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CHUONG 1 CAU TAO VA NGUYEN LY HOAT PONG
PONG CO DC SERVO.
1.3 Céu tao dong co DC SERVO.

DPong co DC va dong co budc von 1a nhitng hé hdi tiép vong ho - ta cip dién dé dong co
quay nhung chung quay bao nhiéu thi ta khong biét, ké ca ddi voi dong co bude 1a dong co
quay mot goc xac dinh tlly vao sé xung nhan duogc. Viéc thiét 1ap mot hé thong diéu khién dé
xac dinh nhimg gi ngin can chuyén dong quay cua dong co hodc 1am dong co khong quay
ciing khong dé dang.

Hinh 1.1: Mt dong co DC servo trong thue té

Mt khac, dong co servo duoc thiét ké cho nhiing hé théng hdi tiép vong kin. Tin hiéu
ra cua dong co duoc ndi voi mot mach didu khién. Khi dong co quay, van téc va vi tri sé dugc
hoi tiép vé mach diéu khién ndy. Néu co bat ky 1y do nao ngin can chuyén dong quay cua
dong co, co cau hoi tiép s& nhan thay tin hiéu ra chua dat dwoc vi tri mong muén. Mach diéu

khién tiép tuc chinh sai léch cho dong co dat dugc diém chinh xac.

DPong co servo ¢ nhiéu kiéu dang va kich thuée, dugc sir dung trong nhiéu may khéc

nhau, tir may tién diéu khién bang may tinh cho dén cac mé hinh may bay va xe hoi.



Hinh 1.2: Cac thanh phin ciia ddng co DC servo.

Mot dong co DCservo tiéu biéu gdm c6 cac thanh phan chinh sau:
e Stator: dugc gan lién voi vo dong co

e Rotor: 1a thanh phan tao chuyén dong quay

e Choi than va vanh gop: gitip dua dién vao Rotor

eEncoder: hay con goi 14 b6 mid hoa vong quay, phan hdi xung, don vi tinh

(xung/vong)
Ngodi ra, DC servo con ¢ thé cé thém cdc thanh phan sau:
e Phanh dién tir: gitip hdm dong co trong trudng hop can thiét

e Tachometer : la thanh phén phan hoi tuong tu, thuc chit 12 mot may phat dién nho,

v6i dién ap phan hdi duogce tinh bang (vol/vong quay)
1.4 Nguyén ly diéu khién dong co DC SERVO.

Dé diéu khién sb vong quay hay van tdc dong co thi ching ta nhét thiét phai doc duoc

gbc quay cua motor.

Mot sé phuong phap c6 thé duoc dung dé xac dinh gbc quay cia motor bao gom

tachometer, hodc dung bién trd xoay, hodc dung encoder. Trong d6 2 phuong phap dau tién la
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phuong phap analog va dung optical encoder (encoder quang) thuéc nhom phuong phap
digital.

Hé thdng optical encoder bao gdm mot ngudn phat quang (thuong 13 hong ngoai —
infrared), mot cam bién quang va mot dia c6 chia ranh. Optical encoder lai duoc chia thanh 2
loai: encoder tuyét d6i (absolute optical encoder) va encoder tuwong dbi (incremental optical

encoder). Trong da s cac DC Motor, incremental optical encoder dugc ding da sd.

07 Ngudn phat

Pia quay

Hinh 1.3: C4u tao mét encoder quang.

Encoder thudng c6 3 kénh (3 ngd ra) bao gdm kénh A, kénh B va kénh I (Index).
Trong hinh trén cha ¥ rang c6 mot 16 nhod bén phia trong ciia dia quay va mot cip phat-thu
danh riéng cho 18 nho nay. D6 1a kénh I ctia encoder. Cit mdi 1an motor quay duoc mét vong,
16 nho xuét hién tai vi tri cta cap phat-thu, hong ngoai tir ngudn phat s& xuyén qua 15 nhé dén
cam bién quang, mot tin hi¢u xuét hién trén cam bién. Nhu thé kénh T xuit hién mot “xung”
moi vong quay clia motor. Bén ngoai dia quay duoc chia thanh cac ranh nho va mot cip thu-
phét khac danh cho céc ranh nay. Pay 1a kénh A cua encoder, hoat dong cua kénh A ciing
tuong tu kénh I, diém khac nhau 1 trong 1 vong quay ctia motor, ¢6 N “xung” xuat hién trén
kénh A. N 1a s6 rinh trén dia va duoc goi 1a do phan giai (resolution) ciia encoder. Mdi loai
encoder c6 do phan giai khac nhau, c6 khi trén mdi dia chi c6 vai rdnh nhung ciing c6 trudong
hop dén hang nghin ranh dugc chia. Pé diéu khién dong co, ban phai biét d6 phan giai cia
encoder dang dung. Do phan giai anh huong dén do chinh xac diéu khién va ca phuong phap
diéu khién. Khong duoc v& trong hinh 1.2, tuy nhién trén cac encoder con ¢6 mot cip thu phat
khéac dugc dat trén cung dudng tron voi kénh A nhung Iéch mot chut (Iéch M+0,5 ranh), day
1a kénh B ciia encoder. Tin hiéu xung tir kénh B ¢6 cing tan sd v6i kénh A nhung léch pha
90°. Bang cach phdi hop kénh A va B nguoi doc sé biét chiéu quay cta dong co. Hay quan sat
hinh 3.
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360° (In this case, 360° means
/ 1 cycle from slot to slot)

A

ccw Disk rotates cw

o= 360"

Hinh 1.4: Hoat dong ctiia mdt encoder quang.

