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XAY DUNG BQ PIEU KHIEN
PID-NEURON CHO HE CON LAC NGUQC QUAY

PID-NEURON CONTROLLER DESIGN
FOR ROTTARY INVERTED PENDULUM SYSTEM
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Truong Pai Hoc Suw Pham Ky Thudt TP.HCM
TOM TAT

Con lic nguoc quay la h¢ thong phi tuyén va la mé hinh phé bién trong cdc ung dung kiém
chumg ky thuat diéu khién. Khi ap dung ky thudt PID cho hé con lac nguoc quay, cdc thong so
Kp, Ki, Kd dwoc chon lva bang phwong phap thyuc nghiém. Tuy nhién, bg thong so do co the lam
hé thong on dinh nhung con dao dong Ion. Bai bao ndy wng dung mang than kinh nhan tqgo dé
chinh dinh truc tuyén thong so PID (PID-neuron). Cdac thong so trén dwoc thay doi dan dé dam
bao h¢ thong on dinh va it dao dong. Mo phong duoc thwc hién trong moé truong
Matlab/Simulink cho thdy thong so Kp, Ki, Kd da thay doi truc tuyén dan theo huong lam hé
thong on dinh. Thudt toan diéu khién duoc xdy dung trén moi truong Matlab/Simulink thong qua
card thu thdp ’dﬁ’ lieu DSP-F2812. Két qua thuc nghiém cho thay bo PID-neuron cho dao dong

cua goc con ldc nho hon khi su dung bo PID tinh.

ABSTRACT

Rotary inverted pendulum is a nonlinear system and a popular model in testing the control
algorithm. When using PID control for rotary inverted pendulum system, parameters Kp, Ki, Kd
are selected by experimental methods. Nevertheless, those parameters make the system stable
but with large swing. This paper applies artificial neural network to calibrate online PID
parameters (PID-neuron). These parameters are changed progressively to ensure the stability of
the system and smaller swing. The simulation performed in Matlab/Simulink environment shows
that parameters Kp, Ki, Kd which are adjusted online make the system stable. The control
algorithm is tested in the real rotary inverted pendulum in Matlab/Simulink environment with
data acquisition card DSP-F2812. Experimental results show that the proposed PID-neuron
controller gives less swing for the pendulum angle than the static PID controller does.

I. GIOI THIEU

Trong cac hé thdng phi tuyén, con lic

didu khién dit cuc dé diéu khién hé thong con
lac ngugc quay. Hang Quanser [2] cling da ché

nguoc quay d& ché tao va c6 cac dic trung phi
tuyén co ban nhit. Vi thé, hé thong trén 1a d6i
tuong théng dung cho cac thi nghiém nhén
dang va diéu khién.

Nhiéu thuat toan diéu khién khac nhau
dd dugc tng dung trén mo hinh con lic nguoc
quay nhu thuét toan vi tich phéan ti 1¢ (PID),
dit cuc (pole - placement), tdi wu (LQR), diéu
khién md (Fuzzy), ding mang neuron diéu
khién... va dat thanh cong dang ké.

Vii Chin Hung [1] d3 d& ra cach thic
chon cyc phu hop va mé phong thanh cong bo

tao h¢ thong con lic nguoc quay va ap dung
diéu khién LQR dé phuc vu huin luyén ly
thuyét diéu khién. Nhimng ki thuat diéu khién
trén doi hoi ngudi thiét ké phai biét trudc mo
hinh toan hoc ctia déi tuong, dong thoi phai co
kinh nghiém chon Iya thong sb phu hop dé
diéu khién 6n dinh.

Jia-Jun Wang [3] da két hop hai bg PID
didu khién mot vao-mot ra dé duoc mot bd
diéu khién thoa hiép, diéu khién dugc cho hé
mot vao-nhidu ra va ap dung thanh cong cho
hé thdng con lic nguoc quay. Ki thuat trén
khong yéu cau biét truéc mé hinh toan hoc hé
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théng. Nguoi thiét ké bo diéu khién can co
kinh nghiém va thoi gian thir sai dé c6 dugc bo
diéu khién tot nhit. Tuy nhién, hé thdng chi
hoat dong tot quanh diém lam viéc tinh.

