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~ UNG DUNG LOGIC MO TRONG BAI TOAN TRANH VAT CAN CHO
ROBOT TU HANH BAM THEO MUC TIEU DI PONG

Lé Hoai Qudc, Trin Vin Ting
Trudng Pai hoc Bach Khoa — Pai hoc Quéc gia TP.HCM
(Bai nhan ngay 19 thdng 12 ndm 2002)

TOM 'I'ff T: Sau giai doan phdt trién cdc ing dung ciia robot trong tit dong héa sdn xudt
cong nghiép, ngay nay hudng nghién citu iing dung cdc robot trong sinh hoat va gidi tri dang
duoc nhiéu nha nghién citu quan tim. Hdu hét cdc dang robot phuc vu trong linh vicc sinh hoat
va gidi tri 1a nhiing robot ty hanh dugc trang bi nhitng khd ndng nhdn biét méi truong hoat
déng va thuc thi cde ddp itng tiong thich (tri wé nhdn tao) nhdm dat dugc nhiém vu cong viéc
ddt ra cho chiing.

Bai bdo nay gidi thiéu két qud nghién citu bude ddu trong viéc thiét k€' mot by diéu khién
sit dung logic md cho mé hinh robot ti hanh véi hai banh triedc chii dong dutgc trang bi camera
nhén dang déi twong muc tiéu va cdc cdm bién siéu am, hong ngoai dé trdnh vat cdn trong
nhiém vu bdm theo muc tiéu di déng cho triedc dang ditge trién khai & Phong thi nghiém Robot,
Bé mén Ky thudt Diéu khién tu dpng — Khoa Co khi, triuong Dai hoc Bdch Khoa — Dai hoc
Quéc Gia TP.HCM.

GIGI THIREU

Pt van dé:

Robot ti hanh da va dang dudc rat nhiéu céc nha khoa hoc quan tdm chinh vi kha nang
Ung dung da dang cia chiing trong nhiéu linh vuc khac nhau nhe cdng nghiép, quén su, khao
sat, tham hi€m.. Hién nay, tai nhitng nudc cng nghiép phét trién, robot tr hanh con dudc
tng trong sinh hoat va giéi tri.

P& c6 thé thuc hién nhitng nhiém vu phic tap trong nhitng ng dung néu trén, robot
hanh phai ¢6 kha ndng (@ng xi linh hoat, théng minh, uyén chuyén tuy thude vao méi trudng
hoat d6ng. M&i trudng nay c6 thé ¢6 céc y€u 18 thay d6i nhuw bé mat di chuy€n khéng bing
phing (g0, ranh..), vat cin 6 thé xual hién nghu nhién, sy thay ddi ciia h¢ s6 ma sat, hién
twgng trudt trén cdc banh din dong, ..[1]. Do dd, robot phdi c6 khad nidng cdm nhan sy thay
ddi clia m6i trudng.

Cd quan cdm nhén wrén robot dugc cdc nha thi€t k& sit dung 12 cdc cdm bién gidc quan.
Kha nang (¢ng xit thong minh, uyén chuyén cla robot c¢é dugce wy thude vao viéc Iua chon
phudng phap diéu khién. Fuzzy logic Ia mot gidi phap phd hgp dé diéu khién robot tu hanh.

Trong bai bdo nay, ching 161 d& nghi gidi phdp s dung b diu khién md cho robot
tranh vAt cdn va bam theo muc tiéu di dong cho trude. VEi cac gia thiét ban dau nhu sau:

- Dia hinh hoat d6ng tudng d6i biing phing.
- VAt can ¢é thé c¢6 dinh ho#ic xut hién ngu nhién
- Muc tiéu di ddng v8i véi van t6c nhd va khéng bi che khuat bdi cdc vt cén.
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M6 hinh nghién cifu

D€ mé ohdng k&t qua nghién citu, chiing t6i da ché€ tao mét mo hinh robot tw hanh
nhv hinh 1 v8i hai banh din ddng ddc 14p phia trude, mdt banh tly dong phia sau vdi
kich thudc hinh hoc 500 x 700mm

