NGHIEN CU’U - TRAO BOI
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VISUAL SERVOING FOR ROBOT ARM TO FOLLOW PLANNING TRAJECTORY
AND AVOID THE OBSTACLE
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TOM TAT

Bai bdo nay trinh bay mét hé thong diéu khién hoi tiép anh dé canh tay robot tiép cdn muc
tiéu bang cdch di theo quy dao di hoach dinh va tranh chuwéng ngai vit trén dwong dén dich. Dau
tién bang cdch sir dung camera cé dinh dwoc dét phia trén khéng gian lam viée va sir dung xir Iy
hinh anh d@é xdc dinh vi tri cia canh tay, chiedng ngai vét, doi twong va diém dén. Sau do, quy dao
tiép cdn muc tiéu dwege tinh todn va mé phong bang céng cu matlab. Dé dam bdo r6-bot tiép tuc bam
theo quy dao da hoach dinh, thudt todn diéu khién hoi tiép anh vi tri PD dwoc dp dung. Trong qud
trinh canh tay robot thuc hién nhiém vu, vi tri cua no lién tuc phan hoi vé bo diéu khién dé svra 16i
gitta quy dao du kién va qui dao thue té. So dé diéu khién dp dung da dwoc thir nghiém va chirng
minh hiéu qua trén canh tay robot 4D.O.F.

Tir khéa: Hoach dinh quy dao; Xir Iy anh; Piéu khién hoi tiép anh; Tay mdy; Piéu khién mo.
ABSTRACT

This paper presents a visual feedback control system for robot arm to approach the target
by following the planned trajectory and avoid the obstacle on the way to the destination by using
image based visual servoing. Firstly by using the fixing installed camera above the working space
and using image processing the position of the arm, obstacle, object and destination are located.
After that, the trajectory planning to approach the target are calculated and simulated by using
matlab toolbox. To assure the robot to keep tracking the trajectory, the PD position based visual
servoing algorithm is applied. During robot arm doing task its position is feedback to controller to
correct the error between the planned and real trajectory. The applied control scheme was tested
and proven effective on a 4D.O.F robot arm.

Keywords: Trajectory planning,; Image processing, Visual servoing; Manipulator; fuzzy control. &
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1. GIOI THIEU

Ngay nay, voi sy buing n cta cc cong
ngh¢ mdi, nganh cong nghiép da dat dugc trinh
do tu dong hoa rat cao. Gio day, muc tiéu cua
nganh 1a ning sudt cao hon, chinh xac hon,
an toan hon va it nhan cong hon. Véi nhiing
muc tiéu nay, su két hop ctia canh tay robot da
ching t6 1a mot ing cir vién noi bat dé dap ung
cac yéu cau cua nganh. Canh tay robot c6 thé
giam thiéu dang ké s6 luong cong nhan trong
doanh nghi¢p cling nhu rui ro cho ngudi lao
dong khi phai hoat dong trong moi trudong doc
hai. Hon nira, khi dugc diéu khién hiéu qua,
canh tay robot co thé dat do chinh xéc rat cao
v6i dung sai thap. Mot trong nhitng nhiém vu
phd bién nhat dbi véi canh tay robot trong khu
cong nghiép 1a 1ap ké hoach quy dao, tirc 1a
canh tay robot thuong duoc yéu cau di theo mot
con duong xac dinh trudc dé hoan thanh mot sb
cong vi¢c. Trong qua trinh bam theo quy dao,
canh tay thuong gép mot hodc mot sd vat thé,
ddng thoi, nd cling can phai tranh cac chudng
ngai vat trong qud trinh hoat dong ctia minh.
Theo cach tiép can truyén thong, cac cam bién
khong cham, chéng han nhu cam bién siéu hodc
quang thuong duoc sir dung dé giri tin hiéu phan
hoi dén canh tay robot. Tuy nhién, cic cam bién
nay cé mot nhuogc diém nodi bat 1a do phan giai
thip va rat nhay cam véi nhidu ciia méi truong.
Nhiing loai cam bién nay thuong duoc yéu ciu
gan chit vao co cdu chdp hanh cua canh tay
robot. Do d6, tinh linh hoat cua canh tay robot
s& giam do kich thudc ciia bo truyén dong ting
1én. Pé khic phuc nhitng nhuoc diém nay, didu
khién hoi tiép anh da xuat hién nhu mot ing cir
vién ndi bat dé thay thé cac cam bién co dién.

