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Nghién cru xay dwng bd diéu khién PID
cho hé phi tuyén bon nuwéc don

str dung cbéng cu Xilinx System Generator
v&i Matlab & Simulink dé cau hinh cho vi mach FPGA
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TOM TAT: Bai bao dé xuit moét phuwong phap thiét ké
b6 diéu khién PID cho déi twgng phi tuyén bon don st
dung cdng nghé vi mach lap trinh s6 FPGA. Vi mach
lap trinh FPGA s dung la XC6SLX9 cadu hinh trong
kit SPARTAN-6 cla XILINX, lap trinh cho kit s&t dung
cong cu Matlab - Simulink. Viéc khai thac kit nay dé
xay dung bo diéu khién PID ap dung cho déi twong
bac 2, nhdm gilp céac kj su khai thac céng nghé phan
clrng hién dai ap dung vao cac ky thuat diéu khién va
ty ddng hoéa trong cdng nghiép. K&t qua nghién ctu
da xay dwng thanh céng bd diéu khién PID bang vi
mach 1ap trinh s6 FPGA dé diéu khién ddi twong bac
2. Ngoai ra, két qua cling cho thay kha nang ap dung
vi mach 1ap trinh s6 dé xay dwng cac bo diéu khién
dang khac nhu FLC, LQR, MPC cho cac doi twong
diéu khién khac nhau trong céng nghiép.

TU KHOA: FPGA, PID, Xilinx System Generator,
Matlab&Simulink...

ABSTRACT: This paper, a method of designing a
PID controller for a single tank nonlinear object is
proposed using FPGA digital programmable circuit
technology. The FPGA programming chip used
is XC6SLX9 configured in the SPARTAN-6 kit of
XILINX, programming the kit using Matlab - Simulink
tools. Exploiting this kit to build PID controller applies
to the second level object, in order to help engineers
exploit modern hardware technology to apply in control
and automation techniques in industry. The research
results have successfully built a PID controller with
an FPGA digital programmable chip to control the
second order object. In addition, the results also show
the possibility of applying a digital programming chip
to build the other controller types such as FLC, LQR,
MPC... for different control objects in industry.

KEYWORDS: FPGA, PID, Xilinx System Generator,
Matlab&Simulink...
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1. AT VAN BE

Thiét k&, téng hop cac bd diéu khién 1a nhitng nhiém
vu quan trong clia cac ky si nganh ky thuat diéu khién va
tw déng hoéa. Trong do, bd diéu khién PID 1a bo di€éu khién
phé bién trong céng nghiép, né thworng duoc tich hop san
trong cac thiét bi di€u khién nhw PLC, bd di€u khién nhiét
do, bd diéu khién truyén dong Servo Driver... Trong cac
nghién ctru, cac bd diéu khién PID thudng dugc thiét ké va
tdng hop bang cac phan cirng c6 vi diéu khién, DSP, PLC...
Viéc thiét ké va tdng hop bd PID bing thiét bi 1ap trinh s6
FPGA la mot huéng nghién cru magi, ap dung céng nghé
phan ctrng hién dai, c6 dé chinh xac va én dinh cao. Ngoai
ra, viéc két hop FPGA véi cong cu lap trinh bidng Matlab -
Simulink lam cho viéc téng hop hé théng didu khién co st
dung PID tré 1én dé dang va nhanh chéng. Vi vay, nhém tac
gia dé xuat nghién ctru téng hgp bd diéu khién PID cho hé
phi tuyén bén nudc don st dung céng nghé l1ap trinh s6
FPGA - Matlab & Simulink.

2. NOI DUNG

2.1. Hé phi tuyén bdn don co tiét dién ngang thay
déi theo chiéu cao

2.1.1. M6 hinh toan ctia hé bon nuwéc don co tiét dién
ngang thay ddi theo chiéu cao

Xét hé bén nudc co tiét dién ngang thay déi theo dd
cao [3] nhw Hinh 2.1 va c6 phuong trinh phi tuyén:
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Trong do6:u(t)-Dién apdiéu khién may bom (0<u(t)<12v);
h(t) - D6 cao muc chat Idng trong boén [cm]; A(h) - Tiét dién
ngang bén chira [cm2]; hmm - D6 cao cuc dai ctia bdn chira
(h_=50cm), A__:ti€t dién ngang cuc dai (A__ =200 cm2),
A,™: tiét dién ngang cuc ti€u (Amh =ioocm2), k : hé sb ti lé
véi cdng suat may bom (k=300 cm3/s); a - Tiét dién van xa
(=1 cm2); g - Gia toc trong trudng (981 cm/s2); CD - Hé sb van
xa (Co=0,6) [3],



Hinh 2.1: Hé théng bdn nudc don c6 tiét dién ngang thay d&i
theo chiéu cao

2.1.2. Xay dung md phéng trén Simulink

Trén co s&@ mo hinh toan (1), (2), nhdm tac gia xay
dvng md phéng hé théng trong moi truong Simulink véi
cac thong s6 clia hé théng dugc khai bao trong cira s6 clia
phan mém Matlab nhu sau: hjnit = 10; h_max = 50; A_max
=200; A_min = 100;a = 1; k= 300; Cd = 0,6; g = 981.