& Cdc bj thu phdt héng ngoai

2. Motor quay cdm bién siéu dm trong mdt
phdng ndm ngang

3, Cdm bién siéu dm

4. Motor quay camera trong mdt phdng ndm
ngang

b Camera bdm muc tiéu cho trudc
6. Bdnh tw lita phia sau

7, Motor budc dén ddng hai banh
8

9

B¢ truyén xich
Hai bdnh chii déng doc ldp phia trwd'c
10. Cdc bd truyén dai quay camera va cdm
Hinh 1: So dd bd tri thiét bi trén mé hinh bién siéu dm trong mdt phdng thdng diing
robot ty hanh

B& phan cdm nhan trén robot bao gém:

1. 01 camera k¥ thuat s6 JVC dugc dit trén khung hai bic ty do dé€ bam theo muc
tiéu di ddng cho trudc. '

2. 01 cdm bién siéu 4m E4PA-LS400-M1 véi tAm phat hién tit 0,5m + 4m ciing dudc
dit trén khung hai bac tir do d€ nhan bi€t vat cdn & khodng c4ch xa.

3. 05 b thu phét héng ngoai BX700 vdi tAm phédt hién 0,7 m dugc b6 tri phia true

dé nhén biét vat cdn & khodng céch gin va gitip trénh va cham trong qué trinh di
déng cia robot.

UNG DUNG LOGIC MO TRONG BAI TOAN TRANH VAT CAN

CAm bién siéu 4m sé& thuc hién nhiém vu phét hién vét cin t xa D& liéu thu nhin
duge ti cdm bi€n ndy c6 th€ cho bit dugc kich thudc cia vat can, géc cla vit cin so vdi
phudng chinh cia robot...Céc dit liéu nay sé& 12 bién ddu vao ch8'68 diéu khién m3. Ngoai
ra, robot phai b4dm theo muc tiéu cho tru6c bing camera, nén géc quay ciia camera ciing la
mdt bién ddu vao b diéu khién cin phai xét d€n. Nhit vay, cdc bi€n s§ ddu vao cho bg diéu
khién bao gém: Géc hop bdi vector chinh cia robot va camera vy, khodng cdch ti robot dén

vatcan Ly, [j], g6c hgp vector chinh cda robot va vét cdn 8,,/j], khodng céch tit di€m _

gin nh4t cia vt cin dén phudng chinh cla robot Afj]. Trong d6 j 12 bi€n chi thit ty vat can.
Céc géc vy, 8,,/j] quy udc 1a > 0 khi nim bén phai so v8i phuong chinh cia robot va ngugc
lai.

Bi€n ddu vao dugc mé ta du’dl dang bi€n ng6n ngi va s6 lugng tap gid tri ngén nglt dudc
chon nhu sau:
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- Gdc camera ¥

Camera { LeftBig, Left, ZeroLeft, ZeroRight, Right, RightBig}. Khodng gid tri vat ly )¢
-135° dén +135°.
- Khodng cdch tix robot dén vat cdn Lyg[j]:

Distance { Near, Medium, F ar}. Khodng gié tri vitly t 700 mm dén 4000 mm theo dac tinh
ctia cadm bién siéu 4m trang bi trén robot
- Géc hop vector chinh ciia robot va vt cdn 6yy[ j]:

Obstacle_Angle { Left, LeftFront, Front, RightFront, Right}. Khodng gié tri vat ly tx -90°
dé&n 90° (hinh 2)

Front

- Khoang cach tit diém gén nhit cla
vat can dén phudng chinh cia robot
Aljl:
Slit { Small, Large}. Khodng gié tri
vatly tr 0 dén 500mm

Pé tranh vat can trén dudng di
chuyén d€n muc tiéu, robot s& thuc F M
hién hai chuyén déng: ‘xoay quanh
tAm mdt géc o va sau d6 tinh ti€n mot

RightFront
LeftFront

Left

N N M F
Hinh 2: Khodng gid tri vdt Iy ciia géc thé hién vat cdn

doan 1.

