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T0I UU THAM SO BO DIEU KHIEN NGAM
THEO DIEM DiCH A0 DU BAO CHO RO BOT DI DONG
TRONG MOI TRUGNG KHO XUGNG

PARAMETERS OPTIMIZATION OF THE PREDICTIVE VIRTUAL TARGET GUIDANCE CONTROLLER
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TOMTAT

Mai truong kho xudng hién nay st dung rat nhiéu nhiing robot van chuyén. Trong do phén I6n cong viéc ctia nhiing robot van chuyén nay duoc Iap lai trong
nhiing tuyén dudng cd dinh. Mdc du vay trong nhiing doan dugng khac nhau véi nhitng d cong quy dao khac nhau van gay ra nhiing khd khan nhat dinh cho
viéc di chuyén diing tuyén dé tranh gdy can tr ciing nhu anh huéng dén nhiing hoat dong chung cda kho, xudng. Do vay viéc dp dung thuat toan diéu khién
bam quy dao ngam theo diém dich do du béo la mdt Iya chon rat phu hap, tuy nhién viéc lya chon cac tham s6 bo diéu khién doi khi dién ra qua phic tap, khong
can thiét hoac dbi khi lai dugc tién hanh thi cong rat kho dam bao dugc chat luong diéu khién t6t nhat. Trong bai bao nay, tac gia dé xudt mot phuong phap két
hop thuat toan ngam theo diém dich do du bdo (PVT) véi thuat todn tdi wu hoa bay dan (PSO) d€ t6i uu cac tham s6 offline. Day la dong g6p chinh cia nghién
c(u, gitip gidi quyét bai toan lva chon tham s6 phiic tap trudc khi dp dung vao bo diéu khién cho robot di dong.

Tirkhéa: B4 diéu khién ngdm theo diém dich do, ngdm theo diém dich do du bdo, car-like robot, PSO.

ABSTRACT

Modern warehouse environments extensively employ transport robots. A significant portion of these robots' tasks involves repetitive operations along fixed
routes. However, different path segments with varying trajectory curvatures still pose certain challenges in ensuring accurate path-following to avoid
obstructions and disruptions to overall warehouse operations. Therefore, applying the predictive virtual target guidance path tracking control algorithm is a
highly suitable solution. Nevertheless, selecting controller parameters can sometimes be overly complex, unnecessary, or even performed manually, making it
difficult to ensure optimal control performance. In this paper, the author proposes a method that combines the predictive virtual target guidance (PVT) algorithm
with the particle swarm optimization (PSO) algorithm to optimize offline parameters. This is the main contribution of the research, which helps to solve the
complex parameter selection problem before applying it to the controller for mobile robots.

Keywords: Virtual target path tracking control, predictive virtual target,car-like robot, PSO.
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1. GIGI THIEU nang vuot troi ctia nd khi diéu khién vat thé bay bam theo

Thuat toan diéu huéng ngdm theo diém dich do (VT) duong quy dao dua vao sai léch ngang va sai léch goc
da dugc nhidu nha nghién ciu quan tam, Ung dung va  huong [1, 8, 9]. Sau d6 nhiéu nghién ctu da dugc tién
phat trién véi linh vuc hang khéng vii tru nhd vao kha hanh va ap dung vao nhiéu linh vuc khac nhau nhu robot
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di déng [2-6], robot mat nudc (USV) [7, 10] dong thai cai
thién chat luogng cua thuat toan nay.

\ Yu — ¥, = atan(e,/d;)

V8 =AY = ey +atan(e,/ds)

Hinh 1. Thudt toan ngam theo diém dich do

Trong d6 mét s6 nghién clu thay déi cach xac dinh
diém dich 4o [4, 8] hodc thay d6i biéu thuic tinh toan goc
lai d€ giam thai gian hdi tu va sai léch ngang [5]. Nguyén
nhan cht yéu la do khi bam céc quy dao cong (nhu trén
hinh 2), thuat toan VT sé c6 nhiing sai léch ¢6 hiu (nhu &
truong hgp thi 2), khi sai léch ngang than xe e, tién vé
khong, hay khi xe gan nhu nam trén quy dao tham chiéu,
khi d6 vi cach xac dinh goc lai (sai léch hudng va sai léch
ngang déu bang 0), xe robot c6 xu huéng di theo dudng
ti€ép tuyén clia quy dao tham chiéu va cé xu hudng roi xa
quy dao tham chiéu. Do vay khi ap dung thuat toan ngém
theo diém dich do thi sai léch ngang thudng tang lén
cung véi do cong quy dao.

