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THIET KE VA UNG DUNG CARD DIEU KHIEN SO
TRONG DPIEU KHIEN THOI GIAN THU'C
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TOM TAT

'Pai hoc Ky thudt Céng nghiép - PH Thai Nguyén,
2Pai hoc Sur pham Ky thudt qu Dinh,
3Cao ding phat thanh truyén hinh 1

Bai béo dé cap dén van d& thiét ké va ung dung Card diéu khién sé trong diéu khién thoi gian thuc.
Qua viéc xay dung mot toolbox trong phan mém Matlab, Card duogc thict k& dé co thé két noi voi
doi tugng dicu khién mdt cach don gian, thuan 19i trong viéc thyc hién cac thuat toan dicu khién

ding phan mém Matlab-Simmulink.

Tir khéa: Card diéu khién so, diéu khién thoi gian thiee, Matlab — Simulink, vi xi Iy, ludt diéu khién.

Cac ky higu viét tat:
Ky hié¢u Dién giai
ADC Analog to Digital Converter
DAC Digital to Analog Converter
DC Direct current

PWM Pulse-width modulation

DMA Direct memory access

USB Universal Serial Bus
Universal
Synchronous/Asynchronous
Receiver/Transmitter

DAT VAN BE

Khi xdy dung mot bo diéu khién phai thuc
hién hai nhiém vy 13 tim luat diéu khién va
xac dinh thiét bi dé thyuc hién luat diéu khién
d6. Trong cac hé diéu khién sé khi sir dung
may tinh v6i phan mém Matlab d& thyc hién
cac luat diéu khién thi trong cAu tric cua hé
bat budc phai co mot card ghép ndi giira may
tinh va dbi tuong diéu khién.

USARTS

Matlab 13 mot phin mém c6 kha ning tinh
toan va thuc hién tot cac thudt toan diu
khién[3],[6]. Két hop Matlab va Card thu thap
dir liéu sé tao ra bo diéu khién rét linh hoat,
c6 kha nang thuc hién cac thuat toan diéu
khién [2], [8], [9], [10]. Trong thuc t& Card
diéu khién DSP 1103, DSP 1104 c6 gi4 thanh
rit cao. Bai bio trinh bay CardTNUT duoc
thiét k&, ché tao co kha ning thu thap va xuit
tin hiéu ra d6i tuong diéu khién, tuy nhién
trong khuon kho cho phép bai bao khong trinh
bay phan thiét ké ma tap trung vao viéc xay
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dung toolbox cua CardTNUT trong Matlab dé
thuc hién cac thuat toan diéu khién bang phan
mém Matlab. Két qua dugc kiém chung bang
thuc nghiém trong diéu khién hé truyén dong
dong co mét chicu.

CARD DIEU KHIEN SO CARDTNUT

So do cac khéi chic nang cua card diéu khién
duoc thé hién trén hinh 1.

Pau vao R Khoi vi xtr R Pau ra
sb ”| lytrung " sb
PAau vao tam Piu ra
tuong tu T T tuong ty

| ¥
Cai dat Hién thi
tham so (Led,...)

A 4
A 4

Hinh 1. So do cdu triic
CardTNUT dugc thiét ké ¢ cac thong sb va
dam bdo céac yéu cau sau:
C6 thé nhan, xuit cac tin hiéu tuong tu theo
cac chuan dién ap 0+~10VDC hoac 0+-20mA;
C6 thé nhan, xuét cac tin hidu s6 c6 muc dién
ap 0/24VDC, cho phép thu thép cac gia tri
logic s6, dém xung, nhan tin hiéu ngit tir bén
ngoai va xuat tin hiéu bao trang thai, tin hiéu
diéu khién PWM (Pulse-width modulation);
C6 chirc ning giao tiép véi may tinh (phan
méeém Matlab) va doi tugng diéu khién vdi toc
do cao, it xay ra 15i;
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C6 chirc nang cai dat, thay doi tham s6 va ché
dd hoat dong;

C6 kha niang moé rdng cac chan vao/ra cho
phép két ndi mot sb modul chirc ning khac. ..
Phin cirng CardTNUT

Céc khdi chirc nang chinh bao gom:

Khéi vi xiv Iy trung tam

Khéi vi xir 1y trung tdm st dung vi xir ly
AT91SAM3XSE do hing Atmel ché tao.
AT91SAMB3XSE [4], [5] co 16i 16i 32-bit, cho
phép thuc hién cic phép todn co dd rong 4
byte dir li€u trong mot xung nhip CPU, céc
thong s6 k¥ thuat co ban nhu sau:

Dién ap hoat dong 3.3V (1.6 + 3.6V)
Sb dau vao/ra 103

Dau ra PWM 12 (12bits)

Dau vio tuong ty 12 (12bits)

Dau ra tuong tu 2(DAC, 12bits)
Dong dién vao/ra sO 130 mA

Bd nh¢ chuong trinh 512 KB

(Flash)

Tan s6 xung hoat dong 84 MHz

Truyén thong USB, USARTSs

Khéi xie Iy tin hi¢u twong ty

Khéi xtr 1y tin hiéu twong ty gém hai phan:
mach nhén tin hi¢u tuong tu va mach xuét tin
hiéu tuong tu. Cac tin hi€u tuong tu nay duoc
xtr 1y bang phuong phap s6. Khdi ADC cua
ATI9ISAM3XSE c6 do phan giai 12bits, co
kha niang nhan dién ap tir 0+3.3V, dic biét hd
tro DMA (Direct memory access) giup tang
tbc do trich mau ADC 1én dén 80Msps, co
kha ning nhan tin hiéu twong tu 1én dén
42Mhz.

Mach nhan tin hiéu twong tu (thé hién cac dai
luong vat 1i cia hé théng) ¢ thé nhan duge
tin hi¢u dién &p 0+~10VDC hoac 0+-20mA 1ol
bién dbi thanh dién ap 0+3.3VDC dé dua vao
bo ADC ciia vi diéu khién AT91SAM3XSE.
Mach xuét tin hiéu tuong tu co thé xuit dugc
tin hiéu dién ap 0~10VDC hodc 0+20mA dé
dua dén cac co ciu chp hanh. Vi diéu khién
AT91SAM3XSE c6 san 02 bo ngoai vi DAC
bén trong nhung trong h¢ théng van sir dung
IC DAC chuyén dung MCP4822 [7].
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So d6 nguyén 1y khdi xtr 1y tin hiéu tuong tu
nhu hinh 2.

Hinh 2. So d6 nguyén Iy khoi xit Iy tin hiéu twong tw
Khéi xie Iy tin higu s6

Khéi xtr 1y tin hiéu s gdm hai phan: mach
nhan tin hi€u so, va mach xuat tin hiéu so, cac
dau vao/ra so cd deén led bao hiéu muc logic.
Mach nhan tin hiéu sb c6 thé nhan dugc cac
tin hi¢u logic 0/1 c6 muc dién ap 0/24VDC.
Céc tin hi¢u dau vao dugc cach ly voi vi xir ly
trung tdm qua cac ly quang. Cac dau vao so
nay co thé doc dugc céc tin hi¢u tr bd ma hoa
xung (encoder) loai tuong doi.

Mach xuét tin hiéu s c6 thé xuit dugc cac tin
hi€u logic ra dau ra s6. Cac dau ra so ciling
duoc cach ly véi vi xu Iy trung tdm qua céc ly
quang, cac dau ra sb c6 thé cung cip muc
dién ap dudi 24VDC tuy theo ngudi sir dung.
Céc dau ra so tur 0 dén 7 con c6 thé xuat cac
tin hiéu dicu ché d6 rong xung PWM (Pulse-
width modulation) véi d6 phan giai 12 bit.

So d6 nguyén 1y khdi xir 1y tin hiéu sé duoc
thé hién trén hinh 3.

-

Hinh 3. So do nguyén [y khoi xir Iy tin hleu s6
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CardTNUT sau khi dugc thiét ké, ché tao c6
so d6 nhu hinh 4.

Hinh 4. Card diéu khién TNUT

Khi tao cac khdi: RS232, PWM,
TIMER, ngit, ...
Khoi tao cac gia tri ban dau.

»i
<

) A

Yéu ciu két nbi
to Matlab?

