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Tém tat: Robot cong tac (Collaborative robot - Cobot) 1a nhiing robot c6 thé tiép xitic v6i con ngudi mot cich truc tiép,
phét huy dong thoi dugc cac 1oi thé clia cd con ngudi va robot dé ting hiéu suét cong viéc. Cobot hoat dong than thién
va tuong tac véi con ngudi vi dudc 1ap trinh d€ phat hién va cham an toan. Do d6 yéu ciu phét hién chinh x4c va nhanh
chéng cic va cham ctia canh tay cobot 12 mot chi dé thu hiit dudc sy quan tAm clia nhiéu nha nghién ctiu. Nghién ciiu
ctia chiing toi dé xuét hudng tiép cin 4p dung hai ky thuit hoc mdy c6 gidm sit 1a SVMR (Support Vector Machine
Regression) va 1D CNN (1D Convolutional Neural Network) cho két qua phat hién va cham hiéu qua véi canh tay robot

CURAG trén bo dit liéu ctua Intema.

Tix Khéa: Phdt hién va cham, cdnh tay robot cong tdc, 6-DoF.

Cobots are robots that can directly contact humans, simultaneously promoting the advantages of both humans and

robots to increase work efficiency. Cobots operate friendly and interactive with humans because they are programmed
to detect collisions safely. Therefore, the need to accurately and quickly detect collisions of cobot arms is a topic that
attracts the attention of many researchers. The our proposed technique using the SVMR model and the 1D CNN model
is tested and gives good collision detection results with CURA6 cobot arm on the Intema’s dataset.

Title:  Collision Detection for 6-DoF Collaborative Robot Arm
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Keywords:  Collision detection, cobot arm, 6-DoF.

I. GIOI THIEU

Cobot 12 nhiing robot c¢6 thé 1am viéc dong thdi véi ngusi
van hanh. Theo ISO 10218 [7]], cobot la robot c6 thé tiép
xtdc v6i con ngudi mot cich truc tiép trong mot khong gian
lam viéc cong tac xac dinh. Khac véi robot cong nghiép,
cobot dudc thiét ké dé bao dam tuong tac an toan vdi con
ngudi ciing nhu moi trudng lam viéc cong tic. Cobot dugc
ché tao bang vat liéu nhe va thiét ké véi hinh dang mo
phdng tuong tu cdnh tay ngudi. Cobot hoat dong phdi két
hop véi con ngudi dé ting hiéu ning qué trinh san xut
hoic khic phuc cic han ché ky thuat ma khong cin dén
cac thiét bi vat 1y bao hd nhu tAm chén, ludi, hang rao bao
vé nhu robot cdng nghiép [18].

Da c6 nhiéu cong bd vé bai toan phat hién va cham véi
d6i tugng nghién ctiu 1a canh tay cobot [2} 8] [13] 20]]. bién
hinh 1a canh tay cobot sau bac tv do 6-DoF (Six Degrees
of Freedom) dugc thiét k& nhim thuc hién céc tac vu chinh
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Xac va an toan véi con ngudi. Hinh [I| m6 ta canh tay robot
CURAG6 (Cooperative Universal Robotic Assistant 6) cua
Intema [2].

Ciéc phan tiép theo clia bai bao gdm: Muc II gidi thiéu
cac cong trinh nghién ctiu c6 lién quan; muc III khai quat
vé dong luc hoc robot; muc IV mé td phuong phap dé xuét
cia ching toi. Cac két qua thi nghiém trén bo di liéu
Intema dugc trinh bay trong muc V. Cudi ciing 1a Muc VI
dua ra két luan va dinh huéng cho cic nghién ciu phat
trién trong thdi gian téi.

II. CAC NGHIEN CUU LIEN QUAN

S. Haddadin va cac cong su [5] cong bd mdt khao ciu
kha toan dién vé bai todn xi ly va cham cda robot. Bai
toan xt ly va cham dudc chia thanh nhiing tac vu chinh la:
phat hién (detection) va cham, nhin dang (identification)
va cham, phéan loai (classification) va cham va phan ung
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Hinh 1. (a) Hinh chup robot CURAG tai phong thi nghiém cta
Intema; (b) M6 hinh robot CURA6

