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TOM TAT

Nghién ctru nay dé xuét giai thuat t6i wu thong s6 bo diéu khién PID cho hé théng
truyén dong dién — thuy luc (Electro-Hydraulic Actuators - EHA) st dung thuat toan
di truyén (Genetic Algorithm - GA). Hé thong EHA, sau thoi gian van hanh, sé phat
sinh cac 16i nhu 16i cam bién vj tr, 18i co cAu chap hanh, ... khién hé théng hoat dong
khong chinh xac, khong tin cay. Khi sit dung cac by diéu khién PID, Fuzzy — PID
hodc mot s6 bd diéu khién lai PID, viéc lira chon cac tham s6 tham s Ky, Ki va Ka
trong hé thong phi tuyén nhu EHA la r4t kho khan va ton nhiéu thoi gian. Do d6,
thuat toan GA duoc ap dung dé€ t6i wu cac gia tri Kp, Ki va Ka cia bo diéu khién PID,
dam bao hoat dong chat luong, 6n dinh va hiéu qua caa EHA, goi la giai thuat
GA_PID. Két qua m6 phéng so sanh véi bo diéu khién PID cho thdy cac dap tng

dau ra dwoc cai thién ro rét.

T khéa: Bo truyén dong dién—thuy luc (Electro-Hydraulic Actuators - EHA); BO
diéu khién PID; Thuat toan di truyén (Genetic Algorithm).

1. MO PAU

Gan day, cac hé thong truyén dong co dién (EMA) da dan thay thé cac hé thong
truyén dong thuy luc (HA) truyén théng vi cac hé thong EMA ndi trdi vé trong luong
nhe va tinh linh hoat vuot trgi. Tuy nhién, cac hé thdng nay ciing phai d6i méat véi nhitng
thach thtrc dang ké lién quan dén hid¢u qua ning lwong do co cau truc vit. D& khac phuc
nhting han ché ctia hé thong HA va tan dung nhitng vu diém cta hé thong dién, mot hé
thong thay luc va dién lai, dugc goi la bd truyén dong dién - thay luc (EHA), da dwoc
phat trién [1]. Cac hé thng EHA noi bat vai ty 1é cong suét trén trong luong tuyét voi,
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phan ting nhanh va muwot ma, dd cting cao va dinh vi chinh xac; do d6, cac hé thong nay
da trd thanh mot phan khong thé thiéu cua cac b truyén dong trong cac ting dung cong
nghiép hién dai, bao gdbm may bay, rd-bdt, phau thuat, xay dung va nhiéu loai may méc
cong nghiép khac [2, 3].

Trong cac tng dung robot, hé thong EHA duoc st dung d€ tao ra cac hé thong
truyén dong c6 kha nang chiu tai cao va ty 1€ mat do cong suat 16n [4]. Céc tac gia [5] da
tan dung EHA d€ phat trién mot robot c6 chan st dung diéu khién theo doi quy dao du
doan mo hinh véi mét bd wdce luong truc tuyén da thang do. Twong tu, cac tac gia trong
[6] da phat trién mot hé thong EHA cho mot robot khung xuwong ngoai. Mot ddc diém
ndi bat cua hé thong canh tay robot khi stt dung micro-EHA 1a nhitng robot nay c6 trong
luwong nhe va kha nang xw ly tai trong cao. Tan dung nhitng wu diém trén, Yong-Kwun
Lee va cong su, [7] da phat trién mot canh tay robot moé phong sinh hoc c6 trong luong
2,2 kg va c6 thé nang mot vat nang khoang 5 kg. Hé thdng nay da chirng minh rang canh
tay robot v6i hé thong mini-EHA c6 thé dat dugc cong sudt cao hon trong luwong caa
ching. Nhin chung, canh tay robot c6 kich thuwdc nho va kha nang chiu tai nhe cé thé sk
dung bg truyén dong dién [8, 9]. Nguoc lai, EHA duoc st dung dé phat trién nhiéu tng
dung hang ndng vi no c6 thé mang tai nang vdi do chinh xéc cao va chi phi thap.

