; +F,, +N)
L1
£= E(Fy1 €08(3,)Lf +F,, cos(S, Lf —F;Lr—F ,Lr

+F, sin(8,) Tf -F, sin(8,)Tf + F,, sin(3, Lf
+F,, sin(8, )Lf—F,, cos(3,) Tf +F,, cos(3, ) Tf
+F,Tr—FTr+Ne)
mszs :FKl +FA1 +FD1 +FK2 +FA2 +FD2 +FK3 +FA3
+Fog +F +Fa +Rs
(‘]x +msh2r )(b:(FKl +FA1 +FD1)Tf 7(FK2 +FA2 +FD2 )Tf
+ (R +Fag +Rs)Tr—(R, +Fy4 +FD4)Tr+ijhp
(9, + M0 =—(F, +Fyg +Ro Lf — (e +Fap +Rop L
+(Fes +Fag TRog)lr+ (R, +Fa +R,Lr=Fh, —F.h,
”h?ul = %Fm + FAl + FDl) +Kul(ql - Zul)
mjzzuz ZA(FKZ +FAz +FD2)+Ku2 (qz 7Zu2)
mjszus :%Fxs +':As +FD3)+Ku3 (qs u3)
M2y =R +Fa +Rs +Ky (q4 ‘)
3. THIET KE BO PIEU KHIEN PID BE BIEU KHIEN QUY
DAO CHUYEN BONG CUA O TO
3.1. Co s& ly thuyét diéu khién PID
B0 diéu khién PID xem xét mot gid tri sai so la hiéu s6
gitta gia tri do clia thong s6 bién déi thuc té va gia tri dat
mong mudn. Bo diéu khién s& thyc hién giam téi da sai s6
nay bang céch diéu chinh céc gia tri dau vao. Trong truong
hop kién thic co ban vé qua trinh bi han ché thi bd diéu
khién PID la bd diéu khién don gian nhat dé ap dung. Tuy
nhién, dé dat dugc két qua tot nhat, cac thong sb co ban
cha PID gom K, K,, K4 can phai diéu chinh theo tinh chéat
clia hé thong. So db cdu trdc bo diéu khién PID duoc thé
hién trong hinh 4. Bang cach lva chon céc gia tri cha K, Kps
K4 khac nhau thi cac bién thé thrdng xudt hién ctia bo diéu
khién nay c6 thé la bd dieu khién P hay PI. Can lvu y rang
céc hé s6 nay cé thé xac dinh ty dong tir phan mém Matlab
dé dat duoc hiéu qua tot nhat.

z
ZU
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4
—Setpoint Error Output—»

dt
Hinh 4. M hinh cu trc bo diéu khién PID

So do diéu khién PID duoc dit tén theo ba khau hiéu
chinh clia n6, tong clia ba khau nay tao thanh tin hiéu diéu
khién, dwoc xac dinh nhv sau:

: d
u(t) =K, e(t) +K, ! e(t)dt+Kdae(t) (5)

Trong do: e la sai s6, Ky d0 loi vi phan, K, do loi ti 1&, K
do lgi tich phan.
3.2. Xay dung b diéu khién PID

Tinh 6n dinh quy dao chuyén dong ctia 6 t6 dugc danh
gid bang kha nang 6 t6 dam bao dwoc quy dao chuyén
déng mong muén theo tin hiéu diéu khién clia nguai lai.
Quan hé gitra gia tri téc dd gdc quay than xe mong mudn
theo téc d6 chuyén déng va géc quay banh xe dan huéng
dugc xac dinh nhu sau [9]:

V() =~ = Y 8, [rad /]

R L, mv (L_ L)
2L C, C,

Dé dam bao 6 t6 ludn chuyén dong theo diing quy dao

mong mudn, can xac dinh céac hé s6 K, K, va K; ctia bo diéu

khién PID dé sai léch e gilva toc dd quay than xe thuc té

' (t) (dwoc xac dinh bdi cdm bién téc do quay than xe) va

téc dd géc quay mong mudn la nhé nhat. Do do bai toan
t0i wu duoc xac dinh:

Kmlgd e(t) =]y (1) —y(t)] ()

(6)

Ung dung thuat toan t8i wu téng binh phrong sai léch
nhé nhat véi cac ham phi tuyén “Isgnonlin” trong phan
mém Matlab Simulink [10], ta nhan dwgc cac gia tri téi uu
clia bo diéu khién PID la: K, =22899; K, =113284; K, =41.

