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NHAN DANG VA DIEU KHIEN GIAM DAO PONG
CAU TRUC SU DUNG MANG NORON NHAN TAO

IDENTIFICATION AND CONTROL OF
CRANE SWING REDUCTION USING ARTIFICIAL NEURAL NETWORK

Ping Viét Phwong Nam, Ngé Vin Thuyén
Truong Pai Hoc Sw Pham Ky Thudt TP. HCM

TOM TAT

Bai bdo ndy trinh bdy phwong phdp diéu khién giam dao déng cau truc dwa trén kha
ndng nhdn dang ciia mang noron nhén tao. M6 hinh todn hoc ciia cdu truc dwoc xdy dung tir
cdc dinh lugt vat Iy su dung phwong phap Lagrange. M6 hinh nay dwoc su dung dé khdo sdt
dap ing, mo phong viéc nhdn dang va diéu khién. Mang noron nhan tao hoi quy dwoc sir
dung dé nhdn dang va diéu khién giam dao dong cau truc bang cach hoc giam sat theo bo
diéu khién PID. Viéc nhén dang va diéu khién dwoc thuc hién bang mé phong va thwe nghiém
trén hé thong thye. Ket qua mo phong va thire nghiém cho thdy mang novon nhdn tao da nhdn
dang va diéu khién rat tot hé thong cau truc.

ABSTRACT

This paper presents crane swing reduction control method by identifying the capacity of
an artificial neural network. The mathematical model of crane is built from physical laws
using Lagrange method. This model is used to find responses of the system, and to simulate
identification and control process. A recurrent artificial neural network is used to identify and
control the crane to reduce its load swing by supervised learning. Identification and control
are done in simulation and implemented in a real system. Results of simulation and
application in the real show that an artificial neural network can very well identify and
control the crane swing reduction.

1. GIOI THIEU

Ngay nay, cau truc duoc sir dung rat
nhiéu trong céc nganh cong nghiép va dich
vu dé van chuyén cac vat ning cé kich
thude 16n ma con ngudi kho co thé thuc
hién duoc [1]. C6 nhiéu loai cau truc khac
nhau tiy theo ting linh vuc va nhu cau st
dung nhu céng truc, cu truc mot dam, cau
truc hai dam, cdu truc thap, ciu truc Mot s phuong phap di‘éu khién da
quay,... dugc nghién clru dé diéu khién giam dao
dong céu truc nhu phuong phap dleu khién

xuéng ma né van con dao dong thi nguoi
diéu khlen s€ phai cho cho vat nang dung
dao dong réi méi co thé cho vat ning xuong
dugc. Nhu vdy qué trinh vdn chuyén s&
cham va khong dam bao an toan. Do d6 yéu
cAu dit ra cua viée diéu khién ciu truc 1a
phai van chuyén nhanh chéng va giam dao
dong trong qua trinh van chuyén.

Muc dich chung cua viéc sur dung cau

truc 1a dé van chuyén vat niang tir vi tri nay
toi vi tri khac. Vat nang trong khi dich
chuyén dao dong qua 16n c6 thé va dép vao
cac vat dung xung quanh lam hu hong va
gdy nguy hiém cho con ngudi [2]. Khi vat
nang duogc van chuyén téi vi tri can ha

PID, phuong phap diéu khién téi wu,
phuong phap diéu khién mo,...[1-5]. Day
1a cac phuong phap diéu khlen thuong ap
dung cho cac hé thng tuyen tinh. Tuy
nhién cau truc 1a mot hé thong dong phi
tuyén [3] v6i cac thong s chiéu dai day



kéo va khdi lugng tai trong thuong xuyén
thay doi trong qua trinh hoat dong nén céac
phuong phap dleu khién nay co thé diéu
khién khong tét. Trong khi d6 mang noron
nhan tao c6 kha nang hoc va nhan dang rat
t6t cac hé thong dong phi tuyén nén c6 thé
duoc st dung dé nhén dang va diéu khién
giam dao dong cau truc trong khi dich
chuyén.
2. MO HINH TOAN VA DAP UNG
CUA CAU TRUC

M5t ciu truc vé& co ban bao gém mot
xe con c6 khéi luong m, chay trén thanh ray
nam ngang kéo theo tai trong khdi luong m,
qua day kéo cé chiéu dai /. Xe con dugc
kéo chay trén thanh ray tur vi tri nay téi vi
tri khac boi luc kéo F nhu trén Hinh 1.

