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NG DUNG LUAT BIEU KHIEN LUC THEO PHUONG PHAP
BIEU KHIEN TRO'KHANG TICH CUC KET HOP MANG NORON
CHO HE CHUYEN DONG ROBOT ALMEGA 16

APPLICATION OF FORCE CONTROL BY ACTIVE IMPEDANCE CONTROL METHOD COMBINING NEURAL

NETWORK FOR ALMEGA 16 ROBOT SYSTEM

TOM TAT

Diu khién lyc a tredng hop tong quat clia didu khién quy dao, vi trong quéa
trinh lam viéc dai da s robot s& tiép xtc voi méi trrdng khi di chuyén theo mot
quy dao dét trude. Khi d6 can thiét digu khién ca vi tri va luc robot sinh ra. Noi
dung chinh ctia bai bao la d& xuat tng dung luat diéu khién lyc theo phuong
phap diéu khién tré khang tich cuc két hop mang noron cho hé chuyén dong
Robot Almegal6. Bay la luat diéu khién phan hoi thich hop cho tay robot dya
trén cac dai lvong do dugc la vi tri, tdc d6 cling nhw ngoai luc tac dong, dong thoi
uat diéu khién nay cd kha ndng nhan dang cac tham s6 ddng hoc, ddng lc hoc
vGi muc tiéu ¢ thé digu khién tay robot bam chinh xéc quy dao. Két qua mo
phdng trén ngdn nglt Matlab-Simulink cho thay hé digu khién chuyén dong tay
Robot Almega 16 la d6i twong chon nghién ciru da &p dung thuét toan deé xuat
dap ting duoc yéu cau diéu khién: dam bao sai s6 clia ban tay theo truc X, Y, Z
nhanh chdng dat téi khong véi thai gian qua dd nho.

Tlr khda: Diéu khién luc, diéu khién mang noron.

ABSTRACT

Force control is the general case of orbital control because in the process of
working the vast majority of the robots will be exposed to the environment
when traveling in a reserved trajectory. It was then necessary to control both the
position and the force of the robot. The main content of the article is to propose
laws force control applications by the method active impedance control system
combining motion neural network Almegal6 Robot.This is the appropriate
feedback control rule for the robot based on the measured position, the speed of
the robot as well as the external force, and the control rule is capable of
identifying dynamic parameters. Study and dynamics for noise and jamming
with the goal of controlling the robotic hand to accurately trajectory. Simulation
results from the Matlab-Simulink software show that the Almegal6 Robot hand-
held motion control system is a research-selective subject that applies the
proposed algorithm to meet the control requirement: X, Y, Z axis quickly reach
zero with small transient time
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1. DAT VAN BE

D6i voi nhiém vu thuc hién béi tay may robot chéng
han nhv di chuyén trong tai hoac vé déi tvong..., bai toan
diéu khién chuyén déng tay may robot la diéu khién vi tri
cung cap mémen thich hep cho tung khop, béi vi nhitng
loai cong viéc trén chi doi hdi cac tay may robot chuyén
dong theo mét quy dao mong mudn [8]. Tuy nhién, tay
may robot thuc hién trong qua trinh mai hoac mot nhiém
vu khéc nhu 13p rép thi cac tay may robot ti€p xdc voi moi
truong. Do d6, lvc twong tac phat trién gilra cac tay may
robot va méi truong dan dén cac luc tuong tac cling nhu vi
tri clia céc effector cubi phai dwgc ki€ém soat [9]. Tl d6 can
thiét didu khién ca vi tri va luc robot sinh ra dé kiém soét
chung kiém soat khdng chi céac robot vi tri cudi effector ma
con la lyc twong tac ma céc effector cudi tac dong Ién moi
treong. Ngoai ra déi véi mdi mot tay robot déu c6 nhiém vy
cu thé nhu 1&p mot chat vao mat 16 voi do kin khit rat cao
hay do ro rat nhé. Qua trinh Iap rap chinh xac duoc thuc
hién khi truc ctia chét trung khit véi truc cda 16. Khi d6 tay
robot chi can sinh ra mot lyc rat nhd dé thuc hién qua trinh
Iap rap. Tuy nhién, néu co su sai léch vé hudng clia truc cla
chdt va huéng truc ctia 16 thi qua trinh 1ap rap cé thé khdng
thuc hién dwoc [8, 9]. Hon nita trong thuc té€ cac tham so
dong luc hoc ctia tay may robot, hé s ma sat va tai luén la
nhitng dai lugng khong biét duogc chinh xac nén céc van dé
mo hinh hoa hé tay may robot (rng dung thuc tién can cac
mo hinh mé ta duoc céac yéu té bat dinh nay, néu str dung
cac b6 diéu chinh véi tham sé ¢6 dinh (nhw b diéu khién
PD bu trong truong [1], PID [2], bd diéu khién phi tuyén
trén co s& mo hinh [7]... s& khdng dap (rng duoc yéu cau
diéu khién vi cac phuwong phap diéu khién d6 khong ap
dung duwoc cho cac d6i twong chiu anh hwéng tac dong
thanh phan xen kénh. Chinh vi vay da két hop cac phwong
phap diéu khién tay may robot c6 dién nhu phrong phap
tinh md men [5] v&i mang NN [4, 6, 7, 10, 11 véi luat hoc
on-line dé diéu khién tay may robot n-bac tv do véi nhiéu
tham s6 bat dinh bam theo qu§ dao mong mudn. Hai van
dé co ban cla diéu khién thwong dwoc dat ra la van dé 6n
dinh va chat lwvgng bao gdm qua trinh qua dd va do chinh