Hoach dinh quy dao cho canh tay robot
dya trén hinh anh 1a mot chu dé da thu hut su
cht ¥ ciia mot s6 hoc gia. Nhiéu tac gia da nd luc

giai quyét cac van dé lién quan dén giam sai s6
trong qua trinh van hanh quy dao. Trong nghién
cuu cua Tarca et al [1], mot chiéc camera duoc
lap rap va ap dung phuong phap diéu khién tir
xa thong qua Internet va thyc té ting cudng.
Tuy nhién, cach tiép can thuc té ting cudng nay
bi han ché dang ké do cac tin hiéu phan hdi hoan
toan dya vao cam gidc cuia con nguoi. Cac thao
tac nhu nam, tha, di chuyén theo quy dao déu
duogc thao tac thu cong hoan toan. Cach thic
diéu khién nay sé tao ra sai so 1on. Viéc theo
ddi, bam va tranh chudng ngai vat ciia canh tay
robot cling dugc trinh bay trong cong trinh cta
Bohg et al. [2], cach tiép can sir dung phuong
phap matching cta Nasrabadi et al. [3] va k¥
thudt self organizing map ctia Kumar et al. [4]
1a ba phuwong phap khac dé tai tao hinh anh 3D
cling nhu giam sai s6 cta tay may va dich dén
trong theo doi vi tri va hudéng. Mac du stereo
vision ¢ nhitng wu diém rd rang trong viéc xur
ly dbi tuong trong khong gian 3 chiéu, nhung
n6 ciing c6 nhing diém yéu dang ké dén tir viéc
hiéu chinh may anh, xir Iy hinh anh va nhiéu
trong moi truong. Mot han ché khac cua cac
phuong phép trong [2-4] 1a chung dua trén cac
gia dinh nghiém ngit vé dic tinh tinh cta khong
gian xung quanh, tirc 13, mdi trudng van tinh
sau mot chuyén dong thanh cong ciia robot. Gia
dinh nay thuong dan dén do chinh x4c dinh vi
kém [5-6]. Han ché cua stereo vision di duoc
xem xét trong cac tac pham cua Peter et al. [8]
va Shirai et al [7]. Ho goi y rang do chinh xac
ctia nhiém vu c6 thé ting 1én 16 rét bang cach
ap dung vong phan hdi truc quan. Cac cong
trinh ctia ho da khuyén khich Kosmopoulos et
al [9] va William et al [10]. Theo cach tiép can
cua [9], tac gid da sit dung ma trdn Jacobean
dua trén camera gin vao end-effector dé tao
tin hi¢u phan hdi. Thay vi ma tran Jacobean,
William va cong su da dé xuét viéc st dung
vi tri Descartes dé diéu khién servo truc quan
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ctia canh tay robot. Tuy nhién, cach lam nay ton
tai mot nhuoc diém khi xay ra hién tuong tic
camera. Trong truong hop nay, qua trinh quan
sat bi gian doan va diém tham chiéu dé diéu
khién khong thé tinh dugc. Nhimng hién tugng
néy da dugc thao luan trong [11]. Cac cach
tiép can nay ciing rat nhay cam véi cac 16i hiéu
chuan vi n6 yéu cau h1eu chuan lai. thoi gian
tinh toan 1au va yéu cau hiéu chuéan lai da thu
hep ung dung cua phu’orng phép nay chi trong
mot sd truong hop cu thé [12]. Trong cac ing
dung coéng nghiép, lap ké hoach quy dao 2D
hién dang dong mdt vai trdo quan trong. Mot
trong nhimg diém khac biét dang cha ¥ nhét
trong lap ké hoach quy dao 2D vdi tac vu 3D la
né co6 thé duoc thuc hién chi véi mot camera.
Diéu khién héi tiép anh 1a mot tmg ctr vién Iy
tuong dé ap dung vao nhiém vu nay. Diéu khién
hoi tiép anh ké thira cac uu diém cua hé thong
stereo vision cling nhu vuot trgi hon vé tinh
don gian cta hidu chudn va tinh toan. Nghién
clru nay s& trinh bay mot giai thuat diéu khién
hoi tiép anh dya trén hinh anh str dung thuat
toan thuit toan diéu khién mo (IBVSFC) dé
1ap ké hoach qui dao canh tay robot va tranh
chuéng ngai vat. Su két hop ndy s& co nhiing
loi thé cua ca su don gian va manh mé.

2. TINH TOAN TQA PO
2.1. Khong gian mau HSV

DPé xac dinh vi tri cua tay may, dich
dén va vat can sir dung camera, k¥ thuat loc
ngudng duogc ap dung. Str dung cong cu Color
Thresholder App trong matlab dé loc ngudng
mau, tng véi mdi mau don sic s& c6 mot
ngudng nhat dinh. Xir Iy anh tim ra vat thé c6
mau sic biét trude s dung phuong phap nay
rat don gian nhung van cho két qua chinh xac
cao. Tu day ta biét dugc toa do pixel cua cac
vat can tim trong camera.