m;

Hinh 1. So dé cau truc

Cac phuong trinh toan hoc mé ta trang
thai cua cau truc dugc xay c}u’ng theo
phuong phap Lagrange [3] c6 két qua nhu
sau:

F+m, siné(léz +gc0s0)
x| m, +m, sin’ @
{é} B _ Fcosf+m, sin6(g +1&° cos0)+gm sind
I(m, +my, sitt* 6)

M hinh céu truc dugc xay dung dua
trén cac phuong trinh toan hoc trén co cac
thong sd: khdi luong xe con, khéi lugng tai
trong, chiéu dai day kéo, gia téc trong
truong. Trong d6 cac thong sé khdi luong
tai trong va chiéu dai day kéo thudng xuyén
thay d6i trong qua trinh hoat dong.

So dd khao sat dap mg cua cau truc
dugc xay dung nhu trén Hinh 2.
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o

Khai phat=ung luckeo

Hinh 2. So do khao sat ddp iing cau truc
Két qua mo phong dap ung cua cau
truc c6 thong sb khéi lugng xe con m =
0.25 kg, khoi lugng tai trong m, = 2 kg,
chiéu dai day kéo /= 0.6 m, gia tc trong
truong g = 9.81 m/s* nhu trén Hinh 3 va
Hinh 4.

ol ——F=5N [....
——F=10MN :

Thoi gian (5)

Hinh 3. Dap vng vi tri cua cdu truc

Gac lech (da)

Hinh 4. Dap img goc léch ciia cau truc

2. NHAN DANG VA PIEU KHIEN
GIAM DAO PONG CAU TRUC

Két qua khao sat dap ung ctia cau truc
cho théy vi tri va goc 1éch cua cAu truc ti 16
thuan véi luc kéo. Phuong phap diéu khién
PID c6 thé dugc st dung dé diéu khién vi
tri va goc léch ctia cau truc nhu so do trong
Hinh 5. Khi diéu khién ciu truc,cé hai tin
hiéu dat mong mudn 13 vi tri coa tai va gbc
léch cua tai.



Hinh 5. So d@6 diéu khién cau truc bang PID

DPé didu khién chinh xac vi tri va
ngumg dao dong sau khoang 5 gidy, thong
s6 cta cac bd didu khién PID duoc chon
nhu trong Bang 1.

Bdng 1. Théng sé cdc b diéu khién PID

Thong sb Kp |Ki Kd
Bo6 diéu khién

PID Vi tri 24 | -0.00004 |22

Bo diéu khién

PID Goc léch 0210 0.1

Két qua diéu khién cau truc c6 thong
s6 khdi lwong xe con m; = 0.25 kg, khdi
luong tai trong m> = 1 kg, chiéu dai day keo
1= 0.6 m, gia téc trong truong g = 9.81 m/s*
nhu trén Hinh 6 va Hinh 7.

1PID
: E : 2PD
o i | i i i i i
o 1 2 3 4 5 3 7 8 9 10
Thoi gianigiay)

Hinh 6. Két qua diéu khién vi tri sir dung 1 PID
va 2 PID

Goc lech(do)

1PID

2 PID
i i i i i I

a 1 2 3 4 5 3 T 8 9. 10
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Hinh 7. Két qua diéu khién goc léch sir dung
1PID va 2PID

Két qua diéu khién cho thdy néu chi
stt dung mot bo diéu khién PID dé diéu
khién chinh xéac vi tri thi goc léch dao dong
kha 16n nhung khi st dung hai bo diéu
khién PID véi tin hiéu hoi tiép 1a vi tri va
goc 1éch da cho két qua diéu khién kha tot.
2.1. Nhan dang chu truc

Trong khi diéu khién cau truc sir dung
mot bd didu khién PID vi tri, thu thap cac
dir liéu luc kéo, vi tri va goc 1éch dung dé
nhan dang mo6 hinh cau truc. M6 hinh mang
noron hdi quy 2 khau tré ngd vao 2 khau tré
ngd ra, 20 noron trong 16p an cho két qua
nhan dang kha tdt nén duoc s dung dé
nhan dang. Két qua nhan dang vi tri nhu
trén Hinh 8 va goéc I¢ch nhu trén Hinh 9.