Trong nhiing nghién ctiu thay déi nay thi nghién cuu
[8] b8 sung mét goc nhin rang budc ma UAV phai duy tri
dé dam bao viéc bam quy dao tham chiéu t6t va giéng
nhu [4] UAV can bam ca goc nhin rang budc va dam bao
sai léch ngang t6i thi€u. Dac biét nghién cdru [9] chuyén
déi bai toan bam theo mét khoang nhin phia truéc thanh
bai todn bam theo mét khodng thdi gian phia trudc, véi
viéc xap xi cac diém dich do tuong lai thanh nhiing dudng
cong mém mai, thuan lgi cho viéc bam quy dao ctia UAV.

Nghién ctu [10] lai tap trung xay dung bd diéu khién
ngdm theo diém dich do thich nghi, trong dé khoang
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nhin phia trudc la mot tham sé thay déi theo diéu kién
moi trudng va d6 cong clia quy dao tham chiéu.

Hinh 2. Thudt todn ngam theo diém dich do khi ap dung véi quy dao cong

Nhu vay véi nhiing nghién cru nay thuat toan ngam
theo diém dich do da dugc cai thién dang ké hiéu qua
bam quy dao tham chiéu. Bac biét véi nhiing quy dao co6
doé cong thay déi phuc tap thi viéc nhin trudc tuong lai
hay viéc diéu chinh dugc khoang nhin phia truéc cho
thuat toan la nhiing cai tién hiéu qua, tuy nhién nhing cai
ti€n nay hoan toan cé thé dugc cai thién dugc tét hon cho
kha nang bam quy dao phurc tap ddc biét la thay vi nhin
vao dich do tuong lai c6 thé du bao sai léch bam quy dao
trong tuong lai sau d6 diéu chinh goc 1ai & thai diém hién
tai, ddm bao cho robot sdn sang vdi nhiing thay déi dot
ngét clia quy dao. Do vay, thuat toan ngdm theo diém
dich 4o du bdo dugc dé xuat, dac biét véi nhiing truong
hagp st dung trong nha xudng thi quy dao di chuyén cua
robot di déng dugc lap lai va tham s6 dugc t6i uu nho
thuat toan PSO.

2. MO HINH TOAN CUA ROBOT DI PONG DANG O TO
(CAR-LIKE ROBOT)

M6 hinh todn cula xe car-like robot dugc xét trong gia
dinh xe di trong mat phang ngang, khéng c6 su trugt
banh vai van téc khéng déi. Pay la nhing gid dinh ly
tudng héa nham don gian hoa bai toan mo phdng. Céc
yéu t6 thuc té nhu do truot ctia banh va cac loai nhiéu tac
ddng sé dugc xem xét trong cac nghién clu thuc nghiém
sau nay. Khi dé phuang trinh (1) thé hién mé hinh toan
hoc cua robot:

X =vcos(Y)
y =vsin(y) (1)

Li):%tan(é)
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Trong do: x, y la vi tri cGa xe robot trong hé toa dé c6
dinh; Y la géc hudng cla than xe robot; v la van toc dai
cla than xe; L la chiéu dai co s tinh ti truc ctia 2 banh
trudc dén truc cla 2 banh sau; 6 la goc lai ctia banh trudc
(trong mo hinh xe dap 2 banh nhu trén hinh 1, gid dinh
6 mot goc lai chung cho 2 banh trudc).

Pé thuc hién viéc du bao vé trang thai clia xe robot
trong cac thai diém tuang lai mé hinh toan (1) can dugc
chuyén sang dang rdi rac, gia dinh tai thai diém k:

X, =X, +vcos(y, )T

Yo =Y Fvsin, )T (2)

Y =, +%tan(6k)T

Trong d6: T la chu ky trich mau cda hé théng. Theo d6
dé xac dinh dugc trang thai & thai diém tiép theo can xac
dinh dugc géc lai cta thai diém tiép theo trudc. Va diéu
nay dugc thuc hién bai thuat toan ngdm theo diém dich
ao.

Hinh 3. M@ hinh xe dap hai banh cla car-like robot
3. THUAT TOAN NGAM THEO PIEM PiCH AO DU BAO

Xét thuat toan ngdm theo diém dich do thong
thudng (nhu trén hinh 1):

e . e
8=e, +atan—x, néu |e, +atan—X{ <&
d U] max
S S
n ey
6=0, .. néu e, +atand—>6max (3)
S
~ ey
6=6, néu e, +atand_<6min

S

trong do, ey la sai léch géc huéng than xe robot so véi
quy dao tham chiéu, e, la sai Iéch ngang than xe, va ds la
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khodng nhin phia truéc, 6, =-96,,, la cac goc lai gidi
han ctia robot.