Mot trong nhitng van dé phtc tap khi thiét ké cac tng dung EHA la phat trién
va toi wu hoa cac thuat toan diéu khién dé cai thién hiéu suat diéu khién. D€ dat dwoc
dong thoi do chinh xéac cao va hiéu suéat cao, bo diéu khién ty 1é-tich phan-dao ham (PID)
duoc ap dung dau tién. Trong [10], Skarpetis va cong su da trién khai mot bo diéu khién
PID manh mé dé€ diéu khién vi tri cia EHA dudi tdc dong bat lgi cua cac bat dinh vat ly
va nhiéu loan bén ngoai. Trén thuc té, viéc lwa chon cac tham s6 tham s6 Ky, Ki va Ka trong
cac hé thong phi tuyén tinh ma khong c6 du kién thic vé hé thong la rat khé khan. Do
d6, cac nha nghién cttu ciing st dung thuat toan mo va PID d€ thuc hién qua trinh ty
diéu chinh. Thong qua qua trinh tinh chinh nay, két qua da thu duoc cac gia tri PID phu
hop nhat[11, 12, 13]. Ngoai ra, Shern va cong su da tién hanh mot nghién ctru d€ so sanh
viéc lya chon tham sd PID dua trén mot s6 ky thuat nhu phuong phap diéu chinh
Ziegler-Nichols, ky thuét t6i wu hda bay hat thong thuong (PSO) va tdi wu hda bay hat
phu hop dua trén vu tién (PFPSO). Két qua thu dwoc cho thay tit ca cac phuong phép
déu dat duoc cac hiéu ung cu thé, trong d6 PFPSO vuot troi hon cac phuwong phap con
lai [14].

Trong nhiing treong hop nhw vay, cac phuong phap diéu khién thich nghi xem
xét dong lwc hoc hé thdng thay doi theo thoi gian hodc cac phuong phap diéu khién dwa
trén PID lai st dung mang no-ron, thuat toan GA hodc thuat toan PSO c¢6 thé tdi wu hda
kha nang diéu khién trong khi van duy tri tinh 6n dinh va hiéu suat. Trong nghién cttu
nay, chung toi dé xudt ap dung thuat toan GA d€ t6i vu cac tham sd cuia bo diéu khién
PID cho hé théng EHA, nham khic phuc nhitng han ché ctia cic phuwong phap thtt sai
truyén thong von dua trén kinh nghiém day dan va cac lan 14p lai ton thoi gian. GA_PID
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duoc phat trién dé€ lua chon cac gia tri K, Ki va Ki t0i wu, dam bao hoat dong on dinh va
hiéu qua t6t nhat cho hé EHA. Duya trén két qua md phong va so sanh voi cac két qua
cua bd diéu khién PID théng thwong, thuat toan duoc dé xuat linh hoat hon va cai thién
10 rét vé két qua.

Bai bdo nay duoc t6 chirc nhw sau. Co sé ly thuyét va dé xudt giai that duoc mo
ta trong Phan 2. Phén 3 trinh bay két qua va thao luan. Cudi cung, két luan duoc dua ra
trong Phan 4.

2.CO SO LY THUYET VA DE XUAT GIAI THUAT
2.1. M6 hinh toan hoc hé théng EHA

Vi, Va: Pilot-Operated Check Valve
V3, Vy: Pressure Relief Valve
Ov1r Q2 043,0,4 : Flow Rate Through the Valves

