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KHAO SAT HE LUAT CUA BO DIEU KHIEN
DUA TREN DAI SO GIA TU TRONG DIEU KHIEN ROBOT DI DONG

INVESTIGATION OF CONTROL SYSTEMS BASED ON HEDGE ALGEBRAS IN MOBILE ROBOT CONTROL
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TOM TAT

Robot di dong ngay cang dugc ting dung rong rai trong nhiéu linh vyc: dan
dung, quan sy, y t€, giao thong, ndng nghiép va dang la hudng nghién ciu clia céc
nha khoa hoc quan tdm. Muc dich cta nghién cu nay la khdo sat sy anh huéng
clia viéc thay doi céc hé luat st dung b diéu khién dya trén Iy thuyét Dai s6 gia tir
(HAC) nham xac dinh dugc hiéu qua diéu khién cia robot di dong vé quang duting
di chuyén ngan nhét, dén dugc muc tiéu va tranh dugc vat can. M6 hinh khao sat
trong bai bdo nay dugc ké thira tir mot tai liéu tham khdo, dya trén hé luat ban
dau va phan tich cac ludt dinh tinh trong hé luat, mot s& thay déi dugc dua ra sau
d6 t6i uu va so sanh két qua dé tim ra hé ludt t6i uu nhat. Tir két qua md phong,
da tim ra dugc hé ludt cho thdy hiéu qué diéu khién ctia HAC cao han so vdi cling
bo diéu khién dua trén Iy thuyét tap ma (FC) clia bai bao gdc ca vé quing dutng
di chuyén cda robot di dong va thdi gian tinh toan (CPU time). Tir két qua nay cho
thdy HAC cd kha nang ap dung d€ diéu khién chuyén ddng cho cac md hinh robot
phic tap hon, cac hé luat phic tap hon, nhiéu dau vao hon.

Tir khéa: Robot di dong, Diéu khién dua trén dai s6 gia tit (HAC), tdi uu hod.

ABSTRACT

Mobile robots are increasingly widely applied in various fields, including
civilian, military, medical, transportation, and agriculture, and are the focus of
research for interested scientists. This study aims to investigate the impact of
changing control system laws based on the Hedge Algebra-based Controller (HAC)
to determine its control efficiency for mobile robots in terms of the shortest
travelling distance, reaching the goal, and avoiding obstacles. The investigated
model in this paper is inherited from a reference document. Several optimal rule
bases are proposed based on the original control rule base and analysis of
qualitative rule bases in the control system. The results are compared to find the
most appropriate optimal control rule base for the mobile robot. The simulation
results show that the HAC has higher efficiency than the Fuzzy set theory-based
controller (FC) in the reference document regarding the mobile robot's travelling
distance and computation time (CPU time). These results also indicate that HAC
can be applied to control motion for more complex robot models with more
complex control rule bases and multiple inputs.

Keywords: Mobile Robots, Hedge Algebra-based Controller (HAC), optimization.
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Nguyén Sy Tai">"

1. GIOI THIEU

C6 thé thdy cac bo diéu dua trén ly thuyét tap ma (FC -
Fuzzy control) clla Zahde dang déng vai trd quan trong va
g dung réng rai trong diéu khién robot. Nghién ctu diéu
khién m& cho robot di d6ng dé thuc hién nhiém vu theo doi
quy dao trong van chuyén néng san [1], hay nghién ctiu diéu
khién chuyén déng clia hé théng neo sit dung phuong phéap
diéu khién ma dé han ché chuyén dong ctia tau neo dau [2].
Ngoai ra, diéu khién robot di déng cé banh xe théong qua
diéu khién md cho két qua tét khi hién tuong rung léc dugc
giam thiéu [3]. Diéu khién m& dé lap ké hoach dusng dan
diéu hudng cho robot théng qua cac cdm bién [4], thiét ké
b6 diéu khién m& dé diéu khién robot dan dong béang dién
dua trén diéu khién dién ap [5]. TU cac nghién cdu trén co
thé thdy ly thuyét tap md la phé bién, dugc iing dung nhiéu,
c6 hiéu qua trong robot di dong va c6 nhiéu huéng phat
trién & cac d6i tuong khac nhau.

