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This study focuses on the development of a control system for a 5-DOF
manipulator mounted on a firefighting robot to perform stair-door
opening tasks in emergency situations. Based on kinematic and
dynamic analysis, an adaptive sliding mode controller is designed using
Lyapunov stability theory, enabling the estimation and compensation of
model uncertainties as well as external disturbances. Simulation results
show that the proposed controller achieves accurate trajectory tracking
with small errors and asymptotic stability, even under parameter
variations and external perturbations. Experimental tests with two types
of doors (a household door and a fire-resistant door) demonstrate that
the positioning error of the robotic hand remains within 5% of the
workspace, ensuring successful grasping and turning of the door
handle. The findings confirm the effectiveness and practical
applicability of the developed adaptive sliding mode controller for the
5-DOF manipulator mounted on the firefighting robot.
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Nghién ctru nay tép trung phat trién bo diéu khién cho tay may 5 bac tu
do (5-DOF) gan trén robot chira chay nham thuc hién nhiém vu m¢é cira
cau thang trong cac tinh huéng khan cap. Trén co sé phan tich dong hoc
va dong luc hoc, bai bdo da thiét ké bo diéu khién truot thich nghi dua
trén 1y thuyét on dinh Lyapunov, cho phép u6c lugng va bu trir cac bat
dinh trong md hinh cting nhu nhidu tir méi truong. Cac két qua mo
phong cho thdy bo dleu khién truot thich nghi dat d6 bam quy dao chinh
xac, sai s nho va on dinh tiém can ngay ca khi c6 sai 1éch tham s6 va
tac dong ngoai luc. Thir nghiém thyc té véi hai loai ctra (cira gia dinh va
ctra chdng chay) chirng minh sai léch dinh vi ban tay robot luén dudi
5% pham vi lam viéc, dam bao kha ning nim va xoay tay nim cira
thanh cong. Két qua nghién ctu khiang dinh tinh hiu qua va kha ning
ng dung trién khai trong thuc té cua bo didu khién truot thich nghi
dugc phat trién cho tay may 5-DOF gén trén robot chira chay.
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1. Gioi thigu

Trong bdi canh tng dung robot ctru hoa, viéc md cira cau thang dé tiép can dam chay 1a mot
nhiém vy quan trong nhung day thach thirc. D¢ giai quyét van dé nay, nghién ciru dé xuit mot mo
hinh tay may 5 béc ty do (R-R-P-R-R) gan trén robot chita chdy, cho phép xoay, vuon, nang ha
va xoay c0 tay dé thuc hién thao tac mo nhleu loai cira khac nhau trong khong gian hep. Cau tric
tay may da dugc mo hinh hoéa chi tiét vé dong hoc va dong lyc hoc, l1am co s& cho thiét ké bo
diéu khién.

Trong cac nghién ctru trude day, nhiéu phuong phap d1eu khién da duoc ap dung cho robot va
tay mdy cong nghiép. Cac phuong phap diéu khién tuyén tinh nhu PID (Proportional-Integral—
Derivative), PD, PI [1] - [4] ¢6 uu dlern don gian, nhung kém hiéu qua khi ddi mat voi phi tuyen
nhiéu va sa1 léch m6 hinh. Mot sd cong trinh da mo rong sang cac ky thuat t6i vu nhu bo didu
khién tuyén tinh t&i vu (LQR - Linear Quadratic Regulator) diéu khién du doan mé hinh (MPC -
Model Predictive Control) [5] - [7], hodc tich hop diéu khién théng minh duwa trén Al/Neuro-
fuzzy [4], [8] - [10], cho thdy hié¢u qua nhit dinh trong dleu kién ly tudng. Tuy nhién, hau hét van
phu thudc vao mo hinh danh dinh va kho duy tri hiéu sut trong moi truong bét dinh.