Hinh 1: So d6 md hinh hoa hé thong EHA

M6 hinh héa hé thdng EHA duoc thé hién trong Hinh 1 [13]. Trong d6, M: dong
co bom, Qpum: ltu lwong tir thung dau chinh, Q1, Q2: lwu luwong vao xi lanh, Qws, Qu: luu
luong qua van giam ap, Qu1, Qu: luu luwong qua van mot chiéu Viva vz, Vi, Va: van mot
chiéu diéu khién duwgc hudng chan, Vs, Vi van giam ap, M,: khoi lwgng tinh ctia pit tong
va tai diéu khién, xp va Xp: lan lwot la van toc va gia toc ctua pit-tong, A, Az lan luot 1a
dién tich bé mat ctia pit tong, Fs: lwc tai bén ngoai ctia 10 xo, Fse: lyc ma sat, d: nhiéu chua
biét, P1 va P2: lan luwot 1a 4p suédt trong hai budng xi lanh, B,: hé s6 suy giam dd nhét,
Clear: hé sO 10 ri bén trong xi lanh va Cd: hé s6 van. Giai thiét cac anh hudng luc ma sat
gitra cac thanh phan, yéu t0 khoi lugng/vat chat cau tao cac thanh phan, ... duoc luot bo
trong qua trinh xay dung phwong trinh dong hoc, mé6 hinh héa mé phong hé EHA.

Phuong trinh dong lwc hoc caa vi tri Pit-tong c6 thé duoc viét nhu sau:
mp).('p + .[))v)'(p + Fsp + Ffrc +d = AP, (1)
Trong d6 P, = (P, — €P;); A; = €A, Pi: 1a chénh léch ap sudt ctia 2 phia xi lanh.
Cac phuong trinh lién tuc ctia hé thdng thuy luc cia EHA c6 thé duegc bidu thi bang:
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P1 = A1(Q1 - Q; —XpA1) )

Py = 4,(Q2 + Qi + 1pA2) 3)

R T
Véid, = Worraon) A4, Wor—a) Vo1, Voz: thé tich ban dau cua 2 phia budng xi

lanh. Fsp: Luc tai bén ngoai c6 thé tinh bang:
F:s‘p = RspXp 4)
Véi Ky va x, lan ot 1a d6 ciing ctia 10 xo va vi tri Pit-tong.
Fse: Lirc ma sat c6 thé tinh bang cong thirc:
_(:]J_Spt)z v. V.
Frre = V2e (Fyri — F; )e® -L + F, tanh tanh (—p) 5)
Ust Vst
Trong d6 Fun, FeIan luot la ma sat trieot va ma sat Coulomb; v, vy la van t6c va
ngudng van tdc Stribek twong Gng.

Céac phurrong trinh lién tuc ctia hé thong thiy liec EHA c6 thé duoc biéu thi bang:

dP]_ _ L _ — .
T = Ty (01 — Qi — 1p4s) (6)

P, _ ¢ o
dt - Voz—XpAz (Qz + Ql + XpAZ) (7)

Voi Qi = Creaqre(PL1 — P2); Q1 = qump + Q1 — Qu3; QZ = _qump + sz - Qv4;
va Qpymp = 0pw.Trong d6: Q;: Iru legng ro ri bén trong xi lanh, w: tdc d6 quay cua dong
o servo, g,: do dich chuyén cua bom.

Trong qua trinh diéu khién vi tri, hé thong may bom va dfng co servo la nhitng
thiét bi dau cudi thuc hién thuat toan diéu khién, 1a thanh phén c6t 16i. Pong co servo
chuyén d6i dién ap dau vao diéu khién thanh tdc d6 dau ra ciia dong co. Vi yéu cau tdce
dd phan hoi cao két hgp do chinh xac diéu khién vi tri ctia ddng co servo, mdi quan hé
gitra toc do dau ra cia mo to (w) va tin hiéu diéu khién dau vao (u) c6 thé coi la mot
vong ty 1€, duoc biéu thi nhu sau:

w = Knu (8)

Véi K,y 1a d6 loi diéu khién. Do d6: Qpymp = 0pw = 0, Kpu.

