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Bai bao dé cap dén van dé xay dwng thuat toan diéu khién bén virng thich nghi trong khéng
gian khép cho robot Almega 16. Muc dich clia thuat toan diéu khién la két hop cac wu diém
va han ché dwoc nhwoc diém cla bd didu khién thich nghi va bd diéu khién bén virng. B
diéu khién nay khoéng yéu cau biét chinh xac cac thong sb dong lwc hoc cta hé thdng dwoc
gidi quyét bang viéc wdc lwong céac thdng sé dé vi vay gidm thiéu khdi lwgng tinh toan
on-line ddng th&i ddm bao 6n dinh tiém can khi thém nhiéu ngoai tac dong. Két qua dwoc
m6 phdng va thywe nghiém cho thdy hé chuyén déng robot almega 16 da dap (rng duwoc yéu
cau diéu khién: dam bao sai sé clia cac khép quay nhanh chéng dat t¢i khong véi thoi gian
qua do nhd.

Thuat toan diéu khién bén virng thich nghi, robot Aimega 16.

The article has memtioned to problems of building up a robust adaptive control algorithm
for motion of the Robot Almega 16 in joint space. Purpose of the controller is to combine
both robust and adaptive algorithm to receiver their main advantages and limited the
disadvantages. The proposed controller do not require to determiner exactly dynamic
parameters of systems resolved estimated parameters, amount of calculation can be
minized and ensure stability under effect of external noises. Results are simulated and
experimented show that the robot Almegal6 motion has meet controlled requirements:
Steady — state error of joint angle conveges to zero very fast with transient time is small.

Robust adaptive control algorithm, Robot Almega 16.

1. DAT VAN BE

Trong bai bao [2], [4], [3] viéc xay dung thuat
toan diéu khién thich nghi Li - Slotine cho
robot Almega 16 cho thiy wu diém cua
phuong phap nay Ia khi khéng biét chinh xac
cac thdng s6 dong luc hoc caa robot Almega
16, luat diéu khién thich nghi theo Li - Slotine
da giai quyét van dé nay bang viéc ude luong
cac thdng sb6 do, lam khéi luong tinh toan
giam nhiéu so voi cac phuong phap diéu
khién khac [1], [5] ma van dam bao robot

Almega 16 van hanh linh hoat, dong thoi khir
duoc cac thanh phan sai léch goc khop va vi
tri ciia khau tac dong cudi 1am cho hé chuyén
dong robot Almega 16 6n dinh, chinh xac voi
thoi gian qua do nho. Nhuoc diém I6n nhét
ctua phuong phap diéu khién nay la yéu cau
khdi luong tinh toan on-line Ién, va khong
bén viing khi c6 tac dong nhiéu ngoai. Trong
khi d6 bo diéu khién bén viing c6 wu diém la
khéi lugng tinh toan on-line nhé nhat va su 6n
dinh bén viing cua hé khi c6 nhidu ngoai.
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Nhugc diém cua phuong phap nay 1a bo diéu
khién yéu ciu xac dinh truéc cac ving bao
ctia cac tham sé hé théng va su xuat hién caa
nhidu ngoai dan dén s& khong thé dam bao su
bén viing tiém can cua sai s6 bam quy dao.
Chinh vi vay khi két hop bo diéu khién bén
viing thich nghi s& c6 dugc cac uu diém cua
bo didu khién thich nghi va bo diéu khién bén
vitng han ché nhuoc diém caa ching véi tac
dong cua nhiéu ngoai.

2. THUAT TOAN PIEU KHIEN BEN VIPNG
THICH NGHI
Déi trgng nghién cau 1a robot Almega 16, [1],
[2]. Phuong trinh dong luc hoc duoc xay dung,
mo ta boi:
7 =M(0)d +Viy (0, 9)d+G(a) + Fgsign(d) + Fs () +Tg

(1)
Trong do:

M: ma tran quan tinh; V: vecto tuong ho va ly
tam, G: vecto trong truong;

Fg: ma tran duong chéo xac dinh duong nxn,
ma tran nay dung dé mo ta ma sat dong;

Fs: vecto nx1 héng sO ma sat tinh;
Tq : vecto nx1 md ta nhidu ngoai chua biét.