Gén day, cac hudng nghién ciru vé diéu khién phi tuyén da duoc quan tim. Mot sb tac gia dé
xuét Backstepping [2], [11], hodc diéu khién chéng nhleu chu dong (ADRC - Active Disturbance
Rejection Control) [12], [13], c6 kha nang bu nhiéu t6t nhung yéu ciu tinh toan phuc tap va
nhiéu gia dinh. Dic biét, diéu kh1en ché do truot (SMC - Sliding Mode Control) da chimg minh
hiéu qud trong xu Iy hé phi tuyén manh va chiu duoc nhidu [14], [15]. Tuy nhién, SMC truyen
thong van ton tai nhugc diém: tin hiéu diéu khién phu thudc vao cac tham s6 dong luc hoc, dan
dén suy giam hiéu suat khi tai trong hodgc md hinh thay d6i. Mot sd cong trinh da budc dau
nghién ciru SMC két hop véi co ché thich nghi [10] cho phép udc lugng va cap nhat tham s bat
dinh, tir d6 nang cao tinh bén viing. Tuy vay, phan 16n mdi tap trung vao tay may cong nghiép
hodc hé robot song song, chua c6 nhiéu tmg dung truc tiép trong robot ciru hoa véi bai toan dic
thu 1a m¢& ctra cau thang.

Dua trén cac khoang tréng néu trén, nghién clru nay dé& xuét mot cAu trac diéu khién truot
thich nghi danh riéng cho tay may mé cira cau thang 5 bac tu do (5-DOF - Degree of Freedom)
gan trén robot chira chay. Pong gop chinh cua cong trinh bao gom:

1) Xay dung phat trién mo hinh toan hoc dong hoc va dong luc hoc cua tay may 5-DOF mo
ctra cau thang, xét dén dic thu tmg dung thyc té.

2) Thiét ké luat diéu khién truot thich nghi dya trén 1y thuyét 6n dinh Lyapunov, cho phép uéc
lugng sai 1éch mo hinh va nhiéu ngoai, déng thoi dam bao tinh dn dinh tiém can.

3) Thuc hién mé phong dé so sanh vé6i diéu khién truot truyén thdng, chimg minh ring ciu
tric dé xuét dat 4o chinh xac bam quy dao cao hon, sai s6 nho, va duy tri tinh bén viing trong
diéu kién tai thay doi.

Nghién ciru khong chi ndm ¢ dé& xuit cu trac bo diéu khién truot thich nghi (ASMC -
Adaptive Sliding Mode Control), ma con tién toi trién khai thuc nghiém tryc tiép trén tay may 5-
DOF dugc gan trén robot chira chay that, voi cac bai kiém tra mé ctra gd va cira chong chay trong
diéu kién khan cap. Qua trinh thuc nghiém di chimg minh tinh hiéu qua cia ASMC dugc thiét ké
thong qua hoat dong on dinh va chinh x4ac cua hé théng thuc. Day 1a budc tién moi cua nghién
ctru khi d két hop giita Iy thuyét, mé phong va thuc nghiém.

2. Phuwong phap nghién ciru
2.1. M6 hinh dong hoc va dong luc hoc

Dong hoc thuin

Khi xem xét t61 céng nang cua tay may co chirc nang mé cura cau thang, thiét ké co khi cia
tay may can phai dugc tinh toan ky ludng dé dam bao tinh linh dong thao tdc m¢ dugc canh cira
gitip robot tién vao trong tiép can dam chay. Tur két ciu co khi dugc xac dinh, hé truc toa do dugc
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dit trong xung trén Hinh 1, va bang thong s D-H cia tay may md ctra duoc nghién ciru xac
dinh trén Bang 1.

Hinh 1. M6 hinh tay mdy mé ciea cau thang gén trén robot
Bang 1. Bdng théng s6 D-H tay mdy mé cira gdn trén robot chita chdy

Khiu ai ai 6: di Khép
1 0 90° 6, I, Quay
2 0 90° 6, +90° 0 Quay
3 0 -90° 0 l+d; Tinh tién
4 0 90° 6, 0 Quay
5 0 0 05 d, Quay

Tir bang théng s6 D-H cua tay may, nghién ctru xac dinh phwong trinh déng hoc thuén tay
may nhu sau:

n o a, P,
n, o a p

ASTAAIAIA = )
0 0 0 1

Vi N, =88 —CGSy; n,=-Gs, —5,C;Sy; N, =G0y 5 0, =5G +CGSSyy 5 0y =—CC +55:5,,
0, ==S:Cy; 8 =CCy; A, =5Cyy; & =Sy; Py = |:d4cz4 +(1, +d, CZ:|C1; Py :[d4cz4 +(1, +d3)02]S1
p, =l +(l,+d,)s, +d,s,, . Ky hi€u: s =sin@;c, =cos@;c; =cos(é +0,); s; =sin(6, +6,)