2.2. Tinh chinh camera

“Camera calibration” (hi¢u chinh
camera) la mét phuong phap tinh toan va thuc
nghiém nham tim ra cac thong sd ctia camera
cho viéc tai tao khong gian 3D cua mot canh
nao do trong thuc té bang nhitng anh ma camera
do6 chup lai duoc. bé c6 nhitng thong s6 do, cac
tinh toan sau chu yéu dua vao mo hinh camera
thong dung nhat hién nay “Mo hinh Pinhole”.
Dé viéc tinh toan chinh xé4c, camera 2D dugc
g4 sao song song v4i mit ban nhat co thé. Su
dung ban co dé tim ma tran thong sb noi ta chup
ban ¢& & nhiéu vi tri khac nhau, trong d6 c6 mot
blrc anh ban co dugc dat cho céc truc toa do tay
may voi cac truc toa do ban co cung phuong
v6i nhau. Dung diéu khién tay may toi vi tri toa
do géc ban ¢, ta co toa do diém nay so voi tay
may tir d6 suy ra ma trin xoay va tinh tién tir
ban cd vé tay may.

Pé thuc hién calibrate camera tim ra ma
tran thong s6 nodi K, ta lan luot thuc hién cac
budce nhu sau:

* Budc 1: Chuén bi mot ban co (loai ban
co vua). Kich thude cua ban co 1a tuy y, tuy
nhién khong nén qua nho so véi tim nhin cia
camera. Dién tich cac 6 vudng phai bang nhau.
Ban co dugc lya chon ¢ day c6 kich thude 6 1a
26 mm, s luong 6 1a 7x10. Néu in ban cd trén
gidy, nén dé ching trén mot mat phang (tim
kinh, gd ...) dé chiing luén dugc phang, khong
bi bién dang.

* Budc 2: Sau khi ¢6 ban co, ta dat ban
c& 6 mot vi tri ¢d dinh, di chuyén camera quanh
ban cd voi nhitng gdc nhin khac nhau, & ting
vi tri d6 ta chup lai hinh anh chtra ban co. S6
lwong hinh anh c6 thé 1a tir 15-20 tim cho ting
thong sb, & day sb lugng anh st dung 13 25. Ta
luu s6 anh nay vao mdt thuc muc lam co sé div
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liéu cho cdac tinh toan sau nay. Trong qué trinh
chup Iuu y khong dugce dat ban co nghiéng qua
45°, khong chinh stra anh, khong dat camera &
ché d6 autofocus hay chinh ché d6 zoom trong
qué trinh chup.

* Budc 3: Nhap anh da chup vao app,
chon kich thudce canh hinh vudng 26 mm, chon
skew dé khi thuc hién tinh chinh camera thi ma
tran K s& ¢ thong sb goc nghiéng, sau d6 bim
calibrate dé tién hanh calibarate camera. Sau
khi thuc hién tinh chinh xong, ta s& dugc mot
file chira tit ca cac thong sd cua camera (thong
s6 ngoai va thong sé ndi). O day, ta chi lay cac
thong s6 ndi K.

Qua trinh tinh toan vi tri cua vat can,
dich dén va robot duoc tom tat nhu hinh 1.

Xéc dinh toa do
bang camera

Ngudng HSV
can loc

_| Chup anh khong gian
hoat dong

l

Chuyén tir RGB sang HSV A 4

Calibration
Tim ma trdin K, R, T

Xir 1y nhiéu

A 4

[y'z]=
Toa d pixel/ [R,T]*K

Trong gidi han
ngudng loc

A 4

Toa do thuc =[x’y 2’] /2’

Tim toa d9 pixel
tam anh
Return (x, y, z)

Hinh 1. Luu do gidi thudt tim toa do doi tuwong

2.3. Quy dao di chuyén

Quy dao di chuyén la duong ndi tur
diém bat dau dén diém két thuc trong mot chu
trinh ciia tay méay. Gap va tha vat 1a cong viéc
chinh cua tay may, ta phai thiét 1ap mot duong
dan mong muon cho end- efector va xac dinh
thoi gian cho mdi toa do. C6 ham thoi gian toa
dd cua end-effector, ta c6 thé biét duoc gbc
ctia mdi khdp. Ta xac dinh duoc toa do vat, toa
do tha vat, toa do vat can bﬁng camera. Trong
khong gian 3 chiéu ta c6 v6 s cac duong thang
ndi tir diém bit dau dén diém két thiic. Nhung
van dé dat ra 1a phai lam sao cho quy dao di
chuyén khong dugc ct ngang toa do vat can
(c6 thé hiéu 1a ving cdm khong cho tay may di
ngang qua). Ta can xac dinh dugc mot tap cac
diém ma tay may sé di chuyén. Quy dao tay
may theo kiéu Descarts (Cartesian path) la mot
phuong phép dugc 4p dung trong vi¢c lap ra
duong dan cho robot. Str dung dong hoc nguoc
dé xac dinh duoc gia tri cac bién khop.