Bo6 diéu khién bén viing thich nghi sir dung
thuat toan twong tu nhu diéu khién bén viing,
két hop bo diéu khién phu trg dé chan cac gia
tri gigi han cua cac tham s bat dinh [5], [6].
Gia tri gi¢i han cua cac tham sé bat dinh 1
cac ham vo hudng dugc té hop bai cac chuan
sai s6 va hang s6 gi6i han duong.
Xét mot hé théng c6 mo hinh dong luc hoc
mo ta su bat dinh cua bo diéu khién bén viing
cho boi:
w=M(a)(dd +€)+Vm(d,9)(¢+e)+G(a)+Fd G+ Fs(d)+Td
(2)

Dé xac dinh gigi han céc thong sé bét dinh

nhu khoi lugng tai, he sb ma sat, va nhiéu
ngoai (2), c6 thé sur dung ham ty I¢ duong p,

duoc xac dinh:
p =] ®

Nhu da chi ra trong [Dawson et al.1990],
nhitng dac tinh vat ly cua canh tay robot cé
thé sir dung phuong trinh (2) c¢6 thé gigi han
nhu sau:

p =0y +3ile|+ Salel” = wi “)
Trong do:
e= E} : sai s6 cua cac khop quay (5)

8,,8, VA &, cac hang so gidi han duong.

Trong bo diéu khién bén viing, yéu cau ving
bao cuia cac hang s6 giGi han duong dugc xéac
dinh trudc va tinh toan trén co sé gia tri Ion
nhat cua khéi luong tai, khéi lwgng thanh néi,
hé s6 ma sat, nhidu ngoai,... Bo diéu khién
bén viing thich nghi phat trién ¢ day s& "hoc"
nhitng hang sé giéi han on-line khi canh tay
robot chuyén dong. D6 1a, trong lac tién hanh
diéu khién, chiing ta khéng yéu cau biét chinh
xé&c nhiing hang sb gidi han, hon nita, ching
ta chi yéu cau ton tai cac hang sé gisi han
dam bao theo (4).

Bo diéu khién bén viing thich nghi dugc dé
XUAt nhu sau:

r=K,r +vg (6)
Trong do:

Ky : ma tran duong chéo xac dinh duong nxn;
r : sai s6 bam quy dao;

xac dinh boi: r=e+é¢;

VR : vecto nx1 diéu khién phu tro.

Bo6 diéu khién phu tro vg trong (6) dugc dinh
nghia boi:
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~2

rp
== (7)
YAl
Trong d6: ¢ =—k &; £(0)>0 (8)
k, : mot thong sé diéu khién ty 1¢ duong;
£ - mot ham ty I¢€ dinh nghia bai:
= o+ b+ Solel ©

5,,6, vd 8,: chc u6e lugng dong hoc cia
thong s6 dong hoc bj chan &,,5, va o, .
Nhitng uéc luong giéi han d6 dugc danh dau
boi « "> dugc cap nhat on-line dua trén mot
luat thich nghi mai cap nhat.

Viét don gian (9):

p=560 (10)
Trong do:

S=[1 el el va 6=|5,5,5,]

Tur d6 viét rat gon(4) nh sau:

p=S0 (11)
Trong do: 0=[5,6,5,]"

C6 thé nhan thay sy giéng nhau gitra cong
thirc cia ma tran hoi qui trong phuong phap
diéu khién thich nghi va céng thac cho boi
(10). Pic biét, ma tran S (1x3) cau thanh boi
“ma tran hdi quy” va vecto € tao ra mot
“vecto udc lugng tham s6”.

Nhitng udc lugng gidi han dinh nghia trong
(10) duoc cap nhat on-line bai quan hé:
o=35Tr (12)
Trong do:

7> hang sé diéu khién ty 1¢ duong.
Phuong trinh (12) cd thé viét lai thanh:
0=—5"| (13)

Trong do:

0=0-0 (14)

Bo diéu khién phu (6) trong robot bang voi

(1), (2) cho sai sb hé théng:
M (Q)F =V (0, 9)r —K,r + w—vg (15)

Dya vao tiéu chuan 6n dinh Lyapunov, chon
ham xac dinh duong, tron:

_1s

\Y, =3r M(q)r+%§T7‘1§+kjg (16)

bao ham (16) theo thoi gian:

V= % rrM(Q)r +r"M(Q)r + §T7/‘1§ +k e
(17)

Thay (13) va (15) vao (17) ta cé:

V= —rTK,r=So|r|+rT (w-vg)+k &

+ 20T (VM1(Q) + Vi (0, )

(18)

Do M+2V,, 1a ma tran nghiéng dbi, dé thay
dong thtr hai cua (18) bing khéng. Tu (18),
ching ta c6 thé dung (14) va (11) dé thay vao
gidi hantréncua V theo biéu thic:

V <K r —SO|r|+Sa|r| - r"vg + k&

(19)
Thay (7), (8), (10), (14) vao (19) ta co:
T A\ 2
V <—r'K,r —g+sé||r||—rf(—s‘9) (20)
SO r|+g
CO6 thé viét lai:
s n
. . r|"(S0)?
V <—r"K,r—¢+S6 r|—“¥ (21)
Sé I’|+g
Hoac:
VT et 0N (22)
SOr|+e

Do tong cua 2 s6 hang cudi cua (22) ludn lubn
nho hon 0, chung ta c6 thé thiét 1ap giéi han
trén mai cua V :
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V<K r (23)

Tir két qua trén chang minh cho thay sai léch

vi tri e 1a trang théi 6n dinh tiém can.