(reaction) va cham. Trong tdm nghién cdu cua ching to6i
12 bai toan phat hién va cham, day chinh 1a buéc dau tién,
c6 tinh chit dinh huéng céc tic vu khic trong toan bo hé
xG ly va cham. Chung tdi phin chia cac phuong phap phat
hién va cham trén canh tay cobot thanh hai nhém: (i) nhém
phuong phéap st dung hoc may va (ii) nhém phuong phap
khong st dung hoc may. Nhém phuong phap (ii) thudng
dua vao cic cam bién bé mit xiic gidc (sensor skins) bao
phtd bén ngoai robot [I, [17]. Tuy nhién, cdc cidm bién bé
mit xic gidc thudng c6 chi phi cao, khong bén va c6 thé
bi héng khi bi va cham manh hay va cham nhiéu 1an. Céc
phuong phap duya trén hoc may [2, 5, [13] thudng uéc tinh
cdc mdmen xoan khép bén ngoai do va cham, sau d6 so
sanh v6i mot tap gid tri ngudng cho trudc dé€ kiém tra xem
va cham c6 xay ra hay khong. Do momen xoan truc tiép s&
1a ly tudng, nhung cam bién moémen xoin cé thé tén kém,
gidi phap thay thé 1a uéc tinh momen xoan khép ti cic
phép do dong dién tai cdc bo truyén dong khép.

Hién nay, viéc ap dung cdc phuong phidp hoc may dé
phét hién va cham da tré nén phd bién. V6i diéu kién thu
thap dd lugng dit liéu da dang, chét lugng tot, cac phuong
phdp hoc mdy mé ra kha niing cé thé khiac phuc dugc su
khong chic chin (uncertainty) ciia cdc tham s6 trong md
hinh dong luc hoc cliing nhu cac hiéu ing khong dugc md
hinh héa nhu ma sat va nhiéu do luong.

A. N. Sharkawy va cong sy [14] da st dung M-FNN
(Multilayer Feedforward Neural Network) véi sai s6 vi tri
kh6p va van toc 1am diu vao (input), dong thoi uéc tinh
momen xoan khép bén ngoai ma khong cin st dung dong
luc hoc robot (nhung ciing yéu ciu diéu chinh ngudng va
cham tha cong cho tiing khép), trong khi [15] xem xét cac
momen khdp do dude va vectd Iuc hdp din cla tay may.
Tuy nhién, cac phudng phap nay chi dugc thuc nghiém véi
céc chuyén dong hai va ba khép clia mot tay mdy robot
7-DoF. Tac gia Z. Zhang va cac cong su [19] huén luyén
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mot FNN véi cdc tin hiéu dau vao 36 chiéu dudc trich xuit
tlf ca cdc dic diém mién thoi gian va tin s6 clia cac phép
do cam bién momen xoan khép. Pbi véi cac robot cé hinh
dang diy di gibng nhu con ngudi, nhém nghién ctiu cda
K. Narukawa [[11]] d& xuét cai tién k¥ thuat mdy vectd hd
trg mot 16p (OC-SVM), trong d6 du vao dudc coi 1a vecto
di€m momen ciia robot hinh ngudi va cac phép do luc va
moémen xoan cho ting chi.

Gan day, Y. J. Heo va cic cong su [6] dé xuat phuong
phap phat hién nhanh va cham cua canh tay robot 6-DoF st
dung mang neural tich chap mot chiéu (1D CNN) véi kich
thudc 12 Wx66 (v6i W biéu thi kich thudc ctia sd thoi gian)
trong d6 c6 cac mdmen xodn khdp bén ngoai wdc tinh lam
dau vao; dau ra 1a két qua phat hién va cham dang nhi phan
(True, False). K. M. Park va cac cong su [13] tip trung
nghién ctiu giai quyét van dé phat hién va cham ctia canh
tay robot Doosan M0609. Trong khi M. Czubenko va nhém
nghién ciu 2] d& xuét két hop mot sb mang neural khac
nhau nhu AR, RNN, CNN-LSTM va MC-LSTM nhdm phat
hién chinh xdc va cham cda cdnh tay robot CURA6. Tuy
nhién, han ché chung ctia cic phuong phip do K. M. Park
va M. Czubenko dé xuit 1a sy phu thuoc vao ma sit cla
dong co, dac biét 1a ma sat Coulomb.

