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ABSTRACT

In recent years, trajectory tracking for differential-drive mobile robots has
been widely studied due to the growing demand for applications in
logistics, autonomous transportation, and surveillance. Consequently,
improving tracking accuracy and ensuring stable operation under
disturbances and uncertainties have become important directions for
autonomous navigation systems. To address this problem, various control
methods have been applied, among which the PID controller remains
popular thanks to its simple structure and ease of implementation.
However, conventional control schemes often depend heavily on manual
parameter tuning and are sensitive to disturbances and model uncertainties;
moreover, their performance may deteriorate in the presence of actuator
saturation and wheel slip, leading to oscillations and the integral windup
phenomenon. Based on these considerations, this paper proposes a control
strategy that combines an improved PID controller with an Improved
Sparrow Search Algorithm (ISSA) to optimize the PID parameters
K, K, K, for trajectory tracking. The effectiveness of the proposed

method is validated through simulations on a figure-eight trajectory and
evaluated using metrics such as RMSE, maximum tracking error,
oscillation level, and control effort. The results demonstrate that the
proposed PID-ISSA approach improves both tracking accuracy and
stability compared with basic PID configurations.
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TOM TAT

Trong nhitng nim gan ddy, bai todn bam quy dao cho robot di dong dian
dong vi sai dugc nghién ctru rong rii nho nhu cdu ing dung ngay cang ting
trong logistics, van chuyén tu dong va giam sat. Viéc nang cao do chinh
xé4c bam va tinh 6n dinh khi hoat dong trong didu kién nhidu va bat dinh vi
thé tré thanh mot huong tiép can quan trong trong cac hé thong didu huéng
tu hanh. Dé giai quyét bai toan nay, nhleu phuong phap dleu khién da dugc
ap dung, trong d6 bo diéu khién PID van phd bién nhd ciu trac don gian
va d& trién khai. Tuy nhién, cac phuong phéap didu khién truyén thng bao
gém PID thuong phu thugec manh vao hi¢u chinh tham s0, nhay v&i nhiéu
va sai s6 mo hinh; dong thoi hiéu ning c6 thé suy giam khi xuat hién bao
hoa co céu chép hanh, trugt banh, gy dao dong va hién tugng windup.
Trén co s& d6, bai bao d& xuat phuwong an két hop PID cai tién két hop voi
thuat toan Tim kiém chim sé cai tién (ISSA) nham tbi wu cic tham sb
K., K;, K, cho bai toan bam quy dao. Hiéu qua phuong phéap duoc kiém

chung bang md phong trén quy dao hinh s6 8 va danh gia theo céc chi tiéu
nhu RMSE, sai s6 cuc dai, mirc dao dong va nd luc dleu khién; két qua cho
thiy PID-ISSA cai thién d6 chinh x4c bam va do 6n dinh so véi cac ciu
hinh PID co ban.
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1. Giéi thigu

Sy phét trién nhanh cua tu dong hoa trong logistics va van tai da ddy manh viéc tng dung robot di
dong trong cac nhiém vu nhu luu kho, giao nhan hang héa, giam sat tw dong va phan phdi ndi bo. Cac
danh gia gan ddy nhan manh vai trd ngdy cang 16n ctiia hé théng robot tir hanh trong t6i wu hoa chudi
cung mg va hoat dong kho béi, dong thoi chi ra nhiéu thach thirc nghién ciru thuc tién lién quan dén l1ap
ké hoach, diéu phdi va diéu khién tap hop robot trong méi truong phie tap [1], [2], [3].

Mot bai toan trung tam va thiét yéu trong ng dung trén 1a diéu khién bam quy dao véi yéu cau chinh
xac va 6n dinh cao. Khi robot phai hoat dong trong moéi truong c6 dia hinh khong bang phang, nh1eu
ngoai sinh, ma sat, trugt banh va bat dinh mé hinh, viéc dam bao bam sat quy dao mong muén ma van
gitr hi€u nang dong tot 1a mot thach thic k¥ thuét lién tuc dugc nghién ctru rong rai [4], [5], [6].