Gia sur di chuyén tay may tir diém S(200

100 130 ) dén dén diém O(310 0 100) trong

thoi gian 3s, ta ¢6 phuong trinh duong thang
SO nhu sau:

X=X _ V7Y _ 275

- 1
Xo=Xg Vo= Vs Zop—Zs 1

Ta viét phuong trinh duong thing di
qua 2 diém S va O, c6 dang:

Phuong trinh y theo x:
y =281,81-0,91x 2)
Phuong trinh z theo x:
z=184,55-0,273x (3)

Goi t0 1a thoi diém bét dau, tf 1a thoi
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diém két thuc, chon thoi diém bat dau t0= 0, tf
= 3s. Thém cac rang budc vé van téc ban diu
v(t0) = 0 va van toc két thiic v(tf) = 0 ta thiét 1ap
quan h¢ x = x(t) la da thirc bac 3 theo thoi gian
c6 dang:

Xx(t)=a,+at+at+tat (4)
a, = X
a,=0
. 3(x, —x
voi a, _ 3% =%) Otz s)
_ =2(x, —xg)

3 t3

3. GIAI THUAT BAM QUY PAO

Cénh tay robot duoc diéu khién tir vi tri
Home di theo qui dao, nam va tha vat the tai vi
tri mong muon roi quay vé vi tri Home.

Budc 1: Xac dinh ddi tugng théng qua
bo loc mau. Bién doi toa do trong khong gian
camera thanh khong gian O Xy, z,.

Budc 2: Tinh toan dong hoc ngugc cua
canh tay robot.

Budc 3: Tinh sai s0 va ap dung luat diéu
khién mo.

Dé giam bét ganh ning cua viée diéu
chinh b diéu khién, nghién ctru nay da ap dung
cac phuong phap diéu khién mo dé giam 16i
theo ddi. Uu diém noi bat cua diéu khién mo
la n6 dya vao tap cac luat diéu khién c6 thé
nghién curu tir cac kinh nghiém trong qua kh.
Hon nita, tap hop cac quy tic diéu khién c6 thé
dé dang dién giai thanh ngdn ngit ma con ngudi
c6 thé hiéu dugc. No6i chung, ba phan sau day
s& bao gom khdi diéu khién, cu thé 1a md hoa,

suy dién mo va giai mo. Ham lién thudc duoc
st dung trong nghién ctru nay la ham lién thudc
tam giac trong do sai s6 vi tri, te do tin hiéu
dau ra duoc phan chia thanh nam, ba va nam
tap mo tuong ung. Mo ta cua cac ham thanh
vién nay dugc minh hoa trong Hinh 2,3 va 4.
Luat diéu khién dugc minh hoa trong bang 1.

Aﬂ(epi )

NB NS Z PS PB

-
-1 05 0O 05 1 pi
Hinh 2. Ham lién thudc sai s6 vi tri
Aﬂ(edf)
N V4 P
e
-1 -0.5 0 0.5 1 di

Hinh 3. Ham lién thudc sai so van toc

wt
NB NS Z PS PB

1 05 0o o5 1 4

Hinh 4. Ham lién thujc gid tri diéu khién
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Bdng 1. Ludt diéu khién ciia Fuzzy:

pi

NB | NS  PS | NS | NB

N PB | PS PS | NS | NB

e V4 PB | PS Z NS | NB

P PB PS | NS | NS | NB

Hinh 5 13 khdi diéu khién cho hé théng
trong do X va X 1an luot biéu thi gia tri tham
chiéu va gia tri hién tai cta tay may trong
khung ctua mdy anh. Dya trén X va X, vi tri
mo&i u duge cap nhat va dua vao cac phuong
trinh dong hoc nguoc dé suy ra cac goc clia sau
khép. Qua trinh lap sé ding lai khi sai s6 cia
tAm camera va d6i tuong tring nhau.

ey
_WJI [ R controller kinematic
dt o
Xm’
Camera

Hinh 5. Khoi diéu khién ciia hé thong
4. THUC NGHIEM

Moi truong lam viéc thir nghiém duogc
thé hién nhu hinh 6. Trong thiét 1ap nay, mau
sic ciia dbi twong nam can thiét va chudng
ngai vat lan luot 12 cam va xanh lam. Toa do
(0,0) cua Oxy,z, dugc xac dinh théng qua
hiéu chuan. Toa do cua dbi tuong trong khung
hinh ctia camera s& duoc chuyén doi vé toa do
OX,YoZ, thong qua ma tran ndi K, ma tran quay
R va ma tran tinh tién T.