Ly thuyét dai s6 gia ti (Hedge algebras - HA), ra doi tu
nam 1990, né cho phép mé ta cac gid tri ngén nglf clia cac
bién bang cac d6 do tinh m& dinh lugng duéi dang cac s6
thuc dua trén cac lap luan toan hoc hét stc chat ché véi do
[6n clia ching phu hgp véi nglr nghia tu nhién cla cac gia
tri ngon ngir. Véi cach trinh bay nhu vay, da lam don gidn
hod cac budc tinh toan cta HA so véi FC, vi vay HA dugc ap
dung trong nhiéu linh vuc: St dung ly thuyét dai s6 gia ti dé
du bao chubi thai gian ma, ma cu thé 1a du bao s6 lugng sinh
vién nhap hoc ctia Pai hoc Alabama [6]; Ti€p can dai s6 gia
tl trong xay dung thang diém ngén nglt dung trong danh
gia [7]; Ung dung logic m& va dai s6 gia ti diéu khién dén tin
hiéu giao théng [8]. Ly thuyét dai s6 gia ti dugc ting dung
phéd bién nhat trong diéu khién cac mé hinh co hoc, dé xuat
tiép can dé t6i uu hoda tng dung va b diéu khién dua trén
dai s6 gia ti trong cac bai toan dao déng két cu [9]. SG dung
ly thuyét dai s6 gia tir dé kiém soat chi ddng clia cac tda nha
bi kich thich dia chan véi bd giam chan cot chat 16ng dugc
diéu chinh [10]. S dung HA dé thiét ké cac quy dao cla
robot delta, két qua nghién cltu cho thay st bd diéu khién
dua trén ly thuyét dai s6 gia ti (HAC) trong diéu khién quy
dao cho robot t8i uu han so véi sit dung bé diéu khién PID
(Proportional Integral Derivative) hodc bo diéu khién m& FC
[111. G mét nghién ctu khac da trinh bay vé chién lugc giam
sat con ngudi cho robot di ddng trong méi truéng hén hop
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dua trén HA, két qua cho thay robot hoat déng giam sat mot
cach tron tru va chinh xac [12]. Nghién ctu, diéu khién
chuyén déng clia robot di déng st dung bd diéu khién HAC
[13] v&i hé 9 luat, két qua nay dugc so sanh véi két qua FC
[14], da ching minh HAC cho két qua t6t hon vé quéang
dudng di chuyén cla robot di ddng so véi FC va t6t hon ca
thdi gian tinh toan cta hé théng (CPU time). Ngoai ra, viéc
nghién ctu vé st dung HA diéu khién robot gan day cling
cho két qua t6t: SU dung HAC dé diéu khién robot déi hinh
cho két qua chinh xac va vugt troi vé khoang cach di chuyén,
l&n vuot trdi ca vé thai gian tinh toan CPU time so vai bé diéu
khién m& FC [15]; Ung dung thuat toan dai s6 gia ti cho bo
diéu khién robot di déng théng qua clr chi tay va giao thic
khong day [16].

Tu cac két qua nghién clu trong cac cdng bo trén cho
thay HAC c6 nhiéu uu diém vuot trdi hon so véi FC nhu: thiét
lap tudng minh hon, t6i uu dan gian hon, hoat dong hiéu
qua hon, va dac biét la thai gian tinh toan nhanh hon nhiéu.