Hinh trén cing trong hinh 1.3 thé hién sy b tri ciia 2 cam bién kénh A va B léch pha
nhau. Khi cam bién A bét dau bi che thi cam bién B hoan toan nhan duogc héng ngoai xuyén
qua, va nguoc lai. Hinh thap 13 dang xung ngd ra trén 2 kénh. Xét truong hop motor quay
cung chiéu kim dong hd, tin hiéu “di” tir trai sang phai. Ban hiy quan sat lac tin hiéu A
chuyén tir mtc cao xudng thip (canh xudng) thi kénh B dang & muc thip. Nguoc lai, néu
dong co quay nguoc chiéu kim déng hd, tin hiéu “di” tir phai qua trai. Lic nay, tai canh
xudng cua kénh A thi kénh B dang ¢ muic cao. Nhu vay, bang cach phdi hop 2 kénh A va B
ching ta khong nhimg xac dinh dugc goc quay (thong qua sé xung) ma con biét dugc chiéu

quay cta dong co (thong qua mirc cua kénh B ¢ canh xudng cta kénh A).

Pong co Dc servo duoc diéu khién bai tin hiéu tir vi diéu khién theo nguyén 1y diéu

khién d6 rong xung ( Pulse width modulation — PWM), str dung mach cau H
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Hinh 1.5: Hoat dong ciia mach cau H
Trong hinh 1.5, hiy xem 2 dau V va GND 1a 2 dau (+) va (-) cua ac qui, “ddi twong” 1a dong
co DC ma chung ta can diéu khién, “ddi tuong” nay c6 2 dau A va B, muc dich diéu khién Ia
cho phép dong dién qua “ddi twong” theo chiéu A dén B hoic B dén A. Thanh phan chinh tao
nén mach cau H cua ching ta chinh 13 4 “khéa” L1, L2, R1 va R2 (L: Left, R:Right). O diéu
kién binh thuong 4 khoéa ndy “md”, mach cau H khdng hoat dong.

Gia str bang cach nao d6 ma 2 khoa L1 va R2 duogc “dong lai” (L2 va R1 van mé), c6
mot dong dién chay tir V qua khoa L1 dén dau A va xuyén qua d6i twong dén dau B cua né
truéc khi qua khda R2 va vé GND (nhu hinh 2a). Nhu thé, véi gia st ndy sé& co dong dién
chay qua d6i turong theo chiéu tir A dén B. Bay gid hdy gia st khac di rang R1 va L2 dong
trong khi L1 va R2 mé, dong dién lai xuat hién va 1an nay nd s& chay qua ddi tuong theo
chiéu tr B dén A nhu trong hinh 2b (V->R1->B->A->L2->GND). Vay la chlng ta c6 thé
ding mach cau H dé dao chiéu dong dién qua mot “ddi twong” (hay cu thé, dao chiéu quay

dong co)

Néu dong dong thoi 2 khda ¢ ciing mot bén (L1 va L2 hoic R1 va R2) hoic tham chi
dong ca 4 khoa? Hién tuong “ngan mach” (short circuit), V va GND gan nhu ndi truc tiép véi
nhau va hién nhién ic qui s& bi hong hozc nguy hiém hon 1a chay ndé mach xay ra. Cach dong

céc khoa nhu thé ndy s& lam hong mach cau H. Bé tranh viéc ndy xay ra, ngudi ta thuong
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dung thém cac mach logic dé kich cau H, ching ta s& biét rd hon vé mach logic nay trong cac

phan sau.

Gia thiét cudi cung 1a 2 truong hop cac khoa ¢ phan dudi hoac phan trén cung dong (vi
du L1 va R1 cung déng, L2 va R2 cung mé). V6i trudng hop ndy, ca 2 dau A, B cua “ddi
tugng” cung ndi Vi mot muc dién &p va sé khong co dong dién nao chay qua, mach cau H
khong hoat dong. Day co6 thé coi 1a mot cach “thing” dong co (nhung khong phai luc nao

cling c6 tac dung).

D6 14 nguyén 1y co ban ciia mach cau H. Nhu vay thanh phan chinh cia mach cau H
chinh 13 cac “khoa”, viéc chon linh kién dé lam cac khoéa nay phu thudc vao muc dich sir
dung mach cau, loai ddi tuong can diéu khién, cong suat tiéu thu caa ddi tuong va ca hiéu
biét, diéu kién cua ngudi thiét ké. Nhin chung, cac khoa cua mach cau H thuong dugc ché tao
bang ro le (relay), BJT (Bipolar Junction Transistor) hay MOSFET (Metal Oxide

