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TOM TAT

B diéu khién ti 16, tich phan, vi phan (Propomonal Integral Derivative (PID)) duoc dp dung
rdt nhiéu trong cdc bai todn diéu khién béi vi cau triic don gian va kha nang lam viéc én dinh, tin
cdy. Trong bai todn diéu khzen cdn bang cho hé thong thuy lyc trén xe chuyén dung sw dung bo
diéu khién PID véi cdc tham sé cé thé xdc dinh bang phwong phdp Ziegler — Nichols. Voi bg diéu
khlen trén, hé thong co thé dat dwoc trang thdi on dinh, tuy nhién, cac tham 6 b diéu khién PID
can tiép tuc dwge hiéu chinh dé dat t6i gid tri toi wu. Trong bai bdo nay nhém tac gid trinh bay
g dung gidi thudt di truyén dé tinh chinh bg tham sé PID. Két qud mé phong cho thdy bé diéu
khién PID sau khi t6i wu bang gidi thudt di truyén cho chdt lwong diéu khién tot hon. Gidi phdp
trinh bay trong bai bdo dwoc dp dung thiec té trén xe bé phéng SPU va cho két qua tot.

Tir khoa: Hé théng thiy luc; Bo diéu khién PID; Giai thudt di truyén.
1. PAT VAN PE

He¢ thdng thuy luc dugc khai thac sir dung rong rdi trong nhidu linh vye nhu co dién, ché tao
may, tu dong hoa, hang khong. Trén cac phuong tién xe co gidi, hé thong thuy lyc déng mot vai
tro hét sirc quan trong. Nho tinh 6 6n dinh cao va luc truyén dong 16n, hé thong thay luc duoc su
dung dé van hanh cac co cdu phanh him, co cau nang ha hay thuc hién c4n bang cho xe [1]. Bai
toan ty dong can béng va 6n dinh san xe duoc su dung rat nhiéu, dic biét trén cac xe chuyén
dung nhu xe cAu tai trong 16n (xe ciu KA 4000, xe ciu ZOOMLION) hay xe quan sy (xe bé
phéng 9P117M cua td hop tén ltra dan dao Scud, xe b¢ phong SPU cua to hop tén lira Bastion, xe
van tai Ural 375D). Bai toan yéu cdu san xe phai duoc nhanh chéng duy tri 6n dinh trong mit
phang ngang. Trang thai cin bang ngang 1a co s& dé cac budc van hanh tiép theo dugc thyc hién
an toan, chinh xac.

Bo diéu khién PID duoc sir dung tir 1au va da thanh cong trong rit nhiéu bai toan diéu khién.
N6 co céu trac don gian, dé diéu chinh va hoat dong 6n dinh, tin cay [2, 3]. C6 nhiéu _phuong
phap truyén thong dé xac dinh cac tham s cta bo didu khién PID nhu phuong phép diéu chinh
thu cong, phuong phéap Ziegler — Nichols, phuong phap Cohen — Coon,... Cac phuong phéap nay
cho phép tim ra bo diéu khién PID dam bao cho hé thong 6n dinh, tuy nhién, do nhiéu yéu t6 nhu
sai sO cua thiét bi do hay ban chit cua dbi tuong diéu khién nén rat kho dé tim dugc bd tham sd
t6i wu. Trong trudng hop nay, can thyc hién thém budc tinh chinh cac tham s6 Ko, Ki, Kq cua bd
diéu khién PID. Trong bai bao, nhdém tac gia trinh bay phuong phéap sir dung giai thuat di truyén
dé t6i wu bo diéu khién PID. Két qua ap dung giai thuat dugc so sanh v6i bo diéu khién thu dugc
bang phuong phap Ziegler - Nichols va dugc ap dung thue té trén xe bé phong SPU.