Trong bai bdo niy, nhém nghién cifu ctia ching téi dé
xuét 4p dung hai phuong phdp hoc cé gidm sit 1a SVMR
(Support Vector Machine Regression) va 1D CNN (1D
Convolutional Neural Network) d€ phat hién va cham clia
canh tay robot CURAG trén co s§ cac phép do dong dién
cung v6i mo hinh dong luc hoc cia robot. Huéng nghién
clfu ctia ching t6i c6 uu diém 1 khong yéu ciu bat ky cam
bién bén ngoai b3 sung nao khac, so véi [19] yéu cau cam
bién momen xoan khdp tai cac khdp. Hai phuong phédp ctia
chiing t6i khong yéu cau bl ma sat. Chi phi tinh todn trong
phuong phip dé xuét it hon ddng k€ cho ca huin luyén va
suy luan (dau vao 4 chiéu cho SVMR va 6 chiéu cho 1D
CNN) trong khi phuong phédp ctia Y. J. Heo [6] c6 du vao
66 chiéu.

L. PONG LUC HOC ROBOT
1. Chu tao cia canh tay robot

Ciéc bo phan chii yéu ctia mot robot CURA6 bao gom:
dé, cac khép (Joint) quay hoic tinh tién, céc lién két (Link)
gitta cac khép va ban tay robot con dudc goi khac 1a khau
chip hanh cudi (End of Effect). Canh tay robot CURA6
cla Intema c6 déc trung nhd gon véi trong tai 5000 g, ban
kinh hoat dong rong 1200 mm. Robot CURA6 c6 thé thuc
hién dugc cdc nhiém vu phic tap véi yéu cau tinh chinh
x4c cao nhu thao tic xi 1y, tiép xic ddi v6i nhiing vat c6
dic tinh dé bién dang hoic dé rach, vd trong nhiing diéu
kién van hanh véi yéu cau ky thuat rit khit khe.

Bang [I| thé hién bang tham s6 dong hoc D-H (Denavit
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_ Bang 1
BANG THAM SO D-H CUA ROBOT CURA6

i | Khoang cich a; | Géc quay «; | Khoang cich d; | Mémen 7; | Géc quay 6;
0 0 z 0.105 70 0
1 0.4 0 7 6
2 0.4 0 ko) 6,
3 z 0.220 3 03
4 -z 0.200 74 04
5 0 0.140 s 65

- Hartenberg) cta robot CURAG6 [2]]. Ky hiéu trong bang [I|
nhu sau:

a; 1a tham sb khoang cach tinh tit truc Z;_; t6i truc Z;
do doc theo truc X;.

«@; 1a tham s6 géc quay truc Z;_; xung quanh truc X; t6i
song song hodc trung véi truc Z;.

d; 1a tham sb khoang cach gita 2 truc X;_; va truc X;
do doc theo truc Z;_;.

6; 1a tham sb géc quay ciia truc X;_; xung quanh truc
Z;_1 t6i song song véi truc X;.

2. Phuong trinh dong luc hoc

Phuong trinh dong luc hoc dudc dinh nghia cho robot
CURAG la:

M(q)G+C(q,9)q+g(q)+1F =T )]

voi g (1) = [qo (t) ,q1 (1), ....gn_1 (1)] € R" bao gdm vi tri
ctia mbi khép (véi n = 6), ¢ () € R" va § (t) € R* lan
lugt biéu thi vecto van tdc va gia téc. M (g) € R™" 1a ma
trAn quén tinh robot, C (¢, ¢) € R™" la ma trin Coriolis,
g (¢) € R 1a luc hip din, 7 € R” biéu thi luc ma sit va
T, € R™ la vectd mdmen khép. Luu y: M (g) la ma trin
dbi xung; T, = Kji, v6i K; € R™ 1a ma trdn khuéch dai
va i, € R" la dong dién dong co. Khi va cham xay ra,
phuong trinh (1)) tr§ thanh:

M(q)G+C(q,q)qg+8(@)+TF =T+ Texs  (2)

V61 Toxy € R 12 mOmen xoin khép ngoai do va cham hodc
luc bén ngoai khac tic dong 1én robot.

Ma trin M (q) — 2C (g, ¢) 1a d6i xiing xién, véi M (q)
la ky hiéu dao ham ctia M (q) theo thdi gian (chi tiét
trong [10]).

