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PIEU KHIEN MO ROBOTINO DI CHUYEN
BAM THEO PUONG PI PINH TRUOC
ROBOTINO FUZZY CONTROL MOVING TO THE FIXED PATH

DPing Xuan Kién, Nguyén Ngd Thanh Tan, Tran Tién Dat
Trieong Dai hoc Giao thong van tai Tp. Ho Chi Minh

Tém tit: Trong bai bdo ndy, ching t6i sir dung bé diéu khién logic mo dé diéu khién mé hinh ro
bét Robotino di chuyén theo dwong di cé dinh cho trude, day la hé thong cé tinh phé bién doi véi cdc
m6 hinh Mobile Robot. Thuc té, van dé diéu khién Mobile Robot di chuyén bam duong luon gap nhiéu
théch thirc dwdi dnh hwéng ciia van téc va cdc sai sé khong xdc dinh cia hé thong Két qua mé phong
cho thdy gidi thudt Fuzzy diéu khién ré bot cho ddp vmg tot vé bién thién van téc.

Tir khéa: Bién thién vin toc, Robotino, logic mo, Mobile Robot.

Chi 56 phén logi: 2.2

Abstract: In this paper, we use fuzzy logic controllers to control the robotino robot model moving
in a given fixed path, a system that is popular with Mobile »é bot models. In fact, the problem of

controlling mobile robot on the road is always faced with many challenges under the influence of speed
and unknown errors of the system. The simulation results show that the fuzzy algorithm to control the

r6 bot responds well to speed variations.

Keyword: Speed variations, robotino, fuzzy logic, mobile robot.

Classification number: 2.2

1. Giéi thi¢u

Hién nay, linh vuc tu dong hoda c6 vai tro
v6 cung to 16n ddi v6i sy phat trién tich cuc
cua xd ho1. V61 nhiém vu tang nang suét, ting
d6 chinh x4c cua san pham, dong thoi, giam
thiéu cac hoat dong cua con nguoi trong
nhitng moi truong doc hai hoac khéc nghiét,
16 bdt ngay cang duoc sir dung rong rii trong
cac hé thong day chuyén san xut hién dai &
nhiéu linh vye va nganh cong nghiép dé - thay
thé con ngudi [1]. Cung véi sy phat trién vé
khoa hoc cong nghé, céc ro bdt hién dai ngay
cang c6 kha nang tham gia vao cudc song cta
moi con ngudi, trong d6 doi hoi su twong tac
va phan tng ctia 16 bot véi cac tin hiéu, cu thé
la mirc do ty dong hoa cao [2].

D6i tuong nghién ctru cia bai bdo nay
huéng dén 13 Robotino [3]. Robotino 1a mot
hé thong rd bdt di dong rat ndi tiéng danh cho
pham vi nghién ctru thuc nghiém, gido duc va
cac muc dich nghién ctru khac, dugc ché tao
va phat trién boi Festo Didactic [4]. Robotino
tich hop tat ca nhiing chirc nang twong tu nhu
mot hé théng 16 bt cong nghiép, hién dai. Bo
diéu khién voi ciu hinh manh mé; hé théng
cam bién da chuc ning; co ciu chip hanh linh
hoat, cting cap, nhé gon; chuong trinh don

gian, da dang, d& sir dung voi nhiéu ngén ngit
1ap trinh va hé thong khac nhau.

Trong qua trinh diéu khién Robotino di
chuyen theo duong di cho trudce, van toc di
chuyén ctia 6 b6t s& anh huong dén viéc bam
sat quang duong c6 khi 1a duong thang hay
khic quanh. Mudn ré6 bét bam sat quing
duong trong khi di chuyén, phai chon van toc
nho tai cac khuc quanh dé ro bt bam sat
duong di, d6 ciing 1a van tdc khong ddi trong
sudt qua trinh di chuyén, diéu nay anh huong
dén toc d6 l1am viéc cua ro bdt. Bai bao ap
dung logic md vao diéu khién mé hinh
Robotino nham téi wu van toc di chuyén caa
16 bt trong khi van bam sat dudng di, qua do,
tang quing dudng di chuyén cua ro bot.