2. MO HINH TOAN HQC HE THONG CAN BANG SAN XE

Trong bai todn can bang san xe, hé thong can bang va on dinh nho hai chan kich dt & vi tri
gin dudi xe. Cac chan kich thay d6i chiéu cao din dén sy thay doi tu thé ciia xe. Cam bién goc
nghiéng gin voi san xe do va tra vé cac gia tri goc nghiéng doc va goc nghiéng ngang. San xe
cin bang khi cac goc nghiéng 1éch mot lugng du nho so véi phuong ngang. So d6 khdi hé thong
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cin bang san xe dugc mo ta nhu trong hinh 1. Hé thong bao gdm bd diéu khién thuy lyc trén do
thuc hién thuét toan diéu khién can bang, hai van dién - thiy luc hai trang thai, hai co cau chan
kich dang pit tong — xi lanh, thiét bi do goc nghiéng doc va goc nghiéng ngang.

Van dién - thuy
—» luc hai trang —
thai

% |

Hinh 1. So d6 khoi hé thong cdn bang trén xe.

Bo diéu khién

q Co ciu truyén Thiét bi do géc
thuy luc

dong chan kich nghiéng

2.1. M6 hinh chuyén déng ciia co' cAu chén kich

San xe dugc can bang va 6n dinh nho hai chan kich thay luc K1, K2 (hinh 4), co céu pit tong
— xi lanh cua chan kich duoc diéu khién dé thay ddi do cao dua san xe vé mat phang ngang voi
sai 1éch goc nghiéng trong giai cho phép. Hinh 2 m6 ta mét cit theo chidu doc cuia co cdu pit tong
— xi lanh ctia chan kich. Chan kich 1a mot co cdu truyén dong thing, cho phép di chuyén tryc xi
lanh hai chiéu Ién va xubng [4, 5]:

Sra p _ CiraB
/ /
Pitténg
Xilanh . 7
b _Chin
=% N ¢ NN EENOSRT {
| e 2 | =8/ =
’ N J - ’ / 4 N\
‘ B R 70N ¥ —Ill P
S ‘\
Tz o — .
/P J A ‘ v, : :
S R st ; o

o M (s oo R Két n6i tai

Vimng giéi han (Chan dg)

dich chuyén pit tong Truc xi lanh ——/

Hinh 2. M6 hinh cdu tao chén kich.

Chon truc toa dd theo chiéu doc chan kich, hudng xuéng dudi. Luc do ap suét thuy luc bén
trong xi lanh gay ra chuyén dong doc truc ctia pit tong s€ la:

TLpt = (AP, — AR, 1)

Trong d6, An, Ag - Tiét dién bé mit pit tong ch1u tac dung cua 4p suét thuy luc; Pa, Ps — Ap
suat thity luc bén budng cira A va cira B; 7, - Hé s6 luc hiéu dung ciia co céu pit tong — i lanh.

O pha thir nhét, khi chan kich chua cham dét, goc tu thé cua xe khong thay doi, do do ¢ day chi
can quan tam dén pha thir hai khi chan kich da cham dét va c6 tin hi¢u cam bién dau cubi bao ve.

O pha thtr hai, pit tong cham dat va & trang thai dung yén. Xét chuyén dong cua xi lanh:
mé\’:IETLX,HE +FNX,+F +F, (2)

vicous

Vé6i my — Khéi lugng xi lanh; Fria s F FNX, , E,

vicous !

F. lan luot 1a thuy luc tac dung 1€n xi
lanh, lyc nay nguogc chiéu véi thuy luc tadc dung Ién pit tong (Frip), trong luc cta xi lanh, phan
luc vudng goc 1én thanh xi lanh, lyc nhét va ap luc cia than xe 1én kich; ﬁle duogc can béng bai
thanh phén trong lyc vudng goc v6i thanh xi lanh. Chiéu 2 vé cua (2) 1én tryc xi lanh, chiéu
hudng xuong dudi, ta co:

=—(AP,— AR, +mygcosa —ci+F, 3)
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Trong d6 z — Hanh trinh cua pit tong bén trong xi lanh; a 1a gbc nghiéng cua kich so voi
phuong thang dang, trong thuc t€ goc a rat nhd (kich thdng dang), cosa =1; ¢ 1a hé s6 nhét
hiéu dung. Ap luc F,, thay d6i theo chuyén dong cua than xe. Khi than xe nam yén, luc nay
bang lyc trong trudng cua than xe phan phdi trén chan kich, ki hiéu Fyeo. Ap dung dinh luét 2
Niuton mo rong:

5
[

V6i | - M0 men quén tinh cta than xe trong chuyén dong quay do thay doi d6 cao chén kich;

L — Chiéu dai canh tay don cua luc Fy. Phuong trinh (3) c6 thé viét lai:

(4)

xe0

M :—FXEL+F L=|wz|E Hay: erzerO_I

N
(M + 307462 =~(APy ~ APy + (Mg 05 + o) ©

2.2. Phuwong trinh mé ta hoat dgng van dién — thay luc
Van dién - thily luc hai trang thai dung dé diéu khién dong thily luc dén chan kich (hinh 3).