Semiconductor Field-Effect Transistor).
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Hinh 1.6: Mach cau H ding Ro le.
Trong mach cau H ding ro le ¢ hinh 1.6, 4 diode duoc ding dé chdng hién tugng dong
nguoc (nhét 1a khi diéu khién dong co). Cac duong kich solenoid khong duoc ndi truc tiép
Vvé6i chip diéu khién ma théng qua cac transistor, viéc kich cac transistor lai duoc thuc hién

qua cac dién tro.
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Mach cau H ding ro le c6 vu diém 1a d& ché tao, chiu dong cao, dic biét néu thay ro le
bang cac linh kién twong duong nhu contactor, dong dién tai c6 thé lén dén hang trim
ampere. Tuy nhién, do 12 thiét bi “co khi” nén tdc d6 déng/mé cua rd le rit cham, néu dong
mé qué nhanh c6 thé dan dén hién tuong “dinh” tiép diém va hu hong. Vi vay, mach cau H
bang ro le khéng duoc dung trong phuong phap diéu khién téc d6 dong co bang PWM.
Nguoi ta thay thé ro le trong mach cau H, bang cac tranzitor goi 1a cac “khoéa dién ta” véi kha

ning déng/mé 1én dén hang nghin hoic triéu 1an trén mdi giay
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Hinh 1.7: Mach ciu H diang BJT
Do BJT ¢6 thé duoc kich ¢ téc do rat cao nén ngoai chirc nang dao chiéu, mach cau H

ding BJT c6 thé dung diéu khién téc d6 motor bang cach ap tin hiéu PWM vao cac dudng .

Nhuoc diém 16n nhat caa mach cau H ding BJT la céng suat cia BJT thuong nho, vi
vay vGi motor cdng suat Ion thi BJT it duoc st dung. Mach dién kich cho BJT can tinh toan
rat ky dé dua BJT vao trang thai bdo hoa, néu khdng s& hong BJT. Mit khac, dién tré CE cua
BJT khi bao hoa ciing twong ddi Ién, BIT vi vay co thé bi nong. ..
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Hinh 1.8: Mach cau H diing Mosfet
Hinh trén minh hoa mot mach cau H ding MOSFET dién hinh véi cap IRF9540 va

IRF540

Mach cau H ding MOSFET, hoat dong twong tu nhu mach cau H ding BJT, tuy nhién

do uvu diém cua cac Mosfet 1a tc do dong mé nhanh, dong tai 16n do d6 duoc ding nhiéu hon

trong thuc té.
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Chuwong 2. Téng quan vé Vi diéu khién AVR

2.3.  Vidiéu khién AVR.

2.1.1. Giéi thigu vé AVR.

AVR 13 ho Vi diéu khién kha méi trén thi truong ciing nhu dbi v6i nguoi stir dung. Day
13 ho vi diéu khién duogc ché tao theo kién tric RISC (Reduced Instruction Set Computer) co
ciu tric kha phtic tap. Ngoai cac tinh ning nhu cac ho vi diéu khién khéc, né con tich hop
nhiéu tinh ning méi rat tién loi cho ngudi thiét ké va lap trinh.

Sy ra doi cia AVR bit ngudn tir yéu cau thuc té 13 hau hét khi can 14p trinh cho vi diéu
khién, thuong dung nhitng ngdn ngit bac cao HLL (Hight Level Language) dé 1ap trinh ngay
ca v6i loai chip xtr 1i 8 bit. Tuy nhién khi bién dich thi kich thuéc doan ma s& ting nhiéu so
v6i dung ngdn ngir Assembly. Hang Atmel nhan thiy ring can phai phét trién mot ciu tric
dic biét dé giam thiéu sy chénh léch kich thudc ma da néi trén. Va két qua 1a ho vi diéu khién
AVR ra doi1 voi viée lam giam kich thude doan ma khi bién dich va thém vao doé la thuc hién
lénh dung chu ky may véi 32 thanh ghi tich lily va dat tc do nhanh hon céc ho vi diéu khién
khac tir 4 dén 12 1an. Vi thé nghién ctru AVR 1a mot dé tai kha 1y tha va gitp cho sinh vién
biét thém mot ho vi diéu khién vao loai manh nhat hién nay.

Vi diéu khién AVR do hing Atmel (Hoa Ki) san xuat dugc goi thiéu 1an dau nim 1996.

Ho vi diéu khién AVR 1a mét ho vi diéu khién c6 ciu tric hién dai (so v6i 8051).

Co ba loai trong ho nay do la :

- Tinyavr.
- AVR (loai AVR).
- MegaAVR.

Hinh 2.1. Cac dong AVR: tiny, AVR va AT mega.

TAt ca céac thiét bi trong ho AVR déu co chung mét tap 1énh, va t6 chic bd nhd giéng
nhau. Nhung khi chuyén nghién ctru tr mot vi diéu khién AVR nay sang loai khac thi that la
don gian. Cau tao AVR bao gom: SRAM, EEPROM va giao tié¢p SRAM mé rong, bo chuyén
doi tuong tu s6 (ADC), cau triic nhiéu tuyén, UART, USART...

2.1.2. Mt s6 chip AVR théng dung.

AT90S1200 AT90S2313

AT90S2323 and AT90S2343 AT90S2333 and AT90S4433

AT90S4414 and AT90S8515 AT90S4434 and AT90S8535 AT90C8534

ATtiny10, ATtinyll and ATtiny1l2 ATtinyl5

ATtiny22 ATtiny26 ATtiny28

ATmega8/8515/8535 ATmegal6 ATmegal6l ATmegal62 ATmegal63 ATmegal69
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ATmega32 ATmega323 ATmegal03
ATmega64/128/2560/2561 ATmega86RF401.