2. Ciu tric phan cing md hinh toan
hoc ciia rd bt Robotino

2.1. Ciu triic phén cirng

Robotino duoc cau hinh gém ba banh xe
Mecanum, sap xép & goc 120 do, c6 thé diéu
khién doc 1ap [3]. Cac banh xe duoc diéu khién
di chuyén vé phia truéc, chay ngugc vé phia
sau, chay ngang hoic di chuyén theo vong tron
V6i toe do t6i da 1én dén 10km/h.
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Bdng 1. Thong sé ky thugdt Robotino [3].

STT Céc théng sé chinh cia Robotino

Kich thuéc ro bét: Buong kinh 370mm, chiéu
1| cao 210, trong Iwong tong thé 11kg va tii
trong t6i da Skg.

Cam bién: Chin cam bién khoang céch hdng
o | ngoai Sharp GD2D120, cam bién dién cam
tuong ty, hai cam bién quang, webcam véi
giao tiép USB, ba bo ma hda quang.

Bo diéu khién: B xir Iy PC 104, tuong thich
3 | véi hé didu hanh MOPSIcdVE, tin s6 300
MHz, SDRAM 128 MB, truy cap mang LAN
khong day.

Module giao tiép 1/0: Ng ra diéu khién ba
b6 banh xe da huéng doc lap dugce dat & vi tri
4 | lech goc 120°, 10 ngd vao tuong tur (0 - 10V,
50 Hz), hai ngd ra twong tw, 16 ngd vao/ra
dang s, ba relay.

2.2. M6 hinh toan hoc
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Hinh 1. M6 hinh todn hoc ré bét Robotino [2].

Hinh 1 thé hién mo hinh toan hoc cua
Robotino. Xac dinh van toc rd bt tir van tdc
banh xe c6 thé duoc thuc hién b?mg cach dao
ngugc ma tran, ta co [2]:

w4 (t) vy (t)
= lwz(t)‘ =7 v, (1)
ws(t) v3(t)
—sin(@ + ¢@;) cos(0 +¢,) R| |[x-(t)

=—.|—=sin(@ + ¢,) cos(6+ ;) R|.[y.@®)| (D
—sin(@ + ¢3) cos(0 +¢@3) R| | Q(t)
Trong do:

- wi: Van tdc goc cuia banh xe i (van toc
géc cta banh xe mo ta la vecto w'");

- vi: Van téc di chuyén ciia mdi banh xe
riéng lé (van toc cua banh xe mo ta
vecto v');

- r: Ban kinh cua banh xe;

- R: Khoang céch tir banh xe dén trung
tam cua ro bot;

- Xr, yr: M ta hé toa do ro bét;

Q: van téc quay tiép tuyén cua rd bot;

- @i: M0 ta vong quay cua truc banh xe
s0 v&i hé toa do rd bét;

- Xw VA& yw: M0 ta van téc quay trén hé
truc toa do (x,y);

- 0: G6c quay cua hé toa do ro bt so voi
hé truc toa do.

Giai doan thtr hai la xu ly m01 quan h¢
gilia cac banh xe van téc va van tbc cua ro
bbt. Pon gian héa cac cong thirc bang cach
thay thé ma tran bién doi tir van toc banh xe
sang van toc di chuyén v6i Twh — w [1,2]. Ta
Co:

w,(t) v1(t)
" =lw,(®)| = % v, (t) % vWh
w3(t) v3(t)
—sin(6 + ¢;) cos(0 +¢;) R
=—.|—sin(6 + ¢,) cos(0+¢,) R (2)
—sin(6 + ¢3) cos(6 +¢3) R
x(w)(t)
. }.}(w)(t)
Q)

Str dung céc biéu thic dan xuét ¢ trén, co
thé xac dinh van toc thuc cta 0 bdt tir cac
phép do cua van tdc goc ba banh xe bang cach
dao ngugc ma tran Twh — w.

