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This study aims to design and manufacture a digital PID controller kit
using the MSP-430 microcontroller of Texas Instruments Inc., which
allows collecting real time data and sending them to a PC. A low-power
DC motor is used as a control plant to verify the performance of the
proposed controller kit and the computer interface software. Experimental
results show that it is feasible to integrate the digital PID controller on the
MSP430 microcontroller and the PC interface can conveniently display
and record the transient system response.

TOM TAT

Nghién cuu nay nham thiét ké va ché tao kit diéu khién PID sé tich hop
trén vi diéu khién MSP-430 clia hang Texas Instruments, co thu thdp dir
liéu theo thoi gian thiee va giri vé mdy tinh. Mgt déng co DC c¢éng sudt nho
dwge sir dung lam doi twong diéu khién dé kiém chirg kha nang hoat dong
cia kit PID s6 va phan mém giao tle’p voi mady tinh. Két qua thue nghiém
cho thdy kha nang tich hop bo diéu khién PID 6 trén MCU-MSP430 la
kha thi; phan mém giao tiép giita kit PID s6 va mdy tinh cho phép hién thi

va lwu triv thoi gian qua do cua dap wng mot cach thudn loi

1 GIOI THIEU

Ngay nay bd diéu khién vi tich phan ti 18 (bo
diéu khién PID- Proportional Integral Derivative
controller) dugc st dung rong rdi trong cac hé
thong diu khién cong nghiép (Johnson, M.A. and
M.H. Moradi, 2005). Bo diéu khién PID gom 3
thong sb riéng biét, do d6 déi khi n6 con duge goi
1a diéu khién ba khau: khau ti 18, khau tich phan va
khau vi phéan, dugc viét tat 1a P, I, va D (Hinh 1).
Thiét ké bo diéu khién PID thuc chit la viée didu
chinh 3 thong s6 trén dé dat dwoc chat luong diéu
khién theo yéu cau. Bo didu khién PID duoc tich
hop thanh cdc mo-dun cong nghi¢p 1ap trinh duogc
va tién dung (Nippon Instruments, 2014; Bluefic
Industrial and Scientific Technologies, 2014).
Ngoai trir gia thanh cao, thi cdc mo-dun cong
nghiép nay dap ing dugc hiu hét cac nhu cau tmg
dung tuong rng.

Nham muc tiéu ché tao bo diéu khién PID s
nho gon, gia thanh thép, phuc vu cho cac nhu ciu
diéu khién trong pham vi phong thi nghiém, ché
tao cac robot tham gia ky thi Robocon quéc gia,.
nghién ctru ndy hudng dén viéc tmg dung vi dleu
khién MCU-MSP 430 (Texas Instuments,2014) dé
thiét k& va ché tao mot kit phat trién PID sd.
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Hinh 1: So d6 khdi ciia bd diéu khién PID
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2 TONG QUAN KIT BIEU KHIEN PID
SO SUDUNG MCU-MSP430

2.1 Ly thuyét va nguyén ly hoat dong

So dd diéu khién PID s6 dua trén MCU-MSP
430 duoc thé hién trén Hinh 2, dé diéu khién toc do
dong co DC. Nguyén ly hoat dong cua hé nhu sau:
Pau tién, van toc tham khao Ve duge cai dat cho
hé thong. Luc nay, hé thong khao sat 1a hé ho. Khi
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dong co hoat dong, vi diéu khién sé& tién hanh léy
miu van toc dap ung cua hé ho nay thong qua
encoder. Sau khi ldy m':iu xong, vi diéu khién s&
hiéu chinh céc thong sé (Kp, Kp va Ky) cua bo diéu
khién. Sau do, nhap cac thong s6 Kp, Kp va K| vira
hiéu chinh xudng vi diéu khién. Tir cac thong s6
Kp, Kp va Kj vira nhén, bo didu khién PID sé duoc
thiét 1ap trén vi diéu khién va sin sang hoat dong.
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Hinh 2: So' @6 hé thong diéu khién PID

2.2 Phwong phap diéu chinh b diéu khién PID
Dé co thé didu chinh bo diéu khién PID, nguoi
thiét ké can nam vitng anh huong cua céac thong so

(Kp, Kp va Kj) 1én chét lugng dap tmg, duoc tom
tat trén Bang 1 (Jinghua Zhong, 2006).

