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PHU'ONG PHAP DIEU KHIEN BEN VUNG
CHO HE ROBOT CAMERA BAM MUC TIEU DI BONG

PHAM THUONG CAT !, NGUYEN TUAN MINH 2

LVién Céng nghé thong tin, Vién Khoa hoc va Céng nghé Viét Nam
2Hoc vién Ki thudt Qudn suw, Bé Qudc phong

Abstract. In this paper, we propose a new method using neural network to control a robot-camera
visual tracking system with dynamic and Jacobian uncertainties. The task is to control the camera
in hand robot to track a moving target so that the image feature of the target image equal to desired
one. The main results of this article are the new control algorithm calculating the necessary joint
torques and prove of the asymptotical stability of overall tracking system by using Lyapunov stability
method. Ideas in this report is the use of on-line learning neural network (NN) to approximate the

uncertain components and find control scheme to ensure mismatch of image features vanishing to 0.

Tém tit. Bdo cdo dé xuit mét phuong phdp ¢ng dung mang noron trong diéu khién hé théng
robot camera c6 nhiéu tham s6 bat dinh bam theo muc tiéu di dong. Nguyén 1y hoat dong dua trén
co s& sai léch dic trung dnh. Két qua chinh cia bai bdo 14 tim dwoc cau tric cia hé diéu khién,
tinh diroc cdc mémen khép can thiét va chitng minh dwoc tinh 6n dinh tiém can toan cuc cia hé

robot camera bdm muc tiéu bang phurong phép 6n dinh Lyapunov.
1. PAT VAN PE

biéu khién v&i phan hoi hinh anh (visual servoing) la van dé thoi su trong linh vire robot
vi né di sau vao kham phd cdc nguyén 1y nhan dang va diéu khién hanh vi qua thi gidc cia
con ngudi va dong vat [1]. Cdc thong tin tir &nh nhan dwoc qua camera duwoc sit dung dé
tao ra tin hiéu dieu khién robot chuyén déng bam theo quy dao mong mudn hoac diéu khién
robot cim camera bam theo muc tiéu di dong. Xir Iy anh cho dieu khién thoi gian thuc cé
nhiéu thach thitc [2] doi héi kha nang tinh téan cao. C6 nhiéu phwong phap diéu khién da
dwoc nghién cttu phét trién trong nhitng nam qua cé thé phan vao 2 nhém chinh. Mét 1a
céc phwong phap diéu khién dwa trén hé phwong trinh dong hoc cia hé Robot — Camera.
Nguyén 1y hoat dong cia nhém nay 1a tim dwoc téc do can thiét cia cac khép robot bao dam
cho sai léch bam triet tieu ve 0 [8,9]. Do vay diéu kién can thiét 1a cdc khép robot ¢ the
dieu khién dwoc theo cic téc do tliy ¥. Nhém 2 dua trén hé phuwong trinh déng lrc d€ tinh
ra mémen can thiét cho cdc khép robot [2,10]. Céc phwong phap diéu khién bam duwa trén
hé dong luc robdt thuwong cho két qua on dinh hon. Ta hiy diém qua mét s6 két qua méi
cong bo lien quan trong thoi gia gan day. Loreto [4] dé xuat phwong phép st dung mang
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bai téan camera bam muc tiéu. Tuy nhién sai s6 bam méi duwoc giéi han chit chwa triét tiéu
ve 0. Trong [5] céc tdc gid khdo sat bai toan bam trong tam dnh muc tiéu va dé xuat 2 vong
dieu khién cascade. Vong trong la vong diéu khién khép robot va vong ngoai la vong dieu
khién phan hoi hinh anh true tiép dwoc tach riéng ra theo hai truc x va y cia anh. Phwong
phép nay bido ddm sai s6 bam triét tieu ve 0 tuy nhién lai doi hdi phai biét chinh xdc mo hinh
clia robot. C. S. Kim va dong nghiép [3] khio sét bai todn camera bam muc tiéu véi gid thiét
¢6 nhiéu yéu t6 bat dinh trong ¢4 mo hinh dong lrc lan ma tran Jacobi. Céc tac gid dé xuat
phwong phép b cc phan bat dinh déng luc va Jacobi riéng ré bang 2 tin hiéu doc lap. Tinh
on dinh cida hé théng dwoe chitng minh bang phwong phap 6n dinh Lyapunov tuy nhién van
chwa triét tiéu dwoc sai léch bam. [6] dé xudt phuwong phap nhan dang ma tran Jacobi tong
hop on-line bang phwong phap loc phi tuyén (particle filtering) va sau dé ding phwong phép

diéu chinh téc do khép cho bai toan bam.

