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TOM TAT

Bai bao trinh bay cac két qua nghién ctru vé &p dung diéu khién mo dé tranh vét cén cho robot tuw
hanh dung cadm bién siéu &m. Céc déu vao cta bod diéu khién mo la céc khodng cach dén vat cén do
duoc tir céc cdm bién siéu &m, dau ra la goc lai cén thiét cho robot tranh duoc véat cén. Bé diéu khién
chung cua robot duoc thuc hién theo cdu tric phén I6p cac phuong thirc hanh déng véi cac mirc do
wu tién khéc nhau. Céc két qua thuc nghiém cho thay céc hanh déng déu thuc hién tét, robot cé thé
dbng thoi thuc hién céac nhiém vu véan déng, trénh véat cén trén duong di va xt ly tinh huéng khén cép.

ABSTRACT

This paper describes how fuzzy control can be applied to a sonar-based mobile robot. Inputs of the fuzzy
controller are distances between left, right sonar and object(s); output is rotation angle to avoidance the
obstacle(s). The robot controller is implemented under the behavior-based approach with an individual
priority levels. The experimental results show that behavior of the robot are correct, the robot can
simultaneously implements motion tasks, avoids obstacles and can react in case of emergency.

I. GIOI THIEU

Mot trong cac chirc ning co ban dé mot robot di dong (mobile robot) dugc goi 1a robot
tu hanh (autonomous mobile robot) 1a kha nang phat hién va tranh vat can trong qua trinh van
dong. Bai toan tranh vat can cho robot tu hanh da dugc cac nha khoa hoc trén thé gidi quan
tAm va giai quyét trong vai thap nién gan day. Pi c6 nhidu cong trinh nghién ctru dugc cong
bd v6i hudng giai quyét tap trung vao sir dung cong cu logic mo [4, 5]. Trong nudc, mot sb
nghién ctru Ve robot ty hanh noéi chung va tranh vat can ndi riéng di dugc cong bd trong
nhimg nam gan ddy nhu trdnh vat can cuc bd dung dan hudng thich nghi [1], tranh vat can
cho robot ty hanh bam muc tiéu di dong dung logic mo [3].

Bai bao nay trinh bay két qua nghién ctru vé xay dung mot bd diéu khién mo tranh vat
can va td hop mot bo didu khién van dong chung dua trén ciu tric phén murc phuong thic
hanh dong cta robot. Mau robot ty hanh duoc dung 1a dang di chuyén bang banh 16p, voi hai
banh chi dong diéu khién doc 1ap. Cac cam bién siéu am duoc dung dé phat hién va do
khoang céch tur robot dén vat can, 1am dau vao cho cac module cua bo diéu khién.

IL. THIET KE BQ PIEU KHIEN MO TRANH VAT CAN

Diéu khién mo duoc phat trién tir logic mo va 1y thuyét tip mo di duoc gidi thiéu lan
dau tr nam 1965 boi L. A. Zadeh thudc Dai hoc California, USA [2]. Ung dung cua diéu
khién mo c6 thé tim thiy trong rat nhiéu linh vuc kinh té, k§ thuat khac nhau, dé phan tich di
lidu va ra quyét dinh diéu khién trong truong hop dit lidu dau vao khong rd rang (md), c6 tinh
phtre hop va phi tinh ¢ mirc d6 cao. Trong bai toan tranh vat can cho robot tu hanh, cac tin
hiéu dau vao la khoang cach tir robot dén vat can (néu cd) & phia bén phai va bén trai (theo
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huéng di chuyén cia robot) va duoc ldy tir cac cam bién siéu am twong Gng trong sudt qua

trinh van dong cua robot. Vi tri tuong ddi cua robot so véi (cac) vat can duogc xac dinh tir

nhiéu cam bién, trong qua trinh di chuyén, chiu anh hudng phtic tap ctia nhiéu moi trudng nén

khong thé chinh xac (c6 tinh md). Pau ra 1a géc ma robot can quay di dé tranh vat can (gbc

1a1). Céac luat mo co so duoc xay dung dua trén nguyén 1y va kinh nghiém diéu khién phuwong
tién giao thong.

Mot bd dicu khién mo co ban bao gom cac khau: mo hoé (fuzzification) thong tin dau
vao, suy dien mo (fuzzy inference) trén co s& cac ludt mo co s¢ (fuzzy base rule), va giai mo
(defuzzification) dé nhan duoc gia tri ro cia thong tin dau ra.