Bang 1: Anh huéng ciia cac thong s6 ciia by diéu khién 1én chit lwong hé thong

Thong s0 Thoi gian ting Thoi gian qua d§¢ Thoi gian xic 14p Sai s0 xac 1ap P9 6n dinh

K,  Giam Tang Thay d6i nho Giam ~ Giam
K; Giam Téng Téang Giam dang ké Giam )
K, Giamit Giam it Giam it Khong tac dong Cai thién néu K, nho

2.2.1 Phwong phdp diéu chinh thir sai

Phuong phap didu chinh thir sai thuong thiét
dat gia tri dau cua K; va Ky bang khong. Téang dan
K, cho dén khi dap tng vong dleu khién dao dong,
sau d6 K, co thé duge dat t6i xap xi mot nura gia tri
do. Sau do tang K; dén gia tri phi hop sao cho dam
bao thoi gian tang cua dap tmg. Tuy nhién, K; qua
lon s gdy mét 6n dinh. Cudi cung, ting Ky néu
can thiét, cho dén khi vong diéu khién co thé chap
nhan dugc khi dap tmg nhanh chéng ldy lai dwoc
gia tri tham khao sau khi bi nhiéu tac dong. Tuy
nhién, K; qua 16n s& lam hé thong dap tng cham.

2.2.2  Phuwong phap thuc nghiém Ziegler—
Nichols

Phuong phép thuc nghiém Ziegler—Nichols,
duoc gidi thiéu boi John G. Ziegler va Nathaniel B.
Nichols vao nhitng nam 1940. B¢ loi K; va K, lac
dau dugc gan bang khong. Do loi P duge ting dén
gié tri toi han K,, ma & d6 dap umg vong hé bat dau
dao dong. K, va chu ky dao dong P, dugc dung dé
cai dat théng sb bo diéu khién PID theo quan hé
dugc Ziegler—Nichols d& xuat trén Bang 2 (Jinghua
Zhong, 2006).
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Bing 2: Théng so PID theo phwong phap 2.3 Thiét ké phan ctmng kit PID s
Ziegler—Nichols 2.3.1 Khoi nguon
Dang diéu khién K, Ki LY ~ Hinh 3 mo ta so b thiét ké don gian cho ngudn
P 0.5 K, - " chp dién cua Kit PID. Trong do, dién p SVDC
PI 045K, 1.2 K,/P, N dugc dua qua chip LM1117 d€ tao nguén 3.3VDC
PID 06K, 2K/Py  KlPW8 49 cho chip MCU MSP430F5529.
Jo
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Hinh 3: So' @6 thiét ké khdi ngudn
2.3.2  Khéi vi diéu khién la xdy dyng bd diéu khién PID sb. Bén canh
Vi diéu khién sir dung 1a MCU MSP430F5529, n}}ung chire nans Atren’ N dleAu kl}len eon <o chirc
. A S A . nang: reset hé thong, cho hé thong bat dau hoat
trén Hinh 4. N6 c6 chic nang lay mau dap ung tu N P [PV
Koo 1ia aiA 2 X s dong goi 1a bo start, chon ché do xt& Iy va chuc
xung encoder, xuat tin hi¢u diéu khién toc d6 dong ndne béo hidu
co, nhan cac tin hi¢u di€u khién tr bén ngoai. & o
Ngoai ra, vi di€u khién con chuc nang quan trong
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Hinh 4: So' d6 thiét ké caa vi xir 1y
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2.3.3 Khéi hién thi LCD

Khéi hién thi Hinh 5 s dung LCD 16x2 dé
u2
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hién thi cac thong s can thiét dé tuong tac giita hé
thong va nguoi stir dung.

Hinh 5: So d6 thiét ké mach hién thi LCD 16x2

2.3.4 Khoi cong sudt
Khdi cong sudt Hinh 6 dung chip L298D, la

chip tich hop 2 mach qﬁu H, dung dé diéu khién toc
d6 dong co va dado chiéu chuyén dong cia dong co.
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Hinh 6: Khoi cong suét diéu khién dong co

2.3.5 Khéi Encoder

Nguyén ly hoat dong cua encoder dugc minh
hoa trén Hinh 7. Cach doc encoder trén MCU
MSP430F5529 bang phwong phap ngit ngoai. Day
la phuong phap dé va dat do chinh xac cao. Y
tuong cia phuong phap rit don gian, ching ta ndi
kénh A ciia encoder v6i 1 ngat ngoai (INT2 ching

han) va kénh B v&i mét chan nao d6 bat ky (khong
phai chan ngét). C&r mdi 1an ngit ngoai xdy ra, tirc
¢6 1 xung xudt hién trén ¢ kénh A thi trinh phyc vu
ngét ngoai tu dong dugc goi. Trong trinh phuc vu
ngit nay chung ta kiém tra mirc ciia kénh B, tiy
theo mirc ciia kénh B chiing ta s& ting bién dém
xung lén 1 hodc giam di 1.
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Hinh 7: CAu tric cia Encoder (AVR tutorial, 2014)

