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PIE U KHIEN DUNG MO HINH NOI MANG NEURON
AP DUNG VAO ROBOT SCARA
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(Bai nhdn ngay 4 thdng 10 ndm 2001, hoan chinh ngay 03 thdng 1 ndm 2002)

TOM TAT: Bai béo trinh bay két qua diéu khién diing md hinh ndi v4i cdc md hinh thuan
va ngude dudc nhin dang bdi mang neuron. Sd d6 di€u khién dudc ap dung cho mot doi
tugng da bién phi tuy&n 1a robot SCARA. D€ cdi thién chit lugng ctia md hinh ngudc, quy
trinh hudn luyén hai budc dugc 4p dung: huin luyén téng quét va huan luyén chuyén dung.
K&t qua md phdng cho thiy hé théng diéu khién c6 chit lugng va tinh bén viing tot.

T khéa: Piéu khién dung md hinh ndi, Mang neuron, Nhin dang mo hinh thudn, Nhin
dang md hinh nguge, Hé thdng da bién

1. GIGI THIEU
Sd dd diéu khi€én moé hinh ndi
(Internal Model Control - IMC) dugc
cho & hinh 1 [4,5,6], trong d6:
-P3i tugng diéu khién cé cdc tin
hiéu vao diéu khién u, tin higu ra y° ‘
va chiu tdc dong bdi nhiéu d. Hinh 1- Diéu khién diing mé hinh ndi

—£’=f’A1;M 12 mé hinh cia ddi

tugng, trong doé P vd Py lan lugt 1 cdc thanh phdn khong cuc ti€u pha va cuc tidu
pha ciia md hinh. )
1

-Q=QF 12 bd didu khién IMC v6i Q=Pu la bo diéu khién danh dinh (nominal
controller) va F 12 bd loc thong thap diing d€ ting d6 bén viing clia bd diéu khién ddi
vdi sy sai 1&ch giita d6i tudng va mo hinh P.

- Muc tiéu diéu khién 12 13m cho tin hiu ra y = y° + d bam theo tin hiéu dit r.

Pé x4c dinh md hinh P ta c6 thé tién
hanh nhin dang d&i tugng tif cdc dit lidu
vao va ra. Trong trudng hdp hé phi
tuyén, ta c¢é thé st dung mang neuron
nhén tao (Artificial Neural Network) dé

nhan dang P va Q nhu hinh 2 [1,12].
Viéc nhin dang mé hinh ngugc

Hinh 2 - Diéu khién IMC diing mang neuron
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Q diing mang neuron thuding phat sinh cdc van dé do tinh khong cuc tiéu pha cla déi tugng
diéu khién hoidc do quan hé da tri gifta y va u.

Trong bai bdo niy, sd d6 diéu khién IMC ding mang neuron hinh 2 dugc thi€t k& cho
robot SCARA, d6 12 mot ddi twgng phi tuyén da bién véi ma trin truyén dat tuyén tinh ho4
khong cuc ti€u pha. Phin con lai cda bai bdo nhu sau: phan 2 gidi thiéu d6i tugng diéu
khién, phdn 3 trinh bay k&t qua nhin dang md hinh thuin, phan 4 trinh bay k&t qud nhén
dang md hinh ngudc, phan 5 trinh bay k&t qud mé phdng bd diéu khién IMC ding mang
neuron vdi cdc mo6 hinh thuin va ngudce di dudc nhin dang trong cdc phéan trude d6, va cudi
ciing 13 cdc k&t ludn.

2. GIGI THIEU pOI TUGNG PIEU
KHIFN: ROBOT SCARA

Psi tugng diéu khi€n 12 mdt robot

Joint,

i
SCARA 2 bic ty do, hinh 3 [1,2]. Robot | A
ting 1a 15, 1; va 2 khdp tdc dong. Khdp thi +y g

nhdt dudc motor 1 tdc dong tryc ti€p mot
moment 1,. Khdp ndi thit 2 dugc motor 2 tdc
dong gidn ti€p mdt moment T,, thdng qua bd  b)
nhong ting luc ¢ hé s8 truyén dong ke. Pau
miit cda cdnh tay 2 (end-effector) mang mot

(0 ,U) 6 1

Y™

tdi trong m. Hinh 3 - Robot SCARA

Phoéng trinh mod tafl hed thoing fitdic cho bodi
[1,2}:

[ My, M,, cos(k, (o, "“Pz))] P |_
M,, cos(k, (¢, +9,)) M, (E,.
4 (D
_ Cy C, sin(k (¢, +9,))9, [(Pljl_'_[tl}
C,, sin(k (¢, +9,)) @, L P, T2
Voi: M” o [[‘ﬂ'ﬂ llz, M|2 = M;“ = -mliig; Mgz= I;+13+ m li
Cy=Vy Cp =V Ci2 = Cy = mlylsk;