Xw) (1) w4 (t)
}.’(w) @ | = 7. [Twhowl -1 w, (1) (3)
Q(t) w3 (t)

Phuong trinh (1), (2) va (3) thé hién cac
mdi quan hé co ban dé xac dinh vi tri 1o bét
trong moi truong thuc té. Phuong phap tinh
toan ¢ dinh tao diéu kién don gian dé udc tinh
vi tri hién tai cta ro bdt dua trén vi tri da duoc
xéac dinh trude d6 khi van tc va thoi gian troi
qua cho dén khi biét duoc vi tri hién tai. Vi tri
woc tinh khi rd bdt di chuyén tir thoi diém to
tai thoi diém t1 duoc xac dinh béng cach st
dung phuong trinh (4) nhu sau [2]:

x(w)(t1)
y(w)(tl)

e

Xw,0 t1 w4 (t) (4)
= [xw,o +r.j [Twhow]™ . |w () | dt

6o to w5(t)

Xw(t1) V& yw(t1) 12 hé toa do dich chuyén
tai thoi diém t1. Trong do:
- O(t1) goc dinh hudng tai thoi diém t1;
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- Xw,0 VA Yw,0 12 hé toa do dich chuyén tai
thoi diém to;

- B0 goc dinh hudng tai thoi diém to.

Trong trudong hop cua bai bao, quy trinh
diéu khién Robotino bang ngdn ngir Matlab
thong qua giao tiép khong day duoc don gian
héa bang cach st dung Robotino Matlab
Toolbox. Thong tin vé vi tri Robotino thu
duoc bang cach sir dung bd ma hoa truc quang
va phuong phép tinh toan c¢6 dinh (hinh hoc rd
b6t). Nhuge diém ciia phuwong phap tinh toan
¢ dinh 1a céc vi tri m&i chi duoc xac dinh tir
céc vi tri trude d6 nén cac 18i xuat hién trong
quy trinh s& dugc tich lily, va nhu vay cac 16i
trong wdc tinh vi tri s& ting dan theo thoi gian.

3. Thiét ké bo diéu khién Fuzzy

3.1. Thiét ké hé théng diéu khién dua
trén logic mo

Qui Cam | u| Badibu |v.v.m| Rebot [xv.@
dao ]  bién Bt Khién >
Fuzzy
Vequi | Méhinh | o | Bémi |
dao - dénghoc  |e— héa -
g Yz robot quang

Hinh 2. So d@o khéi ciia hé thong diéu khién ré bot.

Mo hinh trén hinh 2 dugc xay dung co
ban duya trén tai liéu vé phﬁn cing thuce té cla
Robotino. Trong d6, u dién ap doc tir cam
bién, vx Va vy 14 van tdc tuyén tinh cta ro bt
theo hudng Ox va Oy; (X, Y), 8 vi tri va hudng
cta 16 bot. [4]. Néu cam bién trén duong di
béng kim loai, no s& xuét ra gia tri dién ap
2,00195 V va nguoc lai, néu cam bién khong
nam trén quing duong di chuyén dinh trudc,
ngo ra s€ co gia tri 9,95117 V [3].

bé thu nghi¢m, sau khi nhan dugc gia tri
ngo ra, ta tror di 5,97656 (la gia tri trung binh
cua 2,00195 va 9,95117), sau d6 nhan véi hé
sd ty 16 1a 3. Két qua cudi cung duoc dit lam
gia tri dau vao cho Omega cua ham
OmniDrive setVelocity. Sau nhiéu lan thir
véi cac van tde khac nhau, dé dam béo ro bt
ludn theo sat dudong va quay ding hudng, dat
tdc d6 theo phuong X ¢b dinh 100 mmy/s, toc
d6 theo phuwong y = 0 [4]. Cam bién xuit ra
gia tri dién ap 1a 2,00195 V=2 V khi nam trén
duong di, va ngugc lai, ngd ra s€ c6 gia tri
9,95117 V=10 V nén chon dai gia tri dau vao
input 1 tir [2...10]. Thém vao d6, véi van tdc