T6c d6 dong chay qua van mot chiéu van hanh cé thé duwgc mo ta trong hai
treong hop. Trong treong hop van mét chiéu van hanh bén trai (V1):

- 2Pl (P
Qun = Cahrp |2 (1) ©9)
Twong ty, treong hop van mot chiéu van hanh bén phai (V2)
_ 2(P,| (P2
Qua = Callzp |2 (%) (10)
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Tk cong thirc (1) dén (10), hé thdng duoc biéu dién bang vector trang thai
i xz x317 = [)(p Xp P ]Tvé duoc thé hién theo cong thirc (11) nhu sau:

L 1 eA e
[)(1)(2)(3]:[)(2 m_p[A1X3_BvX2_Kst1_Ffrc_d Pels X2+ ¢ Q:1—0Qi)—

Vortx141 72 1 Vortxid,
PeAs de ]
— v, — + 0; 11
VOZ_XIAZXZ Voa—X142 Q2+ Q) (11)

D€ don gian cho viéc diéu khién, lyc ma sat duoc xem nhu khoang cach dich
chuyén d. Hon nita, thay phuong trinh (3), (4) va (5) vao phuong trinh (1), va dao ham
ca hai v€ cua phwong trinh (1), ching ta c6 dwoc két qua nhu sau:

me...p + Bv)?p + Kspf(p + Ffrc = (Alpl - AZPZ) (12)
. __ Bv s Ksp (A141+4545) _ (A34,+A43%4,) . 0
Xp= my Ap mp Xp + my opt my Xp + my
Trong do:
_<v_,,)z , _("_p)z
Vcl Uxt Ust Vst Uxt
A1A1Q13i -
A2A2Q24i

Vi Q13; = Qu1 — Quz — Qy; Q24; = Quz — Qpy + Q; hodc

X 'p = ~Vikp —Vodp T V3 +Vall (13)
Trong d6: u la tin hiéu dién ap diéu khién dau vao dong co servo va
_Bv.. _ Ksp+(41A3+4,43), _ 0, _ (A1A1+4,43)0pKnm,
V1—mp')’2——mp ,V3—mp. 4——mp

Phuong trinh (13) c6 thé md ta trong phwong trinh khong gian trang thai:
=r00+90uy=r0 (14)
Véi
x=Daxzxs1" €R fO) = Ax + v,
4=[0100010 —y, —1il; gG) =[00y,[;u=0w v&a (n=xir=
X1 X3 = X2 = X1 X3 = —V1X3 —V2X2 T V3 t Vall
2.2. B§ diéu khién PID cho hé thdng EHA

Cau trtc cua bo diéu khién PID nhu Hinh 2, gom c6 ba thanh phéan la khau
khuéch dai (P), khau tich phan (I) va khau vi phan (D).
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» P K el |

+
Sctpoint Error -+ 1 K'Id rydr -+ ¥ Output —»

D %0
dt

Hinh 2: C4u trac bd diéu khién PID

Bo diéu khién PID duoc mo ta bang cong thite (15):

de(t)
dt

u(t) = Kp.e(t) + K. [, e (Ddt+Kp (15)

trong do: e(t): tin hiéu dau vao, u(t): tin hiéu dau ra, Kp: hé s6 khuéch dai, Ki: hé

s0 tich phéan va Ka: hé sd vi phan.

Trong muc nay, ta xay dung cdu trac diéu khién ctia bo PID cho hé EHA, voéi gia
tri datla vi tri Pit-tong mong mudn, tin hiéu diéu khién (u) 1a tin hiéu dién ap diéu khién
toc d6 ddng co servo va gia tri ra la vi tri Pit-tong cua EHA thyec t€. St dung Phuong
phap Ziegler-Nichols tht nhat két hop véi phwong phap do tim dé xac dinh 3 hé s6 K, =
7.00, Ki=21.53 va K= 0.08. Céc gia tri dit dau vao duwoc md phong boi ham ndc va ham
sin. So d6 khoi hé thong diéu khién nhu Hinh 3.