S6 42.2017 e Tap chi KHOA HOC & CONG NGHE | 25



CONG NGHE

xac clia hé théng diéu khién tay may robot. Néi dung chinh
clia bai bao trinh bay nghién ctru vé ly thuyét va duoc kiém
chitng bang két qua mé phdng tng dung: Luat diéu khién
luc két hop mang noron cho tay robot Almegal6. Bay la
luat digu khién phan hoi thich hgp cho hé théng dua trén
cac dai lugng do duwgc la vi tri, tc do cua tay robot cling
nhuw ngoai luc tac dong, vai muc tiéu cé thé diéu khién tay
robot bam chinh xac quy dao, dugc st dung trong diéu
khién tay robot véi do chinh xac cao. Hon nita hé théng
diéu khién nay c6 thé ap dung cho céc tay robot thuc hién
cac nhiém vu khac nhau bang cach thay déi phan mém clia
luat diéu khién phan hai.

2. XAY DUNG THUAT TOAN DIEU KHIEN LUC KET HQP
MANG NORRON

2.1. Biéu khién luc bang phrong phap diéu khién tré
khéng tich cuwc [6, 7]

Day la luat diéu khién phan hoi thich hgp cho hé théng
dva trén cac dai lwvong do duoc la vi tri, tc d6 cla tay robot
cing nhv ngoai lwc tac déng. Hé théng diéu khién nay cé
thé ap dung cho tay robot nhiéu truc thuc hién cac nhiém
vu khéc nhau va duogc sit dung pho bién véi cac déi tuong
la hé tay robot nhiéu truc.

Céc ky hiéu trong phan 2.1 nhw sau:

Ky hiéu Y nghia

DM Ma tréan quén tinh (nxn)

h Vecto twong hd va ly tam (n 1)

T Moment dat Ién khép i (n x1)

D Gia tri woc lwvgng clla ma tran quan tinh

h Gia tri wac lwgng clia vecto trong ho va ly tam
va vecto trong truong h

v Hé thirc sai léch phwong trinh ddng lwc hoc

U Tin hiéu diéu khién

1,(Q)  Vecto masat dong, masat tinh

X Vi tri clia khau tac QQng cudi cung cua canh
tay robot dugc do bang cam bién

X4 Vi tri dédt cda khau tac dong cubi cung cla
canh tay robot

q Bién khop

q DPao ham béc nhét ctia bién khép

Phuong trinh dong lvc hoc téng quat dugc xay dung
trén khong gian khép, mo ta béi:

T=D(a)q+h(q,q) +1(q) 1
Trong do: t.(q)=K;sgn(q)+K,q

Chuyén déi tir khong gian khap g sang khéng gian lam
viéc X, dugc dat nhu sau:

X=@)g, X=3@)d+q )
Thé (2) vao (1) dwgc nhu sau:
T=D(a)3*(a)(X- J8)+h(q, &)+ T,(@) ©)
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Ma:
t=JF (4)

TU (2),(3),(4) phwong trinh déng lwc hoc cla robot cé
dang sau:

F=D" (X)X+h (X X)+F; (X) (5)

D" = J*(@)D(a)I*(q),
Trong d6: h" =J"h(q,d)-D (X)IIX,
F="1@
Phuong trinh déng luc hoc clia tay robot véi tinh dén
ngoai lyc tac dong Ién tay robot mo ta béi [6, 7]:
D'X+h"+F =F-F, (6)

Dua theo b6 diéu khién mémen tinh toan [6, 7], trong
khéng gian lam viéc ¢6 ngoai lyc tac dong:

F=D'U+h" +F, (7)
Tin hiéu diéu khién U [6, 7] dwoc xac dinh nhu sau:
U:XF+M'1[B(Xr-X)+K(XF-X)-Fe} 8)
Thé (8) vao (7) dwgc nhu sau:

R R AR M,
=D'X, +DM'[BE+KE-F, |+h" +F,

Trong do: E - lasai léch vi tri, béi;
E=(X -X):E=(X, -X)
Thay (9) vao (6) tim dugc phuong trinh déng lyc hoc kin:
D'X+h"+F =F-F,
e AT . (10)
=D'X, +DM"[BE+KE-F,|+h" +F,

Va céc sai léch gilra gia tri that va gia tri véc lvgng nhw
sau; AD" =D"-D",Ah" =h" -h’

Véi viéc dat nhu vay phuong trinh dong luc hoc kin clia
robot (10) tr& thanh:

V=E+M*[BE+KE-F,|=D" [AD'X+Ah" +F| (12)

Trong truong hop ly twéng phuong trinh (10) tré thanh
tuyén tinh trong khong gian lam viéc néu AD" =0,Ah" =0
Ff* =0 dé thilyc tac ddng Ién mai tredng can xac dinh:

Fo =ME +BE +KE (12)

So d6 cdu tric hé théng diéu khién theo mé hinh
moémen tinh todn trong khéng gian lam viéc, hinh 1.

Pé xac dinh duwoc hé thic sai léch phuwong trinh dong
lvc hoc v=0 la diéu rat khé khdn hoac khéng xac dinh
duogc trong phrong phap diéu khién luc dya trén tré khang
momen tinh toan vi can phai biét day du va chinh xac cac
thong sb cling nhv déc tinh dong luc hoc clia robot. Tuy
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nhién cac thong sé déng hoc, déng lwc hoc clia robot thay
déi trong qua trinh lam viéc, nén dé khir cac thanh phan
phi tuyén ciling nhuv phan ly dac tinh dong luc hoc cla cac
thanh ndi robot thi can phai uéc lvgng chinh xac cac thdng
sO clia robot trong qua trinh lam viéc. Hon nita kh& nang
chéng nhiéu ctia phuong phap nay con han ché. Tuy nhién
no lai cung cdp cho mot kha ning toan hoc dé sir dung
mang noron dya theo md hinh nay dé tao ra mot mo hinh
méi véi nhitng dac tinh diéu khién vuot tréi trong khéng
gian lam viéc. Tl phrong phap diéu khién luc dya trén mo
hinh diéu khién khé khang tich cuc [3, 4, 5] dwa ra dwoc cu
trdc cla hé thong diéu khién sir dung mang noron ki€u bu
nhiéu dya theo mé hinh H.1 trong khéng gian lam viéc.

Hinh 1. Cau triic hé thdng diéu khién luc theo phuong phap diéu khién tro
khéng tich cic
2.2. biéu khién lyc dua trén moé hinh diéu khién tro
khang tich cwc két hgp mang noron [3, 4, 5]

Céc ky hiéu trong phan 2.2 nhu sau:

Ky hiéu Y nghia

B, K Ma tran d6i xing, xac dinh duong tuy
chon

E=qy-gq  SaisOvitricliakhop

E= A, - Sai s6 van téc cia khép

n T6c dd hoc tap, chon n = 0,9 thich hgp véi

kiéu b nhiéu
a Hé s6 dong lvong
b Ma tran ngudng
p Vecto dau vao
a Vecto daura
w Ma tran trong s6
F Ham truyén

n, An s6 mang noron |6p 4n

n, S6 dau vao mang noron

o] Gié tri bu vao dau ra ctia b0 diéu

o, Phan tr thudc cot thit k clla ma tran @,
w; Phan tir thudc hang i cot j clia ma tran w*
w? Phan tir thudc hang i cot k clia ma tran w?
X Phan ttr thudc cot thir i clla ma tran X

bjl Phan tr thudc cot thir k clla ma tran @,
b? Phan tr thudc cot thit k cla ma tran b?
Yi Pauracudajnoron an

Vi Pau ra ctiak noron dau ra

Aw(t) S0 gia cla trong lvong tai thoi diém t

Mang noron duoc dwa vao dé bu cho nhitng tham s6
dong hoc, dong luc hoc clia hé théng tay robot xac dinh
chua chinh xac. Phiong trinh mémen diéu khién dugc xac
dinh nhv sau:

Fu =D (U+®)+h +F, (13)

Tin hiéu diéu khién U duoc xac dinh nhu (8). Tl (13) va
(6), xac dinh dwgc phuwong trinh dong luc hoc kin clia tay
robot nhu sau:

E+M*[BE+KE-F,|=D" [AD'X +Ah +F|-® (14)
Muc tiéu la dap ¢ng su hdi tu clia sai léch vi tri khau tac
dong cudi vé khdng:
E(t) - 0khit — o

Pé thoa man muc tiéu trén, ngoai diéu kién thoa man
(12) thi phai ddm bao gia tri ly twédng clia @ la;

o=D" |[AD"X+Ah" +F | (15)

Véi gia tri @ (15) thi trong tredng hop ly twéng phuong
trinh (14) tré thanh tuyén tinh trong khong gian lam viéc,
xac dinh duoc:

V=E+M'[BE+KE-F,|=0 (16)

Tt hinh 1, bai bdo da lva chon dugc cdu tric clia hé
thong diéu khién sir dung mang noron phan hoi kiéu bu
nhiéu dya theo mé hinh nhu hinh 2 [5, 6]:

X,(t) \

P Tem—

——— Neural Network

Hinh 2. So do céu tric hé théng digu khién trg khang tich cuc két hop mang
noron

T hinh 2 cho thay dau vao la cac tin hiéu vi tri, dau ra la
gia tri b0 vao dau ra ctia bd diéu khién @, tin hiéu sai léch
dé huan luyén mang no ron & day la v (16).

2.3. Thiét ké mang noron

Bai b&o lwa chon c4u hinh mang noron truyén théng c6
hai I6p 1a |6p dau vao valép dau ra nhu hinh 3.
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N
y2
()

(NN J J
Hinh 3. So dd c4u trlic mang noron hai l6p duoc sir dung
Trong dé:

wl‘l (*)1‘2 """ wl‘R bl
W — wz‘l wZZ """ wZ‘R b - bZ

wS,l wS,Z """ wS,R bk

Trién khai cu thé cho Robot Almega 16 véi 03 bac tw do
la mang noron c¢6 9 dau vao cho la cac gia tri roi rac héa cla
vi tri cac khép.

_ |00 (t-1);0,(t-2);0, (8); 4, (T -1);
qZ(t - 2); qs(t); qs(t '1);q3(t - 2)

L6ép thi nhat cé ma tran trong lvong la w; - matran cé
kich c& 9x6, ma tran ngudng bilj c6 kich ¢ 1x6, dau ralama
tran Y c6 kich c& 1x6. Vay ham Iép dau vao mang noron
duwgc chon la ham Sigmoidal [4]:

P9z —— a7
1+e™
L&p th hai cd ma trén trong luvgng la wﬁ - ma tran c6

kich ¢& 6 x 3, ma tran nguwdng b? ¢ kich ¢c& 1 x 3, dau ra la
ma tran &, cé kich c& 1 x 3. Vay ham I6p ra la ham tuyén
tinh [4]:
f2(x) = x (18)
Tl d6 thiét lap duoc cong thirc tinh dau ra @, theo dau
vao va cac ma tran thanh phan theo:

nH
P, = Zwﬁ(

=1

1

1+ e»(zzlxlwﬁ +b})

+b} (19)

Néu n la téng dau vao mang noron thi tong trong
lvong: @, =(n +1)n, +(n, +1n (20)

Tong n, dau vao mang noron: n=n, -n,

Trong mang noron nhu da chonbéi: n, =6;n, =9;n=3

Suy ra: w; =81.

C4au hinh mang noron lya chon cu thé nhw hinh 4.

Thuat toan huan luyén mang dwgc bai bao lva chon la
theo luat toan lan truyén nguoc dé cap nhat cac trong so
theo hwéng giam do6 déc sao cho giam thiéu sai s6 clia mo
hinh v (16). Sai s6 duoc do bang phwong phap trung binh
binh phuong sai l1éch. Ham théng s6 clia mang dugc xac
dinh theo biéu thtic (15) [3, 4, 5]:
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J:%VTV (21)

Hinh 4. Cau trdc Neural Network

Thuc hién tinh dao ham cta J theo cac trong s6 cua
mang xac dinh duoc [3, 4]:
0 _ov' Lol

0 00w’

Tl (22) thiét 1ap dwoc mdi quan hé gitta dao ham ctia J
theo céac trong lvgng véi dao ham cla dau ra ®, véi cac
trong lvong. Theo thuat toan lan truyén nguoc st dung dé
cap nhap céac gia tri trong lwvgng meéi, luat hoc dugc cai ti€én
bang céch b8 sung thém mat thanh luat goi la hing s6
dong lvgng [3, 4]:

(22)