1. Xay dung cac ham thugc

Ky hiéu cac bién dau vao s_left va s_right twong tng v6i khoang cach dén vat can ¢ bén
trai va bén phai, bién dau ra 0 twong ting v4i goc 1ai cia robot .

1.1. Cac ham thugc dau vao

Cac dau vao la khoang cach dén vat can ¢ hai phia bén phai va bén trai robot va duogc
mo hod boi cac ham thude. Moi dau vao dugce bi€u dien bdi cac ham thudc dang tam gidc, xac
dinh theo cong thuec:

0 s<a
Z_a a<s<b
w(s:ahb,c)= c:? (1)
b<s<c
c—b
0 s>c

Trong do, s 1a bién dau vao; a, b, ¢ 1a cac tham s0 (a <b <c).

Cac ham thudc duoc xdy dung cho mdi dau vao la: khoang cach gin - pyear (tuong
duong Omm), khodng cach vira - pmedgium (trong duong 500mm) va khodng cach xa - g
(twong duong 1000mm).

1.2. Cic ham thugc dau ra

Ham thudc ddu ra ciing duoc biéu dién dang tam gidc nhu cong thie (1). Tir cac thyuc
nghiém cho thiy 5 ham thudc cho dau ra 13 can thiét, bao gébm: quay phai 16n - neg large
(twong duong +30%), quay phai nho - pneg sman (twong duong +15%), khong quay - Hgero (tuong
duong 0°), quay trai nho - Upos small (trong duong -15%, quay trai 16n - Upos_large (trong duong -
30%).
2. Thiét 1ap cac qui tic suy luAin mo

2.1. Cdc ludt tranh vit can

Ttr cac ham thudc dau vao (2 dau vao, 3 ham thudc cho mdi dau vao) va 5 ham thudc
dau ra da thiét 1ap, co6 thé xay dung duogc 3% =9 luét tranh vat can nhu sau:

0 s left
s _right near medium far
near Zero neg small | neg large
medium | pos_small Zero neg small
far pos_large | pos small Zero
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2.2. T6 hop cdc két qua suy lugn

Trén co s& cac luat mo co s¢ da xay dung, dung luat hop thanh MAX-MIN cua logic
mo dé tim dugc gid tri ham thudc dau ra theo cac cong thie sau (2):

neg large(0) = min (Unear(s_left), pra(s_right))
Hneg small(0) = max [min (Mnear(S_left), tmedium(s_right)), min (Umedium(s_left), pr(s_right))]

Hzero(0) = max [min(pnear(s_left), pnear(s_right)), min(Umedium(S_left), tmedium(s_right)),
min(Ue(s_left), pe(s_right))]

Upos_small(0) = max [min (Umedium(S_left), pnear(s_right)), min (pea(s_left), tmedium(s_right))]
Mposﬁlarge(e) = min (Hfar(s_left)a Hnear(s_right))

Mo hoa Suy dién mo Giai mo

min(.) (I
E] pos_large

min(.)

min(.) <§] pos small

near

s_left

min(.)

, min(.) Eﬂ zero
min(.) |~ 7<
s_right T neg_small
*~— min(.)
R min(.)
Pau vao | 1 neg_large
min() T | —
—>
COG ‘

Paura

Hinh 1. Hé thong suy ludn mo

Hé théng suy luan mo dé tranh vat can dugc mi€u ta dudi dang so dd nhu trén hinh 1.
Giai mo

Két qua ctia phép t6 hop da thyuc hién trong muc 2.2.2 13 gia tri cta cac ham thudc cua
dau ra. Cac gia tri ham thudc nay biéu dién gia tri mo cia bién dau ra la goc lai cua robot. DBé
c6 thé dung lam tin hi¢u diéu khién cho robot, can phai giai mo ching. Str dung phuong phap
gidi mo do cao d€ nhan duoc gia tri dau ra ro theo cong thuec:

D ona(yi)yi
==L (3)

Doualyi)

i=1
Trong do: pa(yi) - gié tri ham thudc thur i.
Vi - gi4 tri bién dau ra twong tng véi gia tri ham thudc.
I11. TO HQP BQ PIEU KHIEN VAN PONG THEO CAU TRUC PHAN LOP