M(q) =C(q,9)+C" (4,9) 3)
DPong luong tdng quét clia robot xdc dinh nhu sau:
p=M(q)geR" )
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Pao ham clia p theo thdi gian dudc biéu dién la:

pP=M(q)§+M(q)g ©)

hay

p=Tm+Text T +C (q,4) -2 (q) (6)

Ky hiéu 8 (q,4) = ¢ (9) = C" (¢,4) ¢ va ma tran Ko =
diag (ko,;) € R™", dong luc hoc clia by quan sit dong
lugng dudc dinh nghia nhu sau:

A

p= (N

Tm_TF_ﬂA(q’Q)'*'rm
va

Fm =Ko (p = ) ®)
DPau ra r,, (1) € R" clia b quan sit dong lugng dudc mo
ta nhu sau [13]:

rm=K0(P(f)—A (Tm_TF_B"'rm)ds_p(O) )

v6i p = M (q) g va B = §(q) - C" (q.4) ¢, trong d6 M,
C va g biéu thi cac tham s6 mo hinh. Trong céc diéu kién
ly tudng khi M = M va B = 8, mbi quan hé dong luc hoc
giita 7, (f) va momen xoan khép ngoai 7y, la:

'm = Ko (Text - rm) (10)

sao cho ry, (t) dong vai tro udc tinh cho 7.y;.

Momen xoin khdp ngoai udc tinh dude so sanh theo tling
thanh phin véi ngudng cb dinh do ngudi diung xdc dinh
€cqa € R", sao cho ham xac dinh va cham cd : r,, (1) —
{True, False} dugc dinh nghia la:

if lrm (D] > €ca
if|rm (t)l < €cd

True

False an

cd (rm (1)) = {

Ham tra vé két qua dang nhi phan cho biét c6 xdy ra va
cham hay khong [3, 15].
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IV. PHUONG PHAP DPE XUAT
1. Mb ta b dit liéu

C6 15 14t (slices) chuyén dong ngiu nhién cla robot da
dugc chuin bi dé€ 1am dif liéu huin luyén, mdi lat chda
10000 mau (07 phiit chuyén dong). Téc dd ctia mdi khép
dugc bo giai thiét ké an toan nim trong khoing 25% toc
do t6i da cta dong co.

C6 03 lat dugc thu thap ma robot khong co tai trong va
12 14t con lai ¢6 tai (don vi tinh bang gam) tir danh sich sau
{782, 1016, 1282, 2298, 2757, 4039}, véi 02 14t cho mdi
tai (pham vi tai xap xi 1a tir 500 g dén 4000 g). Trong do,
dit Tiéu hoc (90%) va dit lidu xdc thuc (10%). Bo dit licu
nay dudc tai vé tf trang Gitlab (https://gitlab.com/intema-
gdansk/cura6-dataset/-/tree/main).

Cic tin hiéu can dugc chuin héa trong pham vi [0,1]
truéc khi duge xd ly lam dau vao. Pau ra khong xét dén
ma sat dugc mo ta bing phuong trinh:

r=1<o(p<r>—/0’(rm—B+r)ds—p<0> 12)
véi
p=1m—Bq.q) +r (13)
va
#= Ko (5~ ) (14)

Trong céc diéu kién ly tudng, mdi quan hé dong giita
r (t) va mdmen xoan kh6p ngoai 7, la:

r =Ko (Text —TF — r) (15)

2. Phuong phap phat hién va cham

Trén co s6 phuong phap SVMR [16] va 1D CNN [9, [12]]
la nén tang, ching tdi nghién cu phat trién mo hinh phat
hién va cham cho canh tay robot CURA6. Quy udc: Mot
tin hiéu f-chiéu thay ddi theo thoi gian s (1) € R/ dudgc 1iy
mau tai khoang thdi gian 14y mau #; trén mot cira s& thoi
gian c6 kich thudc ty; s6 luong mau 1a N+1 = ’t—v;’ +1 €N,
a) Phdt hién va cham voi SVMR

SVMR ldy gia tri tuyét d6i cta dau ra (T12) lam dau vao.

- Thiét ké vecto dic trung: Thiét ké vecto dic trung bao
gdm chuyén tin hiéu thanh dang vecto va gan nhan cho cic
dic trung. D€ 14y mau theo thoi gian, chiing ti dit ty =
80 ms va #; = 8 ms. Sau khi 14y miu dau ra ctia bd quan
sat dong lugng va bién ddi thanh ma tran R € R™NV+D),
gia tri cac hang 1, 2, 3 va 4 clia R tao thanh mét vecto duy
nhét, din dén két qua vecto dic trung x (¢) nhu sau:

T
x=|ry ry ryoril e R*WV+D (16)
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Hinh 2. Piu ra ctia SVMR va chi sb va cham tuong dng

trong d6 ry, € RIN*D bidu thi gid tri cia hang cé thi tu
i cia R. Luu y rang hang thi i ctia R biéu thi du ra quan
sat dong luong dudc 14y mau cta khép i. So vé6i viéc st
dung tin hiéu ctia tit ca cac khép, kich thudc ctia vecto dic
trung x nay nhd hon, gidm lugng tinh todn cho SVMR.