Khi dé chuyén sang dang sai phan ta cé phuong trinh
(4):

& =€yu) +atan(%} (4)

Nhu vay vGi phuong trinh (2) va (4) c6 thé tinh toan
dugc mot loat cac gia tri clia cac trang thai cling nhu cac
goéc lai mong muén theo thuat todn ngdm theo diém
dich do trong mét khung clra sé du bao N chu ky bat ky.
Mac du c6 thé m& rong N dé tang kha nang du bao, tuy
nhién dé dam bao tinh thai gian thuc thi cé thé chon gia
tri cia N khéng qua 16n, gid tri nay phu thudc vao tai
nguyén cla hé théng. Trong khuén khé mé phdng cua
nghién ctu nay, gia tri N = 10 (st dung & muc 4) dugc
Iua chon dua trén su can bang gitia viéc cai thién hiéu
suat bam va chi phi tinh toan, ddm bao thuat toan cé thé
thuc thi trong thai gian thuc. Khi d6 gia tri cta goc lai tai
mot thoi diém t bat ky dugc tinh toan cudi cling la mét
téng nhu sau:

8(t)=Y K5, (5)

DK =T (6)

Tuy nhién dé don gian hoa, cac gia tri K; véi i > 0 dugc
don gian hoa thanh moét gia tri bdi vi thuc té trong s6 cla
thoi diém hién tai (i = 0, thai diém t) 1a quan trong nhat.
Khi d6 (5) két hgp vai (6), tra thanh:

N

8(t)=K,8, +(1-K,)D_8§, 7)

i=1

Nhu vay, trong thuc té€ thuat todn ngam theo diém
dich 4o du bao chi co thém mot tham s6 K. Viéc xac dinh
tham s6 nay c6 thé dugc ti€n hanh th cong, tuy nhién
vGi méi trudng kho xudng khi quy dao di chuyén cla
robot dugc ¢8 dinh theo cac tuyén, c6 thé tién hanh téi
uu theo thuat toan PSO. Khi d6 khéng chi c6 thé xac dinh
dugc Ko t6i uu, con c6 thé xac dinh dugc khodng nhin phia
trudc ds t6i uu. Qua trinh tinh toan xac dinh gdc lai theo
thuat toan ngdm theo diém dich do du bao dugc thé hién
trén hinh 4, trong d6 VTG la thuat toan ngam theo diém
dich do théng thudng, dugc tinh cho méi thai diém tir cac
trang thai du bao va xac dinh cac géc lai tuong Ung véi
céac thai diém du bao d6.
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Oy dao yéu cin

(¥, i 20)

(X Yy )

Vi tri hign tgi

e,y 21)

M hinh
du bdo

&Ky

Hinh 4. So d6 xac dinh goc Iai theo thudt toan ngdm theo diém dich do

du bdo

{29

I T

ef VT (d))

Cic thugt 0 =Kyt (1-Ky)( 81+ 62+ ..+ by)

a todn ngﬁm
theo diém
dich o

BEGIN

J

KHOI TAO
Ko_ids _i,vk_ivd_i,N

pbest_i=[K0_ids i1;
gbest=argmin f(pbest_i);

NO

t<N

YES

vk_i{t+1)=w*vk_i(t)+c1*r1*{pbest_i(t)[0]-K0_i(t)}+ 2 *r2*{gbest(t)[0]-K0_i(t));
vd_i(t+1)=wvd_i(t)+c1*r1%(pbest_i(t)[1]-ds_i(t))+c2*12*(gbest({t)[1]-ds_i(t));

KO_i{t+1)=K0_i(t)+vk_i(t+1);
ds_i(t+1)=ds i(t)+vd_i(t+1);
1 i(t+1)=f(K0_it+1),ds_i{t+1))

Li(t+1)<f(pbest_i)

pbest_i=[K0_i(t+1),ds_i(t+1)]

fpbest_i)=f(gbest)

ghest=pbest i

l(i

t=t+1

Hinh 5. S¢ d6 thudt toan PSO cho mdt hat i bét ky trong dan
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Vé&i ham chi phi (hay ham muc tiéu) la sai Iéch ngang
than xe, cong thuc tinh dugc cho béi phuong trinh:

J=feldr (8)
0
Khi d6 viéc t6i uu dugc chuyén cho thuat toan PSO véi
chu trinh tinh toan v6i mot hat (ca thé) i bat ky trong dan
dugc cho bai hinh 5. Trong dé, cac tham s6 c1, c2, w (cac
hé s6 gia toc va hé s6 quan tinh) va Nr (s6 lan lap) can
dugc chon trugc. Con ham muc tiéu J dugc tinh bdi (8),
trong d6 viéc xac dinh gia tri sai Iéch ngang dugc thuc
hién trén moé hinh khéng truc tiép bang mét ham “f”
cu thé.
4. MO PHONG VA KET QUA

Cac tham s6 ctia mé hinh xe robot dang car-like dugc
cho nhusau: L = 0,5m, v =4m/s; 8max = 30°, &min =-30%va
clia s6 du doan N = 10. Cac tham s8 cho thuat toan PSO
bao gém s6 lugng 50 ca thé, va s6 1an 13p N, = 20.

Két qua bam quy dao hinh s6 8 dugc cho bai cac hinh
6 dén hinh 9. VGi cac thuat toan so sanh la thuat toan
ngdm theo diém dich &o (VT), thuat toan ngdm theo diém
dich 3o déng (DVT) va thuat toan ngdm theo diém dich
4o du bao (PVT) dugc dé xuat.
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Hinh 6. Quy dao tham chiéu va cac quy dao thuc cla cac thudt todn

Hinh 6 thé hién quy dao tham chiéu va cac quy dao
thuc té khi str dung cac thuat toan diéu hudng VT, DVT va
PVT ap dung cho robot. Hinh 7 thé hién sai léch bam quy
dao (sai léch tinh theo chiéu ngang than xe) clia cac thuat
toan diéu hudng nay va hinh 8 thé hién RMSE culia cac
thuat toan. Trong khi d6, hinh 9 thé hién géc lai clia cac
thuat toan diéu huéng.
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Hinh 7. Sai l&ch bam qu§ dao cta céc thuat toén

—RMSE VT
0.7 0.065 —RMSE DVT
—RMSE PVT

0.055 .

O <
o

0.05

o
w

0.045 -

Sai léch bam [m]
o
S

239 24 241 242 243 244 245 246 247 248

0 5 10 15 20 25
Thaoi gian [s]

Hinh 8. RMSE ctia cac thudt toan

Qua cac két qua mo phong trén phan mém Matlab-
Simulink, c6 thé thdy rang:

- Sai léch bam quy dao cla thuat toan diéu huéng DVT
va VT khéng c6 su khac biét dang ké, mac du DVT ¢6 cai
thién chat lugng bam quy dao so véi VT (RMSE ctia DVT
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nhd han RMSE ctia VT (hinh 8)) nhung c6 nhiing thai diém
nhat dinh VT ¢6 sai léch bam nho hon (hinh 6, 7).

- Sai léch bam quy dao cutia thuat toan diéu huéng PVT
da caithién dang ké so vai VT va DVT (hinh 6, 7 va 8). RMSE
cta PVT khoang 0,043m trong khi VT va DVT cé RMSE xap
xi 0,063m, dat hiéu suat 30%.

- Dac biét, trén hinh 7 thé hién rat ré chat lugng bam
quy dao dugc cai thién & nhiing thai diém c6 dé cong I6n
nhu 5s, 11s, 20s va 26s. Diéu nay thé hién ré kha nang cai
thién clia chiic nang du bao.
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Hinh 9. Cac g6c Idi clia cdc thudt todn

- Cac gbc lai chia ca ba thuat toan diéu huéng déu duac
gilr trong khodng an toan, nam trong giGi han [Smin, Omax].
Goc lai ctia PVT c6 nhiéu bién dong hon DVT va VT tuy
nhién bién d6 dao déng nho va khéng vuot ra ngoai gidi
han clia goc lai.

5. KET LUAN

Bai bao dé xuat thuat toan diéu hudng ngam theo
diém dich 3o du bao 4p dung cho robot di déng dang &
t6 hoat dong trong kho xudng. Theo d6, viéc tinh toan
goc lai cho robot ctia mét thai diém dugc mé rong theo
clia s6 du béo gitip cho robot hoat déng tét hon & nhiing
naoi c6 dé cong quy dao I6n, gay khoé khan cho cac thuat
toan diéu huéng c6 san nhu VT, DVT. Thuat toan PVT dé
xuat cing dugc so sanh vai cac thuat toan VT va DVT trén
moi trudng Matlab-Simulink va ching minh dugc hiéu
qua bam quy dao t6t hon.

Huéng phat trién tiép theo cla bai bao 1a md rong
theo hudng diéu khién thich nghi, sao cho cé thé ti uu
cac tham sé truc tuyén dé cé thé 4p dung cho nhiing quy
dao phuc tap, khong dugc quy hoach trudc.
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