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Toém tat - Mang no ron c6 kha nang xap xi van nang, nén trong
nhitng ndm gan day chung dwoc st dung rong réi va co hiéu qua
trong viéc nhan dang va diéu khién cac déi twong dong hoc phi
tuyen Tuy nhién, khi thiét ké hé thng, viéc chon mé hinh mang nhuw
thé nao cho don gian nhat va phu hop véi lop dbi twong cu thé van
la bai toan kho khan. Bai bao nay nghién ctru viéc trng dung mé hinh
mang no ron dé nhan dang va diéu khién canh tay robot — mot dbi
twong dong hoc phi tuyen Bai bao ciing gidi thiéu cac bwéc va ban
chat clia viéc thiét ké& bd diéu khién bang mang no ron theo mé hinh
mau. Cac két qud md phdng da thé hién sw dung dan cla phuong

phap va mé ra kha nang tng dung vao thuc tién.

T khéa - nhan dang; didu khién; hé théng déng hoc phi tuyén;
mang no ron; canh tay robot.

1. Dit véan dé

Mang no ron nhan tao ngay cang dugc ung dung rong rai
trong nhén dang va diéu khién, dac biét 1a cac d6i tugng phi
tuyén. Co so toan hoc cua viée khing dinh rdng mang no ron
1a cong cu x4p xi van nang cac ham s6 lién tuc 1a dwa trén
cac dinh ly Stone — Weierstrass va Kolmogorov [1], [2].

Viéc st dung dinh 1y Stone — Weierstrass dé chung
minh kha ning x4p xi ciia mang noron di duoc cac tic gia
Hornic et al., Funahashi, Cotter, Blum dua ra tir nam 1989.
Cac mang noron thda man dinh ly Stone — Weierstrass co
thé ké dén 1a mang luong giac, mang hai 16p voi ham kich
hoat sigmoid, mang hai 16p v&i ham kich hoat McCulloch
— Pitts (MC - P) va mang v6i ham co sé xuyén tam (RBF),
mang hoi quy thoi gian lién tuc [1], [2], [4].

Viéc str dung dinh 1y Kolmogorov dé biéu dién chinh
xac ham lién tuc va dua ra so dd mang noron tuong tmg di
duoc Hecht - Nielson va Lorents cong bd [17, [2].

Phan tiép theo ctia bai bao sé& trinh bay vé mo hinh dong
hoc phi tuyen cua canh tay robot va vi¢c st dung mang no
ron c¢6 tré dé nhan dang va diéu khién ddi tuong.

2. Nhian dang canh tay robot
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Hinh 1. Nhdn dang canh tay Robot bang NN (neural network)

Bai toan dugc thiét 1ap nhu sau: Dbi tuong can nhén

Abstract - Neural networks can have approximate multipower, so
in recent years they have been used widely and effectively in
identification and control of nonlinear dynamic objects. However,
when a systems is designed, choosing a network model which is
simple and suitable for a specific object is still a difficult problem.
This article studies the application of neural network models to
identify and control robot arm — a nonlinear dynamic object. This
article also introduces the procedure and nature of designing a
neural network controller following the models. The simulation
results shows the correctness of the method and opens up the
possibility for practical application.

Key words - Identification; control; nonlinear dynamic systems;
neural networks; robot arm.

dang 1a canh tay robot c6 dic tinh dong hoc phi tuyén. Sir
dung mdt mang no ron 1am mo hinh thay thé. Yéu cau cua
bai toan la xac dinh cau trac va tham so cua mang no ron
sao cho sai 1éch mse (Mean squared error) giltta dau ra cia
mang no ron va doi tuong 1a nhd nhat.

Hé thdng nhan dang canh tay robot bing mang no ron
nhu Hinh 1 [3].

Mang no ron dugc st dung lam md hinh ky hi¢u 1a NN1
model.