Déong hoc nguoc

Viéc giai bai toan dong hoc nguogc c6 ¥ nghia quan trong, khi camera cua robot chira chay xac
dinh dugc vi tri tay khoa cua canh ctra, hé thong diéu khién sé& sir dung bai toan dong hoc ngugc
dé noi suy ra cac bién khép, xac dinh gia tri dé diéu khién chuyén dong cho cac khép. Tur do diéu
khién ban tay may robot tir vi tri ban dau di chuyén t6i vi tri tay ndm ctra dé ndm va mo cira dé
robot tién vao tlep can dam chay. Dya vao phuong trinh dong hoc thu,e_m duogc trinh bay tai cong
thirc (1), nghién ctru xac dinh dugc dong hoc nguoc cia tay may vai két qua nhu sau:

6, =atan2(p,, p,) 2 6, =atan2(v,u) (3)
d, =,,er + ZZ2 -1, 4) 6, =atan 2(s,, C,,) — 0, (5)

6, =atan2(-o,,n,) ©6) voi R =\P;+p) —d,Cys Z, = P, — b —d,8,,;Cpp = ’axz+a§;sz4=az

Dong luc hoc

Do tay may md ctra cau thang gin trén robot dugc thiét ké va ché tao trong thuc té co két cau
phire tap. Dé thuan tién cho viéc xdy dung phuong trinh dong luc hoc tay may, nghién ctru gia
thiét hinh déng thanh la ddng nhat, khdi lugng dugc phan bd doc theo chidu dai cac thanh, do vay
trong tim nam & giita thanh.
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Dé xiy dung phuong trinh dong luc hoc cho tay may, nghién ciru sir dung phuong phap Euler-
Lagrange [1] v&i phuong trinh ddng luc hoc tong quat nhu sau:
_dfo)_a (7) Vi L=3K,-3P (8)
' dtlag, ) o, ’

Trong do L 1a ham nang lugng Lagrange, izl K, 1a dong ning hé thong, .Z: P 14 tong thé ning

hé théng véi K, =0,5mv? +0,51.0° , P =—mg"h, . Trong d6, m; 1a khéi lugng ciia khép ndi i, v; 1a
van toc dai thanh ndi i, @, 1a van toc goc clia thanh ndi i, g' 14 gia toc trong truong, hy 1a toa do vi
trf tdm cua thanh noi i, I 1a chiéu dai cac thanh ndi (Hinh 2). Trién khai t6i timg thanh néi tay may
dé tinh tong dong nang, tong the nang va thay vao ham Lagrange trong cong thirc (8), sau do thay
(8) va (7) d¢ tinh toan. Nghién ctru xay dung dugc mo hinh dong lyc hoc clia tay may nhu sau:
M =H, (a)§+V4(a,6) +G,(a) (9)
Voi M=[M, M, F, M, M,]' la mén men dit 1én khép; q=[6, 6, d, 6, 6] la
ma tran bién khép; qz[él 0, d, 6, és]T la ma tran van toc; g =[él 6, d, 6, [9'5]T la ma
tran gia toc ciia bién khép. H,(q) = [Hy.Hys e Hg..Hg]la ma tran vudng 5x5 déc trung cho
mdé men quan tinh; Vo(q,)=[Vi; Vi, Vi3 Wiy Vis ]T la thanh phan twong hd va ly tim;

Gy(q) =[Gl G, G G G ]T 1a thanh phan dic trung cho tac dong cua trong truong.

Phuong trinh dong lyc hoc (9) chi 1a phuong trinh danh dinh cta tay may mé cua cau thang dya
trén cac gia dinh 1y tudng. Do vay, mo hinh thyc t€ clia robot dugc thé hién trong (10) la:

M =H(a)4+V(a,9) +G(a) +z(t) (10)

Véi AH =H —Hg; AV =V -V,;;AG=G -G, la sai 1éch gitta m6 hinh thyc té va mo6 hinh danh
dinh (Iy tuong) va t(t) =[7,(t) 7,(t) z() 7,t) = (t)]T 1a thanh phan nhiéu do tai tic dong 1én
cac khép khi ldp cac loai ban tay khac nhau dé mé duoc nhiéu loai ctra.
2.2. Thiét ké bé diéu khién

Thiét ké b$ diéu khién trupt ,

Luat diéu khién trugt dugc thiét ké dya vao thong tin da biét tir m6 hinh danh dinh (9) nhu sau:

Dinh nghia mat trugt:

S =é+ce; c=diag(c,..C;), ¢, >0 (11)
Str dung ham Lyapunov c6 dang: Pao ham theo thoi gian:
V =0,55"HS (12) V =0,58"HS +S"HS (13)
Do M(q);M(q)-2H(q,d) 14 cic ma tran déi xung duong, thay (10) vao ta dugc:
V=S"[V(d, +ce)+H(f, +c&)+Kag+r-M] (14)
Véi G(q) =Kqg, luat dieu khién truot dugc chon:
M =H, (¢, +ce)+V,(d, +ce)+K,q+I'sgn(S) (15)

Véi G(q)=K,q, va sai s6 gita md hinh danh dinh va mo6 hinh thyc € la
AH =H -H,,AV =V -V,, AK=K-K, va I'sgn(s) la thanh phan diéu khién truot c6 tac dung
busai léch moén hinh va nhiéu.

Thay (15) vao (14) ta dugc: V =S"[AV (g, +ce) + AH (4, + &)+ AKq]-T'|S] (16)
Trong d6, I =diag(I’,,...,I;), T}, >0. Tir (17) ta thay néu chon dugc:
ri > |Av|max |qd +Ce| +|AH |max |qd +Cé| _|T|max +|AK|max |q| (17)
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Vi |-] 1a chuén vector, thi: V <0 (18)

V =0 khi S=0, hé théng 6n dinh tiém can.

Hé thong s& 6n dinh tiém cin voi ludt diéu khién truot (16) v6i didu kién phai xac dinh duoc
thoa man (17). Tuy nhién trong thuc té viéc nay 1a khé thyc hién, d6i voi tay may md cira cau
thang lai cang kho thuc hién hon do tinh chat phuc tap ciia hé thong co khi, kho kha thi dé xac
dinh dugc mé hinh dong luc hoc thuc t& (10). Do vy can phai c6 phuong phap dé udc luong
ma khong can phai xac dinh chinh xac mé hinh thyc té (10).

Thiét ké ludt diéu khién trwot thich nghi

T nhitng 14p ludn & trén, nghién ciru dé xuét luat diéu khién truot - thich nghi nhu sau:

M = H, (g, +cé)+V,(q, +ce) + K,q+Isat [%} (19)

Véi ¢=diag(4)>0va Luat thich nghi dugc thé hién trong (21):
S

—_ X S|I< R _5if‘i 1§| < ,Di
sat[i} g les 00 T, :{ o 1)
sgn(s) ;[S|> ¢ ke (&-p)-6L 5&>p,

Véi & =[é —cg| va 6 >0. Trong truong hop tay may robot mé cira ciu thang kho xac dinh

dugc bién ciia T, trong cong thirc (16) thi tai thoi diém ban dau ta chon I,(0)=0
Chtng minh tinh 6n dinh cia luat diéu khién dya trén dinh Iy Lyapunov voi viéc chon ham
Lyapunov duong V nhu sau:

()’
- sT HS +
e 2. 22)
Vé6i T, =T, - T, 1a sai 1éch giita gia trin uéc luong [, va gia tri thyc T,
Pao ham hai vé cuia (21) va thay luat diéu khién (19) vao ta bién d6i dugc:
r
V< Z—ISI(F -T)- Zé(k) (23)

T

Hé théng 6n dinh tiém can V=0khi s=0val=0.
3. Két qua va thao luan
3.1. Két qui mé phéng

Pé tién hanh mo phong thong qua phan mém Matlab, thong sé cua tay may md cira cau thang
gan trén robot chita chay dugc che tao thé hién trén Bang 2.

Bang 2. Bang thong s6 tay mdy mé cira dwoe ché tao

m, =5(kg) m, =2,4(kg) m, =1,8(kg) m, =1,2(kg) m, =0,7(kg)

1, =0,5(m) 1, =1(m) d, ., =0,8(m) l, =d, =0,5(m) I, =0,2(m)

V6i md hinh danh dinh, gia sir trong tdm thanh nam tai giita thanh, ta tinh duoc gia tri momen
quén tinh cac khép 1a 1, =0,418(kg/m?), 1,=0,8(kg/m?), 1,=0,1(kg/m?), I, =0,009(kg/m?).
Dua vao cac thong s6 trén Bang 2, xac dinh dugc cac gia tri cia mo hinh danh dinh 1a Hy, Vo, va
Gy theo (9).