Do d6, du ra ciia b diéu khién 12 géc 14i o va doan tinh tién ¢, hai bi€n ndy dudc
mo t4 biing bi€n ngdn ngil sau:

Steering_Angle {LefiBig, Left, Straight, Right, RightBig}. Khodng gid tri vatly tir - 90° dén 90°
Trans { Short, Average, Long}. Khodng gid trj vatly tit 0 d&n 4000mm.
Viéc phin b6 cdc khodng gid tri vat 1y cho cic gid tri ng6én ngl thé hién trén bang sau:

(a) Bién ngdn ngit Camera:

i Right
GT ngén ngit Left Big Left Zero Left Zero Right Right W
g
Gid trivatly | -135°+ -58% | 967+ 19" | ~580+ 19 -19° + 58° 19° + 96° 58° + 135"
(b). Bién ngén ngit Distance:
Gid tri ngén ngit Near Medium Far
Khodng vit ly 700 + 2350 mm 1525 + 3175 mm 2350 + 4000 mm_
(¢). Bién ngén ngit: ObstacleAngle :
Gid tri ngén ngit Left LeftFront Front RightFront Right
Khodng vatly | -90°+-54° ey 18 ++18° +18° + +54° +54° =+ +90°
(d). Bi€n ngdn ngi: Slit
Gid tri ngén ngit Small - Large
Khodng vit ly 0+ 375 125 + 500
(e) Bién ngén ngit Steering_Angle ;
Gid tri ngén ngit Left Big Left Straight Right Right Big
Khodng vat Iy i g 600 50" 2157205 0° + 60° 30° + 90°
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Mot budce rt quan trong trong viéc x4y dung bd diéu khién md 12 viéc chon dang
ham thugc. C6 khé nhi€u dang ham, th€ nhung khéng cé mét 15i khuyén nao vé viéc chon
dang ham li€n thudc. Trong nghi€n citu clia minh, chiing t6i chon ham thu6c c¢6 mitc chuyén
d6i tuy€n tinh 12 ki€u tam gidc va ki€u hinh thang vdi cdc ham todn hoc mé t4 nhu sau:

- Ham kiéu tam gi4c
4
1
0 x<a
- - <x<
T filiabeis (x—a)l(b—a) a<x<bh
(c—x)/(c-b), b<x<c
0 x>c
. a b c X
- Ham thudc ki€u hinh thang:
) A
H
0 x<a 1
(x—a)/(b—a) a<x<bh
Tp=u(x;a,b,c,d)=< 1 b<x<c
d-x)/d-c) c<x<d
0 d
| xS >
a b c d X

Céc ham thudc dugc bi€u dién nhu sau:

1. Camera

e e R S e e
i Lemby Lot Isccleft  ZeroRight Right Rightg

2. Distance
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3. ObstacleAngle

g+ 1A " LenFront Front RighFront Rignt

4. Slit

Small Large

5.SteeringAngle

Lensg " Len swegn Rt RightDip

6. Trans

P& b6 didu khién md hoat dong dudc, cin thi€t phdi xay dyng céc quy ludt diéu
khién va chinh céc luat diéu khién ndy s& ra quyét dinh @ng xit ciia robot khi gap vét can.
Cac luat didu khién nay viét dudi dang ciu IF .. THEN. B¢ di€u khi€n md tranh vat cin
tAm xa dudc x4y dung vdi 104 luét didu khién. Dudi day 12 minh hoa mot vai ludt nhu sau:
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I (Cameras Zerol eff) and (Distance is Near) and (ObstacleAngle is LeftFront) and (Sit is Smel) then (Trans is Short[Steerngtngle is Right) (1)

. If{Camera s Zerol eft) and Distance is Near) and (Obstaclengle is LeftFronl) and (SHtis Large) then (Trans is Shait) Steeringngle is Straight) 1)

. (Camexais Zevol eft) and (Distance is Medum] and (ObstacleAngle s LeftFron) and (St is Small then (Tians is Average)SteeringAngls is Lefl) 1)

M (Cameras Zerolelt] and (Distance is Medium) and (ObstacleAngle is LefiFronk] and (St s Large) then (Trans is Average|(SteerngAngle is Siaight] (1]
. If{Camera s ZeroLeft) and Distance is Fa) and (Obstaclengle is LeftFiont] and (Sit is Smal then (Trans is Long)Steeringinge is Lelt) 1)

M (Camesais Zerol el) and (Distance is Far) and (ObstacleAngle s LeRtFrort) and (Sit is Laige) then (Trans s Long){Steeringngle is Stiaight) 1)

. IF{Camera s ZeroLelt) and [Distance is Near) and [ObstacleAngle is Fronk] then (Trans is ShortSleeringhngle is Left) (1)

.| {Camesa is Zerol ) and (Distance is Medium) and (ObstacleAngle is Front) then (Trans is Average)Steeringlngle is Leff 1)