Hinh 2. Canh tay Robot
Déi tugng diéu khién 14 canh tay robot nhu Hinh 2, 1a
mdt doi tugng ch dac tinh dong hoc va phi tuyén c6 mo
hinh toan hoc bi€u dién dudi dang phuong trinh vi phan cé
dang nhu sau [3]:

d’ ¢ =—asing— bd¢ (D
dr’ dt

Trong d6: ¢ 1a vi tri géc cua canh tay robot; u 1a moé
men do dong co mdt chiéu tao ra. Tinh phi tuyén cua d6i
tuong thé hién ¢ hamsin ¢ trong phuong trinh vi phan (1).

Theo ly thuyét mang no ron 1a mét bo x4p xi van ning,
cho nén co thé chon duoc mot cAu trac mang no ron hop 1y
dé nhén dang. Vi canh tay robot la dbi tuong c6 dac tinh
dong hoc va phi tuyén v6i quan hé mot vao va mét ra, cho
nén mang no ron NN1 model dugc chon phai la mang no
ron ¢ dic tinh dong hoc va phi tuyén, 16p ra cua NN1
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model ciing chi c6 mét no ron. Nhu vy ta chon mang NN 1
model c6 déc tinh dong hoc véi 16p ra cd6 mdt no ron.

Trong diéu khién tu dong, ta ¢b gang lam sao dé cho
bai toan don gian ma van dap tmg dugc yéu cau dit ra, do
do chon cau tric mang no ron c6 sd 16p cang it cang tot.
Qua thyc té thi nghiém v6i mang c6 céu trac hai 16p va ba
16p, bon 16p,... cho thy ring véi cAu triic hai 16p da dam
bao duogc sai léch mse yéu cau, do d6 chon mang NN1
model c6 cAu trac 142 16p. Nhu thé, cong viéc cudi cung l1a
ta can phai chon sb no ron cia 16p vao va sb duong tré clia
khau TDL (Tapped Delay Line) phu hop.

Tt phuong trinh vi phan cua canh tay robot ta thiy tinh
dong hoc cua nd thé hién ¢ cac khau vi phan cp mot va
cap hai, do d6 sé chon $6 duong tré cua mang NN1 model
¢6 sb nhip tr& it nhit 1a 2, vé& phuong hudng thi luén chon
s6 nhip tré nho nhit co thé.

Trén co so phan tich nhu trén, chon cAu tric mang NN1
model c6 dic tinh dong hoc va phi tuyén bao gdm hai 16p
v6i cac khau TDL-1, TDL-2 ¢6 sb dudng tré 1an luot 14 0
12 val 23 nhu Hinh 3.

| TDL-2 Lwl2

p TDL-1 wit

=
Hinh 3. So do cdu triic ciia NN model
Lop 1 ¢6 16 no ron va st dung ham tansig, 16p 2 co6 1
no ron va st dung ham purelin.
Mubn xéac dinh duoc cu tric va tham sb ciia mang NN 1
model thi tap miu (P,T) dung dé huan luyen mang phai boc
16 dwoc dic tinh dong va phi tuyén cia ddi twong.

Trong truong hop nay, tin hidu vao va ra mau ding dé
huén luyén mang NN1 model duoc trich mau vé&i chu ky
trich mau la Ty, = 0,05. Dé boc 16 duge dic tinh dong hoc
va phi tuyén ciia canh tay robot, sir dung céc tin hiéu budc
nhdy ngiu nhién nhu Hinh 4. S6 mau 1a 3000.

Reference Input

Targel Culput

Hinh 4. Tin hiéu vao va ra mau

Huén luyén NN1 model thu dugc cac két qua sau:

Sai 1éch mse gitra ddu ra cua NNI model va dbi tuong
143,4*10"'? (Hinh 6). Sai léch 16n nhat giira dau ra cua NN1
model va canh tay robot la 5*10° (Hinh 5). S0 lan huan

luyén 1a 2571.