Béo cdo nay trinh bay mot phwong phap méi dieu khién hé rébdt camera bam muc tiéu
di dong véi gid thiét ¢é nhiéu dai lwong bat dinh trong hé dong lwc va ma tran Jacobi cia
he. Y twdng chinh trong bdo cdo nay la st dung mang noron dwoc hoc on-line dé xdp xi céc
thanh phan bat dinh va tim dwoc thuat diéu khién bio dam sai léch dac trung 4anh tién dén
0. Tinh on dinh tiém can toan cuc ctia hé théng dwroc chitng minh bang nguyén 1y 6n dinh
Lyapunov. Bao gom 4 phan. Phin mé dau néu muc tiéu cia bai bdo va diém qua cic két
qua lién quan dwoc cong bo trén thé gidi thoi gian qua. Phan 2 xay dung moé hinh toan hoc
cia hé thong Robot-Camera bam muc tiéu véi nhiéu tham s6 bat dinh. Phan 3 giéi thiéu
phuwong phép dé xudt va chirng minh tinh 6n dinh tiém cén toan cuc ctia hé thong. Phan két

luan va dinh hwéng nghién citu phat trién tiép cia phwong phap de xuat.
2. MO HINH HE THONG ROBOT-CAMERA BAM MUC TIEU DI PONG

Ta khdo sat hé thong dieu khién Robot c¢6 camera dwoc gan & dau tay nam Robot (Hinh
1). Véi céu tric camera-in-hand, dnh muc tiéu ma camera thu nhan dwoc phu thudc vao
chuyén dong ciia Robat. Tir d4nh cia muc tiéu thu dwoc ta tinh cdc dac trung anh can thiét
sau d6 so sanh véi cac dic trung dnh mong mudn £q. Sai léch cia dic trung anh e dwoc sit
dung d€ tinh ra tin hiéu diéu khién céc khép robot dé sai léch nay bang 0. Hé thong dieu

khién dang nay dwoc goi la hé dieu khién dwa trén dac trung anh.

Mot buée can thiét doi véi bat ky mot thuat toan diéu khién ap dung wvisual servoing dic
biét cac hé thong sir dung image-based 14 xdc dinh dic trung anh va quan hé cia né doi véi
mo hinh. Pac trung anh cé thé hidu la bat ky mot dic diém nao ve cau tric ¢ thé trich loc
ra tir 4nh bao gom ca cdc tinh chat chi yéu ve dac tinh pho, dac tinh hinh hoc cia muc tiéu.
Véi céc gid tri thue xuat hién trong qud trinh do dac cdc ddc trung dnh dwoc trich loc ra tir
mot hosic nhiéu anh lién tiép cho phép ta xay dung khong gian tham s6 dic trung anh. Dai
véi céc cdc vat thé ran c6 cdu tric hinh hoc ¢6 dinh (d6 cung 1a muc tiéu chi yéu st dung

trong ky thuat dieu khién Robot) cc thong s6 dac trung dnh thuwong la toa do cia cic diém
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dic trung trén mat phing anh [u, v], khodng céch gitta céc diém va tham s cia céc doan
thang trén anh [o,3], trong tam va dién tich (S), ... Téap hop cdc dic trung anh tao thanh
véc to dic trung anh ky hiéu & = [u1, v1, a1, B1, ...., S1, So) L.

Céc bién x, va x, mo6 ta vi trf vd huéng cia camera va cla muc tiéu trong khong gian
Deécac duge gin & bé robot. Ta cé xe = [@,y, 2, ¢y, Py, 65]7 trong d6 (@, y,2) 1a vi trf va
(¢, by, ¢.) 14 3 géc quay theo 3 truc cia camera nhin trong khung toa dé Pécac. Twong tu
ta ciing c6 thé mo ta vi tri va huéng clia muc tiéu x, bang véc to (6 x 1). Cic vecto q, §
va & 1a cac vée to géc, van toc géc clia cdc khép cia tay may va vée to diac trung dnh thu
dwoc qua camera. Véc to mémen dieu khién 7 = [11, 7o, - - - 7,] 7 dwroe xédc dinh trén co s& sai
lech e = £ — ¢4 cila dac trung dnh do dwoc ¢ tir camera va dic trung anh mong muén &g, céc
tin hiéu phan hoi q, ¢ nham muc dich dwra camera veé vi trf ma tai dé céc dic trung anh thu
nhan duwoc vé muc tiéu twong dwrong véi cac dic trrng anh mong muén. Hinh. mo tad Heé

robot-camera bam muc tiéu di dong.
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Hinh 1. Hé robot-camera bam muc tieu di déong

