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THIET KE BQ PIEU KHIEN THONG MINH TREN NEN DSPIC33F
DESIGN OF AN INTELLIGENT CONTROLLER BASED ON DSPIC33F

Phgm Xuan Khanh Nguyén Viét Hung, Pham Tudn Anh
Truong Pai hoc Céng nghiép Ha Ngi Truong Pai hoc Bach khoa Ha Ngi
TOM TAT

Bai bao trinh bay vé thiét ké bé diéu khién thong minh trén nén dsPIC33F cua Microchip. Nhiéu
thuat toan diéu khién dua trén ly thuyét diéu khién kinh dién va hién dai dwoc cai dat. B4 cuc bai bao
c6 thé chia thanh 3 phan. Phan 1: Co sé& ly thuyét thiét ké bé diéu khién, trinh bay cu thé vé céac thuat
toan duoc cai dat: PID, m¢ dong, PID-Fuzzy Intervention va PID-Fuzzy Self — Tunning. Phén 2: Co sé&
thiét ké phan cing bo diéu khién, dua ra nhiing wu diém cda dong DSPIC33F va cac modules céan
thiét cho ¢ng dung cdng nghiép. Phén 3: Uhg dung bo diéu khién thiét ké cho déi tuong thuc la binh
mdrc, tét cé cac thut toan déu duoc cai dat va cé xét dén anh huéng cda nhiéu, qua doé thé hién duoc
wu nhuwoc diém cua tomg thudt toan va khd ndng tmg dung da dang cida bé diéu khién. Tir thiét ké
phén cung va phan mém cda bo diéu khién, va nhing két qué thuc nghiém da ching té khd nédng
thay thé hiéu qué cua bé diéu khién nay cho céc bo diéu khién chuyén dung da c6 trong céng nghiép.

ABSTRACT

The paper presents the design of an intelligent controller based on dsPIC33F (Microchip).
Several Control Algorithms, based on conventional and modern theory, are installed. The paper
includes three main parts. Part 1: Theoretical basis, focusing on introduction of four Algothims: PID,
Dynamic Fuzzy, PID — Fuzzy Intervention, and PID — Fuzzy Self — Tunning. Part 2: Hardware basis,
stating noticeable advantages of DSPIC 33F Microcontroller and the design of modules, necessary
for industrial purpose. Part 3: Implementation of this controller for water level system. All Algorithms,
introduced above, are built up and cases under impacts of noise are considered. Experimental results
proved strong and weak points of Algorithms and flexible ability of the controller for diverse
applications. In general, the design of Software and Hardware of the Controllers, and experimental
results have shown the Controller’s capability for control applications in which other controllers are
used.

Chir viét tét . Thiét ké mot bo diéu khién thong minh c6 kha
nang thuc hién céc thuat toan PID, Fuzzy dong,

! Integrall L PID-Fuzy Intervention, PID-Fuzzy Self-tunning

PD Proportional — Derivative Ia mot hudng di hira hen trong tuong lai.

Pl Proport!onal ~ Integral o Dé xay dung mot bo didu khién nhu vay,

PID  Proportional - Integral - Derivative thiét ké phan ctmg doi héi viéc sir dung dong vi

PWM Pulse Width Modulation diéu khién c6 dung luong nhé 16n, tan sb hoat
dong cao va céc yéu cau can thiét khac vé ngoai

I. PAT VAN PE vi. Dong dsPIC33F - mét trong nhitng dong vi

Phuong phap diéu khién kinh dién PID Ia di’é_u Eh;lén,n;lan[] nhat h!é? nlé‘ly Ct}a MIhC"OChr:P
phuong phap dugc &p dung pho bien nhat trong \r:m n d',eu,tm dnang uu vict - 1a surfua chon phu
cac b diéu khién cong nghiép. Su pho bién nay op, dap tmg duoe yeu cal. 0
1a do tinh don gian cua phuong phap va yéu cau I1.COSO LY THUYET PIEU KHIEN
vé chat luong diéu khién khong qua cao cua hé Ay g ah .z
théng. Phuong phap didu khién thong minh, ma 21 Thudt todn dicu khién P1D

mo 1a mot dai dién tiéu biéu dang dwoc khai Thuét toan PID[1,2] Ia sy két hop cua ba
thac va ung dung bsi kha nang hoat dong mot thanh phan: Khuéch dai (P), vi phan (I) va vi
cach doc 1ap hoac két hop vaéi thuat toan PID @é phan (D) cua sai léch dau vao.

dem lai chét lugng cao cho h¢ thong diéu khién
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Uu diém 16n dem lai tng dung rong rai
cho thuat toan nay 1a tinh don gian vé cau tric
va nguyén ly 1am viéc. Véi hé thong lam viéc
trong modi truong it bi anh hwong cua nhiéu,
thong s6 cua déi tuong chi thay d6i nho trong
quéa trinh 1am viéc va yéu cau vé do chinh xéac
va 6n dinh khdng cao thi PID la mét giai phap
diéu khién hitu higu.

