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XAY DUNG BAI TOAN BIEU KHIEN THICH NGHI CHO ROBOT S{
DUNG CAM BIEN DANG VISION

Lé Hoai Qudc
Trudng Pai Hoc K§ Thuét
( Bai nhan ngay /1998)

TOM TAT: Trudng hgp cdc digu kién ban diu ciia chuyén déng va ciia nhidu khong xéc
dinh, thudt todn digu khién phéi dudc gidi quyét trong khubn khd clia bai toan tdng hdp didu
khién thich nghi trong thdi gian thyc hay didu khién thich nghi truc ti€p. S phat trién cia ky
thudt cdm bién va k§ thuét vi xit I dd c6 nhitng budc tién 16n dé gidi quyé&t trong 1y thuyét va
thuc tién bai todn didu khién thich nghi cho robot.

Trong khudn khé bai bdo ndy, chiing t6i xin d& cap d&n mdt s6 vén d& vé cd sd 1y thuyét cla
bai todn hé thdng didu khién thich nghi trong thdi gian thyc trong trudng hdp sif dung cam
bi&n dang hién thi (vision) dua trén mdt s& k€t qud khio st sd khdi v& 1y thuy&t va thuc
nghiém & Phong Thi Nghiém ctia B mén KTPKTP-Khoa Cd Khi -DHKT. .

L. VAN P

Viéc dieu khién robot trong thdi gian thyc c6 tinh d€n céc tinh hubng thay ddi vi tri
cla d6i tugng thao tdc va moi trudng hoat dong thudng dua trén cd s3 gidi quyét mot s§ bai
todn c6 tinh chat thi tuc quan trong; trong s& d6 bai todn ngude ddng hoc va bai todn ngudce
d6ng Iuc hoc c6 ké dén quén tinh trong chuyén déng, sai s6 dong hoc va ma sat & c4c khdp,
chuéng ngai vt trong kh6ng gian thao tdc va c4c tinh huSng nghu nhién xuat hién trong
qué trinh hoat ddng thao t4c ... Trong trudng hdp céc didu kién ban dau cla chuyén ddng
'va nhidu khong x4c dinh, thuat todn di®u khién phéi dugc gidi quyét trong khudn khé cia
bai toédn téng hgp ditu khién thich nghi trong thdi gian thuc hay didu khién thich nghi truc
ti€p.

II. XAY DUNG BAI TOAN.

Bai to4n thiét k&€ hé théng didu khién thich nghi truc ti€p clia robot thuding bao gbm
ba phan : xiy dung ham truy&n va thi€t bi cdm bién, xi 1§ thdng tin tf cdc cdm bién va
téng hgp céc quy luat didu khién thich nghi.

1. C4m bién trong hé théng diéu khién thich nghi.
Cam bi€n trang bi trong hé th6ng nh3m thuc hién hai nhiém vu chinh :

- Bdo dam thdng tin phan hdi dé gitp bd ditu khién thuc hién ch€ d6 van hanh ty
dodng cho robot trong c4c didu kién thay dbi khéc nhau.,

- Ning cao d6 chinh x4c 1am viéc ciia robot.
Dé gidi quyét hai nhiém vu n2y cin phai trang bi thém cho robot hai dang kha
ning cdm nhin ddng thdi :

- Robot phai ty nhén biét dugc tinh trang clia bin than; nghia 12 véi sy gidp d5 cia
céc cdm bi€n phdi x4c dinh dudc c4c toa dd trong chuyén dong clia minh va d4nh gid dugc
12 cdc chuyén dong can thi€t nao d6 ma né phai thuc hién da dat yéu ciu hay chua biing
céch st dung cdc cdm bi€n vi trf; dang théng dung hién nay 1 cdc cdm bi€n d€m xung dich
chuyén (dang bd ma héa quang hoc _ Optical Rotary Encoder cho c4c chuyén dong quay
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hodc dang thudc quang hoc _ Optical Linear Scale cho céc chuyén dong thdng ), hodc céc
cdm bién dang hién thi (thudng st dung cdc camera tdng hdp va s& héa hinh anh ghi nhan
dudc ) v6i hé théng ditu khién theo co ch€ servo k&t hgp v6i bd diu chinh PID .

