CONG NGHE

NG DUNG TRi TUE NHAN TAO TRONG DIEU KHIEN ROBOT

CHIU NHIEU BAT DINH

ARTIFICIAL INTELLIGENCE APPLICATION IN CONTROLING ROBOT AFFECTED BY UNCERTAINTY NOISE

TOM TAT

Trong bai bdo nay, thuat todn diéu khién dng dung tri tué nhan tao dugc dé
xudt trong viéc diéu khién robot chiu nhiéu bét dinh. Dai s6 gia t{ dugc st dung
dé thiét ke bo diéu khién c6 chat luong t6t ma khdng phu thudc nhiéu vao kién
thiic chuyén gia. Ham ngi suy cla dai s6 gia t& ¢6 thém thanh phan sai so gitp
chdng nhiéu bét dinh t6t hon. Bén canh d6, gidi thuat di truyén dugc st dung dé
t6i Uu céc thong s6 cda ham ndi suy. Tinh 6n dinh ca hé théng dugc dam bao béi
tiéu chudn Lyapunov. Pendubot, mot mé hinh hut dn dong dién hinh, dugc st
dung dé kiém chiing hiéu qua ca b diéu khién. Két qud md phdng cho thdy hé
thdng cho két qua tot khi chiu nhiéu bat dinh.

Tirkhéa: Tri tué nhén tao, dai s gia tt, pendubot, nhiéu bdt dinh.

ABSTRACT

In this paper, artificial intelligence application control algorithm is proposed
in controlling robot affected by disturbances. Hedge algebra is utilized to design
a controller had good quality without much dependence on expert knowledge.
The interpolation function of the hedge algebra has an additional error
component to better perfomance with uncertainty noise. Besides, genetic
algorithm is adopted to optimized the parameters of interpolation function. The
stability of system is guaranteed by Lyapunov method. Pendubot — an
underactuated model- is used to verify the proposed controller's effectiveness.
Simulation results show that the system gives good results when subjected to
uncertainty noise.

Keywords: Artificial intelligence, hedge algebra, pendubot, uncertainty noise.
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1. GIGI THIEU

Pa ¢6 nhiéu phuang phap diéu khién dugc nghién clu
va phat trién dé tang chat luong 6n dinh cla cac hé théng.
Tuy nhién trong thuc t€ hoat déng, hé théng thudng xuyén
chiu anh hudng cla cac nhiéu khéng xac dinh. Va khi dé
phan 16n cac bo diéu khién cho két qua dap (ng vdi nhiéu
chua t6t hodc chi dap ung dugc véi cac nhiéu don gian, ¢
mét s6 giai thuat diéu khién co thé dap ung tot hon nhung
qua trinh thiét ké 1a vé cung phc tap va can nhiéu thong tin
tién nghiém. Do d6 trong nghién clu nay nhoém téc gid tap
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trung xay dung mot bé diéu khién cho kha nang dap tng véi
cac nhiéu khéng xac dinh va ¢ qua trinh thiét ké khong qua
phuc tap. D€ gidi quyét van dé trén, bai bao nghién ciu bd
diéu khién Uing dung phuong phép dai s6 gia ti két hop gidi
thuat di truyén dé t8i uu tham s8. Thit nghiém mé phdng va
thuc t&€ dé kiém tra dap Ung clia bd diéu khién véi cac nhiéu
khéng xac dinh tac dong lén hé théng

2. PHUONG PHAP NGHIEN CUU

Trong phuang phap giai dua trén ly thuyét tap ma co
rat nhiéu yéu t6 gay sai s6 va khéng dé c¢é truc quan. Diéu
nay can nhiéu kinh nghiém cda chuyén gia cho viéc lya
chon nhu: xay dung ham thudc; chon cach gidi nghia ménh
dé bang quan hé mg (thuc chat la chon viéc giai nghia toéan
tur kéo theo); chon todan t két nhap (aggregation) cac quan
hé chon phép hgp thanh dé tinh output; chon phuang
phap khi m& va luat diéu khién. Vay nén st dung diéu
khién dai s6 gia ti lam cho viéc xay dung bo diéu khién trg
nén don gian vi dai s6 gia tU chi phai tap trung vao lya
chon @6 do clia cac gia ti va ching tré thanh hé tham sé
cla phuong phap.