Vi vay trong nghién clu nay, tac gid st dung HAC véi
nhiéu trudng hgp ctia hé 9 luat, hé 15 luat, hé 25 luat dugc
dé xudt ap dung cho bai toan diéu khién chuyén déng cta
mot robot di ddng. Muc dich chinh 1a tim dudng di ngan
nhéat cho robot khi tranh vat can dé di téi muc tiéu, va thoi
gian tinh toan hé théng la t6i uu nhat, cac két qua nay duoc
daéi chiéu so sanh vdi két qua khi robot hoat déng dua trén
nguyén ly ctia b diéu khién m& FC véi céc toa dé vi tri khao
sat khac so vdi bai bao ban dau [14].

2. MO HINH ROBOT TRANH VAT CAN

M hinh khdo sat su chuyén déng cuta robot di déng
dugc thé hién & hinh 1 [14]. Khéng gian hoat déng cla robot
di dong la mot hinh vuéng co chiéu dai cac canh la 25m, gia
thiét rang: vat can, muc tiéu, robot cé dang hinh tron véi ban
kinh 13 0,5m, trong d6 hinh dang muc tiéu dugc hién thikhac
hinh tron dé dé quan sét. Robot di chuyén théng qua hai luc
I_:; (huéng tu vi tri hién tai ctia robot dén vi tri clia muc tiéu)
va I_:; (c6 hudng tu vi tri hién tai cda robot va ngugc hudng
so vi tri clila vat can). Su két hgp cda 2 luc trén qua trong sé
w sé tao ra luc diéu khién chung F dugc xac dinh thong qua
rang budc (1), dé dua robot dén vi tri muc tiéu va déng thai
giup né tranh dugc vat can.
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Hinh 1. M6 hinh khao sat
F=wF, +(1—w)F,0<w<1 (1)
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Hudng cla robot so véi truc X dugc gidi han trong
khoang [-n/4, n/4] v&i mdi vong lap diéu khién nham tranh
cac thay ddi dot ngdt vé hudng cua robot trong qua trinh di
chuyén, huéng cla robot 0,(k+1) & vong lap diéu khién thu
k+1 dugc tinh théng qua 6.(k) & vong lap thu k la:

08, (k) —
4

e,(k+1):e,(k)+min[max ,—g 0=/F (2)

Goi d, la khoang cach ti robot dén vat can, d:la khoang
cach tur robot dén muc tiéu, o = do/d; la ti lé gita khoang
cach tur robot dén vat can (d,) va khodng cach ti robot dén
muc tiéu (dy); 0:, la goc gilta cdc hudng tir robot dén muc tiéu
va vat can (hinh 1).

Nham don gian hoa bai toan khao sat, gia thiét dat ra la
robot khi di chuyén c6 van téc khéng déi, robot da biét trusc
vi tri hién tai va vj tri vat can. Dé robot tranh dugdc vat can thi
gia tri o va 0, phai nhd dé trong s6 w dat gia tri cao, con
robot di chuyén nhanh chéng dén dugc muc tiéu thi w phai
cé gia tri thap déi vai cac truong hgp con lai. Trong s6 w sé
dugc xac dinh thong qua cac hé luat cta bd diéu khién HAC
& phan tiép theo.
3.BO DIEU KHIEN DUA TREN DAI SO GIA TU - HAC