theo phuong X, roé bot bam tdt tai cac khuc
quanh nén chon cac dai ngd vao nhu sau:
E1[2,4,6], E2[4,6,8], E3[6,8,10]. Ngb ra véi
hai dai van tbe VX1[100 125 150], VX3 [150
250 300].
3.2. Thiét ké Bj luit mo
B6 luat mo dugce xdy dung trén Matlab
Simulink, t6i gian s6 luat nham phu hop véi
ph'?ln cung, cac lut mo duogc thiét ké nhu sau:
Rulel: If (sensor is E4) then (vx is VX3) (w is w4).
Rule2: If (sensor is E3) then (vx is VX1) (w is w3).
Rule3: If (sensor is E2) then (vx is VX1) (w is w2).
Rule4: If (sensor is E1) then (vx is VX1) (w is wl).
Rule5: If (sensor is E5) then (vx is VX1) (w is wb).
Rule6: If (sensor is E6) then (vx is VX1) (w is w6).
Rule7: If (sensor is E7) then (vx is VX1) (w is w7).
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Hinh 3. B diéu khién logic mo - Madami.
Hinh 3 sir dung bo diéu khién logic mo -
Madami trong so d6 diéu khién thiét ké trong
Matlab Simulink trén hinh 4.

Hinh 4. So d6 diéu khién Robotino xay ding trong
Matlab Simulink.
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3.3. Két qua mé phéng
> Tai van téc bién thién tir 100-300
mm/s, thoi gian mo phong 25000ms

——— : =

Hinh 5. M6 phong hoat dong cua ro bot tai
van toc Vy=100mm/s.

R Pl

¥ Avs
=

() Bé diéu khién PID  (b) B¢ diéu khién Fuzzy
(X Axis: toa do theo phuong x
, Y Axis: toa d¢ theo phuong y)
Hinh 6. So sanh quy dao dich qhuyén ciia ré bot diéu
khién vy, w tai van toc 100mm/s.
Hinh 6 12 két qua mo phong quy dao di chuyén
clia Robotino véi bo diéu khién Fuzzy thiét ké
(b) va bo diéu khién PID (a) c6 san. Két qua
cho thdy 2 bo diéu khién c6 dap ung twong dbi
on dinh.
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(8) Bé diéu khién PID  (b) Bé diéu khién Fuzzy

Hinh 7. So sanh quy dao dich chuyen ciia ré bot diéu
khién v, W tai van téc 200mm/s.

Bo diéu khién Fuzzy (hinh 7.b) cho dap
tmg t6t hon khi Robotino hoat dong & toc do
cao (200mmny/s) trong khi bo diéu khién PID bj
léch hudng trong giai doan cubi cua hanh
trinh.

1000 3000

(@) B diéu khién PID  (b) Bé diéu khién Fuzzy
Hinh 8. So sdnh quy dao dich qhuyén ciia ré bot diéu
khién vy, W tai vdn toc 300mm/s.

Tiép tuc thir nghiém & tde do6 300mmy/s,
két qua tai hinh 8 cho thay Robotino véi bd
diéu khién PID khong dat duoc quy dao chuan
nhu b didu khién Fuzzy (hinh 8.b).

Nhan xét: Khi diéu khién r6 bét di
chuyén bam dudng dinh trudc bang bo diéu
khién PID véi vén tbc ¢b dinh, ro bot bam sét
t6t duong di & van toc vx =100 mm/s. Tuy
nhién, khi véan toc di chuyén cua ro bdt cang
16n, r6 bt mat dan kha ning bam sat dudong
di mic du quing duong di chuyén cua r6 bt
dai hon. Khi ap dung logic mo dé diéu khién
16 bdt, vé mit dap tng, r6 bbt van bam sat tot
duong di va di chuyén duoc quing dudng dai
hon trong cung mét don vi thoi gian do dugce
t8i wu van tdc trén cac doan duong khéc nhau.