Bo diéu khién PID do tinh don gian, dé cai d4t va hiéu qua voi nhiéu hé thong tuyén tinh gan ding,
thuong duoc dung lam lya chon tham chiéu cho diéu khién bam quy dao trong robot di dong [7], [8],
[9] Tuy nhién, trong bdi canh robot mobile hién dai, PID di kem nhung han ché ndi bat: Khé chon tham
s0 K, K, K- Viéc hiéu chinh thu céng hodc theo cac quy tic tuyén tinh thuong khong cho hiéu ning

tdi wu trén pham vi hoat dong rong, dac biét khi hé c6 phi tuyen, phu thudc trang thai va cé thay dbi
tham s6. Nhiéu nghién ciru chi ra nhu cau diéu chinh tham sb mot cach ty dong hodc thich nghi dé dap
mg diéu kién van hanh thay ddi [7], [8], [9]. Nhay cam véi nhidu va sai s6 mé hinh. Thanh phan dao
ham trong PID khuéch dai nhidu do, trong khi thanh phan tich phan c6 thé gay ra hién tugng “tich liiy
qua murc” khi co ciu chip hanh bio hoa, din t6i vot 16 va dao dong kéo dai néu khong c¢6 co ché chdng
tich lily qua muc hodc loc dao ham thich horp [10]. Hiéu ndng giam khi c6 bao hoa va céc rang budc
thue thi. Trong thyc nghiém hodc trong mdi truong cong nghiép, gidi han tin hiéu didu khlen va hién
tugng trugt/ma sat lam cho hiéu chinh PID truyén thong kém 6n dinh hoic kém chinh xac néu khong co
chién luoc bu hodc chdng tich lity qua mirc. Nhitng han ché nay dan téi nhu cau phat trién cac bién thé
PID cai tién chéng tich lily qua murc, loc dao ham, PID thich nghi va ap dung phwong phap t6i wu hoa
tham sb tu dong dé dam bao hiéu ning trong thyc t& [11].

Mot hudng tiép can phd bién 1 ding cac thuat toan tdi vu thong minh dé tu dong héa viée hiéu chinh
tham s6 PID, hoic dé tim thiét ké diéu khién tdi wu trong khong gian tham s6 16n. Cac thudt toan nhu
PSO, GA, ACO va cac thuat toan bay dan khac da dugc ap dung rong rai trong t6i uu tham sO dleu khién
nhd kha ning kham pha khong gian nghiém va tranh bay hoi tu cuc bd. Tong quan gan day vé cac phién
ban va mg dung ctia Sparrow Search Algorithm (SSA) cho thiy SSA va cac bién thé cai tién ciia n6
Improved Sparrow Search Algorithm (ISSA) 1 lya chon day hira hen trong nhiéu bai toan tdi wu hoa ki
thuat do cin bang khai pha, khai thac t6t va kha nang tinh chinh cuc bé manh mé [12], [13], [14], [15],
[16].

Cu thé, ISSA thuong két hop céc chién lugc nhu khéi tao quan thé hdn loan, cac budc nhay dua trén
phan bd va co ché elitism dé: (i) ting tinh da dang ban dau, (ii) giam nguy co hoi tu som, va (iii) cai
thién kha nang tinh chinh cdc nghiém t6t trong giai doan sau. Nhleu nghién ctru da chimg minh ISSA
hiéu qué trong tdi wu tham sd, lwa chon dic trung va cac bai toan t6i uu hoa ki thuat phirc tap khac [10],
[15], [16]. Uu dlem khi ap dung ISSA cho tuning PID trong robot mobile: Kha ning tim kiém toan cuc,
giam ruii ro mic ket tai cyc tri cuc bd so vo1 hi€u chinh tay hodc phuong phap gradient. Tinh chinh cuc
b6 tét, cho  phép t6i wu ca cac tiéu chi da myc tiéu nhu RMSE quy dao, sai sO cuc dai, ndng lugng, va
tin hiéu diéu khién. D& tich hop voi md phong nghiém thu gian tiép hodc vé6i chién luge truc tiép két
hop véi diéu khién thich nghi [11], [15], [16].