Tu Diép Cong Thanh [4] da dé cap
phuong phap dung bd diéu khién neuron-PID.
Viéc két hop bd diéu khién PID véi ciu tric
neuron cho phép thong sé PID thay doi dan dé
dat gia tri téi vu nhat. Tuy nhién, trong bai
béo, dbi tugng dugc st dung la ddi tuong
tuyén tinh, mdt vao — mot ra va két qua thanh
cong chi dung & mo phong.

Trong bai bao nay, cc tac gia dé& nghi
su dung b PID-neuron Kkét hop véi PID hai
bién tinh & [3] dé diéu khién hé théng con lic
nguoc quay. Bo didu khién PID-neuron duoc
ap dung cho hé mot vao-nhiéu ra va khong can
biét md hinh toan hoc ciia hé thong. Kha ning
tu thay dbi truc tuyén cua mang than kinh
chinh dinh dan théng sb6 K,, K,, K,theo
huéng t6i vu héa. Cac muc tiép theo cia bai
bao dugc trinh bay theo thu tu sau: Muc II
trinh bay mé hinh todn hoc hé con l4c nguogc
quay va so dd diéu khién dung hai bo PID tinh.
B6 diéu khién PID-neuron cho hé con lic
nguoc quay dugc thiét ké trong Muc III. Muc
IV va V trinh bay két qua mé phong va thuc
nghiém cua thuat toan duoc dé xuit. Phan két
luan dugc trinh bay trong Muc VI.

1. MO HINH TOAN HQC CUA
THONG CON LAC NGUQC QUAY

H¢ phuong trinh m6 ta dac tinh dong

phi tuyén cua hé théng con lic ngugc quay
(Hinh 1)
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inh 1. M6 hinh tinh todn hé thong con ldc
nguoc quay

H¢ phuong trinh toan hoc dugc mo ta
theo h¢ phuong trinh
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Trong do:

6 : gbc quay canh tay (rad)

K,: hing s6 momen quay dong co (Nm/A)

K,: hing s6 suc dién dong cam Gmg motor
(Vs/rad)

C :hé¢ s6 ma sat truot phan con lic (kgm*/s)

K, : h¢ s khuéch dai tin hiéu diéu khién motor
(V/count)

R, :dién tré cudn rotor cua dong co (L2)

u : tin hiéu diéu khién dong co (V)

g : gia toc trong truong (m/s”)

a : goc chuyén dong cia con lic (rad)
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J, : momen quén tinh phin céanh tay (kgm?)

J,: momen quan tinh phin con lic (kgm?)

Theo [3], dé diéu khién hé thdéng mét vao-
nhiéu ra nhu hé con lic nguoc quay, tic gia
trén di dé xuat diéu khién PID hai bién tinh
v6i so d6 khdi diéu khién con lic 6n dinh nhu
Hinh 2. Hai bo diéu khién PID lan luot diéu
khién goc con lic a va goc canh tay 0. Tin hiéu
diéu khién 13 két qua thoa hiép cua hai bo diéu
khién trén.

PR— PID

I “~

O_. MOMMHCONUAC |

Hinh 2: So' db diéu khién PID hai bién tinh
diéu khién hé con lac nguwoc quay

III. XAY DUNG BQ PIEU KHIEN PID-
NEURON CHO HE CON LAC NGUQC

Mang than kinh 1a md hinh toan hoc
don gian cta bd ndo ngudi. Mang than kinh
gdm cac té bao than kinh két ndi voi nhau boi
cac lién két. Mdi lién két kém theo mot trong
s0, didc trung cho tinh kich thich hay @c ché
gifta cac té bao than kinh [5]. Hinh 3 mé ta so
dd mét no ron nhan tao, trong d6 xi, Xp,...Xpy 12
cic tin hiéu vao té bao than kinh va wy,
W3...Wp, 12 céc trong s6 cua té bao than kinh.

Hinh 3. So dé khéi té bao than kinh nhan tao

Qua trinh xtr Iy théng tin cia mang than
kinh chia 1am hai phan: xtr 1y ngd vao (ham

tong hop) va xtr 1y ngd ra (ham tac dong). Khi
mang neuron dugc huén luyén, céc trong $6
Wi, Wa,...Wm s& lan luot thay ddi dé dat duge
gia tri t6i wu nhat. Co ba phuong phap chinh
hudn luyén mang no ron: huin luyén theo
nhom (batch-training), huén luyén tryc tuyén
(online-traning), hudn luyén ngiu nhién
(stochastic-training) [6].