2.4. Chip Atmega32.

Atmega32 13 vi diéu khién thudc ho AVR cua hing Atmel, c6 40 chan trong d6 c6
32 chan I/O, ¢6 4 kénh diéu xung PWM, st dung thach anh ngoai SMHz.

Nhan AVR két hop tap 1énh ddy du voi 32 thanh ghi da ning. Tat ca cac thanh ghi
lién két truc tiép v6i khéi xir Iy s6 hoc va logic (ALU) cho phép 2 thanh ghi doc 1ap duoc truy
cap trong mot 1énh don trong 1 chu ky ddng hd. Két qua 1a tdc d6 nhanh gip 10 1an cac bo vi
diéu khién CISC thuong. Chinh vi diéu d6 em dd chon Atmega32 dé lam dé tai nghién ctru va
ung dung.

Hinh 2.2. Hinh dang thirc té ATMega32.

2.4.1. Cau hinh chan (pin configurations).

PDIP
/
(XCK/TO) PBO ] 1 40 |71 PAO (ADCO)
(T1) PB1 2 39 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 |71 PA2 (ADC2)
(OCO/AIN1) PB3 ]| 4 37 |1 PA3 (ADC3)
(SS) PB4 | 5 36 [ PA4 (ADC4)
(MOSI) PB5 | & 35 PA5 (ADCS5)
(MISO) PB6 7 34 PA6 (ADCS)
(SCK) PB7 (] 8 33 PA7 (ADC7)
RESET 9 32 AREF
vce 10 31 |7 GND
GND 11 30 AVCC
XTAL2 ] 12 29 PC7 (TOSC2)
XTAL1 13 28 PC6 (TOSC1)
(RXD) PDO 14 27 PC5 (TDI)
(TXD) PD1 15 26 PC4 (TDO)
(INTO) PD2 16 25 PC3 (TMS)
(INT1) PD3 ] 17 24 PC2 (TCK)
(OC1B) PD4 18 23 PC1 (SDA)
(OC1A) PD5 19 22 PCO (SCL)
(ICP) PD6 ] 20 21 PD7 (OC2)

Hinh 2.3. Cau trlic chan cia Atmega32.

2.4.2. Pac tinh caa ATmega32.
- Puoc ché tao theo kién tric RISC.
- Bo lénh gom 118 Iénh, hau hét déu thyc thi chi trong mot chu ki xung nhip.
- 32x8 thanh ghi lam viéc da dung.
18



- 32 KB Flash ROM l4p trinh dugc ngay trén hé thong.

- Giao dién ndi tiép SPI cho phép lap trinh ngay trén hé théng.

- Cho phép 1000 lan ghi / x04.

- B6 EEPROM 1024 byte.

- Cho phép 100.000 ghi / xo04a.

- B6 nhd SRAM 2 Kbyte.

- Bo bién d6i ADC 8 kénh, 10 bit.

- 32 ngb 1/0 lap trinh duoc.

- B truyén ndi tiép bat dong bo van ning UART.

- Vee =2.7V d&én 6V.

- Téc do lam viéc: 0 dén 16 Mhz.

- Téc @6 xir Ii 1énh 16 MIPS & 16 MHz (16 triéu Iénh trén giay).

- Bo dém thoi gian thuc (RTC) véi bo dao dong va ché do dém tach biét.

- 2 bo Timer 8 bit va 2 bo Timer 16 bit v4i ché do so sanh va chia tan s tach biét va
ché do bat mau.

- Bbn kénh diéu ché do rong xung PWM.

- B6 dinh thoi Watchdog lap trinh duogc. Tu dong reset khi treo may.

- BO so sanh tuong tu.

- Sau ché do ngu: Ché do rdi (Idle), tiét kiem dién (Power save), ché do Power
Down, ché @6 ADC Noise Reduction, ché d6 Standby va ché 6 Extended Standby.

2.4.2.1. MO ta y nghia cac chan (Pin descipsions).

- At mega32 gém c6 4 port: Port A, port B, port C va port D.

- Port A gém 8 chan tir PAO dén PA7: La cong vao twong tu cho chuyén doi trong
tu sang s6. No ciing 1a cong vao/ra hai hudng 8 bit trong truong hop khéng sir sung 1am cong
chuyén ddi twong tu, c6 dién trg ndi 1én ngudn duong bén trong. Port A cung cip duong dia
chi dir liéu vao/ra theo kiéu hop kénh khi duing bo nhé bénngoai.

- Port B gém 8 chan tir PBO dén PB7: La cong vao/ra hai hudng 8 bit, c6 dién trg noi
lén ngudn duong bén trong. Port B cung cap c4c chic ning ¢ng vai cac tinh ning dic biét cua
Atmega32.

- Port C gém cac chan tir PCO dén PC7: La cong vao/ra hai huéng 8 bit, co dién tro
ndi 18n ngudn duong bén trong, Port C cung cip cac dia chi I16i ra khi sir dung bo nhé bén
ngoai va déng thoi cung cap tng véi cac tinh ning dac biét cua Atmega32.