Céc nghién ctru vé didu khién bam quy dao da phat trién nhiéu phuong phap tir cac cach tiép can cb
dién PID, backstepping, MPC dén cac phurong phap hoc may, tmg dung t61 uru hoa phan tan [4], [6], [7],
[17]. MPC dugc chimg minh manh trong xir Iy rang budc nhung tén chi phi tinh toan [6]; k¥ thuat
backstepping va LPV dugc d& xudt dé xir 1y phi tuyén va thay dbi tham s ([5], [10], [17]). Tuy nhién,
viéc lua chon phuong phap phu hop con phu thudc nhidu vao yéu ciu thuc nghiém nhu thoi gian thuc,
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gi6i han phan ctng, nhidu, ma sat, va nhiéu cong trinh chi kiém chimg trén bd ham chuén hoic truong
hop ly tudng.

Khoang tréng nghién ctru lién quan t6i ing dung thyc nghiém cua cac phuong phap lai nhu PID cai
tlen két hop metaheuristic tuning trong tmg dung logistics thuc té van con 16n: can mo hinh héa du thuc
té (truot, bio hoa), chién lugc chong tich lily qua mue hi€u qua, va danh gia toan dién theo nhiéu tiéu
chi thyc nghiém (RMSE, sai s6 tbi da, mirc dao dong, cong suét). Cac cong trinh vé SSA, ISSA méi day
cung cp b cong cu t6i wu hoa phit hop dé giai bai toan nay [5], [13], [14], [15], [16].

Nghién ctru dé xuit phwong phép t6i uu hidu ning bam quy dao cho robot di dong bang cach két hop
bd diéu khién PID cai tién va thuat toan ISSA. Cac dong gop chinh bao gom: xay dung mé hinh dong
hoc ¢6 xét dén yéu té bio hoa, trugt banh, thiét ké PID chéng anti-windup va loc nhidu, dong thoi sir
dung ISSA dé t6i wu hoa tham sb. Hiéu qua ciia phuong phap dugc kiém chimg qua quy dao hinh sé 8
v&i bo tiéu chi danh gia toan dién.

2. M6 hinh toan hoc caa robot mobile

Viéc xdy dung md hinh toan hoc chinh x4c 13 yéu cau then chdt dé thiét ké va tdi wu bo diéu khién
cho robot di dong dan dong vi sai. Mo hinh nay dugc thiét 18p dua trén cac dac tinh dong hoc cta than
xe va banh xe véi gia thiét lin khong truot, trong d6 hai banh chu dong duoc diéu khién doc 1ap. V& mit
van hanh, trang thai cua robot dugc xac dinh thong qua mbi quan hé giira van tdc hai banh véi van tde
tong thé: van toc tuyén tinh 14 trung binh cong vén tdc hai banh, con van tdc goc ti 16 voi chénh 1éch van
tc gitta chung va ti 18 nghich véi chidu dai co sd ciia robot.

\

o
\\1‘3
Banh dan dong \

vi sai bén trai

Banh tu do

Truc 2k
banh xe 7
/
\
2b 7}{ &
Than xe Bénh dan dong

vi sai bén phai

Hinh 1. M6 hinh robot.

Mb hinh robot dugc minh hoa & Hinh 1 va cac thong s6 vét 1y ciia mé hinh duoc trinh bay & Bang 1
duoc udc tinh dya trén cac thong s6 da 1am tron ctia mot robot thyc te.

Bang 1. Cdc théng sé ciia robot.

Ky hiéu Y nghia vit Iy Gia tri
m, Khdi lugng ctia bé robot 25 (kg)
le Mo men quan tinh ctia bé quanh truc ding di qua G 14.325 (kg-m?)
a Khoang cach gitta G va M 0.18 (m)
m,, Khdi lugng mdi banh din dong 1.5 (kg)
|W M6 men quan tinh cia mdi banh quanh tryc quay 0.002 (kg-m?)
| D Mo men quan tinh ctia mdi banh quanh truc duong kinh 0.0045 (kg-m?)
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r Ban kinh mdi banh dan dong 0.13 (m)
2b Khoang cach giita hai banh din dong (bé rong vét banh) 0.5 (m)
0 Goc huéng (yaw angle) ciia ro-bot rad
o Van tdc goc quay than ro-bdt quanh truc dung rad/s
¢|_ ) ¢R Goéc quay banh trai, phai rad
ViR Van toc lan/tiép tuyén cua banh trai, phai m/s
Fi, F2, F3, Fs Luyec tac dung tai banh va diém tiép x0c N
n Truc va huéng doc than xe trong hé toa do gén voi than —