Pbi twong con lic ngugc co thoi gian
tac dong nhanh. Phuong phap chon ngau nhién
trong so co thé lam hé¢ thong con lic mat thing
bang va khong on dinh, cach thire huén luyén
ngﬁu nhién la khong phu hop. Mat khac, trong
s0 mang no ron phai dugc cap nhat lién tuc voi
s6 ngd vao trang thai x ban dau 1a xac dinh.
Céch thirc huin luyén theo nhom 1a khong phu
hop. Tir d6, nhom tac gia chon cach thirc hudn
luyén tryc tuyén dé huan luyén trong sé diéu
khién cho hé théng con lic nguoc quay.

Trong bai bdo nay, nhom tac gia dung
thuat toan diéu khién truc tiép. Cac thong so
K,, K,, K, tuong trmg vdi trong s6 clia mang

no ron gom mot no ron. Cau truc mang no ron
tu diéu chinh dugc thé hién trong Hinh 4.

f(x) =

out

€

sSum @

Hinh 4. B¢ diéu khién PID-neuron

Ham tong hop ngd vao:
u=K,e+Ke, +K,e 2)
Ham tac dong & ngd ra duogc chon la
ham S ludng cuc:

—bnet

1—
out = h(net) = —— 3)
I+e ™

Nhu vay, ngd ra ciia no ron la mot ham
tansig kha vi phu hop cho viéc thuc hién cac
phép tinh dao ham riéng.
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Ham muc tiéu duogc chon:
1
J= E(yd -y) “4)

Véi y,la gia tri ngd ra mong mubn va
y 1a gié tri ngd ra thuc té.

Trong s6 duoc cdp nhat theo phuong
phép gradient (steepest descent), nghia la:

Ok +1)=0(k)—nVJ (5)
Vé6i >0 1a hiang sb hoc, anh huéng

dén toc do hoc va tinh hoi tu cua trong so
mang no ron.

Cac théng s6 cua bo diéu khién PID

thay doi theo quy luét:
OFE
K,=K,-n—0o
P P 778K
- (6)
E
K, =K, —-n——
D D UaKD

i Tién hanh phan tich dao ham riéng céc
biéu thurc (6):

OE _OEQdy ou _, .,
oK, "oy ouok, S we
OE OEdy 8 ,
==L~ (o) f we,,
0K, 0y ou oK, 7
OE OE 0y ou o
== (-0 w)e
oK, Oy oudk,

Qui luét thay ddi cia cac trong sb cua
bo diéu khién PID-neuron:

K,=K,-nef'(u).e
K, =K, -nef'(u)e,, 8)
K,=K,-nef'(u).é

L 4

MO HINH CON LAC

Hinh 5. So d6 diéu khién PID hai bién két
hop PID-neuron diéu khién hé con lic nguoc
quay

IV. KET QUA MO PHONG

Thong s6 ban dau cuia b diéu khién goc
con lic dugc chon 1a K,=10, K, =0.1,
K, =1. Thong sb6 hoc n duoc chon 1a 0.01.
Hinh 6 cho thiy so sanh dap (mg ngd ra ctia hé
thong con lic ngugc quay khi ap dung b PID
tinh (K,, K,, K, khong dbi trong qua trinh
hoat dong) va bd PID co két hop ciu triuc
neuron (K,,K,,K, thay doi dan theo huéng
t6i uu). Goc léch con lic a I6n dan trong
truong hop ap dung bo diéu khién PID tinh,
lam hé thong mét 6n dinh. Trong trudong hop
ap dung bo diéu khién PID neuron, sau mot
khoang thoi gian, hé thong van 6n dinh véi
goc 1éch con lic bang 0.