- Robot phai nhan bi€t dugc tinh trang ciia mdi trudng xung quanh; nghia 1a phai
nhin dang va dinh vi dugc c4c thi€l bi ngoai vi khic (thudng 12 cdc méy va thi€l bi cong
nghé dang CNC) dugc b8 trf trong viing khong gian hoat dong cla n6 d€ ciing phdi hgp
hoat ddng. Théng thudng thiét bi cdm nhén v& vi trf twdng quan thudng s dung hé thdng
hién thi; thong qua camera va by phén x{ 1y so sanh hinh anh. 9 mdt sO robot 1am viée
trong cdc moi trudng dac biét c6 thé dugc trang bi thém céc loai cdm bi€n cho phép nhén
bi&t vé tinh chat vat Iy nhu cdc cdm bién do lyc va ma-men, do mat dd va 4p sudt cla chét
16ng, rdn va khi, do nhiét do ciing nhu x4c dinh mau sfc va mii v.v... Viéc nhan biél cic
tinh chét héa hoc cia mdi trudng xung quanh dé x4c dinh thanh phin héa hoc ¢6 hé sit
dung c4c bd phén tich thyc hién nhanh céc phan ting héa hoc ki€m ching cd ban.

Van dé chung & déy 12 cdc cAm bi€n cung cdp dugc céc tin hiéu vao & dang tudng
tu (analog) nhu cudng do dong, dién 4p hodc dang tin hi¢u s6 (digital), nhung bén canh do
céc bd cAm bi€n con phéi dude xi 1§ chdng nhi€u va dua mic tin hiéu phén hoi phi hgp
véi thi€t bi doc va so sanh. Ngoai ra, d€ tdng hdp quy luét di®u khi€n cdn phai thuc hién
thd tuc x& 1§ cc thdng tin phan hdi nay.

2. Vin dé xit Iy tbé‘ng tin trong céc by cam bién.

Nhu da d& cap & phan trén, trong céc hé théng digu khién thich nghi hién nay
phan 16n st dung céc bd cdm bién dang hién thi. Hinh 1 dudi day trinh bay so do clia mét
hé théng hién thi don gian. Nguyén tic chung clia hé thng 12 cho phép nhan biét dude d6i
tudng thong qua 4nh sang phan hoi ¥ d6i wigng khao sat. Thong thudng, hé théng bao
gdm mdt ngudn sang va hai hoc nhidu cdm bi€n 4nh sdng (dang camera) iy thudce vao do
16n ciia d8i tugng can nhén biét. Hinh anh thu nhan dude i cdc cdm bi€n duge ong hgp
céc phin td hinh anh (pixel). Thoat tién ngudn sdng dude huéng vao déi tugng khao sat,
sau d6 thy thudc vho cudng dd va budc séng cia énh séng phéan hoi tit ddi tugng, cdc
camera sé ghi nhan va thé hién dudi dang céc pixel. M4y tinh s& x{ 1y va t6ng hop lai
hinh 4nh clia d6i tugng khao sat. e

a/ b/ T'n hiéu  chuyén dong cho phép

Vit Xt |y thich nghi
—_1B3 diéu khién | il muc tié Vi ui
{ Bo didu Cd ciiu B.‘lp ting v hudng
khién tdc dong dong hoc | thue jif
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Hinh 1. Sd dd nguyén 1y hoat déng clia hé théng diéu khién dang hién thi don gidn 81
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a/ Hé th6ng dung camera
b/ Hé thong ding cam bién vi tri dang hién thi

Mot hinh anh dién t¥ 1a mdt mang (tap hdp) céc pixel da dudc s6 héa va dua vao bd nhé
cla may tinh. M6t pixel 12 mdt phan tif bé nhat cia hinh anh,

Tudng tng véi cudng do 4nh sdng va chiBu dai budc séng phan hoi tr d6i tugng, mdi
pixel s&€ dugc ma héa thanh mot s6 nhi phan. Trén hinh 4nh nhi phan dudc hién thi, mdi
pixel s& c¢6 gid tri 0 hodc 1 tudng @ng v4i mau den hodc tring. Trén hinh anh theo thang
sic d6 x4m hodc trén hinh mau, théng tin v& mau sic cing duge nhan biét thong qua cuting
d6 va budc séng cla 4nh sdng phan hdi tit d6i tugng nhu da trinh bay. Dong thdi, céc loai
camera khac nhau ¢6 thé ghi nhén céc tin hi&u hinh dnh phén hdi va duge cdm bi€n xudt ra
dudi dang céc tin hiéu ndi ti€p, tudng t hodc tin hiéu video phu thude vao mach quét dién
ti. Tin hiéu twong tu s& dugc chuyén sang tin hiéu s& nhd mot b chuyén d6i AD nhanh va
dua vao bd nhd cia mdy tinh (hinh 2).