Mo hinh dong hoc cua robot di dong vi sai duoc xay dung dua trén cac thong s6 vat 1y ¢t 16i gdom:
khoi lugng toan bo (than xe va banh dan dong), ban kinh banh xe, chiéu dai co s¢ va gidi han van toc
cuc dai. Pay la nhitng co s& quan trong dé thiét ké bo dicu khién va thuat toan toi uvu hoa [4].

mtotal = mc + 2mw (1)

Trong d6: My, 1 tong khoi lugng xe, M, 1a khéi lugng ciia b¢ WMR, M, : khdi lugng mdi banh
dan dong.

Dé mé ta chinh xac dong luc hoc cua robot mobile vi sai, can xem xét tac dong ciia mé-men truyén

tir dong co dén banh xe, cic dic tinh quan tinh, ciing nhu cac lwc can co hoc. Theo [5], [6] phuwong trinh
chuyén dong ciia banh trai va banh phai c6 thé dugc biéu dién nhu sau:

vo=fa Fuy_ w Fe @
I, +1, m, I,+1, m,

Trong d6: Vi 12 tbe do tuyén tinh cuia banh trai, Ve 1 tdc do tuyén tinh cua banh phai, 7, 1a md men
diéu khién tac dong 1én banh trai, 75 1a mdé men diéu khién tac dong 1én banh phai, |, 12 md men quén
tinh mdi banh quanh truc quay, |y 1a mé men quén tinh dong co, F; 12 luc can tic dung 1én banh tréi,

F 18 luc can tac dung 1én banh phai.

Chuyén dong cua than xe chiu chi phbi boi su tong hop van tdc cia hai banh. Véi gia thiét khong
trugt 1y tuong, van toc tinh tién va goc quay cua than xe dugc xac dinh theo [3], [4]:

x=vcos(d), y=vsin(d), =w 3)

Trong d6: X, y la toa d6 tAm xe, V 12 vén tdc tinh tién cia cta xe, @13 1a goc hudng cia xe, @ 1a
tbc do goc quay cua xe. Quan hé giita van toc banh trai, phai va van tdc tuyén tinh, goc quay cia xe
dugc thiet 1ap nhu sau [4]:

v VetV Ve =V,

2 T @

Trong d6 Vg 12 van toc tuyén tinh ciia banh phai, V, 12 van toc tuyén tinh cta banh tréi, @ 1a van toc

gbc quay quanh truc thing dung di qua tdm xe, L |a khoang cach giita 2 banh xe.
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3. Diéu khién cai tién PID
M0 hinh toan hoc tir (2) dén (4) mo ta dong luc hoc va dong hoc cta robot, trong do dau vao 1a mo-
men diéu khién 7,75 . Bo diéu khién PID cai tién cung cép tin hiéu u(t) dé tao ra cac mo-men nay,

thong qua co cau chép hanh dugc minh hoa trong Hinh 2. Su: két hop nay tao thanh mot vong diéu khién
kin, cho phép robot bam quy dao véi dd chinh xac cao va on dinh.

e(t) u(t)

~ ~ . A
Quy dao PID cai tién Momendieu | o oot Mobile -/ Quf dao the
mong muon khién

Hinh 2. So do cdu triic hé diéu khién dimg PID cdi tién.
Trong phuwong trinh (2) md men diéu khién 7, va 75la tin hiéu didu khién u(t) véi
7, =U, (t), 75 =Ug (t) trong d6 U, (t),Ug ()14 tin hiéu diéu khién riéng cho banh trai va banh phai,
duoge xac dinh théng qua cau trac diéu khién PID cai tién két hop v6i chuyén doi van toc tir hé toa do
toan cuc sang h¢ toa do robot nhu mo ta trong Hinh 2.
Xay dung quy dao tham chiéu ctia hé théng diéu khién 14 tin hidu dat trén Hinh 2 nhu sau:
Quy dao tham chiéu dugc tao 1a hinh sd 8 véi:

X(p) = ACOS((D)

&)
y(p) = —Sln(2¢)
Trong d6: A=200cm, B= 150cm va d6 dai cung:
?
s(p) = j JA%sin?(a) + B? cos?(2a)da (6)
0
Tham s6 héa theo thoi gian véi van téc danh dich V,,,
S(t) = Voom £, @(t) =7 (S(1) @)

Thyc hién mo phong bang ngon ngit Python két qua quy dao tham chiéu duge minh hoa nhu Hinh 3:

(1) Bdm quy dao — T = 16.23s | speed = 0.70 m/s

w— Quj dao mong muén
0.50 O Start

Y (m)
5 o
2
3

-4 -3 -2 -1 0 1 2 3 4
X (m)

Hinh 3. Két qua mé phong quy dao tham chiéu hinh s6 8.

B6 diéu khién PID truyén thong tao tin hi¢u diéu khién u(t) dua trén sai 1éch bam e(t) dugc dinh
nghia la hiéu gitra quy dao mong muén va dau ra thyce té. Trong nghién ctru ndy, ky hiéu u(t) dugc st
dung cho tin hi¢u diéu khién tac dong 1én dong co. Dé tranh nham 1an, cac dai luong vén tdc trong phép
bién d6i toa d6 dwoc ky hiéu riéng biét, do d6 phép quay chi 4p dung cho vector van tdc chir khong ap
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dung truc tiép cho tin hiéu diéu khién. Dang téng quat cua bo diéu khién duoc biéu dién nhu sau [7],

[9]:

u(t) = K,e) +K, je(r)d (0)+K, % ®)

Mac du bo diéu khién PID c6 dién don gian va hiéu qua, nhung thudng gap phai hién tuong tich Iy
sai s6 tich phan va khuéch dai nhidu trong thanh phan dao ham. Dé khic phuc, hai cai tién dugc ap dung
[10] 14 co ché chéng tich liiy qua mirc: Tac dong tich phan dugc gidi han thong qua mot ham bio hoa,
nham ngan chan viéc tich lity qué mirc khi co ciu chap hanh dat t6i gi6i han.

- i Iclip Iclip
I(t):cllpu e(r)dz,— K j )

Cong thirc trén dugc sir dung dé xac dinh gia tri I(t) bang cach lay tich phan cia sai s6 e(t) tir thoi
diém 0 dén thoi diém t, sau d6 gioi han két qua trong mét khoang cho phép. Cu thé, trudc hét ta tinh gia

t
tri cong don theo thoi gian J. e(r)dr. Tiép theo, ham clip() s& ghim gia tri nay trong khoang
0

[ Yip Us } néu tich phan nho hon can dudi thi I(t) dwoc gan bang can dudi, néu 16n hon can trén thi
KI K,

I(t) dugc gan bang can trén, con néu nam trong khoang thi giit nguyén gia tri tinh duoc. Nho do, I(t)
luén nam trong gidi han dinh trude, tranh trudng hop gia tri tich phan tang hoac giam qua 16n theo thoi
gian.

Va co ché loc dao ham nham giam anh hudng cia nhiéu tan sb cao, thanh phﬁn dao ham duge bd
sung mét bd loc thong thap bac nhat:

D, (t) =D, (t—l)+a(W— D, (t—l)j (10)

Véi: a=d,
Khi d6 (8) dugc tinh:

u(t)=Ke(t)+KI(t)+K,D; (t) (11)

Tin hiéu didu khién u(t) tir (11) 12 dAu vao cua mo hinh dong luc hoc banh xe trong (2). Nhu viy
u(t) trong Hinh 2 dugc chuyén dbi thanh cac mo-men didu khién 7, va 7 théng qua mo hinh dong co
va co chu truyén dong. Trinh tu tin hi€u diéu khién c6 thé duge mo ta theo 5 bude nhu sau:

B1: Tinh sai s6 e(t) giita quy dao tham chiéu va quy dao thuc té.

B2: PID cai tién (11) xir I e(t) dé tao ra tin hiéu diéu khién u(t).

B3: Chuyén d6i sang mo-men 7, , 7, thong qua mé hinh dong co va banh xe.