12 T T
1k L - i
o8l ; : ; : i ; ; 4

0B

it (m)

04+

02k T e :

Cau truc
Moron

o i i i i

i i I
a 1 2 3 4 5 3 T 8 9. 10

Goc lech (do)

Hinh 9. Két qua nhdn dang goc léch cdu truc.

Két qua nhan dang cho thdy mé hinh
mang noron hdi quy di nhan dang rat tot vi
tri va goc léch cua cau truc. Tin hiéu ra cta
mé hinh mang noron gidng véi tin hiéu ra
ctia mé hinh cau truc va c6 sai s6 nho.

2.2. Piéu khién gidm dao ddng ciu truc
sir dung mang noron nhan tao
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Mang noron nhan tao c6 kha nang
nhan dang rat tot cac hé thong dong phi
tuyen [3] nén cé thé duge su dung dé diéu
khién giam dao dong cau tryc bing cach
hoc giam sat theo bo diéu khién PID. Trong
khi diéu khién sir dung bo diéu khién PID,
cac gia tri sai s6 vi tri, sai s& gbc léch va luc
kéo dugc luu lai lam dir liéu dé huan luyén
mang noron.

Két qua huén luyén sir dung mé hinh
mang noron hdi quy theo sé khau tré ngd
vao, ngd ra nhu trong Bang 2. Két qua cho
thdy mo hinh mang noron hdi quy véi 3
khau tré ngd vao c6 kha nang nhan dang tbt
nhat.

Bdng 2. Két qua nhdn dang mang noron hoi
quy theo so khdu tré ngé vao, ngo ra

6  |S6 |86 Sai 56
khau tré | khau tré | noron

ngd vao | ngdra 16p 4n mse

0 0 10 9.55e+3
1 0 10 0.000383
2 0 10 0.000318
3 0 10 0.000191
1 1 10 0.000448
2 1 10 0.000375
3 1 10 0.000278
2 2 10 0.000259
3 2 10 0.000224
3 3 10 0.000213

Khi thay doi s6 noron trong 16p 4n
ciia m6 hinh mang noron héi quy 3 khau tré
ngd vao cho két qua nhu trong Bang 3. Két
qué cho thay khi ting s6 noron trong 16p an
thi kha niang nhan dang ctia mang noron tot
hon.

Bdng 3. Két qua nhdn dang mang noron hoi
quy theo so noron trong lop dn.

36 S6 36 Sai 5b
khau tré | khau tré | noron

~ N o 2 mse
ngd vao | ngdra | 16p an
3 0 4 0.00174
3 0 10 0.000603
3 0 20 0.000194
3 0 50 0.000184

Mo hinh mang noron véi 3 khau tré
ngd vao 50 noron trong 16p 4n duoc st
dung dé nhan dang. Sau khi nhan dang thay
b6 diéu khién PID vi tri va PID goc léch
bang bo diéu khién noron nhu trén Hinh 10.

o
Vitri dat e
Bici han ngora
At Boclech —p”
Bisu do goclech

Mo hinh cau fucphi uyen

Hinh 10. Piéu khién bang mang noron

Két qua diéu khién su dung mang
noron nhan tao khi van chuyén cac tai trong
khac nhau nhu trén Hinh 11 va Hinh 12.

b

| 2% : |
f ———m2=05kg

§ ; m2 = 2kg

Mr;! —="m2=5kg
: —— Vi dat

i i i i
0 5 10 15 0 25 30
Thoi gian (s)

Hinh 11. Két qua diéu khién vi tri khi khoi
luwong tai trong thay doi

Goc lech (do)

———m2=05ky

“““““““ 2=2kgy

i i : — = -m2=5ky

5 10 15 0 %5 Ell
Thei gian (s)

Hinh 12. Két qua diéu khién géc léch khi khoi
luwong tai trong thay doi

Két qua diéu khién van chuyén tai
trong m, = 2 kg vdi cac chiéu dai day kéo
khac nhau nhu trén Hinh 13 va Hinh 14.
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Thai gian (s)

Hinh 13. Két qua diéu khién vi tri khi chiéu dai
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Thoi gian (s)
Hinh 14. Két qua diéu khién géc léch khi chiéu
dai day kéo thay doi

Céc két qua diéu khién cho thiy khi
thong sb cta hé théng nhu khéi luong tai
trong va chiéu dai ddy kéo thay dbi thi bo
diéu khién sir dung mang noron nhan tao
van dam bao diéu khién chinh xéc vi tri va
giam gbc 1é€ch dao dong sau khoang 5 gidy.