Ta xay dung hé phuong trinh dong hoc vi tri cia robot mo ta quan hé gitra x,. va q nhw

sau:
x. = p(q) (1)
Pao ham theo thoi gian t ta ¢ quan heé téc do

op dq .
L= P g 2
e = 5 Bt q (2)

Trong dé dz. 1 toc do dai va toc do gée cia camera nhin trong khung toa do Pécac va J, 1
ma tran Jacobi cia robot. Hé phuwong trinh dong Iwc cia rébot n bac tu do dwoc mé ta bang

hé phwong trinh vi phan sau:

7=H(q)d + h(q,q) (3)
trong A6 q = [q1, 92, - - -, qn]T la véc to goéc cia cac khép robot, 7 = [r7s. . .Tn]T la, véc to mo

men céc khép, H(q) 13 ma tran quéan tinh [n X n| déi ximg xdc dinh dwong va véc to h(q, q)
13 véc to tong hop cédc momen Coriolis, lrc ly tam, trong lwc va ma sat phu thudc phi tuyén

vao géc q, van toc géc ¢. Khi camera gan trén tay robot hwéng vé muc tiéu va thu nhan
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dwroc anh cia muc tiéu néu cac khép cia robot chuyén déng sé lam cho vi trf cia vat trén
anh ciing bi thay doi theo. Nhw vay véc to dic trung anh ¢ phu thudc vao vi trf va hwéng
cla camera, trong khi vi trf va huéng clda camera lai phu thudc vao géc quay cia cic khép
robot q. Céc dic trung anh dwoc dinh nghia trong khong gian anh 2 chiéu (2D). Gia sir ta ¢6
m dac trung anh thi véc to dic trung anh £ sé ¢é 2m phan tik . Ta hay khdo sat moi quan hé
gitta céc dai lwong nay. Goi O¢ 1a su thay doi vi phan cia dac trung anh khi vi trf va huéng

clia camera thue hién moét dich chuyén vi phan dx, ta cé :
0 = Jy0x, (4)

trong d6 ma tran J; dwoc Weiss dua ra [1] goi 1a ma tran Jacobi cia dic trung anh. Tir (2)
ta cé thé tinh dwoc 0x. = J,0q, va thay vao (4) ta nhan duoc su bién thién cia dac trung

anh 9¢ theo cdc bién trong cia robot dq nhu sau:
9& = 3;3,0q (5)
Hay viét (4) duéi dang quan hé toc do ta c6 :
§=Jpdq=Jq (6)

trong d6 J(&,q) = J¢J, 1a ma tran Jacobi tong hop chi méi quan hé gitta t6c do bién cia
dic trung anh € véi tc do cdc khép ¢ .

Trong bai toan diéu khién camera bam muc tiéu (visual servoing) ma tran J(&,q) c6 thé
dwoc xac dinh bang nhiéu phwong phép khac nhau [1,2]. Ta khdo sit bai téan dieu khién
camera bam muc tiéu trong viing hoat dong ma ma tran J(&, q) khong bi suy bién (dd hang).
Trong trueomg hop muc tiéu khong chuyén dong dac trung anh cia muc tiéu chi con phu thudce
vao cac bién q cia robot.