B4: Pong luc hoc banh (2) st dung 7, , 7 dé diéu khién van tdc banh V|,V

B5: Pong hoc robot (3) — (4) chuyén doi V, ,V;thanh vén toc toan cuc v, w, tir d6 didu khién robot
bam quy dao.

Trong hé théng diéu khién robot di dong vi sai, bd diéu khién PID duoc sir dung dé diéu chinh van
tdc va huéng di chuyén dia trén sai sb giita qu§ dao tham chiéu va quy dao thuc té. Trudc hét, ta biéu
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dién vén toc trong hé toa do gan voi robot, bao gom thanh phan van toc tién V.4 va van toc ngang

Vjateral duroc xac dinh theo goc dinh huéng 6 nhu sau:

Viowara = COSOU, +5IN OU,,

: (12)
Viaterat = —SIN OU, +COS AU,

Dua trén cac thanh phan van toc nay, Iénh di€u khién cudi cung cho van toc tuyén tinh vemg va van
toc goc wemd dugc tinh todn bang cach két hop vdi tin hi€u hi¢u chinh tir bo diéu khién PID va dugc gidi
han trong pham vi van toc cuc dai cta robot nhu:

Vemd = CIip(vforward 1~ Vinax Vmax)
. 2V, 13
Opyng = cl Ip (uh + IaLteraI 1~ Opax s Dax (13)

Trong d6, U, 1 tin hiéu PID cho sai s6 huéng, vi,vr 14 van toc cua hai banh xe trai va phai duoc suy

ra tr van toc tuyeén tinh Vemg va van toc goc wemd c6 tinh dén chiéu dai co so L cua xe. Quan hé nay dugc
mo ta trong (14), phan anh dong hoc vi sai co ban cta robot di dong.

L
Vi =Vemg — E WOpng
14
L (14)
Ve =Vemg T E WDpng

Pé dam bao robot bam theo quy dao tham chiéu, can xac dinh sai s6 diéu khién tai mdi thoi diém t.
Sai s0 theo truc X va y (ex,ey) dugc tinh bang chénh 1éch gitra vi tri tham chiéu va vi tri thuc té ctia robot
nhu (15).

€ = Xees (t) - X(t)’ ey = Yret (t) - y(t) (15)

Tir d6, sai s6 Euclid e(t) dugc xac dinh theo (16) biéu thi khoang cach tir robot dén diém tham chiéu

tai thoi diém hién tai.
e(t) = e +e] (16)

Dong thoi, sai s0 vé hudng chuyén dong 6 dugce tinh toan dya trén goc phuong vi gitra vi tri hién tai
va vi tri muc tiéu, dugc mo ta:

e, =wrap(arctan2(e,,e,) —6) (17)

Thyc hién m6 phong hé théng diéu khién robot di dong dung bo diéu khién PID, quy dao chuyén
dong ctia r6 bot bam voi quy dao mong muon dugc minh hoa nhu Hinh 4.

(1) Bam quy dao — T = 16.23s | speed = 0.70 m/s

051 .
_ —— Quy dao mong mudn
E .01 -—- Quy dao chi diing PID
> Start
-0.51
-4 -3 -2 -1 0 1 2 3 4
(2) Sai 56 gy 84 (1 vong)
1.00 ai 56 quy dao (1 vong
—— Sai s6 dung PID + ISSA
=0.75 — e
E. — Sai s6 chi dung PID
‘R 0.501
& 0.25

0007 2 a 6 10 12 14 16

8
Thai gian (s)

Hinh 4. Két qua mé phong quy dao chuyén déng ciia robot sit dung PID.
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4. Thuit toan ISSA t6i wu PID

Thuét toan ISSA md phong hanh vi tap thé ctia dan chim sé dé can bang giita kham pha va khai thac
khong gian tim kiém [15], [16]. So v&i SSA gbc, ISSA tich hop cac co ché cai tién nham ti wu hoa hiéu
suét: hoc dua trén nghiém ddi nghich gitp da dang hoa qu?m thé va tranh cuc tri cuc b [13]; co ché wu
t0 bao toan nghiém tot nhat [16]; chién lugc thu hep bién tim kiém giup ddy nhanh hoi tu toan cuc [14];
va budc lam min cyc by giup tinh chinh d6 chinh xac 161 giai [13]. Trong kién tric dé xuat, ISSA duoc
dung dé tim bo théng sb PID t6i uu qua mod phong ngoai tuyén, lam co s cho viée diéu khién bam quy

dao thoi gian thyec. Kién trac diéu khién dé xuét tich hop PID céi tién véi toi uu hoa ISSA duge minh hoa trén
Hinh 5.