Gia tri dat Giatrira

€ u
xref > PID L > EHA Xout

Hinh 3: So d6 khdi hé thong diéu khién PID cho hé EHA
2.3. T6i wu cac thong s6 b diéu khién PID st dung thuit toan GA

Thuét toan GA duoc phat trién tir nhitng ndm thap nién 1960 va duoc phat trién
ap dung trong nhiéu linh vuc nghién ctru trong nhiing thap nién vira qua. Gan day, Eka
Widya Suseno va cong su da ap dung thuéat toan GA t6i uwu cac thong s6 K, Ki va Ki ctia
bd diéu khién PID cho dong co dién mot chiéu [15]. Trong bai bao trén, mot quan thé
nhiém séc thé da dugc khoi tao twong ting véi cac tham s Kp, Ka va Ki ctia bo diéu khién
PID. Tac gia st dung ham danh gia do thich nghi (Fitness Evaluation) d€ danh gid by gene
nao ctia t& hop cac nhiém sac thé thich nghi t6t véi moi treong. Thong qua viéc 1ap lai,
cac thao tac chon loc, lai ghép va dot bién duoc thuc hién dé tinh chinh dan d6 thich nghi
clia cdc nhiém séc thé va tinh toan cic to hop tham s6 tao méi cho bg diéu khién PID.
Sau moi vong lap, viéc tinh toan va danh gia cac gia tri dat dwoc ctia ham Fitness
Evaluation gitta thé hé con va thé hé tién nhiém, tir d6 chi gitt lai nhitng ca thé tiéu biéu
nhat.
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Qua trinh nay duoc thuc hién 1ap lai cho dén khi xac dinh duoc s6 lugng thé hé
t0i da hoac dat duwgc mirc d6 duoc xem 1a phu hop. Két qua ctia phuong phap nay la
mot tdp hop cac tham sd diéu khién Kj, Ka va Ki t6i wu, vuot trdi nhét cho b diéu khién
PID, nhu Hinh 4.

Trong phén nay, thuat toan GA duoc st dung d€ t6i wu cho cac gia tri tham s6
Ky, Ki va Ka ctia bd diéu khién PID, dam bao cac tiéu chi chat lwgng diéu khién dau ra
duoc tt nhat. Cu thé, 3 tham s8 Ky, Ki va Ka dwoc ma hda thanh mot chudi s6 nhi phan
biéu dién trong mdi nhiém sac thé ctia mot quan thé. Kich thudc quan thé (population
size) dugc chon la 20, mién gia tri cua cac tham s6 K, Ki va Kala [7.00, 8.00], [21.00, 25.00]
va [0.00, 0.10] twong tng, s6 lwong thé hé thuc hién tién hoa t6i da (max no. of generations)
duoc chon 1a 30. Mot ham Fitness dwgc chon 1a sai s6 tich phan binh phuong chuén hoéa
(Standardized Squared Integral Error - SSIE) d€ xac dinh d6 thich nghi cua ting ca thé
trong quan thé, nhu cong thitc (16), dwoc thuc hién trong méi treong Mathlab/Simulink,
voi e la sai 1éch gitra gia tri dat va gia tri dap ing dau ra ctia hé thong EHA. D€ dam bao
cac tiéu chi vé chat lwong diéu khién, ham Fitness dwgc cuc tiéu hda trong cac bude chon
loc, lai ghép va dot bién d€ kham phd nhiing ca thé mdi co gia tri Fitness tot hon.

Fitness = [

 e(t)dt (16)

Khoi tao cac gia tri
ban dau

[
A 4

Tinh toan cac gia
tri thich nghi
(fitness values)
v
Chon loc

v
Lai ghép
v

Do6tbién

Tiéu chi két thac
thoa man?

Két thic

Hinh 4: Lwu d6 thuat toan GA

Sai

Dua vao cac gia tri thich nghi ctia 20 ca thé trong quan thé, budc chon loc sé tién
hanh danh gia, chon hai ca thé (cdp parent) nao cho gia tri thich nghi tot nhat (c6 gia tri
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SSIE nho nhat) sé duoc gitt lai ma khong thay doi. Cac cap ca thé con lai ti€p tuc tham
gia cac qua trinh lai ghép va dot bién véi thdng s6 xac suat lai ghép (Crossover probability)
duoc chon bang 0.8 va xéac sudt ddt bién (Crossover probability) 1a 0.5. So d6 khéi ctia thuat
toan GA_PID duoc thé hién trong Hinh 5.