§=¢(q) (7)

Trong thuc t& ta khé ¢6 thé xdc dinh dwoc chinh xdc mé hinh robét. He phwong trinh
dong e (3) va ma tran Jacobi tong hop J(€, q) cia 16bot n bac tur do ¢6 tinh phi tuyén cao,
c6 cac tac dong xuyeén chéo gitra cdc khép va nhiéu ham lwong gide. Mot thach thite 16m cia
viéc xac dinh cdc hé phuong trinh nay 1a nhiéu tham sé dong luc cia robot khong xac dinh
dwoc chinh xdc nhu hé s6 ma sat, méomen quan tinh, trong tam cia cdc khép va cdc diac tinh
phi tuyén cia céc khau truyén dong vv.. Véi nhiéu tham s6 bat dinh nay cac phwong phap
diéu khién camera bam muc tiéu di dong c6 dién [1] thuong khong mang lai két qua mong
muén. Vi vay dieu khién camera bam muc tiéu di dong cé nhieéu tham s6 bat dinh 1a van deé

thue tién. Gid thiét cic dai lrong bat dinh cia robot dwoc mo ta nhuw sau:

H(q) = H(q)+AH(q)
h(q) = h(q)+ Ah(q) (8)
JE&aq) = J(q) +AIEq)

[P Y
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trong d6 H(q), h(q), J(¢,q) 1 cdc phin biét, AH(q), Ah(q), AJ(¢,q) 1a céc phan khong
biét. Thay thé (8) vao (3) va (6) ta c6 :

7 =H(q)§ + h(q,q) + AH(q)§ + Ah(q, §) (9)
£=3q+ AJq (10)

T (10) rit ra:
g =M (q)r — A h(q,q) — T [AH(q)§ + Ah(q, )] (11)

binh nghia bién véc to z € R™ mo ta sai lech dic trung anh
z = Ge = G(§ — &) (12)

trong dé G 13 ma tran hang s6 [n x 2m] phan tir ¢ hang bang n. Nhw vay néu z — 0 thi ta

c6 e — 0. Lay dao ham bac mot va hai cia z theo thoi gian ¢ ta dwoc:

7= G({ —£q) = GE = GIq + GAJq (13)
5= G = GIq 1 GIg 1+ GAJq 1+ GAJg (14)

Thay (11) vao (14) va sau khi rnit gon ta c6
r=H(GH) ' -HGIH) 'GIqg+h+ 16 (15)

Trong dé thanh phan khong biét f; ¢é dang

fi = (AH + GAJ)§ — H(GJ) 1GAJg + Ah (16)

Bit
¥ - H(GH) ! (17)
v = —H(GH 'Gig +h (18)

Thay (18), (17) vao (16) ta c¢6
T=YZt+y+fi (19)

Bai toan dieu khién camera bam muc tiéu di dong ¢é thé rit gon lai 13 tim moémen khép
7 ctia hé (19) diéu khién robdt sao cho z cia (13) tién vé 0 tikc la sai léch dic trung anh bang

0.

3. THIET KE HE THONG PIEU KHIEN CAMERA
BAM MUC TIEU DI PONG SU DUNG MANG NORON

Phuong phép dé xudt cia bdo cdo nay dwoc phét trien tiép tir cdc két qua dieu khién

chuyén dong robot cé nhieu tham s6 bat dinh trong khong gian Peécac [7, 8]. Bai téan dieu
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khién hé roébét camera bam muc tieu di dong sit dung théng tin hinh anh ¢6 do phitc tap hon
nhiéu so véi bai todn bam quy dao thong thwong. Liic nay ngoai hé phuong trinh dong lwe
ctia robot con cé ma tran Jacobi dnh cia rébot. Ta chon moémen 7 dieu khién céc khép robot
nhw sau:

T—=7T0+tT7T1 (20)

70 = ¥(—Kpz — Kpz) + v (21)
trong d6 71 la tin hiéu diéu khién bu cdc thanh phan bat dinh sé dwoc xéc dinh sau.
Thay thé (20),(21) vao (19) ta c¢é hé dong luc sai s6 bam nhu sau

7 —Kpz—Kpz =¥ 1(ry —f)) (22)

Néu cic thanh phan bat dinh f; bang 0 v chon 7y = 0 thi ta s& c6 phwong trinh sai léch bam
dang:
5 —Kpz—Kpz—0 (23)

Hé thong sé on dinh tiém can z — 0 va c¢é tac dong nhanh, khong bi qud diéu chinh néu céc
hé s6 Kp, Kp duwoc chon phtt hop chdng han nhur theo phwong phap chon diém cuc. Trurong
hop céc thanh phan bat dinh f; khdc 0 thi ta cin x4c dinh 71 sao cho hé (23) on dinh tiém

can.

bat
=W 1ny (24)
fr—=w1f (25)
Thay vao (22) ta ¢6
z+Kpz+ Kpz =7/ —f/ (26)

Ta s& xay dung mang noron véi tim thuat hoc phi hop dé mang xap xi £/ va xéc dinh tin
hiéu dieu khién 7/ sao cho hé (26) on dinh tiém can.