— @2

KPaKhKD

ISSA

)

+
Quy dao PID u RS bdt Yy .
_ | mobile Qu¥ dao thyc

Hinh 5. Kién triic diéu khién dé xudt tich hop PID cdi tién véi t6i wu hoa ISSA.

Phuong phép lai nay dam bao tinh kha thi trong trién khai thuc té va nang cao hiéu ning so véi cac
cach tinh chinh PID thong thuong. Dé tdi vu hoa, thuat toan ISSA thuc hién co ché can bang giira khai
pha toan cuc va khai thac cuc bd, bat diu bang viéc khoi tao quan thé nghiém ngiu nhién trong giéi han
[LB,UB] nham dam bao d6 da dang va tinh phan tan ban dau.

X @ =1b+U,.(ub—Ib) (18)

véi U, ~U(0,1) Co ché hoc dbi nghich dwoc ap dung dé tao ra nghiém déi nghich so véi cac
nghiém hién tai, tir d6 ting cuong kha nang kham pha khong gian tim kiém va tranh roi vao cyc tri dia

phuong:
X =Ib+(1-U,).(ub—Ib) (19)

Dé tang cuong chét luong nghiém, ISSA trién khai hai co ché khai thac cuc bo. Thir nhét 1a khai phéa
quanh nghi€m tot nhat trong d6 cac ca thé di chuyén quanh vi tri tot nhat hién tai véi mot nhieu Gaussian
c6 diéu chinh nham tinh chinh nghiém:

X, =X +N(0,0,).(uby,, —1by,) (20)

Thir hai 12 hudng t6i nghiém tot nhat tic 1a cac ca thé s& dich chuyén dan vé phia nghiém tt nhit
trong quan thé, két hgp véi yéu to ngau nhién d€ duy tri tinh da dang:

best
Ham muc tiéu duoc xay dung nhé“tm phan anh chit luong bam quy dao cta hé thdng diéu khién:
J =(6—2w).RMSE + (2-1.5w).MaxE + (1-0.5w).0sc + 0.5.Jerk + 0.15.Eff +3.SatPen (22)

~ Trong do: Céc chi tiéu danh gia bao gé}m sai s trung binh binh phuong géc (RMSE), sai s6 cuc dai,
s0 lan dao dong, do giat , no lyc diéu khién va ti I¢ bao hoa tin hi€u di€u khién. Tt do, ISSA c¢o thé toi
uu dong thoi nhi€u ti€u chi dé€ dat duoc bd tham so PID cho dap img nhanh, chinh xac va on dinh hon.
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Cost (log scale)
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k 1 N-1
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er N _1§| e( |+1) e( |)|

Eff ==
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o
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(3) Tham sé PID theo ISSA (pop=80, iters=10)

(23)

(24)

(25)

(26)

(27)
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2 75 )
rh — Kp Kd Ki |, 0%
¥ 50

----------------- 18
) ] 2 6 8 10
6 lygt |
, (4) Ham SN 314 ISSA 7
— .
801 s —e— Cost |
o T
S .
601 —
0 2 a 6 8 10
S6 lugt 1SSA

Hinh 6. Két qua mé phong gid tri tham sé PID dwoc t6i uu boi ISSA.