Phén dién tir Phén dién tir
Co céu didu khién Brwong héi diu Bwong Cép tir bom, Co céu diéu khién
phu bén trai Py Ps phu bén trai

i |
Ap suat digu ‘ | * 0, Ap suit ditu
khin tréi, Pel 7 I : V‘ khién phai, Per

B ——— wawaws s |

ey

Q-"\l_: 'Q: Q:‘i Q, 1— = ‘J
[ W=/

|0, \ L e / 0,
CuaB, Ps Ciaa A, Py Ap suit 14, Py

Ap suét 14, Pp . At (Ra tai) .
Lo %o phan hoi, ka(R ) Lo xovan, kv

Cudn diéu khién 7
Hinh 3. Céu tao van hai trang thdi.
Tir bd didu khién, dong dién i gy ra sy dich chuyén con chay bén trong van dé thay doi dong
thay luc. Moi quan hé gitra d6 dich X ctia con chay va dong diéu khién i xac dinh boi (6):
X+ X=y(i—i,) =ypAi (6)
Véir - Hang s6 thoi gian, w - Hang s ti 18, io — DONg can thiét dé thang Iuc 10 xo hdm bén
trong van. Biéu thirc (6) viét lai dudi dang ham truyén (8) mo ta quan hé giita dong dién diéu
khién va vi tri con chay:

7SX () + X (8) = Al (S) (7
. _X(s) _ v
Hay: G(9)= Al(s) 7s+1 ®)

Méi quan hé giita luu luong dong chay Q, d6 dich chuyén x cua con chay va 4p suét roi trén
van dugc xac dinh béi bicu thire (9) [6]:

Q=%QO+KqX+KCP 9)
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V6iK,, K, lan lugt 1a d§ loi va hé sb 4p suat dong chay. Trén hinh 3, cira A va B ndi véi
budng xi lanh cua co céu truyén dong chan kich. Luu luong dong chay qua cira A va B dugc xac
dinh bdi biéu thic: Qa = Q2 — Q1 Qs = Q4 — Qs. Ap dung bicéu thuc (9) va de y
Qa=—Azln,; Qg = -Ailn, taco[6]:

Qu=2K,x — 2KC(PA - %j Qs = 2Kx + ZK{PB — %} (10)

= =— +5+ ; Pp=——Xx+=+ =——X+=-
K 2 2K, K, 2 2Kgp, K 2 2K, K, 2 2Kz,

Trong do, 7, - H¢ s6 tich hiéu dung ctia co céu truyén dong chan kich; Qa, Qg - Luu luong
dong chay trén ctra A va cira B, Ps — Ap suét thuy lyc dau vao cip tir bom.
2.3. Xdy dung mé hinh ddng hoc cin bing san xe

Y
52 e

Ki hiéu:
h=OH
2~ hl =S1G1
S h2 =852G2
4 h3 = S3G3
=083
d=SI1S3

H|nh 4. M6 hinh tinh toan goc nghiéng.

Co cdu can bang du'qc’mo hoéa nhu trén hinh 4. Bao gdm hai chan kich K1, K2 dat doc theo
truc S1G1, S2G2. Cam bien do nghiéng dét & vi tri di€ém O. Trén mo hinh goc nghiéng doc @ va
goc nghiéng ngang € dugc xac dinh bai biéu thuc (12).

sin(g) = S,G, -OH _ h, —h; sin(6) = S,G,-S,G, _ h —h, ;
OS, | S;S, d (12)
h =ph +(@1-p)h,; 0<p <L