0.6 5
. [—PID tinh

O --------- PID neuron

()] — e e :

0 e -

U] —— e e :

04 20s 40s 60s
thoi gian (s)

Hinh 6. Bap vng ngo ra hé con lic nguwoc clia
bo diéu khién PID tinh va bo PID-neuron

Qua trinh thay dbi cic thong s6 K P
K,, K, cua b diéu khén PID-neuron dugc
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thé hién 1an luot trong Hinh 7, Hinh 8 va Hinl}
9. Sau khoang thoi gian 0.2s, gid tri thong so
PID duoc x4 dinh vo1 K, =1122.5,
K, =0.112, K, =39.6 va khong con thay doi
dang ké.
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Hinh 7. Qud trinh thay doi théng s6 Kp
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Hinh 8. Qud trinh thay doi thong sé Ki
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Hinh 9. Qud trinh thay doi théng sé Kd

V. KET QUA THU'C NGHIEM

Mo hinh hé théng con lic nguoc quay
giao tiép v6i may tinh théng qua board DSP-
2812 nhu Hinh 10. Chuong trinh PID hai bién
tinh va PID c6 két hop PID-neuron duoc thuc
hién trong méi trudg Matlab/Simulink. So do
khéi diéu khién duoc thé hién trong Hinh 11.

Hinh 10. H¢ thong thwe nghiém

Tin hidu encoder |

Kétnoi
truven dif liéu

BO DIEU
KHIEN

1l

DSPF2812

Tin hiéu encoder 2 g

Tin hiéu dié khidn dong co

Hinh 11. So dé diéu khién hé thong con lic
nguoc quay

Bo diéu khién PID-neuron chi dugc ap
dung dé diéu khién goc con lic. Goéc canh tay
dugc diéu khién boi bd bo diéu khién PID tinh.
Viéc ap dung PID-neuron cho ca goc canh tay
va goc con lic anh huéng su thoa hiép cua hai
bo PID-neuron. Tt do, hé théng mét 6n dinh.
Do do, b PID-neuron s€ dugc ap dung cho bo
diéu khién goc con lic, PID tinh duoc ap dung
cho bo diéu khién gdc canh tay, tin hi¢u diéu
khién cubi cung 1a két qua thoa hiép cua hai bd
diéu khién trén. Luu dd giai thuat diéu khién
PID hai bién két hop cdu triic no ron thé hién
trong Hinh 12.
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Do i hiéu b fiép Boc tio higu hi iep
géc con lic el goc canh tay e
: /
Thay the gia tri Kp, Ki, Kd Git nguyén gia tri Kp, Ki, Kd

tieong trng goc con lic theo (4) trwedrc do, twong tmg goc canh tay

uj=Kp*e] +Ki*e)_sum +Kd*f=..1

12=Kp*e2+Ki* e _sum +Kd*&2

—

Tin higu diéu khién u =l - u2

END

Hinh 12. Luu db gidi thudt diéu khién PID
hai bién két hgp cau truc no ron

~ Trong Hinh 13, I}é théng duoc diéu
khién bdi by PID hai bién tinh c6 gia tri géc
1éch a dao dong trong khoang [-30,2?]. Khi hé¢
con lac nguoc quay dugc dicu khién boi bd
di€u khién PID-neuron, dao dong cua con lac
da giam tir [-3°,2°] sang khoang [-2°,1°] nhu
Hinh 14. Qu4 trinh thay déi thong s6 K, , K,
K, dugc thé hién trong hinh 15. Gia tri thong
s6 bo diéu khién ban dau PID dugce chon ban
dau lan luot 1 K, =12, K, =0, K, =10.
Sau khoang thoi gian 35s, cac thong sé PID da
dat gia tri on dinh K, =1222, K, =2.3,
K, =10.41
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Hinh 13. Ddp ting thyc ciia h¢ théng doi véi
b diéu khién PID hai bién tinh
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bo diéu khién PID co két hop noron
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no ron dé chinh dinh giatri K,, K,, K, truc
tuyén (PID-neuron) cho hé thdng con lic
nguoc quay. Két qua mo phong va thuc
; ; ‘ ‘ . ‘ . nghiém cho thay viéc tich hop ciu trac no ron
e T N S SN S 1 dé chinh dinh truc tuyén gia tri thong sb diéu
0oy w0 oW 505 4 hidy PID lam hé théng dao dong it hon, én
théri gian (s) . : ; >

. o . . dinh dan theo thoi gian. Gid tri K,, K,, K,
Hinh 15. Qua trinh thay d6i Kp, Ki, Kd 50 331 thay dbi theo huong t6i wu dé hé

V. KET LUAN théng dat gia tri on dinh.

Bai bao da trinh bay cach thuc thuc hién
bd diéu khién PID hai bién co6 két hop cau tric
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