Trong HA, cac gia tri ngon ngit (GTNN) cla bién ngon
ngir ¢ thé tao thanh mot cau tric dai s6 gia ti ddy du, cac
thd ty ngr nghia clia cac gia tri ngdon ngr nay dugc dam bao.
Goi fm(c) va p(h) tha tu la dé do tinh m& cla cac phan t
sinh va cac gia tl, do do tinh m& nay nam trong khoang ti 0
dén 1 va theo dinh ly trong HA sé xac dinh d6 do tinh m¢&
(trong khoang tir 0 dén 1) clia tat ca cac gia tri ngén nglr dua
trén gia tri ctia fm(c) va p(h) [17, 18]. Gia thiét, (Low, High) =
(c, ¢*), biéu thi bai (L, H); gia tu, vi du (little, very) = (h, h*),
biéu thi bdi (L, V); C={0, W, 1} tdp cac hdng, dé chi cac phan
tlr c6 nghia nhé nhat, phan ti trung hoa va phan tir cé nghia
I6n nhat. Cac gia tri ngon ngir sé dugc hinh thanh dua trén
su két hop gitta cac phan t sinh va gia t theo tha tu ngir
nghia ty nhién cla cac gid tri ngdn ngl nay, vi du: L, vv-L, v-
L, Iv-L, L, II-L, I-L, vI-L, W, vI-H, I-H, lI-H, H, Iv-H, v-H, vw-H, H [17,
18]. Xét trudng hgp fm(c) va u(h) thay déi trong khodng tu
0.2 dén 0.8, khoang gia tri d6 do tinh m& ctia moét sé gia tri
ngén ngl dién hinh dugc thé hién théng qua anh xa ngir
nghia dinh lugng (SQM- Semantically Quantifying Mapping)
cla chuing & hinh 2.

B Gigi han dudi  ®Gioi han trén

i

w-Lv-L|IW-L| L [I-L| L |vi-L| W |vI-H 1-H |[I-H| H |Iv-H v-H w-H
1 2|3 4556 7‘ 8 9‘10 11‘12‘13\14‘15

Hinh 2. Gid tri SQM cdia mot s6 gid tri ngon ngi dién hinh
(Trong do: S tir 1 dén 15 Ia cac chi so GTNN tuong ting véi 15 GTNN la w-L,
v-L,Iv-L, L, II-L, I-L, vI-L, W, vI-H, I-H, II-H, H, Iv-H, v-H, vv-H)
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Tu hinh 2 ¢6 thé thay rang, cac khoang gia tri c6 bién do
kha réng khi fm(c) va u(h) thay déi, diéu nay rat thuan Igi
cho viéc t6i uu cac bai toan HAC, qua trinh t6i uu nay dugc
sir dung bang phuong phap thi sai ngau nhién dé chon ra
hé luat tét nhat va sé dugc gidi thiéu & phan tiép theo.

] 1
_a, | % CosohtHAVGISQM |1, | | w 7
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Hinh 3. So d6 diéu khién HAC ctia robot tranh vt can

Budc chudn hoa dé chuyén cac gia tri thuc clia cac bién
oL va 0y, sang gia tri d6 do tinh md S clia ching dugc thé hién
trén hinh 4(a) véi S(t), S(d) 1an lugt la gidi han trén va gidi han
dudi clia cac GTNN. Ky hiéu o va 0; 1a biéu dién cla o va 0y,
trong mién ng(t nghia, a va b thé hién khodng xac dinh trong
mién thuc clia cac bién a va 0y,. Theo quy tc clia HA dé xac
dinh trong s6 w dugc dé xuat nhu trén hinh 4(b). Cac hé luat
tuong Uing véi chi s6 gia tri ngon ngir clia cac bién sé dugc
tham chiéu véi gia tri SQM thong qua mét phép noi suy don
giadn dé xac dinh gia tri cGia ws (thé hién cda w trong mién
ngir nghia), qua trinh nay cé thé dugc coi la budc suy luan
cta HAC. Cuédi cung, budc gidi chudn trén hinh 4(c) dé
chuyén gia tri cGla w tir mién ngit nghia sang mién thuc. D&
cu thé hon, trong bai béo nay trinh bay co s& luat HAC véi
SQM va mat luat clia mét trudng hop dién hinh (trudng hop
5 clia hé 9 luat, ky hiéu T9_5 trong bang 1) dugc thé hién &
hinh 5.