Hinh 6. Moi truong thuc nghiém

Hinh 7 va Hinh 8, biéu thi sai s6 giira
duong hoach dinh tham chiéu va dudng chay
thuc trong truong hop diéu khién vong ha.

150 ; : ; | — :
e
'_.)._'P—J ||I Y
J-’/P./I | ‘\
0 7 | N\
A \
v
A
50 Py
-
— //
B
£ 0
=

=501

-100 [ N
he

150 . ‘ . .
190 200 210 220 230 240
x(mmy)

%0 %0 20 20
Hinh 7. Duong chay cua robot trong trieong hop
diéu khién vong ho

X dwedion Y direction

BT T )
in
ST mm)
o

Hinh 8. Sai 56 dwong chay thuec robot va quy dao
hoach dinh cia diéu khién vong ho
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Tir hinh ndy c6 thé thiy rang, sai s cua
diéu khién vong ho 1a cyc 16n va c6 gia tri sai
Iéch 16m, tirc 1a luon 16n hon 0 hodc ludén nhd
hon 0 & mot s6 doan cua duong dan. Ldi nay
duoc cai thién dang ké nhu thé hién trong Hinh
9 va Hinh 10 khi ap dung thuat toan hoi tiép
anh va khoi diéu khién mo.

150 v ! ' . v ———r
- \
100 - %
e
e '
e \
>
50 | e b
/ 3
[~ -’:¢£ e
£ e
£ 0 {
=
L
S
50 = S
T
N
100} S~
e gy
.

-150 . .
180 180 200 210 220 230 240 250 260 270

x(mm)

Hinh 9. Duong chay cia robot trong trueong hop
diéu khién vong kin

X direction Y direction

T
o] (il

Hinh 10. Sai s6 dwong chay thuc robot va quy dao
hoach dinh cia diéu khién vong kin

Tir hinh 9 va hinh 10 cho thay su cai
thién 16n vé cht luong cua duong di robot so
voi truong hop trude. Hon nira, duong di thuc
ctia robot hién thi mirc giam do 1éch cua diéu
khién, trong d6 sai s6 hién chi dao dong quanh
0, gia tri tuyét d6i t6i da Ia 5. Tir Hinh 9-10, ¢6
thé két luan rang diéu khién hoi tiép anh két
hop véi diéu khién mo c6 thé theo ddi mot d6i
tugng trong thoi gian thue voi do chinh xéc cao.
Mic du hinh dang dudng dan phuc tap nhung

canh tay robot van co thé dat duoc hiéu suét
cao c6 thé ap dung vao linh vuc cong nghiép.

5. KET LUAN

Nghién ctru nay ap dung diéu khién hoi
tiép anh két hop voi diéu khién md cho hoat
dong cua canh tay robot trong viéc bam theo
quy dao da hoach dinh. Thi nghiém cho thay c6
su khéc biét rat 16n vé chat luong thuc hién cta
hai phuong phap, tic 1a diéu khién vong hé va
vong kin. Trong khi phuong phap vong hé thé
hién sai s6 cao va do léch cao, thi phuong phap
vong kin cho thiy su cai thién nhiéu hon trong
ca hai thudc tinh nay. Cach tiép can nay ciing
¢6 uu diém 1a don gian khi hiéu chuan co thé
dugc thyc hién trong thoi gian ngin. Hon nita,
cAu trac cua hé théng khong phurce tap; nd rat dé
thiét 1ap trong cac moi truong phirc tap va cd
chi phi thip hon so véi cac hé thong khac trén
thi truong.

Nhom tac gia xin cam doan rang khong
c6 bat ky xung dot loi ich nao trong cong bo bai
bdo.

Lé Puc Hanh dua ra y tudng, phuong
phép thuc hién. Béng gop cac phan tich va thao
luén, viét bao cdo va bai bao.

Lé Duc Pao dong gop viéc thuc hién
thi nghiém thu thdp dir liéu, phéan tich va thao
luan. <
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