3. NHAN DANG VA PIEU KHIEN CAU
TRUC HE THONG THUC

M5 hinh céu truc thuc nghi¢m co ciu
trac nhu trén Hinh 15 dugc dung dé thu
nghi¢m viéc nhan dang va diéu khién giam
dao dong cAu truc st dung mang noron
nhén tao. Cau truc hé théng thuc dugc thiét
ké nhu trén Hinh 16.

Camb)an vitr

Cim bién goc

A DEE\I Khidn
= | —
dong co

Card PCI 1711
= Mach xr Iy tin higu va EI

Miv tinh diéu khién déng co

Cin tue

Hinh 15. Céu triic mé hinh thuc nghiém

S l-_ | |
-

o \_ o

Cimbiéngoc

Mach diéu khién

Hinh 16. Cau truc thuc nghiém

M6 hinh cau tryc thyc nghiém st
dung dong co DC 24V dé diéu khién van
chuyén cac qua can co khdi lugng khac
nhau, encoder 100 xung/vong dé xac dinh
vi tri va bién tr& xoay 5kQ dé xac dinh goc
léch dao dong cua cau truc. bong co DC
dugc diéu khién bing mach cdu H theo
phuong phap PWM.

Chuong trinh diéu khién va thu thap
dir liéu dugc xay dung trong moi truong
Simulink Matlab giao tiép véi may tinh
thong qua card PCI 1711 nhu trén Hinh 17.

Hinh 17. Piéu khién cau truc hé thé'ng thire su
dung mang noron

3.1 Két qua nhan dang hé thong thue

Két qua nhan dang cau truc hé théng
thuc khi di chuyén qua can 2 kg t6i vi tri
700 mm nhu trén Hinh 18 va Hinh 19.



—Cautruc
— Noron

16 13 20
Thoi gian (giay)

Hinh 18. Két qua nhan dang vi tri hé thé'ng thuc

30

20+

Goc lech (do)
o

Cau truc
— Noron

Thoi gian (giay)

Hinh 19. Két qua nhan dang goc léch cau truc

hé théng thuc

Két qua cho thdy mang no ron da
nhan dang rat tot vi tri va goc I¢ch cta cau
truc hé thong thyc.

3.2. Két qua diéu khién giam dao dong
cau truc hé¢ thong thuc

Két qua diéu khién van chuyén qua
can 2 kg di chuyén 1m sir dung mang noron
nhéan tao nhu trén Hinh 20 va Hinh 21.

1200

1000

800 -

600

Witr (mrm)

400

200 H

a

[t}

4 B B 0 1z 14 18 18
Thai gian ()

Hinh 20. Két qua diéu khién Vi tri hé théng thuc

vdn chuyén quad cin 2 kg
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Goc lech (4o

i
2 4 B B 0 1z 14 18 18
Thai gian ()

Hinh 21. Két qua diéu khién goc léch hé thong

thuwe vdn chuyén qua cdn 2 kg

Két qua diéuq khién van chuyén qua
can 5 kg di chuyén 1 m st dung mang
noron nhan tao nhu trén Hinh 22 va Hinh

23.

1200

1000 -

800 -

B00

it (mm)

400

200 H

i i
10 12
Thoi gian (s)

20

Hinh 22. Két qua d‘ié:u khién Vi tri hé théng thuc
van chuyén qua can 0.5 kg

Goc lech (4o

2 4 3 8 W 12 14 18 18
Thai gian (s)

Hinh 23. Két qua dié‘u7khiéqn goc léch hé
thong thuc van chuyén qua can 0.5 kg

Khi thay dbi khdi lwong huong phap
diéu khién sir dung mang noron nhan tao
cling dd diéu khién chinh xéc vi tri va giam
gboc léch dao dong cua cau truc hé théng

thuc



4. KET LUAN

Két qua mod phong va thuc nghiém
cho thidy mang noron nhan tao c6 kha ning
nhan dang va diéu khién rat tot cac hé théng
dong phi tuyén nhu hé théng cau tryc.
Phuong phap diéu khién nay co thé dugc st
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