P GA

e

h

Kpl Ki! Kd

Gia tri dat Giatrira
Xref +: N\ € PID EHA Xout

Hinh 5: So d6 khoéi qua trinh t6i wu bd tham s6 PID st dung GA

<
<

A4

3. KET QUA VA THAO LUAN
3.1. So d6 m6 phong hé thong EHA
So d6 mo6 phong hé thong EHA trén Simulink nhw Hinh 6.

gamma 3

Beta/(Veh+AR“ul1)

|

(ANA2*u(1)+Ar2'u(2))imp

*p Delt
Betai(Ver-Ar'u(1)) gamma 4
Del? (Ah*u(1)+Ar*u(2))*Dp/mp A m ultip|
Ju_| matrix
o

;

Al
-U(3)*u(d)+u(2)-u(t)
g

(Ahu(1Yu(3}-Aru(2) u(d))mp

Xp Position1

o u(1)'(Dp*u(5)+u(3)-Ah*u(7))
dPh )

u(2)(-Dp*u(S)ru(d)+Artu(7))
dPr

Hinh 6: So d6 mo phong hé théng EHA

@

@ =

P_hr

Bang 1 mo ta cac thong s6 cua hé thong EHA dwgc chon tir EHA Mini-Motion
Package Type 4 [14].
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Bang 1. Bang thong s6 b EHA MMP4

STT Model bvt  Thong s6
1 Van giam ap Mpa 7.1
2 Ngudn VvDC 12
3 Kich thudc xi lanh (mm) mm  $40 - $20
4 Hanh trinh xi lanh (mm) mm 300
5 Cong Orifice A D8
6 Cong Orifice B D8
7 Tuy chon Lién hé véi KYB

3.2. S0 d6 m6 phong diéu khién hé thong EHA
So d6 mo phong diéu khién hé thong EHA dung PID trén Simulink nhu Hinh 7.

-—@ » PID(s)

u_pid xp-pid-out >"-
Nonlinear EHA model

A

Hinh 7: So d6 m6 phong diéu khién hé thong EHA dung PID
3.3. Két qua mo phong va danh gia
Trong phan nay, dé€ so sanh vé do vot 16, thoi gian tang va thoi gian xac lap gitra
hai by diéu khién PID va GA_PID trong hé diéu khién EHA, tin hiéu ham nac ngo vao
duoc st dung, voi bo thong so K, Ki va Ka sau khi t6i vu dung GA_PID lan luot 1a 7.4729,
23.3792 va 0.0654 tuong ting. Két qua dap ting dau ra so véi tin hiéu dat ngd vao va sai
léch gitta PID va GA_PID duoc thé hién theo nhw Hinh 8 va Hinh 9.
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1.2

. —— REF
1.0 AN ---- PID
: - -GA_PID
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Hinh 8: Dap ting vi tri dau ra trong truong hop ham nac dau vao.

1.2

——PID
1.0 ——GA PID

0.0fﬁr

0 3 6 9 12 15
Time (s)

Hinh 9: Céc sai 1éch gitra dap tng vi tri trong treong hgp ham nac dau vao.

Tt két qua mo phong, cac chi tiéu chat lwong diéu khién ctia bo PID va GA_PID
duoc thong ké trong Bang 2. Két qua so sanh cho thdy dap tng tin hiéu dau ra dung
GA_PID t6t hon PID véi do vot 16 thap hon (9,574%), thoi gian tang giam (58,875ms),
thoi gian xac 1ap giam (1,602s) va sai s6 xac lap khong dang keé.