Output from nn modal

Hinh 5. Pau ra ciia model, sai Iéch giita ddu ra ciia model va doi twong

Perormance is 3.37715e-012, Goal is 1e-014
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Hinh 6. Sai léch mse gitta ddu ra ciia model va doi tiegng

Céc tham sb cia NN1 model duoc thé hién trong céc
bang sau:

Bing 1. Cic tham s6 I6p 2 ciia NN model

LW{2,1} tir cot 1 dén cot thir 8
-0,1092 |-1,1063 |-1,0118 |3,9376 |-2.2161 [3,6836 ]-0,7778 |-1,3184
LW{2,1} tir c6t 9 dén cot thir 16
42602 [4,4758 |-1.4680 [2.5464 [13274 |0.8577
b{2} = 0.8241
Bing 2. Cdc tham s6 6p 1 ciia NNI model
W{l,1} b{l} LW{l1,2}
20,5718 | 52080 | 9,6639 | 49078 |-0,8434 | -0.8733 |-1,656
-0,0001 | 0,0080 |-0,0082 | 1,5760 |02127 |-0,6785 |0,1454
20,0003 | -0,0166 | 0,0179 |-1,5634 |-0,3183 | 0,3545 |-0,4213
20,0002 | -0,0171 | 0,0130 |-0,7233 |1,8061 | -3,4210 |1,5874
-0,0001 | -0,0070 | 0,0073 | 0,3810 |-0,1051 | -0,1357 |-0,0747
0,0000 | -0,0060 | 0,0059 |-0,7212 |0,5350 | -0,6087 |0,1624
20,0002 | 0,0141 |-0,0135 |-0,5049 |-0,1094 | -0,0558 |-0,1724
0,0000 | 0,0028 |-0,0026 | 0,1227 |0,2343 | 0,0866 |-0,0340
0,0000 | -0,0069 | 0,0075 | 06381 |0,2510 |-0,1047 |-0,0747
20,0002 | 00171 |-0,0209 |-0,7522 |1,6192 |-3,0034 |1,4412
20,0001 | 0,0138 |-0,0138 |-0,1844 |-0,0578 | 0,1000 |-0,0288
-0,0000 | -0,0008 | 0,0008 | 0,1710 |0,2446 | -0,0689 |0,0202
20,5756 | 52117 | 9,6645 | 4,9080 |-0,8664 | -0.8303 |-1,6766
-0,0003 | -0,0173 | 0,0191 |-0,8816 |-0,6028 | 1,2092 [0,6932
0,0004 | 0,0248 | 0,0230 | 09665 |0,7289 |-1,4098 |0,7433
0,0001 | -0,0048 | 0,0044 |-0,4363 |0,2743 | -0,0503 |0,1469

_ Nhién xét: Két qua mo phong cho thiy, sai léch giita
dau ra cuia NN model va d6i tugng bé (5*¥107%). SO 1an huan
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luyén NN model 16n (2571). Sb lwong tham s6 cua NN
nhiéu (129) tham s8, c6 mot sé tham sd bang khéng va Xp
xi bang khong.

3. Thiét ké hé thong diéu khién theo md hinh miu trén
co' s¢' mang no ron
3.1. Y twong thiét ké

So d6 khdi hé théng didu khién theo mé hinh miu st
dung mang no ron c6 dang nhu Hinh 7

R 'm e
\ Mb hinh mau b @—‘-
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| NN controller Doi trong »
X - u

Hinh 7. H¢ thong diéu khién theo mé hinh mau ding mang no ron

Trong d6:

- er la sai 1éch gitra déu ra cia NN model va ddu ra ciia
doi tuong, dugc dung dé huan luyén mang NN model.

- e 1a sai léch giita dau ra ciia d6i twong va md hinh
mau hay con goi 1a sai I¢ch dicu khién.

Trudce tién phai nhan dang duogc ddi tugng, tirc 1a tim
duoc mot mang no ron NN model véi cau trac phu hop,
sao cho sai 1éch mse giira dau ra cua n6 so voi dau ra cua
doi tuong 1a nho nhat.