4. Thwe nghiém trén mo hinh vat ly
4.1 M6 hinh vat ly

10 Ports

DO Moror

Omzi-duectional
whesl

Hinh 10. M6 hinh 76 b6t Robotino [3].

Khoi may tinh c6 nhi¢ém vu diéu khién va
thu thap dir liéu toa do cua ro bdt dé vé& lai
quing duong di chuyén thong qua bo giao tiép
khong day. Gia tri dién ap tuong tu tir cam
bién duoc dua vao bo diéu khién logic mo dé
diéu khién van toc theo phuong x va goc xoay
ctia r6 bét nham bao dam rd bot giam van tdc
tai cac khuc quanh va ting van tc tai cac doan
thang dé dat duoc quang duong di chuyén dai
hon ma van bam sat duong di.
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42. Két qua thwe nghiém trén
Robotino
[

-h-— e

Hinh 11. Thuc nghiém mé hinh Robotino
bam dwong di dinh trudc.
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(a) B diéu khién PID  (b) Bé diéu khién Fuzzy
Hinh 12. So sanh quang duong di chuyén thuc nghi¢m
cua ré bot giita P1D (a) va Fuzzy (b) tai ddi van toc
bien thién tir 100-300mm/s.

Nhin xét: Khi tién hanh thyc nghiém trén
mo6 hinh vat 1y (hinh 11) dé diéu khién r6 bt
di chuyén bam dudng dinh trude trong cling
mot don vi thoi gian, Két qua trén hinh 12 cho
thdy khi chua 4p dung Fuzzy, ré bt bam sat
duong di ¢ van tdc vx = 100 mm/s va dat duoc
quing dudng di chuyén ngan. Tuy nhién, rd
bbt mat kha ning bam sat duong di néu van
tbc vx = 150 mm/s. Khi ap dung logic md
(hinh 12.b) dé diéu khién ro bét, do duogc t6i
ru van tdc trén cac doan duong khéac nhau nén
16 bot di chuyén duoc quing duong dai hon
trong cung mot don vi thoi gian va van bam
sat tot duong di. Mac du hoat dong trén mod
hinh thyc nghi¢m dat két qua tdt, thé nhung,
quing dudng di chuyén cta ro bot thu thap lai
trén may tinh chua phan anh chinh x4c quang
duong di thuc té va khac xa so véi két qua thu
thap trén ro bot mé phong.

5. Két luan

Trong bai bdo nay nhom tac gia st dung
logic mo dé diéu khién hé thong Robotino
bam sat duong di dinh truée vi muc dich toi
vu van toc khi quing dudng co su thay doéi
hinh dang, dap tmg cua hé thong tét trong dai
van toc Vx tir 100 - 300mm/s. Tuy nhién, do
thong tin vé vi tri Robotino thu dwugc bang
cach sir dung bo ma hoéa truc quang va phuong
phap tinh toan c6 dinh (hinh hoc ré bbt) nén
quing duong di chuyén thu thap trén mdy tinh
chua phan anh chinh xac quang duong di
chuyén cua ré bét. Qua mo phong bing
Matlab va thuc nghiém, bai bdo da ching
minh duoc kha ning ro bdt di chuyén nhanh
hon trong khi van bam sat dudng di dinh truéc
khi str dung logic mo, day 1a két qua tot hon
s0 v6i bo diéu khién PID dugc cai dit thong
s6 boi nha san xuat. Két qua bai bao 1a co so
dé nhom tac gia tiép tuc mo rong nghién ciru
cac giai thuat hién dai khac trong cac nghién
cuu sau trén mo hinh Robotinod
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