Trong d6 h, hy, hy, hs 12 do cao ha tir cac diém 0O, S1, Sz, S xubng mat phang ngang di qua
G3. Diém O chia doan S;S; theo ti 1€ p, trong thyc t€ diém O nam chinh gitta truc ngang S;S, cla
xe, khi @6 p = 0.5. Twr (12) d6 cao chan kich hy, h, dugce xac dinh bdi cac goc nghiéng do dugc:

h =h,—Ising— pdsiné = f (¢,6);
h,=h, —Ising—(1— p)dsin@ = f,(4,6);

O diéu kién ban dau, cam bién do nghiéng tra vé goc nghiéng doc Py va goc nghiéng ngang
. DO cao ban dau hyg =f1 (D, 00) hao =fo(®Dg, 6p). Qua trinh diéu chinh can bang xe duogc thuc
hién theo hai pha. O pha thir nhét, chan kich ha tw do khi chua cham mit dat, luc nay chua c6 su

(13)
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thay di tu thé cua Xe, Xe van duy tri goc nghiéng doc @, va géc nghiéng ngang 6. O pha thir
hai, chan k}'ch cham dat, 6 cao cua cac chan kich dugc mo ta boi phuong trinh vi phan (5). The
Pa, Pg ¢ biéu thtc (11) vao (5) va rat gon ta co:

1 (A=A, 1 (CAHAK, o MR (A A)

I
m, +—)Z+(C+ z +(mygcosa+F 14
( x| Lz ) ( 277U KC ) KC 2 ( x| g a er) ( )
Hay: m,Z+Cz=Kx+F =F(t) (15)
Voi m, =m, + Lz - Khoi luong hi¢u dung cua Xi lanh;
L
P.(A, +
F, = —M +(m,gcosa+F,).
Lay Laplace 2 vé biéu thtrc (15) ta thu dwoc ham truyén (17) mé ta sy thay doi do cao chén kich:

M, S*Z(s) +CSZ(s) = F(s) (16)
Hay: G,(s) = 2() ! (17)

F(s) m,s®+Cs
3. THUAT TOAN PIEU KHIEN CAN BANG DUA TREN GIAI THUAT DI TRUYEN
3.1. M6 hinh hé théng diéu khién
Hinh 5 mo6 ta mo6 hinh hé théng diéu khién chan kich. Trong d0, hi.s 12 gi(f) cao tham chiéu can
dat, h; — Do cao chan kich do duoc, ei(t) — Sgi 1éch gitra d6 cao tham chiéu va d¢ cao do dugc,
Ui(t) — Tin hi¢u dicu khién. O trang thai can bang goc nghiéng doc @ = 0, goc nghiéng ngang ¢ =
0. B9 cao tham chiéu duoc xac dinh boi (13) véi @ =0, 6 = 0:
hlref = (hs —Isin P— pd sin 9)¢:o,.9:0 = ha;

Myt = (hy —1sing—(1— p)dsind), ,,., = h;;
o | Gidi thuat di
truyén

(Kp-opty Ki—opb Kd-op[)

(18)

PID ui(t) | Co céu truyén h;
"1 doéng chan kich

Cam bién do goc
nghiéng ©,0
Hinh 5. M6 hinh hé thong diéu khién.

béi tuong diéu khién & day 1a co cAu truyén dong chan kich, dac trung cua co cAu duoc xac
dinh boi ham truyén bac 3:

f(0,0) |«

1 v v
G(s)=G,(s)G,(s) = . = 19
(6)=G,(5)6:(9) m,s*+¢s 7s+1 m,s® + (M, +Cr)s? +3C5 (19)
B diéu khién PID dugc sir dung trong bai todn can bang, n6 dwa ra tin higu dicu khién ui(t)
xac dinh boi biéu thirc:
de(t)

u () = K e(t) + K fe(t)dt + K, S

(20)
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Trong do, Kp, Ki, Ky lan luot 1a cac hé s6 ti 1&, hé s6 tich phan va hé s6 vi phan cta bo diéu
khién PID.‘Béi toan thiét ké b(f)‘diéu khién PID la tim ra cac tham s6 K, Ki, Kqtoi uu dap ung
dqu yéq cau cua bai toan can bé}ng. Trong khu6n kho bai bao, nhém tac gia su dung giai thuat dj
truyér} de tinh chinh céc tham so K, K, Kq. Qua trinh tinh chinh két thuc khi tim ra by tham so6
PID téi uu (Kp.opt, Ki.opt, Kd.opt).