EER O

pixel

1]
[

Hinh2 : a/ Anh nhi phén , b/ Anh nhi phéan ¢ yéu ciu 1am ndi phan
bién

M4y tinh s& chuyén sang chudng trinh con dé€ thuc hién thd tuc so sanh hinh anh
ghi nhan dudc v4i anh muc tiéu da duge dua vao bd nhd. Trén cd sG so sanh céc pixel § cédc
vi tri tudng tGng, thuat todn digu khién cda chudng trinh con s& x{ 1§ va xuit céc tin hiéu
cho céc cd ciu tdc ddng dua Robot d&n vi tri mdi (hé thdng vision servo). Qué trinh ti&p
dién cho d&n khi hinh 4nh ghi nhn dugc hoan toan khdp (3 tat cd cdc pixel) v4i hinh dnh
muc tidu & budc thao téc d6. G thdi di€m nay, tin hiéu hoan tt s& trd didu khién cho
chudng trinh chinh dé€ ti€p tuc thuc hién nhitng thao tic ti€p theo.

Ta nhén thiy qué trinh x& 1y thich nghi nhiim bd vao ham diéu khién cic dap tng
trong thdi gian thyc, thdng qua mot bién tri hodn t va cdc thdng s§ thé hién dicu kién
khong x4c dinh ban d&u (nhiéu) clia phudng trinh chuyén dong trong giai doan x{ 1y thich
nghi & trong thuat toan t8ng hdp digu khién dudi day.

3. Tong hop cdc quy luit didu khién thich nghi,
Piéu khién thich nghi xuit hién do su khong x4c dinh clia cdc dieu kién ban dau
va clia c4c thong sd nhiéu.
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C6 thé md t3 phudng trinh chuyén dong ciia Robot (phan Tay mdy) dudi dang sau

A(gE)q+b(gqE) =u 1)

Trong d6 : A (q, £)_ 12 ma trin n x n thong s6 cla Tay mdy, b (q, g, §)_12 ham
vector n thong s6 clia Tay m4y, q, g, q _ 12 toa do suy rong, van t6c va gia t6c cla n6, £_1a
c4c thong s8 cita phuong trinh chuyén dong; bao gom nhitng di€u kién ban dau khong xéc
dinh

q(to) -qp (to) # O |
P 2)
q(to) - qp (to) = 0')

véi q p (to) _ gi4 trj ban dau clia qu§ dao cho trudc cla chudng trinh diéu khi€n g p (1)
va céc thong s& nhiéu :

legtl =0
¢’ _muc chufin dé d4nh gié théng s6 nhi€u § .

Phuong phap di¢u khién vong kin khéng cho phép loai bd anh hudng cia nhilu.
Phudng trinh ditu khién trong trudng hgp nay dudc thé hién chi xét tdi céc tin hiéu phéan
hoi vé vi tri va téc do : '

u(g,q,E0=A (&) [ap+Hl @-gp)+Ho(q-qp)]+b(@eE) @)

trong d6 : H1 va Ho _ 12 ma uran chéo céc h¢ s& x4c dinh theo digu kién 6n dinh cla
chuyén dodng. Ta s& chon céc hé 6 clia cAc ma trin nay theo diéu kién &n dinh clda ma trdn
H:

0 E
H= (5)
Ho HI

G day, E_1a ma trin don vi. Theo [1] viéc chon lya cdec hé s theo dieu kién (5)
cho phép bdo ddm chuyén dong s& 6n dinh tiém can trong chu vi kin, gitp cho bd phan
cong téc clia robot (end effector) ngay cang ti€p can d&n muyc tiéu. Khi d6 ham digu khién
v6i tin hiéu phan hdi trong chu vi kin ¢6 dang :

A)q+b @8 =A@t [qp+H@-gp) +Hoq+qp)l +b (a0, 98) ©)

Pay la diu kién cin dé€ cic chuyén déng dép tng cia hé thong cho phép Robot
dich chuyén dian dé€n muc tiéu. Tuy nhién xét dén yéu t8 tri hodn cla dép Ung trong thdi
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gian thyc, ta cin phai tinh dén sai s6 dong luc hoc clia hé théng dudc mo ta dudi dang ham
theo thdi gian Atkhi & = E°.

At=q()-qp () (7)

Nhim loai bd (hodc gidm dén mic t6i thi€u) sai s6 Ar k& trén, can phii b§ sung
vao ham diéu khi€n y&u t6 dénh gié sy tri hodn cla dép tng ciia hé théng trong thdi gian
thuc, ddy chinh la yéu 16’ co ban ciia digu khién thich nghi. Yéu t6 ny cho phép ta digu
chinh thuat todn di€u khién trén cd so’ c6 tinh dén gi4 tri do dugc cia nhidu (ching han 1
céc sai s6 dong hoc nhu dd rd & céc khdp dong, bi€n dang ciia hé théng cd do su kém cing
vitng cia Robot & céc vi trf bi€n tng v6i trudng hdp tAm vdi xa nhat,...).