- Huén luyén SVMR: Vi hAam mii yéu cau tinh toan nhiéu
hon cac ham da thic, nén chung t6i st dung ham SRQ [4]
thay vi ham RBF:

1

v6i cac tham sb C =1, & = 0.02 (dua theo [16] va o = 3.

- Piéu chinh do nhay phat hién va cham: Diu ra ctia
SVMR dudc huin luyén 1a mot gia tri vo huéng dugc chuin
héa thanh mot don vi duge md ta nhu trong Hinh |Z| sau do
dugc dit ngudng va chuyén thanh chi sb va cham nhi phan
tuong tng theo (TT).

Ksro (x,2) = (17)

Gia tri dau ra gin bang 0 khi khong c6 luc bén ngoai
tac dung va ting khi mdmen xoin bén ngoai udc tinh ctia
khép 1-4 (T6) ting va giam khi momen xoin bén ngoai
giam. Mdmen xoin bén ngoai udc tinh cang 16n va sb lugng
khép bi tic dong ctia ngoai luc cang nhiéu thi gid tri dau
ra SVMR cang 16n.

b) Phdt hién va cham voi 1D CNN

- Thiét k& dau vio mang: Tin hiéu dudc liy mau trong
clia s6 thdi gian ty=50 ms & khoang thdi gian liy miu
17=10 ms va dugc chuyén ddi thanh ma tran R € R"™(N+1),
Ma tran dic trung dau vio mang Z (¢) dugc dinh nghia la:



c Rnx(NH)

|
rh (18)
|
trong d6 |ry,| € RN+ bidu thi gid tri cia hang thd i
cua ma trin R.

- Thiét ké kién tric: Kién triic CNN dudc md ta trong
Hinh [3| chita bén 16p tich chap 1-D, mét 16p lam phing,
mot 16p fully connected va mot bd loc dau ra. Hai trong sd
cic 16p tich chap 1-D sit dung cing mdt phan dém, trong
khi hai 16p con lai st dung phan dém hop 1&. Sau khi di
qua cdc 16p lam phang va dudc két nbi diy dii va bo loc
dau ra, gid tri chi s6 va cham nhi phan dugc xuét ra, loai
bé qué trinh diéu chinh ngudng phat hién. Tat ca cac 16p
déu st dung ham kich hoat relu.

¢) Loc ddu ra

Chiing t6i thuc hién loc dau ra d€ gidm duong tinh gid
(canh bao sai). Va cham chi dugdc cinh bio néu dau ra
ctia phuong phap phat hién va cham lién tuc la True trong
khoang thdi gian 7. ms. BO loc dau ra loai bé cic 16i (canh
bdo sai vdi thoi gian kéo dai trong pham vi 1 —¢, ms) gitp
phat hién va cham hiéu qua hon. Ching t6i dat ¢.=3 ms
cho phuong phap SVMR va 7.=4 ms cho CNN.

V. THU NGHIEM VA KET QUA

Thi nghiém ctia chung t6i dung PRAUC (Area Under the
Precision-Recall Curve) 1am tiéu chi d€ ddnh gia hiéu sut
phat hién va cham. Precision va Recall dugc dinh nghia
nhu sau:

TP
Precision = ———— 1
recision TP FP 19)
va
TP
Recall = ———— (20)
TP+ FN

v6i TP biéu thi sb luong duong tinh that, FP biéu thi sb
lugng duong tinh gid va FN biéu thi s6 lugng am tinh gia
(va cham dugc coi 1a duong tinh). Precision cao thé hién
ti 1&¢ duong tinh gia thip trong khi Recall cao thé hién ti
1¢ am tinh gia thdp. PRAUC cao thé hién ci Precision va
Recall cao.