=Y

0 0.5 1 !
Hinh 4. So d6 chuén hod va gidi chudn cia HAC

(a)
o 4,
L W vv-H
L H w L
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Hinh 5. Co & luat HAC vi SQM truong hgpT9_5 (a) va Mat luat HAC truong
hopT9_5 (b)

Nhu vay, c6 thé két luan nguyén Iy hoat déng clia HAC
hoan toan gidéng v4i mot bd diéu khién ma FC truyén théng,
viéc cac khoi chiic nang ctia HAC chi diing cac phép noi suy
tuyén tinh nén ching tudng minh hon va hoat déng don
gidn hon so véi véi FC.

Trong bai todn nay, dé nang cao hiéu qua hoat déng clia
robot di déng, bd diéu khién HAC clia cac trudng hop sé
dugc dé xuat téi uu, bai toan t6i uu dugc thé hién nhu sau:

- Ham muc tiéu [13, 14]:

Quang dudng di chuyén clia Robot di déng => nhé nhat (3)

- Cac bién thiét ké: fm(c) va p(h) cha a, 0o, w, a va b. Nhu
vay, téng s6 bién thiét k& 1a 8.

- Cacrang budc [13, 14]:

Va cham gi(ra robot va vat can=0 (4)

Robot gap muc tiéu =1 (5)

- Dir liéu khao sat 4 kich ban dat ra lan lugt uong Ung la:
Vi tri va huéng cta robot la [15, 2, ©/2], [14, 2, ©/2], [10, 20,
-n/2], [19, 19, -n]; Vi tri cla muc tiéu la [15, 22], [13, 22],
[20, 5], [6, 6] va cac vi tri cda vat can la [5, 15], [15, 18],
[12,12],[8, 10].

4.KET QUA SO

Cac bién a, 0;,va bién w c6 cac GTNN clia tuong Ung Vdi
céac trudng hop dugc thé hién trén bang 1, gia tri téi uu cla
céac bién thiét k& cta cac bo diéu khién HAC vdi cac trudng
hop dé xudt dugc thé hién trén bang 2. Dua cac gia tri trong
bang 2 vao hé luat trong hinh 4(a, b) dé thu dugc so doé suy
luan ca HA t6i uu, nhu dugc thé hién trong hinh 4(c). Cac
kich ban qua trinh mé phéng dugc thé hién trong bang 3.

Trong phan nay, cac két qua mé phéng sé dugc trinh bay
V@i trudng hgp van tdc cla robot bang 0,5m/s va thai gian
mau = 0,1s. K&t qua mé phong cho dugc la cac trudng hop
clia bo diéu khién HAC dugc dé xuat tuang ng véi hé 9 luat
(5 trudng hop: T9_1, T9_2, T9_3, T9_4, T9_5), hé 15 luat (5
trudng hop: T15_1,T15_2,T15_3,T15_4, T15_5) va hé 25 luat
(5 trudng hop: T25_1, T25_2, T25_3, T25_4, T25_5). K&t qua
md phdng nay ducc so sanh véi két qua & FC va dugc thé
hién & bang 4, nham tim ra dugc két qua t6i uu nhat vé thoi
gian di chuyén t&i muc tiéu cia robot di dong cling nhu thdi
gian tinh toan cta hé théng.
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Bang 1. Chi 50 gid tri ngdn ngir cia cac bién