3.2 thmrng phap .Zlegler-.l\llcho‘ls ’ ‘ Ty

bé ap dung giai thuat di truyén trude hét ta can xac
dinh cac tham s6 PID gitp cho hé thong 6n dinh. O day
sir dung phuwong phap Ziegler-Nichols ap dung cho vong
k1_n. bé xac dmll cac tha.r{l sO PID’ bang phuong phap Thési gian (gidy)
Zieger-Nichols can thuc hién theo cac budc sau: . . T

Hinh 6. H¢ dao dong on dinh.

Buéc 1: Bat dau véi gid tri K, rat nho, Ki = 0, K4 = 0.
~ Budc 2: Tang dan hé sb Ko cho dén khi dap tmg ctia hé théng véi ham budce (step) dao dong
6n dinh.

Lraus 1a

Budce 3: Ghi lai gia tri K, = K, x4c dinh ¢ budc 2 va chu ky T, cua dao dong dau ra cta hé
thong (don vi gidy).
Budc 4: Cac tham so b diéu khién xac dinh bang phuong phép Ziegler-Nichols dugc thé
hién trén bang 1.
Bing 1. B6 tham s6 PID xdc dinh bang phwong phép Zieger-Nichols.

Bo diéu khién K, T T4 K = Ky/T; Ka = ToK,
PID (classcic) 0.6K, T2 T./8 1.2K,/T, 0.075K,T,
P 0.5K, - - - -

PI 0.45K,, TJ/1.2 - 0.54K,/T, -

PD 0.8K, - T./8 - 0.1K, T,

3.3. Ung dung giai thuit di truyén
3.3.1. So lwge vé gidi thudt di truyén

Giai thuat di truyén (Genetic Algorithm - GA) 1a mot k¥ thudt tinh toan dya trén mé phong co
ché tién hoa ty nhién nhu di truyén, dot bién, chon loc dé giai quyét bai toan t6i wu [7-8]. Giai
thuat bat dau véi mot quan thé (tap hop) gdm cac ca thé (phan tir) khoi tao ban dau. Théng qua
cac ludt mé phong co ché di truyén (lai ghép, dot bién), sd lugng ca thé trong tap hop khong
ngumg tang 1én. Khi quan thé dat dén mot kich thudc nhat dinh, lic nay xay ra quéa trinh chon
loc, cac phan tir ¢ gia tri ham myc ti€u (dugc xay dung theo muc tiéu cia bai toan t6i uu) nho
hon s€ dugc danh gia la tdt hon va s& duoc gitr lai. Trai qua nhiéu vong lap (the hé) tao ca thé
m&i va chon loc, s& tim ra dugc ca thé voi gid tri ham muc tiéu nho nhét, day chinh 1a 16 giai tdi
uu cho giai thuat di truyén. Viéc thyc hién giai thuat di truyén trén may tinh dugc mo ta trén luu
d6 hinh 5. Ki hiéu N 1a sb c4 thé ban dau, M 1a kich thudc quan thé khi bat dau xay ra danh gia
chon loc, G 1a s6 thé hé thuc hién trong giai thuat. Pidu kién két thuc c6 thé 1a khi gia tri ham
muc tiéu hoi tu, hodc khi sé thé hé luc chay giai thuat dat dén mot s6 cho trudc (G = Gpay). Bude
t6i rru cudi cuing 13 tim ra phén tir ¢6 gia tri ham muc tiéu nho nhét.
3.3.2. Xac dinh ham muc tiéu