Khi c6 duoc md hinh thay thé ddi twong 1a NN model,
ta s€ két hop nd voi mang NN controller thanh mdt mang
duy nhat goi tén 1a NN system, sau d6 huan luyén mang no
ron NN system nay voi tap tin hiéu vao va ra mau. Tap mau
nay dugc lay tir dau vao va dau ra cia mo hinh mau. Trong
qua trinh huan luyén, cac tham s6 cia NN model duogc giit
¢0 dinh, chi c6 cac tham s6 ctiia NN controller 1a duwoc chinh
dinh sao cho sai 1éch mse giita dau ra cia NN system va
mo hinh mau la nho nhat. So d6 hé thong dung dé huan
luyén bd di€u khién NN controller nhu Hinh 8.

. x Ym €
» Mo hinh mau 5@_,
P NN system
| y
) NNcontroller |, NN model >
u

Hinh 8. So d6 hé théng hudn luyén NN controller

Nhu véy, viéc thiét ké b diéu khién no ron vé ban chat
1a mét bai toan nhan dang va doi tuong can nhan dang &
day la mo6 hinh mau.

O phan (2) ta da sir dung mang no ron NN1 model dé
nhan dang hé thdng nay. Mang no ron NN1 model da co
day du cau tric va tham sd.

3.2. M6 hinh méu ciia canh tay robot

Déi twgng diéu khién 1a canh tay robot. M6 hinh mau

duogc chon 1a tuyén tinh ¢6 mo hinh toan hoc bi€u dien dudi

dang phuong trinh vi phan [3] 1a
d? Vi
d*
V6i x la dau vao cua m6 hinh mau, ym 1 dau ra cua mo
hinh mau. M6 hinh mau dugc chon 1a mot hé thong dong
hoc va tuyén tinh.
3.3. Thiét ké b diéu khién no ron
B(f) diéu khién NN controller unC chon 1a mang no ron
¢6 cau trac dong hoc va phi tuyén: 16p 1 c6 14 no ron va
dung ham truyén tansig, 16p 2 c6 12 no ron, dung ham truyen
tangig, 16p 3 c6 1 no ron va dung ham pureline. Khau TDL-
1 c6 ba duong day tré 0, 1, va 2 nhip, khau TDL-2 c6 ba
duong day tre 1, 2 va 3 nhip. So d0 cau truc nhu Hinh 9.

m

dy
— 6 4+ 9x 2
" )

Hinh 9. So do cdu triic mang NN controller
3.4. Két qud hudn luyén bp diéu khién va mé phéng hé thong
Céc tham sb ctia b diéu khién NN controller dugc xac
dinh thong qua viéc huan luyén mang NN system. Sau khi
huan luyén mang NN system thu dugc cac két qua tin hiu
vao mau P va tin hiéu ra mau T nhu Hinh 10:

Referance Input
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Hinh 10. Tin hiéu vao va ra méu
Sai léch gitra dau ra cua doi tugng va mo hinh mau dugc
biéu dien nhu Hinh 11.

Output from plant
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Hinh 11. Péu ra doi twong, sai léch gitta doi tiwong
va mé hinh mau
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Performance is 2/66696e-007, Goal is 1e-008
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Hinh 12. Sai léch giita dau ra ciia NN system va mé hinh mdu

Sai léch mse giita dau ra ciia mang no ron NN system
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va mo6 hinh mau nhu Hinh 12. Sai léch mse 1a (2,6%107).

Tham s6 cta bo diéu khién NN controller biéu dién

trong cac Bang 3, 4, 5.