h'i(gu o Oco w (Hé luat)
191 14 1210;8 4 2;1 11
792 1512 12;12 8 4;4 1 1
93| 4815 4815 [141212;96 1;4 11
19 4 15 1212;8 4 4;4 11
9 5 128 4;841;2 11
151413121287 6 4 4
Rl 43211
15 1412 10 10;15 12 10 8 6;
R 1410864
15 14 1010 12,8 6 4 2 2;
715311 48 10 12| 4 1015 WERE
1513997131210 6 4
Tis_4 1084 2 1
1155 13 ;24828 16,10 6422
15 15 15 14 13;15 14 13 12 11;
125_1 1312 1110 811 10 8 7 4
84211
5.2 101062 21410664
1512 12 8 4;12 10 8 6 4;
125_3 ; ;
_14812151481215:3182231210864’
141212 8 81412 8 6 §;
125_4 1210 8 6 414 12 8 6 4
12 810 4 2
15 1412 10 1;1 12 86 15;
125_5 1410 8 6 1,15 12 8 6 2;
12810 4 1
Bang 2. Gia tri toi uu clia cac bién thiét ké.
Truong | fm(c) | p(h) | fm(c) | p(h) | fm(c) | p(h) a b
hop |ciac |chao |ciaO,, cha O, | claw | ciaw
m9_1 0,2 |0,570 | 0,266 | 0,524 | 0,800 | 0,707 | 0,200 | 2,26
79 2 | 0,474 | 0,674 | 0,248 | 0,461 | 0,466 | 0,570 | 1,129 |1,081
79_3 | 0,577 | 0,800 | 0,200 | 0,633 | 0,710 | 0,260 | 0,884 |1,436
79 4 10,200 | 0,342 | 0,498 | 0,588 | 0,777 | 0,673 | 1,693 (1,143
795 10,710 | 0,423 | 0,220 | 0,205 | 0,555 | 0,561 | 0,688 |2,909
T15_7 10,326 | 0,595 | 0,490 | 0,331 | 0,221 | 0,243 | 1,115 {0,970
T15_2 | 0,315 | 0,200 | 0,210 | 0,637 | 0,200 | 0,800 | 0,887 |0,721
T15_3 | 0,781 | 0,687 | 0,300 | 0,466 | 0,221 | 0,299 | 1,124 |1,186
T15_4 | 0442 | 0,623 | 0,226 | 0,681 | 0,711 | 0,311 | 0,687 |0,360
T15_5 | 0,402 | 0,720 | 0,244 | 0,689 | 0,667 | 0,705 | 0,843 (1,745
125_7 | 0314 | 0,249 | 0,258 | 0,598 | 0,244 | 0,709 | 0,966 |1,086
125_2 | 0,647 | 0,240 | 0,557 | 0,205 | 0,205 | 0,712 | 1,336 |0,538
125_3 | 0,343 | 0,304 | 0,232 | 0,332 | 0,269 | 0,794 | 0,884 [1,170
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125 40,340 | 0,267 | 0,699 | 0,751 | 0,201 | 0,252 | 0,780 |0,978
125_5 10,550 | 0,425 | 0,624 | 0,338 | 0,210 | 0,262 | 0,654 |0,275
Bang 3. Cac kich bdn md phong
Kich ban Robot Muctiéu Van can
1 [15,2, /2] [15,22] [5,15]
2 [14,2, /2] [13,22] [15,18]
3 [10,20,-7t/2] [20, 5] [12,12]
4 [19,19, -rt] 6, 6] [8,10]
Bang 4. Tong hop két qua quang dudng di chuyén robot ciia cac bd diéu khién
Truéng hop Kichban | Kichban | Kich ban | Kich ban Tr‘ung
j 1 2 3 4 binh
FC 19,300 19,450 | 17,450 | 17,800 | 18,500
19 1 19,350 19,450 17,300 17,800 18,475
192 19,300 19,400 17,450 17,750 18,475
T9_3 19,300 19,350 17,450 17,700 18,450
T9_4 19,300 19,400 17,300 17,750 18,438
T9_5 19,250 19,300 | 17,300 | 17,650 | 18,375
T15_1 19,300 19,500 17,300 17,800 18,475
T15_2 | 19,400 19,350 17,400 17,750 18,475
E T15_3 19,300 19,500 17,300 17,850 18,488
T15_4 | 19,300 19,500 17,350 17,850 18,500
T15_5 19,250 19,350 17,450 17,750 18,450
1251 19,300 19,350 17,450 17,700 18,450
T25_2 | 19,750 19,350 17,350 17,700 18,538
T25_3 19,550 19,400 17,350 17,750 18,513
T25_4 | 20,500 19,400 17,350 17,750 18,750
T25_5 19,250 19,350 17,350 17,700 18,413