If{Camera s ZeroLelt) and [Distance is Far) and (Obstacledngle is Front) then (Trans is Long)Steenngdngle is Leff (1)

I (Camerais ZeroLeft) and (Distance is Nea) and (ObstacleAngle is RighiFiont) and (St is Smal] then (Trans is Shor{SteeringAngle is Lekt) 1)

i (Cameras ZeroLeft] and (Distance is Near) and (ObstacleAngle s RightFront) and (Skkis Large) then (Trans is Shor)Steeringéngle s Straight] (1)

. (Camera s Zesol ) and (Distance is Medium) and (QbstacleAngle is Righifront) and (SH is Smal then (Trans is Average)lStesringhngle is Left) [1)
M (Camera s Zerol efl and (Distance is Medium) and (ObstackeAngle is RightFront and (Sit is Large) then (Trans is Average) Steeringngle s Sraight) (1)
M Camerais ZeroLeft) and (Distance is Far] and (DbstacleAngle i RightFront) and (Sik is Smal) then (Trans is LongYStesringAngle is Left) (1)

Budc ti€p theo 1a xdy dung luat hgp thanh cho luat diéu khién néu trén trong c4 ba
bai todn néu trén. Chiing t61 chon luat hgp thainh MAX-MIN

Va cubi cing 1a chon nguyén ly gidi md nhiim c6 dugc gié tri 16 d€ diéu khién. C6
nhiéu phuong phap gidi md, song ching t6i chon gidi m& biing phuong phap diém trong tdm
nhim ki€m ching cic luat diéu khién trong kiém nghiém

Phuong phdp nay cho k€t qué y’ 12 hoanh d6 cia di€m trong tim 12 mién dugc bao
bdi truc hoanh va dudng pg(y). y’ dudc xdc dinh theo céng thifc:

[ yms(y)dy

L [ e (y)dy

Trong d6 S 12 mién x4c dinh clia tip md két qua B’,

Mot s6 m61 quan hé giita cdc bi€n vao va ra dudc mé phdng trén MATLAB nhu sau:

Hinh 3: Quan hé giita gdc cila chidng ngai vdt, gdc chi thi Hinh 4: Quan hé giita khodng cdch va gdc chi thi muc
muc tiéu ciia camera va gdc ldi tiéu vdi goc ldi
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ObstacleAngie Camera
Hinh 5:: Quan hé giita gbc cila chudng ngai vit, gdc Hinh 6:: Quan hé giita khodng cdch dén chqf&ng ngaivdt, goc
chi thi myc tiéu cila camera va htgng di chuyén thdng chl thi muc tiéu cila camera va ligng di chuyén thdng
KET LUAN

Logic md 12 m6t dang cila tri tué nhén tao gitip cho robot bot ti hanh linh hoat va théng
minh hon, Hién nay, ching t6i dang trién khai 4p dung vao mé hinh nghién citu € kiém tra
két qua 1y thuyét. Céc két qud ban ddu cho thdy sy thich hgp cla viéc dp dung b6 diéu khién
logic md trong bai to4n diéu khién robot ty hanh trénh vat cin ngiu nhién va bdm theo muc
tiéu di dong cho trude thé hién & t6c d6 dép ng nhanh va hi¢u qua khi bio ddm dugc t6c d6
phat hién nhanh sy thay ddi vi tri clia muc tiéu. K&t qua thuc nghiém trén mo hinh robot tuf
hanh dé kiém chitng s& dudc trinh bay § bai bdo sau.

TO APPLYY FUZZY LOGIC IN OBSTACLE AVOIDANCE PROBLEM
FOR MOBILE ROBOT TRACKING THE MOVING TARGET

~ Le Hoai Quoc, Tran Van Tung
University of Technology — VietNam National University HCM City

ABSTRACT:

After developing phase of robot application in industrial manufacturing automation, today
many tobotics researcher pay their attention on applied research of robot into living and
entertainment field. Almost all kind of robot in these fields is mobile robot equipping ability
to identify environment around them and carry out correlative responses (artificial
intelligence) for obtaining the task, putting forward. :

This papers introduces the initial achievements in performing the controller using fuzzy
logic applied in the model of mobile robot equipping two forward active wheels, camera for

identification of the mobile target knowing in advance, sonar and infra-red sensors for
avoidance of random obstacles.
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