Tong quat thuat toan thiét ké bo diéu khién

bén viing thich nghi nhu sau:
rp’

Alr|[+ ¢

T=K,r+ (24)

Trong do:

K,r : thanh phan dam bao bén viing
A2 N
_TP__: thanh phan thich nghi. V&i gia tri
Alr|+=
wéc luong p duoc thiét ké nhu sau (10):

[ s

r=e+é va é=—-k.ze¢

,3_59”_[1

Luat cap nhat udc luong gigi han cho cac
thamsé 6 =[5, 6, 5,]":

A T

0 =78"|r]

Sai s6 vi tri e & trang thai 6n dinh tiém can.
Uéc luong giéi han 6 va sai sb bam van toc

e=—-k ¢

(sj;sT Ir|de)?

r

duoc gidi han.,

3. MO PHONG BOQ PIEU KHIEN BEN VNG
THICH NGHI CHO 3 KHOP PAU ROBOT
ALMEGA 16

M6 hinh dong hoc caa robot Almega 16 xac
dinh boi:

24, +0.5sgn(q,) + 0,2sin(3t) (25)
24, +0.5sgn(q,) + 0,2sin(3t) (26)
243 +0.5sgn(g3) + 0,2sin(3t) (27)

Bo diéu khien momen r;,7,, r5bén viing
thich nghi (6):

= —erl + rlﬁz — (283)
Alr|+e
7y =Ky +1pp? T — (28b)
o, rH+g
73 = —er3 + r3,[)2 ~ (28C)
Ar|+e

Trong do:
Ki=kyl; r=e+¢é; &= K.€:

= + 07 +rg

A 4

.| ROBOT

t
Irls [ 757 [rlder +e
0

\
i,(
'.

A\ 4

A A A

qd + V\\/‘
- e
q + L/\A _
d g\

Hinh 1. So’ dd khéi hé théng diéu khién bén virng thich nghi
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Signal Buildert

E Snnanl

E ::: ‘I -II—D|:| Signal B:m-rzl JT.

s [HEI w

Bo Dieu Khien 2

Signal Bulldera

Ham gidi han p dugc cho bai:
p=s=lLle] le?[5, 8,5, ]

Trong do:

HeH:\/e12+e§+e§+e12+e§+e32

Udc luong giGgi han thong thudng duoc cap
nhat boi:

8y =71l & = lelliel, &, = el e

Bo6 diéu khién bén vimng thich nghi dugc md
phong cling cac tham so diéu khién, cac diéu
kién dau, va cac hang sb cho truéc dugc chon:
k=50, y =5, £0)=1 k, =1, 5,(0) =20,

d1(0) = 92(0) = q3(0) = 41 (0) = 42 (0) = 43(0) =0
61(0) = 5,(0) =0

So do biéu dién hé théng diéu khién thich
nghi bén viing (hinh 1), tinh todn tham sé
va khao sat hé théng bang phan mém
Matlab/Simmechenic mé phong hé thdng
(hinh 2).

Két qua md phéng:

"5:1—-@

Hinh 3. Vi tri g6c do dworc trén cam bién
dat tai cac khép, robot chuyén dong theo quy dao
thiét ké trwéc

Hinh 4. Vi tri g6c do dwoc trén cam bién
dat tai cac khép, robot chuyén déng diém - diém

TAP CHi KHOA HQOC & CONG NGHE . SO 29 - 2021

47



KHOA HOC - CONG NGHE

Nhan xét:

Cac két qua md phong cho thiy cac khop
chuyén dong twong dbi doc lap, rat it bi anh
huong bai chuyén dong cua nhau. Vi tri goc
cua 3 khop robot Almega 16 déu bam chinh
X&c Vai quy dao thiét ké va chuyén dong diém
- diém, da dam bao sai sb gitra cac goc khép
dat (gq) va géc khop thuc(qiue) nhanh chéng
dat téi khong voi thoi gian qua do nho.