6

Vi két qua téng hgp quang dudng di chuyén clia robot
(mét) & cac hé luat ctia HAC & bang 4, hé 9 luat (3x3) cho két
qua tot nhat, diéu nay ching té can t6i uu hé luat clia tat ca
cac dang hé luat (3x3, 5x3, 5x5), day ciing la hudng can dugc
nghién ctu thém cla bai bdo. Theo Bang 4 c6 thé nhan thay
trudng hop 5 cda hé 9 luat (ky hiéu T9_5) la truong hop cé
két qua t6t nhat va dugc chon dé so sanh véi két qua quéng
dudng robot di chuyén véi FC dugc trinh bay trong cac hinh

-9.
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Cac két qua trén hinh 6 - 9 cho thdy, muc tiéu diéu khién
luon dat dugc, d6 1a robot dén dugc muc tiéu va tranh duoc
vat can. Quy dao di chuyén ctia robot khi st dung HAC va FC
la tuong déng nhau, trong do6 khi thay déi hé luat cta bod
diéu khién HAC thi sé co6 su thay d6i vé quang dudng di
chuyén. Cu thé & trudng hop 1, mac du quang dudng di
chuyén tur robot dén muc tiéu véi HAC va FC déu 1a mot
dudng thdng, nhung két qua cho thay FC chua t6t bang HAC
la do hé luat FC chi c6 5 luat nén rat so sai, ngoai ra hau két
cac trudng hgp cho thdy két qua cta HAC cho két qua tot
hon FC. Quang dudng dich chuyén cla robot khi st dung
HAC nho hon tuong ddi so véi khi st dung FC, ngoai ra thoi
gian tinh toan (CPU time) clia cac b diéu khién ciing dugc
do va liét ké nhu trén Bang 5. C6 thé thay rang, CPU time clia
HAC gidm dang ké so véi FC va day la mot Igi thé ctia HAC
khi ting dung trong diéu khién thdi gian thuc. Cac két qua

54 | Tap chi Khoa hoc va Cong nghé Trugng Dai hoc Cng nghiép Ha Noi

CPU time cung dugc do trén mdt may tinh véi cdu hinh CPU
i7,1165G7, 2.8GHz, 8.0 GB RAM, st dung phan mém Matlab
va hé diéu hanh Windows 10.

Bang 5. Thoi gian tinh toan hé thong (CPU time).

B diéu khién HAC FC Ti 1 gidm (%)
Thoi gian CPU ~0,362 ~0,58 ~38
5. KET LUAN

Trong nghién ctiu nay, cac bé diéu khién dugc dé xuat du
trén ly thuyét dai s6 gia t& ap dung cho bai toan diéu khién
chuyén doéng clia mét robot di dong tranh vat can. Huéng
ti€p can cha bai bao la khao sat nhiéu hé luat (3x3; 5x3; 5x5)
va két qua cho thay cac bd diéu khién HAC hoat déng tét,
trong do6 hé luat 3x3 cho dugc két qua tét nhat & tat ca cac
trudng hap so vdi két qué & bd diéu khién FC. Cac bo diéu
khién duogc dé xuat cho thay c6 két qua vuot trdi so véi bo
diéu khién dua trén ly thuyét tap md vé thdi gian di chuyén
dén muc tiéu, va thai gian tinh toan hé théng. Han ché cla
bai béo la viéc lua chon hé luat theo bang 1 bang phuong
phap thi sai, hudng phat trién tiép theo la stia dung thuat
toan t6i uu dé lua chon hé luat diéu khién t6i uu. Cac uu diém
nay ctia HAC cho phép phat trién va ing dung HAC trong
cac bai toan phuc tap hon cda linh vuc diéu huéng cac hé
robot di déng.
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