Goi © _ 12 ham vectd thé hién c4c sai 1&ch v& toa do v vén t6c trong thdi gian
dép @ng, phu thudc vao € ,
T=a(tq,q, @)
v8i a _1a ham danh gi sai 1éch, va goi G - 12 ma trin céc hé s6 clia thuit todn digu
khién 6n dinh, theo [2], ta c6 thé viét lai phuong trinh digu khién chuyén dong dudi dang :
u=Glg,qqp+Hl (q"qp)+Ho(d-gp)] T |
véi t=a(t,q,q) i ©) J
t dugc x4c dinh trong thdi khoang chuyén dong [ik,tk+1] theo nghiém riéng clia bt
phuong trinh :
lo(t,nl<8 v6i c(t,)=u-G(q,q Q)T " " (10)
§ day & > 0 _ 12 thong s8 hiéu chinh thich nghi.
Bing thudt toan d¢& quy ta c6 thé x4c dinh thdi gian dép dng thich nghi. C6 thé dat
bai to4n & dang nhu sau :
[tk,néu lo(tnl<s
t=tktl= 4 ' (11)
la[tk, ok, k)], néu lo(tk, tk| > o,

Trong d6 'k 1a thdi di€m gi6i han khi b4t phuong trinh (10) bit dau khéng
nghi€ém ding, [t, t’k] - 12 khodng thdi gian &n dinh,[t’k, tk+1] - khodng thdi gian thich
nghi. .
Sau mdt s8 hitu han cdc vong cla thuft todn dé quy, sai s§ cho phép gilta quy dao
hay hinh 4nh myc tiéu & s& dugc thuc hién sau thdi gian t > ta= Y, (¢t k, t k+1) khi d6 :

| q®-qp® | <el va | q©)-qp(®) | <e2 khit>ta VEe &

v6i E 1a gidi han cia c4c sai 1éch da dudc cho trudc khi didu khién Robot. €1 va €2 13
céc gid tri sai 1éch cho phép & thdi diém khdo s4t.

Sd dd vé qué trinh hoat dong clia hé th6ng didu khién 6n dinh thich nghi dudc trinh
bay trén hinh 2. Viéc diéu khién chuyén déng clia robot & giai doan tiém cin véi muc tiéu
s& dudc bd dieu khién t8ng hop thich nghi thyc hién trén cd s& so s4nh lién tuc hinh anh
muc ti€u (tf chudng trinh muc tiéu) vdi hinh 4nh thu nhan tdc thdi t¥ camera théng qua
céc xi 1y tri hoan dé thich nghi.
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Hinh 2 : SJ d® kh6i biéu dién qué trinh tdng hdp digu khién thich nghi

Tin hidu t¥ bd didu khién t8ng hop thich nghi dudc tich nhénh u mot mét thong qua
c4c mach khué€ch dai cong suft s& didu khi€n céc ddp dng cia céc cd cdu tdc dong (céc
dong cd servo DC ho#ic AC, céc van solenoid didu khién cic xylanh thiy luc, khi nén ...),
mét khac dugc dua vé& bd dénh gid va xtt Iy cdc dép dng trong thdi gian thyc théng qua gia
tri clia o sau d6 dugc chuyén dén b xt Iy tong hdp nh¥m di2u chinh quy luét didu khién
bing gié tri T bd cho céc sai 1éch vé vi trf va t6c d6 do didu kién ban dau cla chuyén dong
khong xéc dinh. Tin hi¢u bl tr thich nghi t dudc dua trd lai bo digu khién dé t6ng hop tin

“a

hiéu digu khién ti€p theo trén co s& thuét todn da xé4c dinh & phén trén.

IIL KET LUAN.

Nhitng khao st v& 1y thuy&t va thyc nghiém vé v&n d& néu ra & bai bdo nay xuit
phat tir kh& ning dng dung vao thyc t€ & mot s6 don vi san xu#t cong nghiép. Trén déy la
nhitng khéo st budc dau nh¥m xay dung thuat todn digu khién thich nghi cho Robot theo
cd ché dizu khién servo trong trudng hdp stt dung cdm bi€n hién thi s& dung camera s& héa
hinh anh. Nhiing khao s4t biing thyc nghiém ti€p theo s& ti€p tuc dude thyc hién dé hoan
chinh dan thuat todn néu ra ¢ day.

THE PROPOSED ALGORITHM FOR ADAPTIVE CONTROL PROBLEM USING
VISION SENSORS
Le Hoai Quoc

ABSTRACT: In the case where the beginning conditions of movements and disturbances are’
indefinitive, the algorithm of control must be resolved as the adaptive synthetic problems in real
time or direct adaptive control ones. The development of sensors and microprocessing technology,
gives us the ability to solve the theoretical and practical questions on adaptive controlled problems
of robots.
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In this article, we would like to introduce the proposed algorithm for adaptive control
problems using vision sensors in real time, performed at the laboratory - Automatic Control
Engineering Department — Mechanical Engineering Faculty — College of Engineering.
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