(1) HGi ty ham muc tiéu

Best=50.8368
o 5 10 15 20 25 30
56 vong Iap ISSA
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t2.a5
1 t
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| By e
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Hinh 7. Phan tich qua trinh héi tu va hiéu qua tim kiém ciia ISSA.
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Hinh 6 va Hinh 7 minh hoa qua trinh t6i wu hoa bd tham sé PID béng thuat toan ISSA (pop = 80,
iters = 10). Cac tham s Kp, Ki, K, bién thién va dan 6n dinh ¢ cac vong lip cudi, cho thiy thuat toan

d3 hoi tu vé viing nghiém t6i wu. Dong thoi, duong hoi tu cia ham muc tiéu cost dugc xay dung tir cac
tiéu chi nhu RMSE, nd lyc diéu khién va mirc phat bao hoa giam manh va di ngang & gié tri xap xi 50.84
cai thién ~48.85% so v6i ban dau. Két qua phan tich cho thiy ISSA c6 tbc do hoi tu nhanh, kha ning
tinh chinh nghiém chinh xdc va duy tri sy can bang gitta kham pha — khai thac, giup hé thong bam quy
dao 6n dinh va giam thiéu sai sb hiéu qua.

Thuyc hién mo phong hé thong didu khién robot di dong ding bd dleu khién PID dugc t6i uu tham s6
boi ISSA, quy dao chuyén dong ctia 16 bdt bam voi quy dao mong mudn duwoc minh hoa nhu Hinh 8.
(1) Bam quy dao — T = 16.23s | speed = 0.70 m/s

—_N
—— Quy dao mong mudn

E 0.0 === Quy dao chi dung PID
> —-=- Quy dao dung PID + ISSA

-0.5 Start

~—
-4 -3 -2 -1 0 i 2 3 "
. X [(m) .

1.00 (2) Sai s6 quy dao (1 vong)
=0.75 —— Sai s6 chi dung PID
E™ —— Sai 50 dung PID + ISSA
'3 0.501
f 025

0.00—2 2 4 6 8 10 15 1 e

Thai gian (s)
Hinh 8. So sdnh két qua mé phong quy dao chuyén dong ciia robot diéu khién boi PID va PID — ISSA.

Nho su két hop gitra cdc co ché khéi tao ngiu nhién, hoc dbi nghich, khai pha quanh nghiém tdt va
hudng t61 nghiém t6t, ISSA c6 kha nang cai thién toc do hoi tu va dat duge nghiém tbi wu co do tin cdy
cao. Cac két qua mo phong tir Hinh 4 va Hinh 8 dugc dénh gia tong hop ¢ Bang 2.

Bang 2. S0 sanh cdc tiéu chi diéu khién khi diing b diéu khién PID va ISSA-PID.

Tiéu chi PID ISSA-PID Cai thién (%)
RMSE (m) 0.052 0.041 21.7%
MaxE (m) 0.085 0.078 8.3%
Dao dong Cao Thap Gidam nhe

Cost function J 1.000 0.327 67.3%

5. Két luan

Trong nghién ctru ndy, mot bd diéu khién PID duoc tdi wu bang giai thuat ISSA di dugc xdy dung
va ap dung cho hé thong xe mobile vi sai. Két qua mo phong cho thay phuong phap ISSA-PID mang lai
do chinh xac bam quy dao cao hon dang ké so véi PID diéu chinh thii cong, thé hién qua viéc giam sai
sd trung binh RMSE, sai s6 cuc dai MaxE va d6 dao dong trong qua trinh diéu khién. Dong thoti, bo didu
khién t6i uru nay con gitip hé thdng dat duoc sy hoi tu nhanh va 6n dinh hon. Céc két qua dat dugc cho
thay giai phap ISSA-PID hoan toan kha thi dé {mg dung vao thyc tién, dic biét trong cac hé thong robot
logistics, phuong tién vén tai ty dong va xe AGV, not yéu cau kha nang bam quy dao chinh xac va vén
hanh 6n dinh. Két qua nghién ciru cho thdy hoan toan phat trién tot khi thu nghiém trén mod hinh thyc
té, nham kiém ching kha nang mg dung trong moéi truong c6 nhiéu va sai s0 cam bién. Hodc mo rong
sang diéu khién bén vimng dé dam bao tinh on dinh trude sy thay d6i tham sd va nhiu dong bén ngoai.

Vi nhitng dong gdp ndy, nghién ciru da chirng minh tiém nang cua viéce tich hop tdi wu thong minh
ISSA trong thiét ké bo diéu khién hién dai, huéng t6i cac ing dung robot.
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