) T
Hinh 1. Hé diéu khién thuc hién thugt toan PID
2.2 Thuat toan diéu khién mo dong

Thuat toan mo dong[1,3] 1a thuat toan ket
hop gitta h¢ kinh dién va h¢ mo, cu the la sy ket
hop cua 'ghuat toan dieu khién mo co ban va cac
thanh phan P, I, D. Céc thanh phan P, D thuong

la cac thanh phan cua sai léch dau vao, con | 1a
thanh phan cua dau ra bo diéu khién mo co ban.

Mot s6 cau tric hé thuc hién thuat toan
mo dong

Thuéat todn mo dong PD
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2.3 Thuat toan diéu khién PID-Fuzzy
Intervention

So 6 téng quat mot hé thuc hién thuat
toan PID-Fuzzy Intervention [4]:

A
j—’

Hinh 5. Hé diéu khién thuc hién thudt toan
PID-Fuzzy Intervention

PID

\ 4

1t yit)

Déi trong

Fuzzy

A

Duya trén so do tong quat nay, co nhiéu
thuat toan khac nhau cé thé hinh thanh. Nhém
tac gia bai béo tap trung vao thuat toan trong do
hé mo cho phép cai thién chit lwong diéu khién
khi hién tugng Windup xay ra:

it Wt
_()’O_’ PID Ly, Biio hoa Do tuong _'Q.
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Hinh 6. Hé diéu khién thuc hién thudt toan
PID-Fuzzy Intervention bu windup

Khi xay ra hién twgng windup, tin hiéu ra
bo didu khién PID c6 gié tri 16n hon gia tri bdo
hoa va tiép tuc ting do tac dong cua khau tich
phan, diéu nay tiém tang kha ning giy qua diéu
chinh I6n va tang thoi gian qua do. B6 mo bu
windup c6 tac dung giam thiéu anh huéng cua
hién tuong nay. Khi xay ra windup, sai léch
giita tin hiéu ra bo diéu khién PID va gia tri bdo
hoa s& duoc dua vao b6 mo bu, béo mo bu dua
ra tin hiéu bu dén dau ra bo PID, tac dong nay
lam cai thién dang ké chat luong diéu khién.

2.4 Thuit toan diéu khién PID-Fuzzy Self-
tunning [5]

Pay la thuat todn ma & d6 tham sb bo
PID trong qua trinh diéu khién duoc chinh dinh
bang hé mo. Thuat toan dem lai chat luong diéu
khién tét, trong ca trueong hop ¢6 nhidu dang ké
tac dong Ién hé thng
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So do tong quat hé thong diéu khién
trong d6 cac tham so PID dugc chinh dinh bang
hé mo:

*»| BO CHINH
—| PINHMOG
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CHINH DINH
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Hinh 7. H¢ diéu khién chinh dinh tham so PID
bang hé mo

Phuong phap chinh dinh dugc nhém tac
gia thyc hién la phuong phap chinh dinh mo
cua Zhao, Tomizuka va Isaka:

Véi gia thiét cac tham sé Kp, Kd bi chan,
tac:

Kp€[Kp_Min,Kp_Max] ;

Kd € [Kd_Min, Kd_Max]

Céc tham sé nay dugc chuan hoéa theo
cong thuc:

kp=—P_KP_MI__. 4101
Kp_Max—Kp_ Min
kd Kd—Kd_Min . 4 c0.1]

" Kd_Max—Kd_ Min
B chinh dinh c6 hai dau vao la e(t) va
de(t)/dt va ba dau ra la kp, kd va a trong do
2 2
a= pr ;> Ki= Kp
Ki.Kd a.Kd

Bén trong b chinh dinh mo theo phuong
phép Zhao, Tomizuka, va lsaka:

kp
—>

Bd chinh dinh mé 1

Yy

e kd
de/dt B6 chinh dinhm& 1l —p

Yy

o

—»

Bd& chinh dinh mé 1

Yy

Hinh 8. Bén trong bg chink dinh mo

Luat diéu khién dé chinh dinh duogc thgc
hién dua trén phan tich dap tmg budc tiéu biéu
cua qua trinh
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Hinh 9. Ddp irng buroc tidu biéu cia qua trinh

Khi bat dau khoi dong, ¢ khoang thoi
gian a, IGc nay can tin hiéu diéu khién 16n dé tin
hi¢u ra tang nhanh, suy ra lac nay KP 16n, KD
nho, va Kl 1é6n (a 16n). Xung quanh khoang
thoi gian b ta muén tin hiéu diéu khién nho dé
khong quéa diéu chinh, nghia 1a KP nho, KD 16n
con Kl 1én (o 16n).Cac tac dong diéu khién
xung quanh khoang thoi gian ¢ va d tuong tu
nhu &avab.