Bo diéu khién PID duoc xem 1a t6i wu néu gia tri e;(t) nhanh chéng hoi tu vé gia tri 0. Dé ap
dung giai thuat di truyén, truéc hét ta can dinh nghia ham muyc tiéu, ham nay cho phép danh gia
chat lugng ciia bo diéu khién PID. Trong khudn kho ciia bai bao nhom tac gia sir dung ba dinh
nghia ham muc tiéu:
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IATE:  F(K,,K;,K,) =itie(ti)At (21)
IAE:  F(K,,K;,Ky) :ZN:e(ti)At (22)
SS: F(K,. K, Ky) :ZN:eZ (t)At (23)

i=1

3.3.3. Thiét lgp cdc tham s6

Dé 4p dung giai thuat, trudc hét ta chon céc

tham s0 hé thong va tham s6 cho giai thudt di | Khoi tao N o4 the ban dau |
truyen. Tham s6 hé thong duoc lay ti 1€ voi gia tri v
thuc té (bang 2). —> Thé hé tiép theo |
Bing 2. Bang tham so sir dung cho gidi thudt. v
— — Tao c4 thé méi (Lai ghép, dot bién,..) |
m, | C 4 T v
1 2 0.3 0.2 | Quin thé mai |
N | M| Gpax | Pe P
30 |50 | 55 |0.8,0.2

Yes

3.3.4. Xac ldp khéng gian tim kiém Panh gia dua trén ham fitness F(K,, K,
Kq), tién hanh chon loc

Thé hé > Grax?
Yes

Pc, Pm x4c sudt xay ra lai ghép va dot bién.

D¢ xac dinh khong gian tim kiém V cho
giai thuat, trudc hét ta cAn tim cac tham sd Kp-
28, Kizs, Ka.zs bO diéu khién PID bang phuong
phép Zieger-Nichols. Khong gian tim kiém

khi thyc hi¢n gidi thut di truyén s& duoc gioi | Téi wu két qua |
han trgng lan can cua diém (Kpzs, Ki’_ZB, Kg- i
z8). D& don gidn, khong gian tim kiém xac TKét thic >
dinh boi tap hop V, R® cac diém (Ko, Ki, Hinh 7. Luu do gidi thudt di truyén.
Kg) thoa man:
0<K, <K, s5; 0<K; <eK 455 0<K; <Ky 45 (V61 £>1) (24)

3.3.5. Trién khai gidi thudt di truyén

Dé bit dau gidi thuat, ta khoi tao ng?lu nhién quf?m thé ban dau v6i N = 30 ca thé 1a cac bd hé
$6 (Kp, Ki, Kg)k, (k= 1, 2, 3,...30) trong khong gian tim kiém Vv =V, chta diém (Kp-ze, Kizg, K.
z8). Thuc hién giai thuat di truyén theo luu db hinh 7, véi cac ham muc tiéu xac dinh lan lugt boi
(21), (22) va (23). Sau khi thyc hién dén thé hé thi 55, két thiic chuong trinh.

4. MO PHONG VA BINH LUAN

Thuc hién moé phong trén matlab voi cac tham sb xac dinh trong bang 2. Sir dung phuong
phap Ziegler-Nichols ta xac dinh dugc bo tham sé PID: (Kp-zs, Kizs, Ka.zs) = (28, 28, 7). Chon
& = 4khong gian tim kiém V =V, 1a tap hop cac diém cac bo s (Kp, Ki, Kg) thoa mén:

0<K,<112; 0<K; <112 0<K; <28; (25)

Thyc hién giai thuat di tmyén v6i cac ham muyc ti€u dinh nghia boi (21), (22), (23). Két qua
chay giai thuat cho ta cac bd tham so PID nhu trén bang 3.
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Bing 3. Bé diéu khién PID xdc dinh bang gidi thudt di truyén.

PID Zieger-Nichols IATE-GA IAE-GA SS-GA
Kp 28 70.8560 37.6659 31.7182
Ki 28 64.7019 0.0662 0.4435
Kd 7 27.8937 26.9968 26.9955

C6 thé thiy bo tham s PID sau khi t6i vu béng giai thuat di truyén léch déng ké so vai bo
PID xac dinh boi phuong phap Zieger-Nichols, diéu d6 cho thay dé tinh chinh bo didu khién
bang cach thir sai s& rat kho de dat duoc gia tri toi uu. Tur bang 3 ciing cho thdy v6i ham muc tiéu
IAE va SS, giai thuét di truyén tim ra cic bd PID kha twong dong. Pap tmg hé thong ddi v6i cac
bo dicu khién noi trén dugc so sanh trong bang 4.

Bing 4. Bang so sanh cdc tham sé danh gia chat eong diéu khién.