M6 hinh dugc lua chon dé thiét ké bd diéu khién 13
pendubot. Pay 1a mét hé hut dan dong dién hinh, c6 tinh
phi tuyén cao, thudng dugc st dung dé kiém chiing chat
lugng cla béd diéu khién. Phuong trinh trang thai cda hé
théng pendubot thé hién nhu sau [1]:

X, =X,
0,1,+6,6,(q,+q,)*sinq,
+02¢?sing, cosq, —6,8,gcosq,
+6,0,9cosq, cos(q, +q,)

o 1
X == 0,8, -62cos(q,)
=X

3 4

(—92 - ea cosq, )T1
' -0,(8, +6, cosq,)(q, +4,) sing,

——————1-0.9(6, + 6, cosq,) cos(q, +
86, —6 cos'(q,) 59(6, + 6, cosq,)cos(q, +q,)

+6,9(6, +6, cosq,)cosq,

X, =0, =

-8,67 sinq, (6, + 6, cosq,)
Thiét ké bo diéu khién cho hé théng nhu sau:
a) Xac dinh tham sé va dinh lugng ngi nghia
Bién trang thai:

X, = g—q1 :sai s6 goc khau 1
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g—q1 —q, : sai s6 goc khau 2

X, = —(, : 5ai s6 van toc géc khau 1

X, =

X, =—q, —q, : sai s6 van téc goc khau 2

Bién diéu khién:

X5 = T,: Moment tdc dung vao khau 1

Xét AX ctia bién ngon ngl X: AX = (X,G,C,H,<)

Trong d6 :G= {c‘,c*} = {Negative,Positive} la tap cac
nhan géc; C={0,W,1} v6i0, Wva 1 Ian lugt la cac hdng s6

absolutely Negative, neutral va absolutely Positive;
H=H UH" ={Very,Little} la tap cac gia t&; <la quan hé

thi tu ctia X.
Giai thuat di truyén

- X
X o
Luat Js

». U . -
> Chuin héa - Giat v
-l - 71 chuan

Suy luan HA

» -l

U
Pendubot |«

Hinh 1. S d6 diéu khién dai s0 gia ti tdi uu

Ap dung ly thuyét dinh lugng trong [2], cac gia tri 4nh
xa ngoén ngl dinh lugng (SQMs) dugc xac dinh. Trong
truong hgp fm(Negative) =0,5va p(Little)=0,5, cac gia
tri ngén nglr dién hinh cla bién ngén ngit X dugc thé hién
qua bang 1 va cac gid tri ngon nglr dugc lua chon cho tiing

515

)

Chuanhoa(x) =s, + (x—x,)

1 0
X, —X
1 O(S—SO)

51~ 5

(3)

Giaichuan(s) = x, +

Trong d6 bién ngdn nglt X thudc khoang thuc [x,, x;] va
cac nhan ngdén ngl cda n6é nhan gia tri dinh lugng trong
khodng nglr nghia dinh lugng tuong tng [s,, s;].

b) Thiét ké bé diéu khién Balancing st dung dai sé
gia ta

Khoang lam viéc cta bién dugc xac dinh:

X :(—E;E] (rad)
4’4

x; =(-20;20) (rad/s

)
)

) (
x, =(—20;20) (rad/s
x5 =(—-30;30) (N.m)

TU viéc tham khao tai liéu [2] ta rat ra b6 luat Balancing
g6ém 81 luat:

Bang 3. B luat Balancing
X; |TT
VP |28
VP |29
VP (30
VP |31
VP |32
VP |33
VP |34

-
—
-2
>
S
>
9
<
K
>
S
>
9
<

X | TT
VP |55
VP |56
VP |57
VP |58
VP |59
VP | 60
VP | 61

¢
x
3
x
2
<
>
K

O |0 | N (o [ | B> (W N | —

NIN[N|[N NIN[W|[N NIN[P|[N

N{W[N|N N{WIW|N N|{W[P|N

NIP[N|[N N|P[W|[N N|IP[P|N

W{N|N|N WIN|{W|N W{N|P|N

W{W|N|N WIiW|W|N W{W|P|N

W[{P|N|N W{P|W|N W[{P|P|N

PIN|N|N PIN|W|N PIN|P|N
bi€n ngén nglr dugc biéu dién qua bang 2. PIWIN|NVPI35/P|WI W NJWPI62|P|W|PIN|P
Bang 1. Gi tri ngon ngr dién hinh PIPIN/N|VP36|P|P|W/NVPIE3IPIPIPIN)LP
Gid tri ngén ngit wWIinN!Iwwlwlw!e!|w T0(N|[N|N[{W|VI[37|N|N|{W|{W|LP|64|N|N|P|W||W
SQMs 0125|025 0375 05 |0,6250750875| |LINIWINIWI P |38IN|WIWIWIWI6INIWIPIWLN
Bang 2. Gia tri ngon ngi dugc lua chon ZINIPINIWIPIS9INIPWWIWIGINIPIPIWIW
Bién B(WIN|N[{W|VP[40[W|[N|W|W|[LP|67|W|N|P|W|W
ngon | VN:0,125 | N:0,25 | LN:0,375 |W:0,5 | LP:0,625 | P:0,75 |VP:0,875| |14 |WIW N W P |41 /W W W|W| W 68/WIWIPIW N
ngif 15(W|P|N|W|LP|[42|W|P|W|W|W/|69|W|P|P|W]|UN
X, . . . 16|P|N|N|W|VP[43|P|N|W|W|LP|70|{P|N|P|W|N
X, . . . 17(P|{W|{N[W|P [4|P WIWW[W|{71T|P|W|P|W|N
X . . * 18(P|P|N|W|LP[45|P |P|W|W|W|72|P|P|P|W]|VUN
X, . . . 19|N|N|N|P|W/[46|N|N|W|P|UN|73|N|N|P|P]|VUN
u . . . . . * * 20[{N{W|N|P|[NI|47|N|W[W|[P|UN|74|N|W|P|P]|VN
Chuén héa va giéi chudn cla bi€n ngén ngt, chuyén ddi {21 N | P [N |P [UN|48|N|P |W|P|[VN|75|N|P|P|P|WN
mién gia tri xac dinh sang mién gia tri SQM va ngudgc lai IwinInte lwlaolwlintwlielunlzslwintele v

dugc thé hién qua céng thic:
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23|W[W[N|P|N|5|W|W|W|P|UN|77|W|W|P|P|VN
24|{W|{P|N|P|VN|5T|W|P|W|P|UN|78|W|P|P|P|WN
25/P|N[N|P|W|52|P|N|W|P|UN|79|P|N|P|P|VN
26| P|{W|N|P|N|5|P|W|W|P|UN|8|P|W|P|P|WN
27| P|P[N|P|VUN|54|P|P|W|P|UN|8I|P|P|P|P|VN

Chon ham ndi suy tin hiéu diéu khién c6 dang:
uS = B0 + B1X1s + BZXZS + Bsxss + B4X45 (4)

Ap dung phuong phap néi suy da bién va bang luat (3),
hé s6 cia ham néi suy trén lan lugt la:

B, =1,5648
B, =-0,0185
B, =-0,2593
B, =-0,5185
B, =—1.3333

¢) Thiét ké bd diéu khién Swing-up s dung dai sé
gia ti két hop gidi thuat di truyén

Xdc dinh tham sé

Khoang lam viéc cta bién dugc xac dinh:

X, = (—m;m) (rad)

X, = (-m;m) (rad)

x; =(-30;30) (rad/s)

X, =(-30;30) (rad/s)

x5 = (~30;30) (N.m)