Dé dam bao kha nang bam ngang ctia cac banh xe dan
hwéng khi 6 t6 quay vong, bo diéu khién chi cung cép tin
hiéu dén cac banh xe phia sau. Tin hiéu lyc phanh duoc
phan phéi dén cac banh xe dva trén chiéu quay cla banh

xe dan huéng va gié tri hé s6 quay vong K, :?(éff_éff) .
af ar

4. KET QUA MO PHONG VA BDANH GIA

O phan nay tac gia danh gia hiéu qua ctia bo diéu khién
dé xudt trén mién thoi gian. Vi duong nét dit cho 6 to
khong st dung hé thdng 6én dinh quy dao chuyén dong va
nét lién cho 6 to st dung hé thdng 6n dinh quy dao chuyén
dong vai bo diéu khién PID. Gia tri do clrng bén clia banh
Xe cau trudc va cau sau trong tredng hop quay vong thi€u
dugc xac dinh nhu sau: C, = 30000 [N/rad] va C,, = 26000
[N/rad] va hé s6 quay vong K,=0,00017.
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40
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— Co dieu khien
L= Khong dieu khien
60 70 80 90 100

e | i
200 10 20 30 40

X [m]

Hinh 5. Quy dao chuyén ddng clia 6 to khi quay vong thiéu

K&t qua mo phéng khi 6 t0 chuyén dong véi van toc
60km/h thé hién trén hinh 5. Khi khéng co6 digu khién, quy
dao clia 6t6 khi quay vong c6 ban kinh cong I&n hon (nét durt)
S0 VGi quy dao quay vong khi cé diéu khién lic phanh (nét
lién). Biéu nay chiing td hé thdng 6n dinh quy dao chuyén
dong gitp cho 6 td quay vong tot hon. Hé théng diéu khién
lvc phanh da tao ra m6 men quay, ngugc véi mdé men léch do
quay vong thiéu, do vay gilp 6 td quay vong ding.

Sailech e Goc lech than xe

8 2
‘7 Co dieu khien — Co dieu khien
6/ "\ |- Khong dieu khien 0 -—- Khong dieu khien
T g fo E
g |l NG -2
2 =
0 \ -4 R
_20 \/ -6
2 4 6 8 10 0 2 4 6 8 10
thoi gian [s] thoi gian [s]
Goc quay than xe Gia toc ngang
150 4
1 | i e
L e W 3 [ s
—_ — / / —
2 o {if
o 2 /
& 50 E 2| 1
s = = ||/
0 =
— Co dieu khien /’ — Co dieu khien
50 - Khong dieu khien 0 4 - Khong dieu khien
0 2 4 6 8 10 0 2 4 6 8 10
thoi gian [s] thoi gian [s]

Hinh 6. Dap (rng theo thoi gian clia cac thang s6 khao sat

Hinh 6 thé hién dap (rng theo thai gian clia cac théng s6
khi quay vong gom: sai léch tdc do goc quay than xe e, géc
léch théan xe [, goc quay than xe | va gia toc ngang a,. Cac
két qua nay da chi rd tac dung clia hé théng én dinh quy
dao chuyén dong ctia 6 t6 khi quay vong thiéu. Khi cé tac
dung diéu khién, cac duong do thi cho thay rd sw khac biét
so0 vai khi khong diéu khién, nhat la thong s6 sai léch téc do
géc quay than xe e. Ta thay khi sai s6 e clia toc d goc quay
cang nho thi quy dao chuyén dong cang ddm bao va cang
gan voi quy dao mong muén clia ngudi lai.

Bang 1. So sanh gia tri RMS giira hé thang dn dinh quy dao st dung PID va
khdng diéu khién

e B 1] a,
Khong digu khién 1,3833 1,8519 0,0722 1,1900
C6 diBu khién 0,5790 1,1475 0,0487 0,7193
Do gidm 58,14% 38,04% 32,55% | 39,55%

Pé thay ré hon hiéu qua clia b diéu khién PID da dé
Xudt, tac gia théng ké gia tri sai lIéch binh phuong trung
binh RMS [11] gitra 6 t6 khi quay vong co6 diéu khién va
khong diéu khién nhu trong bang 1. Chiing ta thdy rang tat
ca cac tin hiéu duoc khdo sat déu gidm trén 30% trong
truong hop cd diéu khién.
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5.KET LUAN

Trong nghién ctru nay tac gia da tap trung trong viéc xay
dung m6 hinh tdng quat clia 6 t6 va ap dung phrong phap
diéu khién PID vao thiét ké bd diéu khién cho hé théng 6n
dinh quy dao chuyén dong. K&t qua mé phong trén mién
thoi gian, cho thdy 6 t6 dugc trang bi hé théng 6n dinh quy
dao chuyén dong bang diéu khién luc phanh voi phrong
phép PID d&d ddm bao sai léch van toc goc quay than xe so
vGi ly twdng la rdt nho (d6 gidm dat trén 58%). Ttrc la, khi 6 t0
quay vong, bang viéc diéu khién luc phanh mét cach chinh
xac sé luébn dam bao 6 t6 duy tri dwgc quy dao quay vong
ddng. Ngoai ra két qua md phdng trén mién thoi gian da thé
hién rd muc tiéu nang cao an toan chuyén déng dwoc dam
bdo voi do giam trén 30% cho tat ca céc chi tiéu khi so sanh
v(i 6 t6 khdng sir dung hé théng diéu khién.

Hwéng nghién ctru tiép theo co thé ké dén la xay dung
b6 diéu khién ¢ str dung PID két hop Fuzzy dé diéu khién
Iwc phanh tai tlrng banh xe tang tinh 6n dinh va quay vong
diang theo mong mudn clia nguoi lai.
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