Dé tién hanh qua trinh mo phong, ta gia sira mo hinh thyc té clia tay may mé ctra cau thang tai
phuong trinh (10) ¢6 gia tri 1a H = 1,1Ho; V = 1,1V, va G = 1,1G, tirc sai 1éch 10%, va dé dic
trung cho tac dong cua ban tay may lén cac khdp, nghién clru dua vao md hinh mé phéng mot
nhidu ngoai c6 gia tri z(t)=[5 5 5 5 5] .
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Gia sir d¢ dua ban tay mé khoa cira tir vi tri ban dau tdi vi tri tay nim ciia, hay cac gid tri bién
khop tir vi tri dau q(0)=[0 0 0 0 0] phai di chuyén téi vi tri q=[0,5 0,5 0,8 0,5 z/2]" . Tuong
{ing gi4 trj ddt dau vao la q, =[0,5 0,5 0,8 0,5 z/2] . Cac tham s6 ctia bd didu khién truot thich
nghi dugc ldy gom: c=diag[10,10,10,1010], $=[0,05;0,050,050,050,05], k. =[33 333,

=[0;0;0,0;0], p, =[0,010,010,01;0,0%0,01], & =[0,05;0,05;0,05;0,05;0,05] .

T
o i q
' B didu khién A . j
—»?" ®—»| SMC-Adaptive | DOnE "-'(cplt“ig)"“y may q- >
o I (Pt.20,21,22) : q
Hinh 2. So do khoi hé thong mé phong
Bim quf dye Khip Pl Sai 86 bim quy dgo
. I 1] e e—
- o i 2 3 4 L 3 7 L]
1 Ll el _ ) )
- . P, s s S KT
L= . I : : : . s . B .
5 2 - - - - T
e U
& o e B u»._____—————_i______—‘_____—f—"
v ] , 4 “ s 3 7 El " 1 2 3 4 ['|..: . 3 7 L]
(@) (b)
v eru
w08 T T M men/lyc ditu khitn cic khip

M, (N

" ' 2 y 4 s [
o ' 2 3 s s 3 1 s
o — 15
wrampo —_— &
"
1 2 ] P s “ 1 ’ s
o - * o 1 2 3 4 s 3 1 s

N

n
N 1 1 y N s “ 4 s ) 1 z 3 . s
"ot Ve
. ‘,___‘_____/——_\-\_\___/_—\\_ E- ‘,““_____r—"_———_\‘___/_____\‘\_
won s
" 1 2 L] 4 ] o L L] e 1 z 3 4 5 0 7 .
" s
—_ . @00 O —
al = as
" ' 2 ) “ s . 1 . o ) E 3 s . B "
Time ) Tieme ()
Qud trinh thich nghi
Khipt
Khip 2
45 Khép 3
Khip 4
Khap §
v
g,
2
£,
2
§
1
0s
) .
Time (s)

Hinh 3. Két qua mé phong: () két qua quy dao cdc khdp, (b) két qua sai s6 quy dao cdc khdp, (c) két qua
mat truot S, (d) mé men/lic diéu khién khép, (e) tham sé wée lwong ciia bo diéu khién thich nghz
Két qua m6 phong duoc thé hién trén Hinh 3. Tir két qua mé phong nghién ciru c6 thé thiy
rang bo diéu khién truot thich nghi d& xuit di dam bao kha ning bam quy dao chinh xé4c cho tay
méay 5-DOF mé cira cau thang gin trén robot chita chay trong diéu kién c6 sai léch mo hinh va
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nhidu ngoai do lip ban tay may gy ra. Cac quy dao thuc té gan nhu tring khép véi quy dao dit,
sai s0 bam nho (c& 10°°) va nhanh chong hoi tu vé gan 0. Picu nay khang dinh tinh 6n dinh tiém
can va pht hop véi phan tich Lyapunov. Cac mit truot ctia timg khép tién nhanh vé gbe toa do va
dao dong nhé quanh 0, cho théy hé théng da dat ché do trugt 6n dinh. Cac tham sb udc lugng
thay doi trong pham vi cho phép va nhanh chéng hoi tu vé gid tri 6n dinh, ching t6 co ché thich
nghi hoat ddng hi¢u qua, tu dong bu trir cc bat dinh dong lyc hoc.