- Port D gém céc chén tir PDO dén PD7: La cong vao/ra hai hudng 8 bit, c6 dién tro
ndi 18n nguén duong bén trong. Port D cung cap cac chitc niang (ng voi cac tinh nang dac biét
cua Atmega32.

- Chan ngudn Vce (chan s6 10 va chan sb 30): Dién ap ngudn nudi ciia Atmega3?2
tir 4.5v dén 5.5v.

- Chan Reset (chan s 9): Léi vao dit lai.
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- Chan GND (chan sé 11 va chan 31): Chan néi mat.

- Chan XTAL1, XTAL2 I hai chan ndi thach anh ngoai (chan sé 12 va chan s6 13).
Atmega32 sir dung thach anh ngoai la 8MHz.

- Chan ICP (chan s6 20): La chan vao cho chirc ning bit tin hiéu cho b dinh
thoi/dém 1.

- Chan OC1B (chan s6 18): La chan ra cho chirc ning so sanh 16i ra bo dinh
thoi/dém 1.
- Chan INT1(chan sb 17): Chan ngd vao ngit.

2.4.2.2. So do khoi.
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Hinh 2.4. So d6 khbi Atmega32.

2.4.2.3. CAutrdc nhan AVR.
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Phan c6t 16i ciia AVR két hop tap 1énh phong phu vé s luong véi 32 thanh ghi lam
viéc da nang. Toan b 32 thanh ghi déu dugc két ndi tryc tiép véi ALU (Arithmeetic Logic
Unit), cho phép truy cdp hai thanh ghi doc 14p bang mot chu ky xung nhip. Kién truc dat
duogc c6 tée do xur Iy nhanh gap 10 1an vi diéu khién kiéu dang CISC thong thudng.

2.4.2.4. CAu tric téng quat.

Data Bus 8-bit

A
Flash Program e Status
Program Counter and Control
Memory -
Interrupt
> 32x8 B Unit
Instruction General
Register Purpose SP
Regstrers Unit
Instruction Watchdog
Decoder & Y Y - Timer
> e a
l 2 g ALU Analog
Control Lines 3 § Comparator
< -t
T g
£ 3 -
= = > VO Modulet
Data <« 1O Module 2
SRAM
<> O Module n
EEPROM <
IO Lines <

\ 4

Hinh 2.5. So d6 cau tric CPU cua Atmega32.

AVR sir dung céu trac Harvard, tach riéng bo nhd va cac bus cho chwong trinh va di
liéu. Céc Iénh dugc thuc hién chi trong mét chu ky xung clock. Bo nhé chuong trinh dugce
luu trong b nhd Flash.

2.4.25. ALU.

ALU lam viéc tryc tiép voi cac thanh ghi chic nang chung. Cac phép toan dugc thuc
hién trong mot chu ky xung clock. Hoat dong ciia ALU dugc chia lam 3 loai: Pai s0, logic
va theo bit.

2.4.2.6. Thanh ghi trang thai.

Day la thanh ghi trang thai c6 8 bit luu trit trang thai cia ALU sau cac phép tinh s6

hoc va logic.
BIT S3F(S5F)

7 6 5 4 3 2 1 0
.+ T J H | s | v | N | z | C
RW RW RW RW RW RW RW RW
0 0 0 210 0 0 0 0



Read/Write
Intial Value

Hinh 2.6. Thanh ghi trang thai SREG.

- C: Carry Flag; Co nhd (Néu phép toan ¢ co nhé s& dugc thiét lap).

- Z: Zero Flag; Co zero (Néu két qua phép toan bing 0).

- N: Negative (Néu két qua phép toan 1a am).

- V: Two’scomplement overflow (Co nay duoc thiét 1ap khi tran sé bu 2) V, For
signed tests (S=N XOR V) S:N.

- H: Half Carry Flag (Pugc str dung trong mot s6 toan hang sé& duoc chi ra sau).

- T: Transfer bit used by BLD and BST intruction (Puoc str dung lam noi chung
gian trong céac l1énh BLD, BST).

- I: Global Interrupt Enable/Disable Flag (Pay la bit cho phép toan cuc ngat.
Neéu bit nay ¢ trang thai logic 0 thi khong c6 mot ngat nao duogc phuc vu).

2.4.2.7. Cac thanh ghi chirc ning chung.

{ 0 AddrS00 S01
RO

R1

SOD SOE SOF S10 S11

R13
R14
R15
R16
R17

R26 S1E S1F
R27

S1A S1B

R30
R31

Hinh 2.7. Thanh ghi chttc nang chung.

2.4.2.8. Con tré ngin xép (SP).

La mot thanh ghi 16 bit nhung ciing c¢6 thé dugc xem nhu hai thanh ghi chiic ning
dac biét 8 bit. Co dia chi trong cac thanh ghi chirc nang dac biét 1a $3E (Trong bd nhd
RAM la $5E). C6 nhiém vu tr6 téi ving nhé trong RAM chira ngan xép.

BIT 15 14 13 12 11 10 9 8
S3E(SSE)[ - - - - . - = -
S3D(S5D) SP7 | SP6| SP5| SPA| SP3| SP2| SPL| SPO

7 6 5 4 3 2 1 0
Read/Writt RW RW RW RW RW RW RW R/W
Intial Value 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

Hinh 2.8. Thanh ghi con cho ngan xép.