Bai toan diéu khién van dong cua robot ty hanh 14 bai todn da nhiém. Robot vira phdi
thuc hién cac nhiém vu van dong cho trudc, vira phat hién va tranh vat can, dong thoi van
thuc hién céc ing xtr khén cép. Dé thuc hién déng thoi cadc nhiém vu theo thoi gian thuc véi
cung ngudn dit liéu dau vao, can thiét phai to chirc bo diéu khién chung ctia robot theo cau

84



Tap chi Khoa hoc Gido duc Ky thudt, sé 7(1/2008)

Dai hoc Su pham Ky thudt Thanh phé Hé Chi Minh

tric phan 16p cac hanh dong cia robot véi cac mirc d6 wu tién khac nhau trong tién trinh xtr

ly. Mirc wu tién cao danh cho 16p dimg khan cip ddi v6i cac tinh hudng va cham nguy hiém.

Mirc trung binh cho 16p tranh vét can trong qué trinh van dong va mirc thap nhét cho 16p cac

nhiém vu van dong co ban, nhu tim dén dich (goal seeking), di lang thang (wandering), bam
tuong, bam vach (wall following).

1. Lép dirng khan cap

Hanh dong dau tién cua robot 1a dimg khan cip, c6 mirc uu tién cao hon cac hanh dong
khac. Do hanh dong nay phu thu¢c vao khoang cach an toan nén dir li¢u tir cam bién siéu 4m
duogc dung tryuc tiép dé dimg robot. M6t khoang cach nguy hiém dugc dinh nghia dé dung cho
hanh dong nay. Cac cam bién siéu am & phia trudc, bén trai va bén phai co cac khoang cach
nguy hiém khac nhau.

Cam bién siéu am & bén trai kiém tra cac dbi tugng & bén trai. Néu dbi tugng & qué gan,
robot s€ dimg chuyén dong. Cac cam blen siéu am & phia trudc va bén phai cling hoat dong
tuong tu. Két qua, hanh dong dimg khan cip duge miéu ta nhu sau:

- KIEM TRA céc d6i twong ¢ phia trudc, bén trai, bén phai.
- DUNG chuyén dong néu dbi tugng nam trong khoang cach nguy hiém.

Hanh ddng nay s€ ket thuc néu khoang cach nhan duogc tur tat ca cac cam bien si€éu am
16n hon khoang cach nguy hiém.

Lép nhiém vu

Tim dén dich

-)‘ bi lang thang

Bam tuong, vach

I

Lép tranh vit can

Tranh vat can {

'>| Dimg khén cép

Hinh 2. Cdu tric bé diéu khién dwoc phan 16p theo phwong thire hanh déng

Lép ding khén cap

2. Lop tranh vt can

Hanh dong tranh vat can ding dir liéu cam bién siéu 4m dé sinh ra tdp mo biéu dién
khoang cach tir cac vat can dén vi tri ciia robot. Hanh dong nay dugc thuc thi boi bo dicu
khién mo. Céc dau vao mo 1a dit liéu tir cdm bién si€u dm phia trudc bén phai va phia trude
bén trai . Véi cach bd tri cam bién cua robot Mapbot dung trong thuc nghiém (hinh 4), c6 4
cam bién siéu 4m & phia truéc bén phai (s1 dén s4) va 4 cam bién siéu am & phia trudc bén
trai (s6 dén s9) dugc dung cho hanh dong tranh vat can. Do d6, 4 bo diéu khién mo duogc dung
cho hanh dong nay.

Pau ra 12 phép vong tranh vt can, cy thé nhu sau:

VONG PHAL - néu vt can nam & phia trugc bén trai, robot s& vong phai.

VONG TRAI - néu vét can nam & phia trudc bén phai, robot s& vong trai.
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Mot khoang cach can tranh duoc dinh nghia dé kich hoat hanh dong tranh vat can.
Khoang cach can tranh cho mdi cdp cam bién siéu am 1a khac nhau, tiy thudc vao vi tri goc
tuong ddi ctia cam bién siéu 4m so véi truc doc clia robot.

3. L6ép nhiém vu
Céc hanh dong theo nhi¢ém vu da duoc thiét ké cho robot bao gém: tim dén dich, di lang thang.

Hanh dong tim dén dich: diéu khién robot di dén diém dich xac dinh trudc boi ngudi
dung. Robot s& xac dinh vi tri hién thoi cua nd, so sanh voi diém dich can dén dé tim ra goc
can hudng t6i va khoang cach can di chuyén dén dich. Néu khong co vét can gitta robot va
dich dén, hanh dong nay sé dugc kich hoat. Vi vi tri va hudng cu thé cua robot, robot quay
va tién vé phia dich can dén.