Ta chon s = [s1, 89, - - ,sn]T 14 bién phu nhu sau:
s=z+Cz (27)

trong dé ma tran C dwoc chon 13 ma tran doi ximg x4c dinh dwong. Lic nay néu ta bdo ddm
s — 0 thi z cling sé tur dong trwot vé géc toa do : z — 0 .

Véi bién s 13 ham cia , z phu thudce vao vi tri va téc do cila cic khép q, ¢ ta c6 thé mo
ta f7(q, ) nhw ham véc to clia bién s: f/(s). Mang noron nhan tao dé xap xi céc thanh phan

bat dinh f7 ciia hé robot-camera dwoc chon dwéi dang mang RBF nhu sau:
f1(s) =Wo +e=1f t¢e (28)

f(s) = Wo (29)
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trong dé:

W la ma tran trong s6 ciia mang duoc cap nhat on-line;

£ la sai 86 xap xi va bi chin ||g|| < £9. Mang noron RBF xdp xi ham f/(s) 14 mang 3 16p.
Ta biét rang cdu tric cia mang RBF théa man dinh Iy Stone-WeierStrass [12] khiang dinh
dieu kién dé mang noron c¢é s6 nit hitu han ¢6 thé xap xi dwge mot ham phi tuyén khong
biét cau tric. O day ta chon 16p diu vio clia mang noron 1a n thanh phin cia mit trwot.
Lép ra ¢6 n noron tuyén tinh. Lép an 1a cdc noron ¢é ham phan bé Gauss dang:

2
M;jzlygy...n (30)

0j = exp —
trong d6 ¢;, A; 1a ky vong va phuong sai cia ham phan bé Gauss ¢é thé tw chon. Ta phai
chon céc tham s6 c¢;, A; khdc nhau va phi hét dai thay doi cd ve bién do va dai tan cia ham

bat dinh f/(s). Pau ra cia mang la gia tri xap xi cia f/(s).

Pinh ly 1. H¢ robot-cameran bic tw do ¢é nhiéu tham sé bat dinh (3),(7) véi mang noron
(29),(30) va mat truot (27) s€ bdm theo muc tiéu di dong véi sai sé € — 0 néu ta chon thudt

e ) N A x
di€u khi€én T va thudt hoc Wi cia mang noron nhu sau:

T=W(-Kpz+Kpz)+7v+7 (31)
7 = W[(1+7)Wo — 5”Z—H] (32)
W = —soT (33)

trong do cdc tham sé tuw chon Kp = D + C,Kp = DC vé: D la ma tran déi xiing xdc dinh
dvong , cdic hé sén,d > 0.

Cau tric cia hé dieu khién cé thé moé ta theo so do trén Hinh. 2. Mémen 7 gom hai
thanh phan chinh: 7o 1 thanh phan phan hoi va bu cac thanh phan phi tuyén, 7 la thanh
phan cé mang noron véi thuat hoc on-line @& xap xi cdc thanh phan bat dinh. Pinh Iy nay
dwoc chitng minh bang phwong phap én dinh Lyapunov dam béo tinh én dinh tiém can toan

cuc cda ca hé thong nhuw sau:
Ching minh:

Chon ham V xac dinh dwong nhuw sau:

1 n
V= 5 (sTs + z; wiTwi) (34)

Ta ¢6 V >0 khi s,w;j#0 ; V = 0 khi va chi khi s,w; = 0;¢ = 1,2,---n; V — oo khi

s, wj — 0o. Lay dao ham V theo ¢ ta c6

VvV =sTs + Z WiTWi (35)
i=1
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§s=2+Cz
.8
=i+ W -0 —
I
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W=—nyal
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V(g q)(-Kpz - Kpz)

\ 2 A . . . o 2 PN . A 2 .
Hinh 2. Cau tric cda hé visual servoing diéu khién camera bam muc tiéu di dong c¢6 nhiéu
tham s6 bat dinh

T (26) ,(27) va céc tham s6 Kp = D 4+ C,Kp = DC ta nhan duoc:
$=7/—fI—(Kp — C)é —Kpe = 7/ — f/ — Ds (36)