Bdng 2. Bang so sanh cdc chi tiéu cht luong cac by diéu khién PID va GA_PID

STT Céc chi tiéu chit lwong b diéu khién PID GA_PID
1 Do vot 16 14,130% 9,574%
2 Thoi gian tdng (ms) 59,91 58,875
3 Thoi gian xac lap (s) 1,744 1,602

Dé danh gia hiéu qua gitta cac b diéu khién trén, dé tai ap dung tin hiéu hinh
sin d€ khao sat sai s0 cuc dai cua tirng b diéu khién khi hé thdng dat trang thai on dinh.
Két qua dap tng déau ra so véi tin hiéu dat ctia cac bo diéu khién PID, GA_PID duoc thé
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hién theo nhw Hinh 10 va Hinh 11 véi sai léch 16n nhat lac xac 1ap er = 0,0077 (cm) va

eca_rio = 0,0033 (cm). Bang 3 cho thay sai s tich phan binh phuong chuédn héa (SSIE) cua
bd GA_PID nho hon bo PID.

Bang 3. Két qua sai s0 tich phan binh phuong chudn héa (SSIE) cua PID va GA_PID

Thuat toan Ham nac Ham sin
SSIE_PID 0.03693 0.01157
SSIE_GA_PID 0.03097 0.01046

3 i
2 4
3
$ 1
0 4
REF
-—PID
-1 --- GA_PID
0 3 6 9 12 15
Time (s)

Hinh 10: Dap tng vi tri dau ra trong truong hop ham sin dau vao.

0.4
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€02 -i
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0.14,
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\
\ r_.""--"\ ,”' ‘-"\\
0.0 S \‘--.,_. _./’/ DN
0 3 6 9 12 15
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Hinh 11: Céc sai 1éch gitta dap tng vi tri trong truong hop ham sin dau vao.

4. KET LUAN

Bai bao trinh bay ap dung thuét toan GA t6i wu cac tham s6 Kj, Ki va Ka cho bo
diéu khién PID trong diéu khién hé thong truyén dong dién — thuy lwc EHA, gitp khac
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phuc nhitng han ch€ trong viéc khé xac dinh tham sd bo diéu khién PID cho ddi tuong
o tinh phi tuyén so vdi cdc phuong phép xac dinh tham s diéu khién truyén thong. Két
qua mo phong thuat toan GA_PID gitp diéu khién vi tri cia EHA chinh xac hon v6i chét
luong diéu khién duoc cai thién dang k€, voi do vot 16 giam, thoi gian tang va thoi gian
xéc 1ap duoc rat ngan cling nhu sai s8 xac lap giam. Day la mot dic diém gitp thuat
toan nay tré nén hittu dung trong cac bai toan ap dung thuc té. Tuy nhién giai thuat nay
van ton tai mot sd han ché, dién hinh nhu viéc md phong chuong trinh mathlab code két
hop v6i mo6 phong hé EHA trong mdi treong Mathlab/Simulink ton kha nhiéu thoi gian
hon, thoi gian thuat toan GA hoi tu van con cham.

Nghién cttu nay khong chi khang dinh tinh phti hop ctia GA_PID d&i véi hé
thong EHA va cac ddi tugng phi tuyén twong tu, ma con cung cap nén tang kién thic vé
to1 wu diéu khién cho cac sinh vién dai hoc, hoc vién cao hoc va nghién cttu sinh cung
linh viec tham khao, cting nhu mé ra hudng nghién ctrtu méi trong viéc ap dung cac thuat
toan hoc may (machine learning), hoc sau (deep learning) nham t&i wu cac bd diéu khién
trén cac hé vat ly thuc té.
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ABSTRACT

This study proposes an optimization algorithm for PID controller parameters in
electro-hydraulic actuators (EHAs) using a genetic algorithm (GA). During
operation, EHA systems often experience faults such as position sensor errors and
actuator errors, leading to inaccurate and unreliable performance. When applying
PID, Fuzzy-PID or hybrid PID controllers, selecting the parameters K, Ki, and Ku in
nonlinear systems such as EHA system is difficult and time-consuming. Therefore,
the genetic algorithm is employed to optimize appropriate K, Ki, and Ks values of
the PID controller, ensuring stable, efficient and high-quality operation of the EHA.
This algorithm is called the GA_PID algorithm. Simulation results comparing the

PID controller show a significant improvement in output responses.

Keywords: EHA system; PID controller; Genetic Algorithm
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