Bing 3. Cic tham s6 [6p 1 ciia NN controller

W{l,1} b{l} IW{1,2}
2,2336 | 2,3568 | 1,0611 |-3,3901| -1,1226 | -2,5071 | 0,5775
-0,9300 | -1,7607 | 2,0224 | 1,1218 | 2,1511 1,7142 | -1,7657
-1,3680 | -2,5922 | 0,4894 | 3,0475 | 2,7028 | -0,9480 | -1,2080
0,2003 | -2,1987 | 2,3265 | -0,262 | -1,5198 | 1,3789 | -2,1071
-1,5941 | -1,5831 | 1,2616 | 0,3985 | 2,2791 2,3302 | -1,3027
-1,9239 | 2,7252 | -0,826 | 1,3638 | 1,1906 | -2,2854 | -0,6829
-1,4779 | -1,8939 | 1,1501 | 4,1812 | -2,3139 | -1,7561 | -1,8998
1,2213 | 0,9438 | -2,897 | 1,8868 | 0,8275 | -1,6044 | -2,2195
-2,2281 | -1,2104 | 2,0171 | 0,1988 | -0,2586 | -1,9428 | 2,2226
-1,9973 | -2,0583 | -2,235 | 4,1557 | -2,1225 | -1,0909 | -0,8516
1,0890 | 1,3278 | 1,6784 | 1,6323 | -1,9834 | -2,9551 | 0,1092
-1,265 | 0,2543 | 0,7235 | 0,2479 | -2,5687 | 1,9152 | -2,4795
-0,9857 | 1,7077 | -1,509 | -1,228 | -1,9868 | 2,1849 | -1,9365
1,1969 | -0,9188 | -2,533 | 4,4874 | 1,5561 | -2,1058 | -1,8398
Bing 4. Cdic tham s6 [6p 2 ciia NN controller
Céc trong s6 LW{2,1} tir cot 1 dén cot 7
0,4612 | -0,164 | 0,5176 | 0,6398 | -0,9510 | 0,1738 | 0,1219
0,6269 | 0,1366 | 0,2075 | -0,7575 | 0,5857 | -0,1594 | 0,4868
0,1748 | 0,4067 | 0,7026 | 0,4580 | -0,5632 | -0,1232 | 0,0778
0,2609 | -0,798 | 0,0812 | 0,3711 | 0,3284 | -0,2306 | -0,1145
0,5650 | 0,5911 | -0,0767 | 0,6148 | -0,4856 | -0,3789 | -0,0058
0,1657 | 0,3535 | 0,6337 | -0,6535 | -0,1437 | 0,5960 | 0,2159
-0,4526 | 0,1614 | -0,4983 | -0,3039 | 0,0132 | -0,9010 | -0,5523
0,1817 | 0,7092 | 0,1772 | 0,4146 | 0,2196 | 0,6793 | 0,0794
-0,0706 | -0,087 | -0,3597 | 0,5983 | -0,0111 | 0,1654 | -0,4934
-0,2593 | -0,204 | -0,1640 | -0,6845 | -0,5728 | -0,7952 | -0,4938
0,4108 | -0,678 | -0,2944 | 0,2070 | 0,2414 | 0,1990 | -0,3795
0,5503 | 0,7263 | 0,2178 | -0,3372 | -0,4214 | 0,4286 | 0,5424
Céc trong s6 LW{2,1} tir cot 8 dén cot 14
-0,2267 | -0,661 | 0,6421 | 0,1769 | -0,7447 | 0,6558 | 0,5701
0,0511 | 0,2263 | -0,1890 | 0,4815 | 0,6264 | -0,1397 | -0,6616
0,5944 | -0,575 | -0,0626 | -0,4499 | -0,3737 | 0,4806 | 0,4563
-0,2283 | 0,8132 | 0,8633 | -0,2780 | -0,2962 | 0,6135 | -0,1844
0,3003 | -0,248 | 0,3295 | -0,3335 | 0,7209 | -0,6221 | -0,4159

-0,5671 | -0,539 | -0,2504 | -0,4949 | -0,6377 | 0,3275 | 0,1503
0,4817 | 0,1381 | 0,4788 | -0,0385 | -0,7519 | -0,5113 | 0,5027
-0,2510 | -0,602 | -0,5494 | 0,2399 | -0,6955 | -0,4773 | -0,1001
0,4506 | -0,819 | -0,0108 | 0,5385 | -0,5371 | 0,7618 | 0,1645
-0,5481 | -0,195 | 0,1213 | -0,8718 | -0,9224 | -0,6023 | 0,3346
0,3136 | 0,6082 | 0,0233 | -0,0949 | -0,7400 | -0,4447 | -0,7732
-0,5790 | 0,333 -0,200 | -0,0546 | 0,0697 0,5766 | 0,5535
Céc tham sb ctia b{2} tir hang 1 dén hang 6