Thay (36) vao (35) dao ham V theo ¢ ¢6 dang:

V=—s"Ds+s"(r/— /) + > wi Wy (37)
i=1

Véi thuat hoc on-line (33) ta ¢é :
wi = —nsoy; i = 1,2, -m (38>

e N ~ . ~ ’ ~ ’ .
trong d6 wi 1a cot ¢ clla ma tran W, ta c¢é thé xdc dinh dwoc:

Z wiwg = Z —nwiso; = —nst ZWiUi — s’ Wo (39)
i—1 i=1 i=1
Thay (39) va (28) vao (37) ta ¢é :

V = —sTDs +sT (71 —f1) + Z wiw; = —s'Ds +si(r7—(1+9)Wo—2)  (40)
i=1
Chon
— (1+77)WU—(5i;6>0 (41)
sl
Thay (41) vao (40) ta duge:

V= —s'Ds+s?(-0o °

T £) < —sTDs — dis|| + [Is]| - |l£]| < —sTDs —dls|| + [sllc0 (42)

Néu chon § = &g + p ; u>0, ta cé :

—0|s[| + lIslleo < —plls]| (43)
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Thay (43) vao (42) ta nhan dugce:
V < —s"Ds— ylls|| <0 (44)

Ta thay V<0 khis # 0 va V = 0 khi v& chi khi s = 0.Theo nguyén Iy én dinh Lyapunov ta
c6s — 0 vasai s6 z — 0. Nhu vay hé (28) 1a 6n dinh tiém can £(t) — &q hay néi cach khac
camera bam theo muc tiéu di dong véi sai léch dic trung anh bang 0. Dinh 1y 1 cling nhuw
tinh 6n dinh tiém can toan cuc cia hé rébot - camera bam muc tiéu sit dung mang noron mé

ta trong Hinh 2 da dwoc chirng minh. [ |

4. KET LUAN

Trong thuc té ta khong thé biét chinh xdc mé hinh dong lwc (dynamics) cling nhw mo
hinh déng hoc (kinematics) ctia t6bot. Do vay diéu khién robot véi nhieu dai lwrong bat dinh
la van dé thuc té. Sit dung thong tin hinh dnh (camera) trong bai toin bdm muc tiéu dang la
van deé thoi su, tuy nhién cé rat nhiéu thach thire nhat 1a khi muc tiéu co dong nhanh. Béo
cdo deé xudt mot phuwong phap méi cho bai toan diéu khién camera bam muc tiéu di déng
theo sai léch dic trung anh khi ¢é nhiéu bat dinh trong hé dong lwc robot va trong ma tran
Jacobi tong hop. Uu diém cia phwong phép la tinh bén vitng cao, ddm bdo sai léch bam
triét tiéu ve 0 trong khi do bat dinh 16n. Bai béo da st dung mot mang noron RBF hiru han
c6 cau triic théa man dinh 1y Stone-Weierstrass dé xap xi ham tong céc tdc dong bat dinh.
Mang noron dwoc hoc on-line do vay hé thong cé tinh tu thich nghi. Két qua chinh cia bai
bdo 1a tim dwoc cau tric cia hé dieu khién, tinh dwoc cdc mémen khép can thiét va chimg
minh dwoc tinh 6n dinh tiém cén toan cuc cia hé robot camera bam muc tiéu bang phwong
phép 6n dinh Lyapunov. Cdc mé phéng trén Matlab cho cdc két qua minh chite rat kha quan
va phll hop véi 1y thuyét. Sai s6 bam bi triét tieu ve 0 trong khi giad thiét do bat dinh cia
hé dong luc v ma tran Jacobi lén dén 15%. Mot s6 van deé lién quan con bd ngd nhu kha
ning xwr 1y anh va tinh todn thoi gian thuc cia phuwong phap; Phwong phdp chon cdc tham
s6 C,D, 5, \;, ¢;,n toi wu. Mot huéng gidi quyét cho tinh téan thoi gian thuc cida phuong
phap dé xuat la ding camera mang noron té bao, trong dé cdc tinh toan xit 1y anh c¢é thé
str dung chip CNN xit 1y song song va céc tinh téan phitc tap ciia mémen khép robot ¢ thé
duoc thie hién trén DSP.
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