I11. CAU TRUC PHAN CUNG
3.1 Gigi thiéu vi diéu khién dsP1C33F [6]

Microchip la mot trong nhiing héng san
xuit vi didu khién 16n nhit thé gisi hién nay,
dong DSC( Digital signal controllers) 16 bits la
san pham méi nhit va thu hat duoc nhiéu sy
guan tdm cua cac nha phét trién. Nhu tén goi
cua nd, theo mot cach hiéu nao do, dong nay la
san pham két hop giita vi xtr 1y tin hiéu sé6 DSP
va vi diéu khién. dsPIC33F, mét trong nhiing
dong DSC manh nhét caa Microchip, sé hitu rat
nhiéu dic tinh wu viét phi hop cho ung dung
xay dung bo diéu khién:

Tan s6 hoat dong 1én toi 40MIPS

~ Tiéu thy ning lwong thép: dién ap nguon
cap cd 3.0-3.6V

CPU tinh nang DSC cho phép thuc hién
cac phép tinh todn phac tap mot cach nhanh
chong

C6 day da cac ngoai vi can thiét nhu
nhitng dong vi diéu khién khac: Cong va/ra sd,
bé dinh thoi, ADC, PWM, UART,...dic biét ¢
hd trg 8 kénh DMA phan cuang.

B nhé chuong trinh 256Kbytes va bd
nhg dir liéu 30Kbytes duoc tich hop ngay trén
chip.
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Ho tro tinh nang In-circuit Debug and
Programging dem dén sy ti¢én dung to lén cho
cac nha phat trién hé thong.

C6 nhiéu cong cu hd tro I3p trinh bang
ngbn ngit C vai thu vién phong phd va dé st
dung

3.2 Bj diéu khién

Nguén
~220V
¥
Pédu vao sb . Paurasd
: o Khiisirly )
Ban wao trung tam Péura
hrong b hrong ty
Bin phim LCD Cting
RS232

Hinh 10. So d6 cau tric bé diéu khién
Khéi xir 1y trung tam 1a vi diéu khién
dspic33F
Dau vao sé: Digital & Counter

Pau vao twong tu: 0-20mA, 4-20mA, 0-
5V, 0-10V

Pau ra s: Digital & PWM

Pau ra twong tu: 0-20mA, 4-20mA, 0-
5V, 0-10V

Ban phim cho phép nhap cac tham so,
ché d6 diéu khién truc tiép ngay trén bo diéu
khién

LCD cho phép hién thi cac tham s chinh
trong qua trinh thiét lap budc dau va cac bién
qua trinh

Giao tiép RS232 cho phép bo diéu khién
két ndi voi may tinh, truyén nhan cac tham sé,
ché do didu khién va hién thi qua trinh diéu
khién

Nho thiét ké da dang dau vao va ra theo
cac chuan codng nghiép nhu trén, bo diéu khién
c6 kha ning giao tiép vé6i nhiéu loai thiét bj cam
bién va chap hanh khac nhau.

Chuong trinh vi diéu khién dugc viét
bang phin mém MPLAB 8.0, C30 (Microchip)
theo so do khdi sau:

Kiém tra
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Khong nhan ST
4]* Co nhan

nhan thong tin tir may
tinh va ban phim

Chirc néng Stop kich hoat | Kt thiic qua trinh didu

khidn

Khai thac thong tin

Chire ning Start kich hoat

Cép nhat thong tin nhén
duoe

Cip ohit

tham 56

Cip nhat
théng tin

ﬁménon"n
digu khitn

qué trinh
digu khicn

Thuc hién thuit toin
didukhién

!