Khi chuong trinh phyc vu ngat hodc chuong trinh con thi con ché PC duge luu vao
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ngan xép trong khi con trd ngan xép giam hai vi tri. VA con tré ngan xép s& giam 1 khi thyc
hién 1énh push. Nguoc lai khi thyc hién 18 POP thi con cho ngin xép sé& tang 1 va khi thuc
hién 1énh RET hodc RETI thi con ché ngin xép s& ting 2. Nhu vy con tré ngin xép can
dugc chuong trinh dat trude gia tri khoi tao ngan xép trude khi mot chuong trinh con dugc
goi hodc cac ngit duoc cho phép phuc vu. Va gia tri ngin xép it nhit ciing phai 16n hon
hoic bang 60H (0x60) vi 5FH tro lai 14 cac thanh ghi.

2.4.3. Quan ly ngat.

Ngit 13 mot co ché cho phép thiét bj ngoai vi bdo cho CPU biét vé tinh trang sin
sang cho ddi dit liéu cta minh. V7 du: Khi bo truyén nhan UART nhan dugc mdt byte n6 s€
bao cho CPU biét thong cua co RXC, hodc khi n6 da truyén dugc mot byte thi co TX dugc
thiét lap...

Khi ¢6 tin hiéu bao ngét CPU s¢€ tam dung cong viéc dang thuc hién lai va luu vi tri
va thyc hién chuong trinh (con ché PC) vao ngin xép sau d6 cho tdi vector phuc vu ngit va
thuc hién chwong trinh phuc vu ngat d6 cho t6i khi gap 1énh RETI (return from interrup) thi
CPU lai lay PC tir ngan xép ra va tiép tuc thuc hién chuong trinh ma trudc khi co ngat né
da thyc hién. Trong truong hop ma cé nhiéu ngit yéu cau cing mot lac thi CPU sé& luu cac
cO bao ngét d6 lai va thuc hién 1an luot cac ngét theo budc uu tién. Trong khi dang thuc
hién ngat ma xuét hién ngit méi thi s& xay ra hai trudng hop. Trudng hop ngit nay c6 mirc
uu tién cao hon thi x& dugc phuc vu. Con néu c6 mirc wu tién thép hon thi s€ bi bo qua.

Bo nhd ngan xép 1a ving bat ky. Trong SRAM tir dia chi 0x60 tro 1én. Pé truy nhap
vao SRAM thong thudng thi dung con ché X, Y, Z va dé truy nhap vao SRAM theo kiéu
ngin xép thi dung con tréo SP. Con ché nay 1a mot thanh ghi 16 bit va duoc truy nhap nhu
hai thanh ghi 8 bit chung c6 dia chi SPL: 0x3D/0x5D(IO/SRAM) va SPH:0x3E/0x5E.

Khi chuong trinh phuc vu ngit hodc chwong trinh con thi con tré PC dugc luu vao
ngan xép trong khi con trd ngan xép giam di hai vi tri. Va con cho ngin xép s& giam 1 khi
thuc hién 1énh push. Nguoc lai khi thuc hién 1énh POP thi con tré ngan xép s€ tang 1 va
thuc hién 1énh RET hodac RETI thi con cho ngan xép s€ tang 2. Nhu vay con tré ngan xép
can duoc chuong trinh dat trude gid tri khoi tao ngan xép trude khi mot chuong trinh con
duoc goi hodc cac ngat duge cho phép phuc vu. Va gia tri ngan xép it nhat ciing phai 16n
hon hoic bang 60H (0x60) vi 5FH tro lai 1a cac thanh ghi.

Bang 2.1. Vector ngat cho Atmega32

Vector Program Source Interrupt Definition
Address

1 $000 RESET External Pin, Power-on Reset, Brown-

out
Reset, Watchdog Seset, and JTAG AVR

eset

2 $002 INTO External Interrupt Request 0

3 $004 INT1 External Interrupt Request 1

4 $006 INT2 External Interrupt Request 2

5 $008 TCI:I\(gIII\EARE)Z Timer/Counter2 Compare Match

6 $00A TIMER2 OVF Timer/Counter2 Overflow

7 $00C TCIJI\AE'Rl'l Timer/Counterl Capture Event
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8 $00E TIMER1 CAP Timer/Counterl Compare Match A
9 $010 T(I:I\AEEI Timer/Counterl Compare Match B
10 $012 TIMER1 OVF Timer/Counterl Overflow

11 $014 T(I:I\C/)III\E/IIIR;O Timer/Counter0 Compare Match
12 3016 TIMERO OVF Timer/CounterO Overflow

13 $018 SPI, STC Serial Transfer Complete

14 $01A USART, RXC USART, Rx Complete

15 $01C UUSDARBIE USART Data Rigister Empty
16 $01E USART, TCX USART, Tx Complete

17 $020 ADC ADC Conversion Complete

18 $022 EE RDY EEPROM Ready

19 $024 ANA_COMP Analog Comparator

20 $026 TWI Two-wire Serial Interface

21 $028 SPM_RDY Store Program Memory Ready

2.4.4. Cau trac bé nhé.
Ciling nhu moi vi diéu khién khac AVR c6 céu tric Harvard tic 1a c6 bd nhé va
duong bus riéng cho by nhé chuong trinh va bo nhd dir lidu.
24.4.1. B¢ nhé chwong trinh.