1

A 4

Poc va xtt ly tin hi¢u dau vao tuong
tu; Poc tin hiéu dau vao so

Kiém tra co dit
liéu tir Matlab?

Cap nhat dir liéu,
Thyc hién cac chic nang theo yéu cau
tr Matlab

Yéu cau ngat két
noi tr Matlab?

Hinh 5. Luu do thudt todn chirong trinh chinh

Lap trinh cho vi xir ly trung tam

Luu dé thudt todn

Chuong trinh phan mém diéu khién cho vi xir
ly AT91SAM3XSE duoc 1ap trinh bing ngon
ngit C. Céu trac chuong trinh gdm chuong
trinh chinh va cac chuong trinh con.

Thuét toan chuong trinh chinh duoc thé hién
trén hinh 5.

Chwong trinh

Chuong trinh 14p trinh diéu khién cho vi xir ly
duogc viét bang ngdn ngir C. Do giéi han cua
bai bdo nhém tac gia xin khéng trinh bay
chuong trinh & day.

Xay dung ToolBoox CardTNUT trong thw
vién Matlab-Simulink [3], [6].

Pé thuc hién cac luat diéu khién béng phén
mém Matlab-Simmulink qua CardTNUT téac
gia da tao mot thu vién cho CardTNUT trong
Simmulink nhu hinh 6, CardTNUT Library.
CardTNUT _Library dugc xay dung trén phan
mém Matlab 2012a. Dé cai dat
CardTNUT _Library cai dat thu vién nay bang
lénh install CardTNUT. Mot sé khdi chinh
trong CardTNUT _L.ibrary.
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Hinh 6. Tool box CardTNUT trong simmulink
Khéi CardTNUT _Setup: cai dat thong s két
noi tir Simulink t61 CardTNUT. Viéc trao doi
dir ligu giira card va Simulink dugc thyc hién
theo chuan giao ti€p ndi tiép khdng dong bd
voi toc d6 1.152.000bits/s. Toc dd trao doi dir
liéu cao nhu vay (>1Mb/s) do dir liéu thuc

o | CarTNUT -
SLED

% | CaTNUT DCM |

| CadTNUT
Online PID

e | CargTNUT
[ RS2z

61



Do Trung Hai va Ptg

Tap chi KHOA HQC & CONG NGHE

162(02): 59 - 63

chat trao doi qua cong USB cuia vi diéu khién
AT91SAM3XSE, va vi diéu khién duoc lap
trinh tao ra cng giao tiép ndi tiép o (Virtual
terminal), trén Simulink thyc hién cac giao
tiép v6i cong 4o nay theo phwong thirc nhu
v6i cong ndi tiép cimg that nhung téc do lai
cao hon.

Khéi CardTNUT ADC: khéi doc tin hiéu
tuong ty dwoc chuyén dbi thanh tin higu sb
12bits (gia tri tir 0+4095) trén CardTNUT.
Khéi CardTNUT _DAC: khdi xuat tin hi¢u
dau ra twong ty trén CardTNUT, khi xuét gia
trj s6 tir 04095 thi ddu ra twong tng c6 gia
tri tr 0+-10VDC hoac 0+20mA.

Khéi CardTNUT_DI: khéi doc tin hiéu s ¢
dau vao trén CardTNUT.

Khéi CardTNUT_DO: khéi xuét tin hiéu sb ra
dau ra s6 trén CardTNUT.

Khéi CardTNUT PO: khbi xuit tin hiéu
PWM (12bits) ra dau ra s6 trén CardTNUT.
Khéi CardTNUT_EI: khdi doc tin hiéu
encoder trén du vao s trén CardTNUT. Trén
CardTNUT c6 06 dau vao sb duoc thiét ké dé
nhan tin hiéu xung tir encoder twong ddi mot
pha hodc hai pha, do d6 CardTNUT c6 thé
ghép ndi dugc tdi da 03 encoder tuong ddi 2
pha hoic t6i da 06 encoder 1 pha. Két qua c6
thé dugc cai dat 1a sd xung dém duge, sb
xung trén 100ms hodc thoi gian (ms) ciia mot
xung, tirc két qua c6 thé tra vé 13 vi tri hodc
tdc do gitip nguoi dung c6 thé d& dang xu ly
theo yéu cau. Nguoi ding ciing c¢6 thé tuy
chon dém theo xung hoic dém theo sudn
(sudn 1én, suon xudng) gitp cho do phan giai
ctia encoder dugc ting 1én gap doi.