So d6 mé phéng hé théng bang Simulink duoc thé hién
trong Hinh 2.2, két qua mé phéng diéu khién bang b6 PID khi
gia tri dat mic nuéc 1a 300 mm dugce thé hién trong Hinh 2.3.
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Hinh 2.2: M6 phéng hé PID 1 bdn nuéc don ti€t dién ngang thay doi
theo chiéu cao

Hinh 2.3: K&t qua mé phong diéu khién muc nuwéc
cho hé phi tuyén bdn don tiét c6 dién ngang thay dai

2.2. Xay duwng bo diéu khién PID s6' bang vi mach lap
trinh s6 FPGA

2.2.1. Bo diéu khién PID s6

B6 diéu khién s6 khéng thé 1dy mau lién tuc theo thoi
gian, né can duoc roi rac @ mot vai mice [1,2]. Khi cho hé s6
I&y mAu ngan bén trong thoi gian vi phan c6 thé dat dwoc
xap xi mot sai phan c6 gi¢i han va tich phan qua viéc tinh
téng. Chang ta sé quan tam mdi dang & mot thoi diém va
sai s6 dwoc tinh @ méi khoang 18y mau:
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e(n) =x(N)-y(n) ©)

B& PID roi rac doc sai s, tinh toan va xudt ngd ra diéu
khién theo mot khoang thoi gian xac dinh (khéng lién tuc)
- thoi gian 18y mau T. Thoi gian 18y mau can nhoé hon don vi
thoi gian ctia hé théng. B6 PID roi rac doc sai s6, tinh toan va
xudt ngd ra diéu khién theo mét khoang thoi gian xac dinh
(khong lién tuc) - thei gian 1dy mau T. Thoi gian 18y mau can
nhé hon don vi thoi gian cla hé thong. Khéng gidbng céac
thuat toan diéu khién don gian khac, bd diéu khién PID c6
kha nang xuat tin hiéu ngd ra dua trén gia tri trwéc doé cla
sai s6 cling nhw t6c do thay déi sai s6. Biéu nay gitp cho
qué trinh diéu khién chinh xac va 6n dinh hon [1,2],

Ham truyén cda PID tuong tuw:
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Ham chuyén dai:
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Tinh gén ddng theo céng thic:
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n 1a buéc roi rac tai thoi diém t
Ta thu duogc:

u(n) =Kpe(n)+ KI(k) +  (e(n)-e(n-h) ()
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Hinh 2.4: c&u tric bd diéu khién PID roi rac

C6 nhiéu phuwong phap dé xac dinh cac théng s6 cla
bd diéu khién PID, trong bai bao nay sttdung phuong phap
Ziegler-Nichols th& hai: Phvong phap nay ap dung cho déi
trong cé khau tich phan ly twdng nhu muc chat Iéng cla
bén cha, vi tri hé truyén déng dung doéng co... Phuong
phap dugc thuc hién nhu sau:

Thay b6 diéu khién PID trong hé kin béng bé khuéch
dai t6i han Kth nhw trong Hinh 2.5. Tang hé s6 khuéch dai
t¢i gia tri t¢i han dé hé kin & bién gi¢i 6n dinh, tirc 1a ham
dau ra c6 dang dao dong di€éu hoa (Hinh 2.6), tir d6 xac dinh
duwoc chu ki T_th ctia dao ddng, cac hé sé trong boPIDduoc
xac dinh nhw trong Bang 2.1.

Hinh 2.5: cau truc bo diéu khién PID roirac
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Bang 2.1. Cac tham sO6PID
theo phwong phéap Ziegler-Nichols thirhal
B0 diéu khién Kp T, Ta
p
PI 0,4kt* 0,857, .
PID 0,6*«, 0,5Tth 0,1257-¢,

2.2.2. Xay dung bo diéu khién PID s6 bang Xilinx System
Generator va Matlab - Simulink

Xilinx System Generator (XSG) la cong cu phét trién hé
théng cho FPGA, cho phép thiét ké hé théng & dang cac
khéi va hé tro mé phoéng, tao ma lénh dé nap vao FPGA
hoac két hop vao nhitng trng dung lén hon. Hinh 2.7 mo6 ta
quy trinh chung cho viéc thiét ké trén XSG [4],

Phdn mém XSG dugc xay dwng nhu mot Blockset clia
Simulink trong Matlab. Do d6, XSG thira huéng tat ca cac
vu diém cua Simulink trong viéc xay ding hé théng va mé
phong. XSG con str dung thu vién clia Logic Core dé xay
dwng céac block clla minh. Trong thw vién clia XSG cé tat ca
cac khdi thyc hién cac chirc nang tlr co ban nhu céng, trir,
nhan, cac khoéi logic... cho dén nhitng thiét ké phirc tap hon
nhu cac DSP, b loc s6, UART..., cac bd nhé tich hop: Single
Port, DualPort Ram, FIFOs, cac thanh ghi... [4,5].