TU viéc tham khao tai liéu [1], ta rat ra bo ludt swing-up
gém 81 luat:

Bang 4. B4 luat Swing-up

T X | % | X | Xg | X [ TT X | X | X [ X0 | X5 | TT [ X | X, | X5 | X, | Xs
TIN]JN|[N|[NJUN|28|N|N|W]|N 55[N|N|P|N]IN
2{N|W|N|N|UN|29|N|W|W|N 50 [N |W|P|N]JIN
3|{N|P|N|N 30| N[ P |W|NJIN|57|N|P|P|N]IN
4 {W|N|N|N 3ST/W{N|W|NJIN|58|W|N|P|N|W
S5|{W{W|N|N 32|W{W|W|N|[IN|59|W|W|P|N|W
6 |[W|P|N|N|IN|33|W|P|W|NJIN|60|W|P|P|N|W
J{P|N|N|[NJ|IN|34|P|N|W|N|W]|61|[P|[N]|P|N]JLP
8|PIW|[N|IN|IN|35|P|W|W|N|W|62[P|W]|P]|N]LP
9|P|P|N|[N|IN|36|P|P|W|N|W|63[P|P|P|N]LP
0[N|N|N|W 37/N|N|W|W|[IN|64|N|N|P|W|W
TMIN|W[N|W 38|N|WIW|W[IN|65|N|W|P|W]|W
12[N|P[N|W 39|N|[P|W|WJ[IN|66|N|P|P|W|W
BIWIN|N|WIINJ4O[W|N|W[W|W]|67|W|N|P | W]LP
14WIWIN]JWIIN|4T[W|W[W[W|W|68/W|W[P |W]LP
5(W|P|[N|W|IN|42|W|P|W|W|W|69|W|P|P|W]|LP
16[P|N|N|W|W|43 [P | N|W|W|LP|70|P|N|P|W|P
17[P|WIN|W|W |4 [P W[W[W|LP|71|P|W|P|W]|P
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18P |P|N|W|W|45|P|P|W|W|LP|72|P|P|P|W]|P
19|N|{N|N|P|IN|46|N|N|W|P|W|73|N|N|P|P]|LP
20/NJWI[N[P|IN[47|N|W{W|[P |W|[74|N|W|P|P]|LP
21/NJP[N|[P|IN[48|N|P|{W|[P|W|75|N|P|P|P]|LP
2W{N[N|P|W[4OW|N|W|P|LP|76 |W|N|P|P]|LP
2Z\W{W[N|P|WI[50|W|W|W|P|LP|77|W|W|P|P]|P
24|W|P|[N|P|W|51|W|P|W|P|LP|78|W|P|P|P]|P
25|P|N|N[P|LP|52)|P|N|W|P|LP|79|P|N|P|P]|P
26| P{W|{N|P|LP|53|P|W|W|P|P|80|P|W|P|P]|VP
27{P|P|[N|P|LP|54|P|P|W|P|P|8T|P|P|P|P]VP

Chon ham ndi suy tin hiéu diéu khién c6 dang:

U, =0, +0,X,, +0,X,, +0,X; +0, X, +@
Trong do: @ la sai s6 clia phép nodi suy da bién
Tinh todn tuong tu b balancing, ta cé:

a, =—0,2130
a, =0,4630
a, =0,5560
a, =0,4630
a, =0.4444

4

Ung dung giai thuat di truyén

Trong bai toan nay, ta st dung giai thuat di truyén ta téi
uu tham s @ théa man ham muc tiéu:

Min(J=e; +e})

Chon bo tham s6 cho giai thuat di truyén nhu sau:
- Generations =50

- Populationsize = 20

- Crossover=0,8

- Mutate=0,2

- Range =[0,0001 0,0003]

Luu d6 giai thuat di truyén:

Bit dau

Kh&i tao quan thé

v
MS phong hé théng
dé xac dinh eql, eq2

v

Tinh toan ham muc
tidu J

Sinh thé hé méi

Luu gia tri t6i vu

Cac thu tuc cua giai thuat di truyén

Chon loc
Lai ghép

Dot bién

Hinh 2. Luu d6 thuat ton bo diéu khién dai s6 gia tl
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3.KET QUA
Mé phéng hé théng khi c6 nhiéu:
*) Nhiéu bdt dinh
Tac dung vao khau 2 nhiéu qua phuang trinh:
e (V) = 0, (1) +e(t)
o n —(t-5)°
Vé6i e(t)=20x 180 X exp(m] (rad)

Trong d9, t la thai gian (s) .
K&t qua thu dugc trong hinh 3.

ql

F T T T i T T T T T =

fﬂ. et AN e e C
L | i i i

L i L L

rad
N S o o N

q1_dot
T

rad/s
o 3
T

T T T T T
1 ! I I ] ]
0 ! ,,’ﬂﬂ
°
8
8, /\/ | | |
2 X\; I ]
| I I 1 I
q2_dot
T T T T T
10 1 1
©
310 1 T 1 1
g
20 H I | | I
30
I
Offset=0 1 2 3 4 5 6 7 8 9 10

Hinh 3. Dap ting cla hé thong véi nhiéu bét dinh

Nhan xét: hé thong dap Ung dugc tin hiéu nhiéu véi
cudng do 16n nhat 0.,4(rad) trong thoi gian t6i da la 3(s) dé
c6 thé tr& vé 6n dinh.

*) Nhiéu fault

M6 phéng nhiéu fault bing cach nhan tin hiéu diéu
khién vai gia tri 0 trong moét khodng thsi gian.Tin hiéu
nhiéu e{(t) m6 phong trong hinh 4. Nhiéu Fault trong thoi
gian tu 7s dén 8,12(s):

, I
\
6F T i i
4t
2 | 1 i !
: -
o 1 2 a 4 s & 7 8 8 0

Hinh 4. Nhiéu fault tir gidy thit 7 dén 8,12

Thai gian tir 7 dén 8,12(s) két qua mé phoéng thé hién:

qt

3F T T T T T T T T T

2»/\/\- | S
o | \f i
o

} VT

.11 |

2 I | | I | I I I I

q1_dot
T T T T T T T
\/f
10 I | | I | I I I I

o 3
?

. L
@‘10'1

20 H
i
0

I | | I | I I I I
1 2 3 4 5 6 7 8 9 10

Hinh 5. Dap ting hé thong vdi nhiéu fault tir gy thi 7 dén 8,12

Nhan thay, thai gian cho phép nhiéu fault I6n nhat la
1,12s iing véi thai gian ti 7 dén 8.12(s)

*) Nhiéu téng hop

Cho mé hinh chiu déng thai 2 tin hiéu nhiéu nhu trén
cu thé nhiéu hé théng tur gidy tha 3 dén giay thu 5 va nhiéu
fault tu gidy thi 8 dén 9,25s két qua thé hién qua:

3
2

< 1ff /

@ | Y

= ol 1 ] o
1!

2

q1_dot

q2

q2_dot

Hinh 6. Dép ting cta hé thdng vdi nhiéu téng hop
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| 1
0 5 10 15

Hinh 7. Tin hiéu diéu khién véi nhiéu téng hop

Danh gia hé théng: Hé théng khi mé phong hoat dong
8n dinh trong nhiéu trudng hgp cé tac ddng nhiéu.
4, KET LUAN

Bai bao da trinh bay thiét ké bd diéu khién tng dung tri
tué nhan tao trong diéu khién Pendubot trong trudng hop
chiu nhiéu bat dinh. Bo diéu khién st dung dai s6 gia tu téi
uu bang giai thuat di truyén. Két qua mé phong va thuc
nghiém chiing minh chét lugng t6t clia bo diéu khién duoc
dé xuat.

Hudng phat trién ti€p theo cda bai bao la ing dung bd
diéu khién cho cac hé théng khac nhau. Bén canh dé thay
thé gidi thuat di truyén bang céc thuat toan khac dé t6i uu
t6t han bé dai sé gia tl.
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