Trudce tién, ching t6i danh gia PRAUC cia SVMR véi
cac ngudng phat hién khac nhau (@); danh gia PRAUC
cia CNN véi cac tham sb bd loc lién tuc dau ra khic
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nhau (z.). Sau d6, dbi v6i mdi phuong phdp, v6i ngudng
cb dinh va tham sd bd loc dau ra cb dinh, ching t6i do
do tré phat hién trung binh va sb 1an phat hién khong
thanh cong ddi véi cac va cham. Ddi véi SVMR, trong khi
ting dan ngudng phat hién « tit a =-0.08 (tit ci cic nhin
dugc du doan 1a 1) 1én @ =0.98 (tit ci cac nhidn dudgc
du doéan la 0), ching t6i tinh todn cdp Precision, Recall
cho ting gia tri ngudng va vé dudng cong nhu trong Hinh 4]

Tiép theo, dinh gia PRAUC ctia CNN vé6i tham sb bo
loc dau ra 7. thay ddi tif t. = 1 ms (khong dp dung loc)
dén t. = 619 ms (tit ca cac nhan dugc du doan 1a 1 dugc
loc thanh 0). Ching t6i Iuu y riang do qué trinh loc lién
tuc chi c6 thé bién ddi cac gia tri 1 dugc du dodn thanh
0 (diéu ngudgc lai 1a khong thé; khong thé loai bd cic phi
dinh sai hién c6), nén Recall t6i da khong phai 1a 1. Nhu
minh hoa trong Hinh @] SVMR c¢6 PRAUC la 80.95%
trong khi CNN c¢6 PRAUC la 82.12%. Nhu viy, ca hai
phuong phap hoc mdy cé gidm sat déu phat hién hidu qua
cdc va cham va khong va cham ddi véi nhidu ngudng phat
hién va tham sb bd loc dau ra.

Chiing toi 1ap trinh thif nghiém bang ngon ngit Python.
Cic phuong phap dé xuit di khic phuc dudc nhiing trd
ngai vé& su khong chic chin clia cic tham s trong mo hinh
dong luc hoc va cac hiéu ung khong dugc mo hinh héa (ma
sat, nhiéu do cam bién).

VI. KET LUAN VA PINH HUGNG NGHIEN CUU
PHAT TRIEN

Phuong phdp phat hién va cham dya trén SVMR va 1D
CNN do chiing 6i phédt trién da phat hién va cham clia
canh tay robot 6-DoF CURA6 kha hiéu qui. Uu thé néi
bat trong phucng phap dé xuit 1a chi yéu cau phép do céc
cam bién dong dién ctia dong co ciing v6i mo hinh dong
luc hoc clia robot; khong can md hinh héa hodc xic dinh
cac mOmen ma sdt trong cac khép.

Qua thtr nghiém trén bo di# liéu cia robot CURAG,
phuong phap dua trén SVMR chi yéu cau diéu chinh mot
tham s6 khong ddi, trong khi phuong phap dua trén 1D
CNN khong yéu cau bat ky diéu chinh nao. Chiing toi so
sanh va nhan thiy ring phuong phip dua trén 1D CNN
phét hién va cham cho két qua nhanh phuong phap dua
trén SVMR hon khoang 9 ms; trong khi phuong phap dua
trén SVMR yéu cau vé dit liéu va cham it hon dé€ huin
luyén so v6i phuong phap dua trén 1D CNN. Phuong phap
dua trén 1D CNN thich hop véi ngit canh dif liéu huén
luyén phong phu, con phuong phap dua trén SVMR phu
hop véi ngit canh dif liéu han ché.

So véi két qua nghién ctiu trong [2] va [6], phuong phap
ctia chiing t6i chiém uu thé trong ngit canh xt ly tic dong
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cua céc tai trong khac nhau. Tuy nhién, viéc xac thuc cho
céc tai trong ngiu nhién khong xdc dinh vin 12 mot bai
todn nan giai. Hon nita, bai toan phat hién va cham cua hai
hay nhiéu canh tay robot rat phiic tap va cin dudc nghién
ctiu chuyén sau hon. Ddi véi cac robot cong tic dugc san
xuét hang loat, mot vin dé thuc té khic 1a cac quy trinh can
thiét d€ phat hién va cham hiéu qua phai dugc nhan rong
trén quy mo 16n. Pay sé 1a nhiing chii d& md cho nghién
cuiu trong tuong lai cda ching toi.

VII. LOI CAM ON

Dé hoan thanh bai bdo nay, ching tdi xin chan thanh cidm on
st ho trg cia nhdm nghién cttu Intema, cac tac gia M. Czubenko,
K. M. Park va cong su.
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