Trong d6 ;= 1.8 Kgm? I,=0.041 Kgm2 va I3=0.134 Kgm?®J4n Iugt 12 momen quén tinh
clia cdc cdnh tay 1, 2 va diu miit cda cénh tay 2; m 13 khoi lugng tdi vdi tri danh dinh 12
10Kg. Chiéu dai ctia cdc canh tay tuong dng 1a 1; = 0.4m va I, = 0.35m. Hé s6 truyén dong
khdp n6i 2 1 ke=0.5 va hé s6 ma sat ciia 2 khdp ndi 1dn lugt 13 V, = 5.0 Kg m*/s va V, =2.0
Kg m’s. |

@1 v @y 12 gbc tudng ddi cla cdc cdnh tay x4c dinh trude b nhong ting lyc. Quan hé
gitta [, (pg]T va cdc goc léch [0y, BZ}T 3 hinh 3b dudc cho bdi:

HE M

Toa d6 ddu miit clia cdnh tay robot (hinh 3b) dugc x4dc dinh bdi:
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x =1,cos0, +1, cos(8, +0,) .
y =1, sin®, +1,sin(6, +6,) 2
Robot SCARA c¢6 céc dic diém sau:
= Phi tuyén cao.

Pa tri. Ung vdi 1 vi tri (x,y) clia ddu miit, tuong dng c6 th& c6 nhiu cip [0,,0,]",
ta phai c6 su chon lya cép géc sao cho sy bi&n thién clia né tif vj tri thi k-1 sang
vi tri thif k 13 nhd nhat.

minf0, (k) -8, (k - 1)| +0, (k) -8, (k - D} @)
= M0 hinh tuyé&n tinh héa khong cuc tiéu pha.
Pay 1a 3 dic diém giy khong it khé khin trong viéc xdy dyng mang neuron dé nhén

dang md hinh ngudgc cda robot (é ).

3. NHAN DANG MO HINH THUAN CUA ROBOT SCARA

Pit ¢ = [o1, (pg]T vit=[1,Ta ]T, tir (1) ta co:
o(k) = f(@k —1),9(k - 2),7(k ~1),7(k - 2)) (5)
M35 hinh thuidn mang neuron (NNFM) cia robot SCARA
Qe K) = f(@(k = 1), 0k = 2),t(k —1),7(k -2)) (6)

dudc huan luyén sao cho min{ll[¢ - @nnemll}.

(k)

Hinh 4 - Nguyén tdc nhdn dang
mé hinh déi tugng

18 ‘tansig’ Performance is 1.54148e-010, Goal is 0
8 input neurons ’ y i T "
T S e
e 2 linear
(P1(k-%) neurons
‘Plg'! ) Levenberg-Marquardt backpropagation Algerithm
’t -
1:(k-2 (k) MSE=1.5¢"10
0x(k-1) 02k) & s
0, k-2 o L I e
‘[2 k—l
12(k-2)

hidden layer bias  output layer bias b)“’- s 100 200 o o 500
500 Epochs
Hinh 5 - a) Ciu tric mang NNFM  b) L&i huin luyén mang

a)

Mang neuron st dung 13 mang truyén thing nhiéu 16p (Multi-layer feedforward Neural
Network), véi 8 neuron vao, 18 neuron 4n phi tuyén c6 ham truyén hyperbolic tangent
sigmoid va 2 neuron ra tuy€n tinh, c&u tric nhy hinh 5a). Hinh 5b trinh bay két qué hudn
luyén mo hinh thuin véi 750 miu (9, T) ngiu nhién, bing phudng phdp hoc ¢6 gidm sat
(supervised learning), vdi gidi thudt truyén ngudgc Levenberg-Marquardt. :
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4. NHAN DANG MO HINH NGUGC CUA

ROBOT SCARA
Tir (1) ta:-eo;

©(k) = £ ((k +1), (k) o(k 1), 7(k ~ 1))
M6 hinh ngudc cia robot SCARA dugc nhin dang

diing mang neuron NNIVM

1

o (K) = (o(k + 1), 0(k), ok — 1), 7(k ~ 1))

sao cho min{ll T - T nnvm 1)

Mang neuron dudc chon lva dé xay
dung NNIVM Ia mang truyén thdng nhiéu
16p v6i 8 neuron vao, 18 neuron An phi
tuyén va 2 neuron ra tuyén tinh, cdu tric
giong nhu mang NNFM. Qud trinh huin
luyén mang NNIVM dugc chia 1am 2 giai
doan, giai doan hu&n luyén tdng quit
(general training) véi tp dit liéu di huin
luyén mang NNFM va giai doan hudn
luyén chuyén dung (specialized training).

Nguyén tic hudn luyén téng quit

|| Levenberg-Marquardt backpropagation Algorithm

> (k)

)

Hinh 6 - Hudn luyén tdng quit NNIVM

(®)

Performance is 0.00103842, Goal is 0

600
1000 Epochs

Hinh 7 — L1 hudn luyén t6ng quat NNIVM

mang NNIVM dudc trinh bay trén hinh 6. Sau 1000 chu ky huén luyén sai s& (Mean Squared

Error MSE) dat 0.001 (hinh 7).