Hanh dong di lang thang: diéu khién robot di lang thang trong méi truong. Néu khong
c6 vat can ¢ phia trudc robot, n6 sé tien thang.

IV. CAC KET QUA THU'C NGHIEM
1. Robot dung dé thwe nghi¢m

Robot dugc ding dé thir nghiém 1a mot mau robot tu hanh duogc thiét ké va ché tao tai
PTN Co Dién tur - Hoc vién KTQS (hinh 3). Déy 1a robot tu hanh di chuyén bang banh 16p,
v6i hai banh chi dong dan dong doc lap b tri ¢ phia sau. Cac encoder dugc gan trén truc
dong co din dong cua timg banh xe dé do quing dudng dich chuyén tuwong tng. Trén robot
dugc lap 9 cam bién siéu 4m loai SRF04 cua hing Acroname Easier Robotics, co goc quét 1a
30° va khoang do 14 30mm + 3000mm. So d6 bd tri cam bién siéu 4m nhu trén hinh 4.

—

Hinh 4. Bo tri cam bién siéu am
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Céu triic h¢ théng diéu khién cta robot nhur di chi ra trén hinh 2. Toan b chwong trinh
di€u khién chinh v&1 module diéu khién mo tranh vat can dugc thuc hién trén may tinh dat
trén robot. Khoi cam bién thu nhan tin hi€u tr cdc cdm bién si€u am (d€ do cac khoang cach
dén vat can tuong ung), tir encoder (dé¢ xac dinh vi tri hién thoi cla robot) va truyén 1én may
tinh. Khoi chap hanh nhén tin hi¢u diéu khién tir may tinh va diéu khién cac dong co dan dong
banh xe dé diéu khién xe tién, I0i, quay phai, quay trai tuong ung. Truyén thong gitra cac khoi
duoc thuc hién thong qua giao tiep RS232.
2. Cac két qua thye nghiém
2.1. Robot di chuyén tim dén dich
Robot ¢6 nhiém vu di Chuyén tr diém xuét phat S dén diém dich G. Vat can c6 kich
thudc lon va bao chan toan by khong gian phia trude theo hudng dich chuyén cua robot (hinh

5). Két qua thir nghiém cho thdy robot di nhan biét, vong tranh qua vat can va dén dugc dung
diém dich da dinh.

Hinh 5. Robot di chuyén bam dich
2.2. Robot di lang thang

Nhiém vu véan dong dugc thiét 1ap cho robot 1a di lang thang trong mot moéi trudong
khong biét trude. Két qua thuc nghiém cho thdy robot di tranh dugc cic vat can ma né phat
hién dugc, ké ca vat can dong (hinh 6). Tuy nhién, kha nang tranh cac vat can cé kich thudce
nhd, manh (vi du nhu chan ban, cot...) chua thuc sy tdt do s6 cam bién it. Khi c6 cac vat can
dong xuét hién dot ngot, chirc nang dung khén cép duoc kich hoat.

Hinh 6. Robot di lang thang
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V.KET LUAN

Cung véi cac chirc nang hién c6 cua robot (di chuyén theo qui dao, di dén dich da dinh
trude, dung khan cap) chuc nang tranh vét can da hoat dong t6t. Cac két qua thyc nghiém da
cho thay, robot c6 thé tranh dugc tit ca cic vat can ma sensor siéu am phat hién duoc. Kich
thudc vat can cang 16n thi kha ning phat hién ciia sensor siéu am cang tot va do d6 kha nang
vong tranh ciing tot hon. Sau khi tranh vét can, robot lai tiép tuc thuc hién nhiém vu van dong.
Tuy nhién, van con mot sd truong hop voi vat can cé kich thudc manh, nho (nhu chan ban,
ghé), tin hiéu thu vé tir cam bién 1a khong rd rang nén kha ning tranh con han ché.

Nhimg két qua cua viéc ung dung diéu khién mo trong didu khién robot tu hanh tranh
vat can va cau trac phan 16p nhiém vu trong bd diéu khién cho thdy tinh dung dan va hiéu qua
ctia phuong 4n duoc sir dung. Nhing két qua nay con cé thé ap dung cho khong chi cac dang
robot ty hanh ma con cho cac phuong tién ty hanh khac.
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