Zieger-Nichols IATE-GA IAE-GA SS-GA
Thoi gian xéc 1ap (s) 5.8 1.92 1.34 1.39
Thoi gian tang (s) 0.419 0.208 0.246 0.253
D§ qué chinh (%) 59.4 41.8 17.2 13.8

B diéu khién PID tbi wu bang giai thuat di truyén cho d4p tmg tét hon, giup giam nhanh thoi
gian ting va thoi gian xac 1ap, giam ti 18 qua chinh. Bo diéu khién IAE-GA va SS-GA cho thoi
gian xéc lap va do qua chinh nhé nhat.

Hinh 8 m6 ta su giam dan va hoi tu ciia ham muc tiéu khi gia ting s6 thé hé trong giai thuat di
truyén. Diéu nay phu hop v6i mé hinh giai thuat. Mic du thuat toan chay dén thé hé 55 nhung ¢
thé thidy ham muc tiéu bat dau hoi tu khi G = 12. Hinh 9 1a dap tng cua hé thong dbi véi tin hiéu
budc nhay don vi v6i cac bo didu khién PID trong bang 3.

Pap vng vai tin hién bwéc nhay don vi

1.6 T
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Hinh 8. Ham muc tiéu. Hinh 9. Pdp iing ciia hé thong vdi tin hiéu bude don vi.

Nhu vay, bang cach ap dung giai thuat di truyén, ta tim duoc bd tham sé t6i vu PID. D4 thi
trén hinh 10 va sd liéu trong bang 5 ghi lai thay ddi ctia goc nghiéng doc va nghiéng ngang khi
thir nghiém trén xe bé phong. Mdc thoi gian dugc tinh tir lic bat dau ha chan kich. O pha thu
nhit khi chan kich chwa cham dat (d&én gidy thir 16) cac goc nghiéng doc va nghiéng ngang
khong thay doi (gitr 6 murc 9 d6 va 7.5 do twong mg). O pha thir hai, khi mot trong hai chan kich
cham dit bat dau xay ra thay | d6i goc tu thé cua xe. Cac goc nghiéng doc @ va nghiéng ngang @
thay d6i dan den gia tri can bang (gia tri 0). Thoi gian qua do dé goc nghiéng doc va goc nghiéng
ngang hoi tu vé giai tir -0.2 d6 dén 0.2 do (dd 1éch cho phép khi can bang) lan luot 14 6 gidy va 4
gidy. Tong thoi gian dé xe can bing xong la 24 giay, d6i voi xe bé phong thoi gian nay la chap
nhan dugc, ddm bao qua trinh can bang xe tinh tir luc bit dau ha chan kich dén luc can bang
khong qua 45 gidy (vuot qua thoi gian nay hé thong bao 15i).
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Bdng 5. Goc nghiéng doc va nghiéng ngang khi thir nghiém.
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Hinh 10. D¢ thj goc nghiéng doc va nghiéng ngang.
5. KET LUAN

Bai bao dé trinh bay Gmg dyng giai thuét di truyén dé toi wu cac tham sb bo diéu khién PID
cho diéu khién can bang hé thong thuy lyc trén xe chuyén dung. Cac ket qua md phong va thu
nghiém cho thay bo diéu khién sau khi tinh chinh bang giai thuét di truyen cho céc dap tmg t6t
hon so voi bo diéu khlen PID xac dinh bang phuong phap truyén théng. Két qua nghién ciru
dugc ap dung thuce té cho xe bé phong SPU va cho két qua tot.
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ABSTRACT

Application of genetic algorithm for balancing control
of hydraulic systems on specialized vehicles

The PID controller is widely applied in control problems because of its simple structure
and ability of working stable and reliable. In the problem of balancing control of the
hydraulic system on a specialized vehicle, a PID controller can be used and determined by
the Ziegler - Nichols method. With this controller the system can achieve a steady state,
however the parameters of the PID controller need to continue to be calibrated to achieve the
optimal values. In this paper, the authors present a method of applying a genetic algorithm in
tuning the PID parameters. The simulation results show that the PID controller, after
optimization by the genetic algorithm, gives better control quality. The solution presented in
the article is applied to the SPU launcher vehicle and achieves good results.

Keywords: Hydraulic system; PID controller; Genetic algorithm.
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