Bd nh¢ chuong trinh ctia AVR 1a by nhé Flash c6 dung luong 32 Kbytes. B nhé
chuong trinh ¢6 do rong bus 13 16 bit. O vi diéu khién ATmega32 bd nhé chuong trinh con
c6 thé duoc chia 1am 2 phan: Phan boot loader (Boot loader program section) va phan tng
dung (Applicationprogram section).

- Phan boot loader: Chira chwong trinh boot loader.

- Phan tng dung (Application program section): La viing nhé chira chuong trinh
g dyng cua ngudi dung. Kich thudc cua phan boot loader va phan tng dung co thé tiy
chon.

Hinh 1.9 thé hién cdu triic bo nhé chuwong trinh ¢6 sir dung va khong st dung boot
loader, khi str dung phan boot loader thiy 4 word dau tién thay vi chi thi cho CPU chuyén
to1 chuong trinh rng dung cua nguoi dung (14 chuong trinh c6 nhan start) thi chi thi CPU
nhay toi phan chuong trinh boot loader dé thuc hién trude, rdi méi quay trd lai thuc hién
chuong trinh tng dung.

Go to Start Goto BootLoader i" o
USER USER
Interrupt Interrupt
Service R Service Ro
Start Start
USER (1) USER
Main program Main program (3)
d |
Empty space
Empty space
Go to Start
Bootloader
(2)

Khing ding Co diung
Bootloader Bootloader



Hinh 2.9. B6 nhé chuong trinh ¢6 va khong cé sur dung boot loader.

2.4.4.2. By nheo dir lidu.

Bo nhd dir liéu cua AVR chia lam 2 phz‘in chinh 1a b6 nhd& SRAM va by nhd
EEPROM. Tuy cung la bd nhd dir liéu nhung hai bd nhd nay lai tach biét nhau va dugc
danh dia chi riéng.

- Bo nhé SRAM: Co dung lugng 2 Kbytes.

Bang 2.2. bia chi cua tat ca cac port.

Tén PORT DPia chi O/1 Dia chi SRAM
PORTA $1B $3B
DDRA $1A $3A
PINA $19 $39
PORTB $18 $38
DDRB $17 $37
PINB $16 $36
PORTC $15 $35
DDRC $14 $34
PINC $13 $33
PORTD $12 $32
DDRD $11 $31
PIND $10 $30

- B0 nhé EEPROM: B6 nhd EEPROM c6 kich thude la 1024 bytes. EEPROM
dugc xem nhu 1a mot bd nhd vao ra dugc danh dia chi doc lap vo1 SRAM, di€u nay co
nghia la cin st dung céac Iénh in, out ... khi muon truy xuat t61 EEPROM.

bé ghi vao EEPROM can thyuc hién cac budc sau:

- Cho cho bit EEWE ve 0.

- Cam tat ca c4c ngat.

- Ghi dia chi vao thanh ghi EEAR.

- Ghi dir liéu ma can ghi vao EEPROM vao thanh ghi EEDR,

- Set bit EEMWE thanh 1.

- Set bit EEWE thanh 1 .

- Cho phép céc ngat tro lai.

Doc dir li¢u tr EEPROM: Viéc doc dir li¢u tt EEPROM don gian hon ghi dir liéu
vao EEPROM, dé¢ doc dir liéu tir EEPROM thuc hién cac budc sau:

- Cho cho bit EEWE vé 0.

- Ghi dia chi vao thanh ghi EEAR.

- Set bit EERE 1én 1.

2.4.5. Cong vao ra.

Cong vao ra la mot trong s6 cac phuong tién dé vi dicu khién giao tiép voi cac thiét
bi ngoai vi. Atmega3?2 c6 4 cong (port) vao ra 8 bit I: PortA, PortB, PortC, PortD tuong ing
v6i 32 dudng vao ra. Cac cong vao ra cia AVR 1a cong vao ra hai chiéu c6 thé dinh hudng,
tirc ¢ thé chon hudng cua cong la hudng vao (input) hay hudng ra (output). Tat cac cac
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cong vao ra ciia AVR diéu c6 tinh ning Poc — Chinh stra Ghi (Read — Modify — write) khi
sir dung chung nhu 14 cic cng vao ra sd thong thudng. Diéu nay cé nghia 14 khi thay doi
huéng ctia mot chan nao d6 thi né khong lam anh hudng téi hudng cua cac chan khac. Tét
ca cac chan ctia cac cong (port) déu co dién tré kéo 1én (pull-up) riéng, c6 thé cho phép hay
khong cho phép dién tré kéo 1én nay hoat dong.

- Cach hoat dong.

Khi khao sat cic cong nhu 13 cac céng vao ra sb thong thudng thi tinh chét cua cac
céng (PortA, PortB, PortC, PortD) 1a tuong tu nhau, nén chi can khao sat mot céng nao do
trong s 4 cong cua vi diéu khién 1a du. Mdi mot cong vao ra cia vi diéu khién duoc lién
két v6i 3 thanh ghi: PORTx, DDRx, PINx. (¢ diy x 1a dé thay thé cho A, B, C, D). Ba
thanh ghi nay s& duoc phdi hop véi nhau dé diéu khién hoat dong ctia cong, chiang han thiét
1ap cong thanh 161 vao co sir dung dién tré pull-up, ..v.v..

o
|

- c > Lt il e aamd S St ey A

Hinh 2.10. CAu tric chan cua AVR.