V=

0(t) = w(t - 1)+ Aw() (23)
Ao(t) =22y +aAwlt-1) (24)
ow

Tir (24) v6i cac phan tir clia cac ma tran w',w®,b',b? ¢6
céng thic cap nhap tirng trong s6 clia cAc ma tran cla
tirng I6p va trng nguéng clia mang noron, nhu sau:

n
AG(D=ny,(L-y,)X kglvkwjzk +awl(t-1) (25)
Awi(t)=nv,y, +aw;(t-1) (26)
n

AL ()= ny,(L-y,)X; kglvkwj?k +ab} (t-1) 27)
Ab?(t) =nv, +abZ(t-1) (28)
Cong thirc tinh dau ra sau I&p vao clia mang noron:

L 1

b = 29
Yi 1+ e»(zzlx,w},+b}) (29)
Cong thirc tinh dau ra sau I&p ra clia mang noron:;
Vi =D yioj +by (30)

j=1
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3. UNG DUNG LUAT BIEU KHIEN LUC THEO PHUONG 10 5 5 5
MANG NORRON CHO HE CHUYEN BONG ROBOT 7 L O N SRS
DE ap dung thuat toan diéu khién tro khang tichcuckét oL\ ]
hop mang norron ta s dung phuong trinh dong Ivc hoc 2 ol |
clia tay méy Almega 16 v6i 3 khop (khop 1, khop 2. khop 3) T e
s sau: o7k g o e PRSP ]
Tham s6 bo diéu khién va cac gia tri dat xac dinh nhu g = w B wm B0
béng 1. . ) . Tlme(s) |
Béng 1. Tham s6 ciia bd didu khién Hinh 7. Biéu dién dap (ing gitra c&c vi tri truc Z dat va vi tri truc Z thyc
Téntham sO Ky hiéu Giatri
Heso1j 18 B 60,20,20 "
He s6 vi phan K 100, 100, 100 | )
Gid ti dtvi trf truc X X, X, = 1,05m ] \% v
Gid tri datvi trf trucY Y, Y,=0,98m N
Gia ti datvitf trucZ 7, 7,=05m : K
He s6 dong luong a a=09 8 5 4
T6c d0 hoc tap n n=10,08
Cac két qua mod phong duoc biéu dién tir hinh 5 + 9. 05 T 05 50 2500 =000 500
11 Time(s)

Hinh 8. Biéu dién dap (ing c4c gid tri luc dat va luc thuc tac dong vao vi tri X,

; X/' e v
i
Al

0.6

Truc X

0.5

0 500 1000 1500 2000 2500 3000
Time(s)

Hinh 5. Biéu dién dap ting gira c&c vi tri truc X &t vavi tri truc X thuc

1

0.95 ZA
09 / " Hinh 9. Biéu dién chuyén dong tir vi tri dét (q) dén vi tri thuc trong khdng
085 / gian 3chiéu
L0 / Nhan xét: Ap dung luét diéu khién trén, diéu khién
g o7 / Robot Almegal6 la dé dang. Robot c6 thé van hanh linh
0.7 hoat dong thoi khir duoc cac thanh phan sai léch vi tri cla
0.65 l khau tadc déng cudi lam cho hé chuyén doéng Robot
06 Almegal6 6n dinh, chinh xac véi thoi gian dao déng hau
055 nhu khéng c6 dong thoi bd diéu khién luc thiét ké ddm bao
tay robot sinh luc theo huéng truc giao véi huwdng chuyén
0.5
0 500 1000 1500 2000 2500 s00  dong ddm bdo cho tay robot bam theo quy dao mong

Time(s) ~ < . w [
muon va sinh lwc can thiét.

Hinh 6. Bi€u dién dap ting gira c&c vi tri truc Y d&tvavi tritruc Y thirc
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4. KET LUAN

Qua ly thuyét va két quad mo phéng cho thdy, luat diéu
khién luc theo phrong phap diéu khién tré khang tich cuc
két hop mang noron cho hé chuyén déng Robot Almegal6
da khac phuc dugc hau hét cac nhugce diém clia cac bo diéu
khién truyén théng, co kha nang thich nghi cao, 6n dinh, cé
kha nang diéu khién cac déi twong cé cing mo hinh voi
tham s khac nhau, thdm chi la bién thién. Puvoc kiém
chitng trén mé hinh moé phong cutia hé théng diéu khién
bang Matlab-Simulink, kiém nghiém thanh céng céc van dé
ly thuyét. Binh huéng mé rong la thiét ké md hinh thuc clia
hé théng, nang cao toc do xt ly ctia hé thong.
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