Hidnthi két qui difu
khién trén LCD vi may
tinh

i

Kiém tra va thing béo
khi xdy ra su ¢6 trong
qua trinh diu khién

Hinh 11. So dé khai thudt todn vi diéu khién

_ Phén giao di¢n nguoi dung duoc viét
bang phan mém Visual C++ 6.0 (Microsoft).
Hinh vé sau minh hoa ctra s6 giao dién chinh:

Process value

u

Set point

x]

¥ & 8 3§ B 8 8 8 §8 ¥

= ir)

Hinh 12. Cua so giao dién chinh cia chirong
trinh giao di¢n nguoi dung

IV. HE THONG PIEU KHIEN MUC
NUGC
Déi twong diéu khién mic nhu Hinh 13

Thiét bj do muc la cam bién ap suat dat
tai day cua binh, dau ra cam bien dudi dang
chuan dong cong nghiép: 4-20mA, Adapter
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bién doi tuyén tinh tin hi¢u nay thanh tin hiéu
dién ap duoc dua vao ADC cua dsPIC33F.
~ Co chu chap hanh 1a van ti 18 dugc dieu
khién theo phuong phap PWM
EEEL L 17 |

Hinh 13. Péi tirong diéu khién mite nuwéc
V. KET QUA THUC NGHIEM

Nhom tac gia tién hanh thi nghi¢m trén
co s¢ khao sat dap tng cua h¢ thong véi cac
thuat toan dieu khién khac nhua khi thay doi gia
tri dat dong thoi cd xem xét den anh huong cua
nhiéu:
5.1 Két qua

100
— Fuy
—— PD

80

20

60 120 180 240
time (5)

Hinh 14. Thugt toan PID va Fuzzy dong
Setpoint=80mm, khong nhieu
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water level

Fuzzy
PID

-

0 60 120 180 240 300

timefs)

Hinh 15. Thugt toan PID,
Setpoint=120mm, khéng nhieu

Fuzy  dong

water level

150

PID Fuzzy Intervention
PID

120

time (5]

Hinh 16. Thudt toan PID va PID-FUZZY
Intervention;Setpoint=120mm, khéng nhieu

— Fuzy
—FID
- — —PID Fuzzy Selftunning

100

450

0
time (<)

Hinh 17. Thudt todn PID, Fuzy déng va PID-
FUZZY Self-Tunning Setpoint=100mm, nhiéu
hang tdc déng trong thoi gian 5s bar dau tir thoi
diém t=180s
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5.2 Nhan xét

Thuat toan PID c6 chét lwong diéu khién
phu thuéc vao gia tri dat, nhu trén cac hinh vé
H.14, H.15, H.16, H. 17, khi thay déi gid tri dat,
chat lugng diéu khién kém dan khi gia tri dat
tang dan, dong thoi chiu anh huong kha rd cua
nhiéu

Thuat toan Fuzzy dong dem lai chat
luong didu khién tot ca khi gié tri dat thay doi,
ddng thoi khi khdng cé anh huong cua nhidu thi
thuat toan nay la thuat toan higéu qua nhat: gan
nhu triét tiéu qua diéu chinh va giam thoi gian
qua do. Tuy nhién thuat toan khong dem lai
chat luong t6t khi nhidu tac dong

Thuat todn PID-Fuzzy Intervention cai
thién dang ké chat lwong diéu khién trong
truong hop xay ra hién twong Windup, dan dén
qué diéu chinh 16n trong hé thdng (H. 16).

Thuat toan PID-FUZZY Self-Tunning cé
kha nang dem lai chat lugng diéu khién khé tét
khi khong c6 anh huong cua nhiéu, mat khac
thé hién duoc wu diém so voi cac thuat toan
khéc trong truong hop hé théng cé nhidu tac
dong (H. 17, duong nét dat).

VI. KET LUAN

Bo diéu khién duoc thiét ké dua trén
dong vi diéu khién DSC dsPIC33F cho phép
tang hiéu qua tinh todn, mat khac lai c6 kha
nang két néi vao ra theo cac chuan cong nghiép
pho bién, qua d6 gop phan dem lai kha ning
diéu khién da dang cac dbi tugng cong nghiép
c6 chu ky diéu khién 16n nho khac nhau,,

Bo6 diéu khién théng minh (thuc hién cac
thuat toan PID, Fuzzy dong, PID-Fuzzy
Intervention, PID-Fuzzy Self-tunning) c6 kha
nang ng dung linh hoat, cho chat luong diéu
khién t6t khi thay doi gia tri dat va ngay ca khi
hé thong chiu anh huong cua nhidu. Piéu nay
khic phuc han ché cua bo diéu khién PID kinh
dién, thuong khong dem lai chat lugng mong
mudn khi hé théng c6 gié tri dat thay doi trong
khoang rong hoac c6 nhiéu tac dong.

Phuong phép diéu khién mo doc lap hoic
két hop vai phuong phap diéu khién PID kinh
dién dua trén nén vi didu khién manh, nhu
dsPIC33F htra hen kha ning xdy dung bo diéu
khién cong nghiép trong twong lai.
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