Tir cac két qua trén co thé xac nhan bd diéu khién trugt thich nghi khong chi dat do chinh xac
cao trong bam quy dao ma con dam bdo tinh bén viing va kha ning ung dung thyc té cho tay may
m& cira cau thang trong méi trudng ¢ nhiéu bat dinh va nhiéu loan.

3.2. Két qud thuc nghigm

Qua trinh thyc nghiém dugc tién hanh trén cira gd gia dinh va cira chéng chay duoc su dung
tai nha chung cu. Pé kiém tra kha nang diéu khién tay may cta b diéu khién truot thich nghi
dugc thiét ké, nghién clru s& tlen hanh thyc nghiém vo1 qua trinh tay may 5-DOF tién tir vi tri goc
dén vi tri tay nim ctra dé nim dugc dung tay ndm cira vi ddy 1a qua trinh quan trong nhat, no
quyét dinh t61 viéc ¢c6 mo dugc cua hay khong. Dé ¢o thé thuc hién, toan bd hé théng phén cliing
tay may dugc thé hién tom tit trén Hinh 4.

Két qua thi nghiém thé hién trén Bang 3 cho thay sai l&ch vi tri gitra tAm ban tay robot 5-DOF
va tAm tay ndm cira trén ba truc X, Y, Z. Cac sai sb do dugc dao dong tir 2,7 mm dén 4.8 mm,
tuong g voi ty 1€ nho hon 5% so véi kich thude lam viéc cua ban tay robot (80 mm, 150 mm va
100 mm theo cac truc X, Y, Z). Cac Kkét qué thuc nghiém khéng dinh hiéu qua va tinh tin cay cua
hé tay may 5-DOF trong d6 c¢6 bd diéu khién truot thich nghi bai bao thiét ké trong ing dung mé
ctra thyc té, n6 khong chi dam bao tinh chinh xac cao trong ban quy dao ma con tu dong thich
nghi véi thay doi tai trong va diéu kién méi trudng.

KHOI THI GIAC

KHOI PIEU KHIEN

Xac dinh toa do
tay nim cira
trong khong gian [

(Xo,YerZc) !

Pong hoc 1
ngugc

Bo didu khién Pong co trén cic . ) (x.y.2)
Truot thich nghi khép tay may Ban tay mdy |——

Cam bién

Hinh 4. Cdu triic hé thong diéu khién tay méy 5-DOF gdn trén robot chita chay
Bang 3. Két qua thuc nghiém dwoc thuc hién voi hai loai cira, thé hién sai léch giita tam ban tay
va tam tay nam cua tinh theo cdc truc toa do X, Y, Z (mm)

Lan Loai cira Sai léch Lan Loai cira Sai léch

TH X Y Z TH X Y Z
1 Cuagiadinh 39 34 3,8 6  Cuachdngchay 4,2 4,2 4,2
2 Cira gia dinh 3,2 3,8 3,9 7 Cura chéng chay 3,1 3,0 3,3
3 Ctra gia dinh 4.1 4.1 3,7 8 Cura chéng chay 4,8 48 45
4 Ctra gia dinh 3,5 3,2 3,5 9 Cura chéng chay 3,6 3,6 3,9
5 Cira gia dinh 2,7 3,5 3,6 10 Cura chéng chay 45 4.4 41
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4. Két luan

Bai bao da trinh bay mot giai phap diéu khién truot thich nghi cho tay may 5-DOF gin trén
robot chira chay nham thuc hién nhiém vu mé ctra cau thang trong diéu kién thuc té. Trén co s
mo hinh dong hoc, dong luc hoc va luat dicu khién duoc thiét ké, cac két qua mo phong va thuc
nghiém di chimg minh rang bo didu khién dé xuit khong chi dat do chinh xéc cao trong bam quy
dao ma con dam bao tinh bén vitng trude sai 1éch md hinh va nhifu ngoai. Thir nghiém véi cac
loai ctra khac nhau cho théy hé théng c6 thé hoat dong on dinh, duy tri sai s6 nho va dang tin cay.
Qué trinh mé ctra duogc thyc hién thanh céng cho ca hai loai cira g6 va cira chong chay. Nghién
clru nay dong gop mot budc tién quan trong trong viéc phat trién giai phap diéu khién bén viing
cho robot 1am viéc trong méi trudng ctru hd — ciru nan, gbp phan nang cao mirc do tuy dong hoa
va an toan trong cac hoat dong ting pho khan cap.
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