Khéi CardTNUT_SEO: khéi xuit xung tan s6
50Hz ra dau ra s cua CardTNUT dé diéu
khién dong co servo mot chiéu. Gia tri dau
vao la vi tri cua servo (0°+180°), tin hiéu xung
€6 do rong xung tuong tung tr 500+2500ms.
Khéi CardTNUT _16PWM: khdi xudt tin hiéu
diéu khién module 16PWM. Khbi CardTNUT
16PWM c6 thé cai dat ché do chi xuét tin hiéu
khi d4u vao c6 su thay ddi gia tri nhdm giam
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luong dir lidu trao d6i giira CardTNUT va
Simulink.

Khéi CardTNUT 32RC_SERVO: khbi xuat
tin hiéu diéu khién module 32RC SERVO.

Khéi CardTNUT Online PID: thyc hién
thuat toan didu khién PID véi cac gia tri cai
dit va dau vao dugc nhan  tu
Matlab/Simulink, gié tri dau ra dugc gui tré
lai may tinh. V&i chiic nang nay, CardTNUT
¢6 thé duoc tmg dung trong viéc kiém nghiém
bo diéu khién PID trong diéu khién cac ddi
tuong thuc. CardTNUT co6 thé thuc hién cung
lac 04 kh6i CardTNUT _Online PID.

Khéi CardTNUT Setup PID: khdi cai dat
dAu vao, du ra va cac tham sb bo diéu khién
PID. Gia tri dat ¢6 thé 1a hing sb hodc tir cac
dau vao tuong tu, tir cic bd ma hoa xung; Gia
tri phan hdi c¢6 thé tir cac dau vao twong tu
hodc tir cac bd ma hoa xung; Gia tri diu ra c6
thé dugc xuét ra dau ra tuong tu, dau ra PWM
va dugc giri 1én Matlab/Simulink.

UNG DUNG DIEU KHIEN HE TRUYEN
PONG BANG PHAN MEM MATLAB -
SIMMULINK QUA CARDTNUT

Pé mg dung CardTNUT trong diéu khién
thoi gian  thuc qua thu  vién
CardTNUT Library duogc xay dung va cai
dat trong toolbox ctia Matlab, bai bao st dung
hé truyén dong c6 ciu tric diéu khién nhu
hinh 7.

a
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Hinh 7. Cdu tric diéu khién
DPong co mot chidu kich tir doc lap c6 cac
théng so:
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Pam = 2, 2KW; U, = 220v;
Iy =12A;n,, =1500v/ ph

Bo diéu khién co gia tri: Kp=1.675-107
K=3.868:10".
Trén hinh 8 thé hién dap ung toc d6 cta dong
co trong mién thoi gian thuyc duge lay tryc
tiép trén khoi hién thi cua phan mém Matlab.
Vi thong so da chon ta thay thoi gian qua do
khoang 0.8s, lugng qua di€éu chinh khoang
8.3% va h¢ 6n dinh theo dang tin hiu dat.
[v/ph]

ap ung o ds deng o

B Loy

[s,]

] u W

Hinh 8. Pdp iing téc do dong co

KET LUAN

Bai bao da giéi thiéu qua trinh thiét ké card
diéu khién s CardTNUT. Thiét bi nay duoc
xay dung va cai dat trong toolbox cua Matlab
dé thuan loi cho viéc kiém nghiém céc thuat
toan diéu khién trong mién thoi gian thuc
cling nhu hién thj két qua dudi dang dic tinh

ABSTRACT

bang chinh phin mém Matlab-Simulink. M¢
ra kha nang tng dung thiét bi nay trong diéu
khién cac dbi twong cong nghiép.
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This paper purposes a design an applications of a controlling card in a real-time control system. By
constructing a toolbox in Matlab, the card has been implemented to connect to objects easily in

order to verify algorithms via Matlab-Simulink.
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