0.35
q}r(k) ]
03
Eonz
=
0.2 :
Hinh 8 a) - Hudn luyén chuyén dung 0.15

NNIVM

3
025 03 035 04
m]

K&t thic giai doan hudn luyén tdng quit, cdc trong s6 va ngudng ctia mang NNIVM la
gid tri khdi ddu cho nguyén tic hudn luyén chuyén dung NNIVM (hinh 8a). & phudng phap
nay, ta huin luyén NNIVM théng qua mang NNFM (d3 dugc huin luyén & phan 3). Mang
NNFM dugc thém vao so dd hinh 8a) d€ 1am trung gian cho gidi thut truyén ngudc sai sd.
Qud4 trinh huin luyén ta chi diéu chinh trong sé va ngudng ciia mang NNIVM sao cho min{ll ¢
- @ll}. Trong d6 ¢, 12 tin hiéu dit, duge chon sao cho dau miit ca cdnh tay robot di chuyén

trén qui dao hinh 8b).
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NMIVM SCARA : I -

outd

Animation

Sl

+E

- efrors

NNF M

Hinh 9 - Diéu khién IMC ding mang neuro
K&t thic qué trinh hugn luyén chuyén dung ta ¢6 dugc mang NNIVM mong mudn. K&t hgp

cdc khéi trén ciing bd loc IMC F(f},f) bing Simulink toolbox 3.0 cia MATLAB®'' ta ¢6 sd
dd cdu triic IMC diing mang neuron nhu hinh 9.

5. KET QUA MO PHONG

Hé thdng IMC dung NNs dd xiy dung hoat dong t6t v6i nhiéu tin hiéu dit khdc nhau.
Trong qué trinh md phdng, chudng trinh cho phép thay doi thdng s6 cla robot (tdi m) aé
khio st tinh bén vitng ciia hé thong. Ngoai ra, hé cling ddp dng 5t khi ¢6 si va cham xdy
ra trén moOt hodc cd hai cdnh tay robot khi né dang di chuyén trén qui dao dit trudc. Sau day
1a vai két qua tiéu bifu.

- Pdp iing budc: Khi tin hiéu dit 1a budc nhdy don vi, bién d5 1 rad, ddp dng clia hé nhu
hinh 10.

Hinh 10 -
Bdp iing
budc cia
hé théng

a) Ngdra @
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- Dap iing vdi qui dao 1: Khi qui mong muon clia ddu mit cia cdnh tay nhu hinh 11, k&t qui
thu dugc trén hinh 12 (khi robot mang tdi 10 Kg).

0.35
0.3
;Eﬂ.zs
0.2
015 U NJ
0.29).30.39.40.45
Hrm]

Hinh 11 - Quidao 1 Hinh 12 — K&t qud m6 phéng trén qui dao 1, tdi 10Kg
- Ddp iing vdi qui dao 2: K€t qua thu dugce trén hinh 14, khi robot mang tai 40 Kg.

# 474 J'ou2” g : i “f

0.3
E025
>_

0.2

0.16— '
0.3 04 Time offsek: -
A
Hinh 13 - Qui dao 2 Hinh 14 — K&t qua m6 phdng trén qui

- Ddp tng cida hé khi cé nhiéu: M6 phdng nay cho thdy kha ning quay vé ding qui dao
mong mudn, khi ¢6 va cham xdy ra trén c3 2 cdnh tay robot. Tai thdi diém t=4.5, va cham
x4y ra trén cd 2 cdnh tay robot 1am cho ddu muit cia né 1éch khéi qui dao. Sau khodng 1.5s,
hé trd vé ding qui dao (hinh 15).

Hinh 15 - Dép
Wng cta hé
thong khi va
cham

Tine olfset: -FJ ]

6. KET LUAN

Ung dung NNs dé thiét k& IMC cho cdc d6i tugng chua bigt cau tric va thong so 6 ra
don gidn va hiéu qud, vi cdc mang neuron chi hoat dong trén cdc tin hiéu vao/ra cda déi
tugng. M6 phdng trén robot SCARA cho thdy hé hoat dong bén vitng trén khodng bién thién
1dn cia tai.

Cung xay dung hé thdng diéu khién IMC cho robot SCARA, nhung két qui cda bai
bdo nay thé hién 16 rang mic dd phi tuy&n cao cia robot va tinh bén viing ciia bd didu khién
s0 vdi k&t qua ctia tai liéu tham khio [1].
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INTERNAL MODEL CONTROL USING NEURAL NETWORKS:
APPLICATION TO SCARA ROBOT

Nguyen Chi Ngon, Duong Hoai Nghia
(Received 04 October 2001, Revised 03 January 2002)

ABSTRACT: The paper describes an internal model control scheme, in which both forward
model and inverse model are provided by neural networks. The controller is applied to the
robot SCARA which is a multi-input multi-output nonlinear system. To improve the quality
of the inverse model, a two-step procedure is applied: general training and specialized
training. Simulation results show that the control system has good performance and
robustness.

Keyword: Internal Model Control, Neural Networks, Forward model identification, Inverse
model identification, Multi-input Multi-output system.
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