-1,4471 | -1,380 | -1,0583 | -0,6735 | -04527 | 02393
Céc tham sb cta b{2} tir hang 7 dén hang 12
-0,1699 | 04662 | 08631 | -1,0574 | 13893 | 1,6666

Bing 5. Tham s6 I6p 3 ciia NN controller

Céc trong s6 16p LW{3,2} tir cot 1 dén cot 6
-0,8083| -0.2361] -0,0081] -0.7743] -0,2558] -0,2558
Céc trong sb 16p LW{3,2} tir cot 7 dén cot 12
-1,7741] -0,0635] -04578] -1,6802 -0,8033] 0,804
3.5. Nhan xét

Thiét ké bo diéu khién no ron theo md hinh mau cho
canh tay robot thuc chét 1a mdt bai toan nhan dang. béi
tuong can nhan dang 1a mé hinh miu, viéc nhan dang duoc
thuc hién bang phuong phap huén luyén mang no ron.
Mang no ron nay bao gom mang no ron cua b diéu khién
va mang no ron ctia md hinh d6i tuong, trong do chi c6 cac
tham s mang no ron cua bd diéu khién dugc huén luyén,
con tham sé mang no ron ctia mé hinh déi twgng dugc huan
luyén tir trude va duge giir ¢d dinh.

B6 diéu khién no ron cho chit luong cia hé théng tot,
dam bao tin hi¢u dau ra ctiia doi twgng bam theo dau ra cua
md hinh mau véi sai 1éch nhé (5%1073).

4. Két luan

Ung dung mang no ron dé nhan dang mé hinh dbi twong
phi tuyén, két qua nhan dwoc 1a mot md hinh dbi tuong
dudi dang mang no ron, trong d6 sai léch gitra mé hinh no
ron véi doi trong nam trong sai s6 cho phép. Tir d6 co thé
ung dung mang no ron dé nhan dang cho mot ddi tugng phi
tuyén bt ky. Trén co sé md hinh déi twong 1a mot mang
no ron, bo diéu khién no ron s& duoc thiét ké.

Ung dung mang no ron dé thiét ké bo didu khién theo
md hinh miu cho ddi twong phi tuyén, thu dwoc két qua
kha tt. Sai 1&ch gitra diu ra cua ddi tuong thuc voi dau ra
ctia md hinh miu rat nho, khong dang ké. Nhu véy, co thé
g dung mang no ron dé thiét ké bo diéu khién theo mo
hinh mau cho déi twong dong hoc phi tuyén khac.

V6i canh tay robot ¢6 nhiéu khép, ta ciing c6 thé thiét
ké bo diéu khién no ron cho nd, bang cach tach thanh nhiéu
bo diéu khién ddc lap cho ting khép, mbi khép s€ c6 mot
bd diéu khién no ron riéng.

Tir cau triic mang no ron ta thdy, mang no ron chinh 1a
mdt hé thdng phi tuyén. Van d& con lai 1a: Chon cu tric
mang, phuong phap huén luyén mang nhu thé ‘nao. Trong
qua trinh nhén dang va diéu khién ta nén chon cdu tric cang
don gian cang tot, nhung phai dap tmg duoc cic yéu cu
cua cong nghé dit ra.

Chat lugng ciia h¢ thong diéu khién tot, vi hé thong lam
viéc giébng nhu mé hinh mau, & ddy mo hinh miu dugc
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chon 1a mot hé thdng tuyén tinh. Tir d6 cho thdy rang, tinh
chit dong hoc va phi tuyén ctia bo diéu khién no ron da khir
duoc tinh phi tuyén cua dbi trong dé cho hé théng lam viée
nhu mot hé tuyén tinh, day 13 mot wu diém so v6i mot sb
phuong phép diéu khién khac.
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