Hinh 2.7: M6 ta quy trinh thiét kétrén Xilinx System Generator

Hinh 2.8 cho thay bd diéu khién PID duwgc tich hop
trong hop cong cu Xilinx System Generator. Cac kh6i mau
vang IN va OUT tao ra su két noi gitta cac khoi Simulink
va khoi System Generator. Cac khéi mau xanh la khoi dai
dién cho bd diéu khién PID, dwoc tao theo phuong trinh
[5,9,10]:

u(ri) = Kpe + Klwn_i+edt) + KD——— (g)
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Hinh 2.8: c4u trac b diéu khién PID reirac duoc xay dung bing
Xilinx System Generator

Hinh 2.9 cho thdy m6 hinh hé théng diéu khién bon
nuédc don trong Matlab Simulink. Khéi Xilinx PID dai dién
cho bd diéu khién PID da duwoc cdu hinh trong hé théng tir
Hinh 2.8. BO System Generator la khéi quan trong cho viéc
thiét 1ap cac khdi thyc hién cla Xilinx System Generator
[5,9,10],

Hinh 2.9: cdu truc hé théng diéu khién duoc xay dung
trong Matlab - Simulink

2.3. Két qua va thao luan

Trén co s& nghién ciru thuat toan PID s6 cho ddi twong
la bén nwéc don tiét dién ngang thay déi theo chiéu cao
va xay dyng hé théng diéu khién dé bang céng cu Xilinx
System Generator si¢ dung trong moi truong Matlab &
Simulink, nhém tac gia da thuwc nghiém hé théng diéu
khién trén may tinh PC v&i phan cirng la kit SPARTAN-6 clia
XILINX nhutrong Hinh 2.10.

Hinh 2.10: M6 hinh thyc nghiém hé théng bang phén cang
la kit SPARTANS cua XILINX



Sau khi két n6i kit SPARTAN-6 v&i may tinh PC véi phan
mém Matlab & Simulink - Xilinx System Generator qua c6ng
USB, nhém tac gid da hoan thanh hé théng thi nghiém hé
théng nhu trong Hinh 2.10. Khi hé théng hoat déng ta thu
duwoc dac tinh dau ra nhw trong Hinh 2.11.

chieu cao muc nuoc
50 chieu cao muc nuoc dat

Thoi gian (s)

Hinh 2.11:‘Déc tinh d&u ra la mac nuéc trong bon don dugc

diéu khién bang bd PID s6'théng qua kit SPARTANS cula XILINX

Nhan xét: T hé thong thi nghiém nhw Hinh 2.10 véi
nhitng gia tri thay ddi chiéu cao mic nwéc ctia bdn bing
cac nut keyl-(tang), key2-(gidm), key 3-(nhap gia tri dat)
trén kit SPARTAN-6. K&t qua tir d&c tinh dau ra (Hinh 2.11) 1a
mirc nwéc cho thay, tir cac gia tri dat mic nwéc khac nhau
(300,200,400,150) nhap tryc ti€p trén kit SPARTAN-6, khi d6
hé théng hoat dong bam theo chinh xac cac gia tri mic
nuwéc dat, hé théng hoat dong 6n dinh, chinh xac theo thoi
gian thuec.

3. KET LUAN

B6 dieéu khién PID s6 dwoc st dung phd bién trong
c6ng nghiép mang tinh &ng dung cao trong thuc té€. Bo
didu khién PID s6 c6 thé duoc thyc hién bing céc vi diéu
khién, DSP hoadc PLC.. Trong bai bao nay, hé théng diéu
khién PID s6 - bon nuwéc don tiét dién ngang thay déi theo
chiéu cao duoc thyc hién théng qua hé théng vi mach lap
trinh s6 FPGA (vi mach XC6SLX9) cu thé 1a kit SPARTAN-6
clia Xilinx v&i cong cu Xilinx System Generator - Matlab &
Simulink da b sung mot phrong an mai trong thiét ké bo
diéu khién PID dé diéu khién cac d6i tvgng cong nghiép.

Két qua hoat dong clla hé thong cho thay hé thong lam
viéc 6n dinh, chinh xac, viéc thao tac thi nghiém dé dang,
phu hop véi gidng vién, ky su trong gidng day va tich hgp
hé théng trong thuc té€. Tuy nhién, han ché cla bai bao la
chi dirng & viéc thi nghiém bé PID s6 bang kit FPGA diéu
khién ddi twong ao trén may tinh.Trong tuvong lai, nhom tac
gia sé tiép tuc nghién ctru thiét ké bd PID s6 bing vi mach
FPGA dé diéu khién d6i tvgng thyc trong cdng nghiép.
Nghién clru nay duwoc tai trg bdi Tredng Pai hoc Hang hai
Viét Nam trong Dé tai ma s6 DT20-21.40.
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