2.3.6 Khéi giao tiép mdy tinh thong qua ’céng USB va giao tiép vi xir 1y thong
qua giao tiep UART.

Khdi giao tiép may tinh Hinh 8 dugc thyc hién

33v
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Voo |3
RXD 4
Rl 5
GND i
DSR .
DED 8
CNEPIN
Hinh 8: So’ d6 nguyén ly mo-dun FT232 giao tiep may tinh
2.4 Chuong trinh PID so trén MCU-MSP430 didu khién voi may tinh thong qua giao t1ep
2.4.1 Diéu khién déng co DC bang MCU UART. Man hinh LCD dung dé hién thi van toc

) thuc ciia motor doc tir encoder va van tdc dat. Giai
Mo hinh h¢ thong st dung dong co DC 24V ¢ hyat PID sé duoc van hanh béi MCU-MSP430
van toc khong tai toi da la 4000 vong/phut. trong thoi gian 14y mau 1a 20 ms. Timer B ding dé
Encoder dung cho ddng co co do phan giai 100 tao thoi gian 20 ms. Timer A 1a bd tao tin hidu
xung/vong. Kénh A cua encoder dwoc noi voi ngat PWM diéu khién téc do dong co.
ngoai cia MCU dé dém xung. Nhan va gui tin hiéu
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Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 33 (2014): 1-8

Khditao: uart, pwm, ngat ngoai, timer B
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s ligu tir phim
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Cap nhat =g liéu
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Hién thi LCD

Timer B (20ms)

¥

Bocsd xung tiv

Tinh wan tdc, givi 1&én PC, hién thi LCD

encoder

¥

PID =8

T

Hinh 9: Luru dd gidi thuat ciia MCU-MSP430

2.4.2 Roirac hoa PID

Thiét ké mot bo diéu khién PID sé trén mot vi
diéu khién yéu cau dang chudn ciia b didu khién
PID phai dugc roi rac hoa. Vi phan bac mot dugce
xé4c dinh bang sai phan hitu han lui (1). Khéu tich
phan duoc roi rac hoa, v6i thoi gian 1y mau At
nhu (2):

dE‘{i&} _ E{f—&} — E{iﬁg—l}
12 &t

)

£ &
f ef+)dy = Y eff)AL @
0 i1

Do d6, mot giai thuat vén tdc cho viée thuce thi
bo diéu khién PID roi rac trén mot MCU dat duoc
bang cach dao ham u(t), st dung cac théng sé xac
dinh tir dao ham bac mdt va dao ham bac 2, tim ra
u(ty) cudi ciing ta duoc (3):

&t

) = utte )+ | (14 54 2 e + (1 - 22 ) ety + Zoettan| 0

2.4.3 DPoan chwong trinh PID s6

error = setpoint - actual position ;
integral = integral + (error*dt) ;
derivative = (error - previous_error)/dt ;

output = (Kp*error) + (Ki*integral) +
(Kd*derivative) ;

previous_error = erIror,
2.5 Chuong trinh diéu khién trén may tinh
Thiét ké giao dién duya trén nén GUI cua

MATLAB, giao tiép vai thiét bi thong qua cong
COM may tinh.
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connect = (=

LUAN VAN TOT NGHIER

PHAT TRIEN KIT DIEU KHIEN PID SO DUNG MCU-MSP430
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Hinh 10: Giao dién diéu khién déng co dugc trén PC
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Két thiir chirntng trinh

Hinh 11: Lwu dé giai thuit giao tiép trén PC
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3 KET QUA THUC NGHIEM

Bo diéu khién PID sb sir dung MCU-MSP430
¢6 cu tric nhu Hinh 12, thyc hién qué trinh diéu
khién dong co thuyc, ta thu thap dap ing ¢ Hinh 13.
Pé thuén loi cho viét khao sat qué trinh van hanh
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ctia hé théng ciing nhu thu thap s liéu danh gia
chit luong diéu khién cia giai thuat, hé thong co
thé dugc didu khién tryc tiép trén may tinh (PC)
thong qua giao dién ngudi dung nhu Hinh 10 hodc
diéu khién tryuc tiép trén KIT MSP430.

3500

3000

2500

2000

1800

1000

500

|
120

Hinh 13: Pap ing ciia h¢ thong

Két qua thuc nghiém da chimg to kit PID sb
dugc dé xuét trong nghién ctru cho két qua diéu
khién t6t, voi sai s6 xac 1ap nhé hon 0.04% so voéi
gia tri tham khao.

4 KET LUAN

Qua thyc nghiém, ta thiy kit diéu khién PID sb
da thiét ké hoat dong t6t trén hé thdng 6n dinh toc
d6 dong co DC, voi dap tng cia hé théng bam t6t
tin hiéu tham khao va thoi gian xdc 1ap hop ly. Kit
PID nay hoan toan c6 thé san xuat phuc vu nhu cau
hoc tép va nghién ctru cta sinh vién.
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