4. MO HINH THUC NGHIEM BO DIEU
KHIEN BEN VNG THICH NGHI CHO 3
KHOP PAU ROBOT ALMEGA 16

Xay dung mé hinh thuc nghiém tng dung bo
diéu khién bén viing thich nghi cho hé chuyén
d6ng TMCN nhiéu bac tu do, véi yéu cau la
diéu khién bam quy dao chuyén dong trong

MAY TiNH

khong gian ba chiéu X, Y, Z (3D) véi 3 khép
dau cua robot Almega 16. Muc tiéu cua phan
thuc nghiém duogc dat ra: Pam bao duoc sai
s6 diéu khién quy dao nho dé danh gia dugc
chit luong diéu chinh bam chinh xac cua hé
chuyén dong TMCN. Tur céc két qua thuc
nghiém dat duoc s& lay lam co s dé khang
dinh cac két qua nghién cau ly thuyét va mo
phong & trén 1a dung. Tir cac két qua thuc
nghiém dat duoc c6 thé minh chimg va 1am co
s& cho viéc ung dung didu khién céc hé dong
luc hoc phi tuyén khéc cé cac théng sé khdng
xéac dinh duoc hodc khong biét chinh xac cho
hé chuyén dong linh hoat trong thuc té. So d6
ciu trac xac dinh bo diéu khién bén viing
thich nghi cho 3 khép biéu dién trén hinh 5.

FlexMotion6C

{} PCIBus

+ Tinh toan
B& BV-TN

No&i suy

<2
Qa1+ 9a2+ Yas
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|
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|
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Chia xung pC1
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Chia xung @ bC3

Hinh 5. C4u tric xac dinh bd diéu khién bén virng thich nghi cho 3 khép robot
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Két qua thuc nghiém:

Cac thong s6 trong so d6 ciu trac xac dinh bo
diéu khién bén viing thich nghi cho 3 khép da
dugc tinh toan va cho két qua thyc hién chay
chuong trinh ta thu duoc két qua biéu dién
trén hinh 6.

Hinh 6. Bap trng vi tri va sai léch vi tri cho 3 khép
robot Almega 16

Nhan xét: buong quy dao dat va duong quy
dao dap tng cua ban kep robot Almega 16 c6
sai léch rat nho (0.2.107%). Thoi gian qua do
I6n ciia hé théng 1a nho (tqe=452 ms). Gia tri
trung binh sai léch vi tri caa ca 3 khéop khi st
dung bd diéu khién bén viing thich nghi cho 3
khép 1a rat nho (0,01 %). Thong qua d6 thi sai
léch vi tri cua tung khop (khép 1, khép 2,
khép 3) ta thay hé chi bi dao dong nho khi da
& trang thai 6n dinh.

5. KET LUAN

Bo diéu khién bén viing thich nghi da két hop
duoc vu diém va han ché nhimg nhugc diém
cua diéu khién bén viing va diéu khién thich
nghi. Viéc giam dang ké khdi luong tinh toén
online cua phwong phap diéu khién thich nghi,
gitp hé théng nhanh chong 6n dinh dam bao
tinh thoi gian thuc trong xur 1y diéu khién 1a
rat quan trong véi cac hé théng cong nghiép
noi chung va 1a yéu té quyét dinh ddi véi kha
ning dap ung cic yéu cau cong nghé cua
robot thé hé mai ndi riéng. Bo diéu khién bén
viing thich nghi van luén dam bao sy hoat
dong on dinh cua canh tay robot trong maot
giéi han ctia cac nhiéu nay. Viéc tinh toan
chinh xac cac vung bao, gisi han trong diéu
khién bén viing ciing gip nhiéu kho khan, doi
khi khong thé thuc hién duoc, didu khién bén
viing thich nghi 12 mét giai phap tot va kha thi.
Viéc nay co6 y nghia rat quan trong khi nghién
ctru diéu khién bén viing thich nghi cho céc
Robot c6 sb bac ty do 16n.

Pong thoi bai bao dé cap dén van dé ching
minh lai thuat toan diéu khién bén viing thich
nghi bang md hinh thyc nghiém (hinh 5), diéu
nay khang dinh ly thuyét xay dung thuat toan
diéu khién bén viing thich nghi 13 dang dan,
d6 bdm quy dao da duoc cai thién dam bao su
on dinh cua hé thong va phuong phéap diéu
khién bén viing thich nghi c6 tinh kha thi
trong thyc té. Bo diéu khién bén viing thich
nghi duoc cai dit trong Card diéu khién
chuyén dong FlexMotion-6C két hop véi hé
truyén dong bién tan - dong co cua héng
Omron. Po thyc nghiém vai quy dao 3D (X, Y,
Z) hé chuyén dong robot Almega 16 chay 6n
dinh cho két qua bam chinh xé4c quy dao dit.
Ngoai ra véi thuat toan diéu khién bén viing
thich nghi c¢6 nhugc diém la khéi lugng tinh
toan I6n va can phai biét mot sb thong co ban,
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ngay nay vai cac bo vi xur Iy ky thuat toc cao  tng dung thuat toan diéu khién bén viing
déu dap Gmg duoc theo yéu cau. Qua két qua  thich nghi phd hop cho hé chuyén dong robot
moé phong va thuc nghiém cho thiy giai phap  cdng nghiép nhiéu bac tu do.
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