Logic

See Figure
"General Digital 1/O" for
Details

|
u
|
|
|
|
| s
:
|
|
|
|

CAu trac chan ciia AVR c6 thé phan biét rd chirc ning (vao ra) trang thai (0 1) tir d6
c6 4 ki€u vao ra cho mdt chan cua AVR. Khac véi AT89C51 1a chi ¢6 2 trang thai duy nhat
01).

Pé diéu khién cac chin nay c6 2 thanh ghi.

- PORTXx: Gia tri tai tirng chan (0 — 1) c6 thé truy cap ti tirng bit PORTX.n.

- DDRx: Thanh ghi chi trang thai cua tirng chan, vao hoac lara.

Bang 2.3. Cau hinh cho c4c chan cong.

DDxn| PORTXn PUD(in /0 | Pull Comment
SFIOR)

0 0 X Input | No Tri-state (Hi-2)

0 1 0 Input | Yes Pxn will source current if
ext.Pulled low

0 1 1 Output, No Tri-state (Hi-2)

1 0 X Output| No Output Low (Sink)

1 1 X Output| No Output High (Source)

DDRxn 1 bit thit n ctia thanh ghi DDRx. PORTxn 1a bit thi n ciia thanh ghi PORTx. Dau
“x” & cot thir 3 dé chi gid tri logic 1a tuy ¥.
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Hinh 2.11. So d6 mot cong vao ra.

O so d6 trén ngoai 2 bit cua cac thanh ghi DDRx va PORTx tham gia diéu khién
dién trd treo (pull-up resistor), con c6 mot tin hi€u nira di€u khién dién tré treo, do 1a tin
hiéu PUD, day la bit nam trong thanh ghi SFIOR, khi set bit nay thanh 1 thi dién tr& kéo Ién
s€ khong dugc cho phép bat ké cac thiét 1ap cua cac thanh ghi DDRx va PORTx. Khi bit
nay 1a 0 thi dién trd kéo 1én dugc cho phép néu {DDRxn, PORTxn} = {0, 1}.

2.4.6. B9 dinh thoi.

B6 dinh thoi (timer/counter0) 1a mot module dinh thoi/dém 8 bit, c6 cac dic diém
sau:.

- Bo d&ém mot kénh.

- X6a bo dinh thoi khi trong mode so sanh (tu dong nap).

- PWM.

- Tao tan sé.

- Bo dém sy kién ngoai.

- Chia tan 10 bit.

- Ngudn ngit tran bo dém va so sanh. So d6 ciu tric cua bd dinh thoi:
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Hinh 2.12. So @ cau tric bd dinh thoi.

2.4.6.1. Cac thanh ghi.

TCNTO va OCRO 1a cac thanh ghi 8 bit. Cac tin hiéu yéu cau ngat déu nam trong
thanh ghi TIFR. Céac ngat c¢6 thé duoc che boi thanh ghi TIMSK.

Bo dinh thoi c6 thé st dung xung clock noi théng qua bd chia hoic xung clock ngoai
trén chan TO. Khéi chon xung clock diéu khién viéc bd dinh thoi/bd dém s& dung ngudn
xung nao dé ting gia tri cia nd. Ngd ra ciia khdi chon xung clock duoc xem 1a xung clock
cta bd dinh thoi (clkTO).

Thanh ghi OCRO luén dugc so sanh véi gia tri cia bo dinh thoi/bo dém.Két qua so
sanh ¢6 thé duge su dung dé tao ra PWM hoic bién d6i tan s6 ngo ra tai chan OCO.
2.4.6.2. Pon vi dém.

Phan chinh cta bd dinh thoi 8 bit 13 mot don vi dém song hudng co thé lap trinh
dugc. Cau tric ctia nd nhu hinh duéi day:

TOVn
e
DATA BUS (nt. Req.)
<t >
t Ciocx Select
count Edge
-4 - Tn
clear ok, Detector
TCNTn - Control Logic |
_direction
( From Prescaler
EG’?GMT T-’OP

Hinh 2.13. Pon vi d&ém.

- Count: Tang hay giam TCNTO 1.
- Direction: Lya chon giira dém 1én va dém xuébng.
- Clear: Xo6a thanh ghi TCNTO.
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- CIKTO: Xung clock cua bo dinh thoi.

- TOP: Béo hiéu bd dinh thoi dé ting dén gié tri Ion nhat.

- BOTTOM: B4o hiéu bo dinh thoi dé giam dén gié tri nho nhat .
2.4.6.3. Pon vi so sdnh ngad ra.

DATA BUS
I |
OCRn TCNTn
[ = (8-bit Comparator ) j
OCFn (Int.Req.|
\
op »
L S —— Waveform Generator o ocn
FOC >

WGMn1:0 COMn1:0
Hinh 2.14. Pon vi so sanh ngo ra.

B§ so sanh 8 bit lién tuc so sadnh gid tri TCNTO voi gia tri trong thanh ghi so sdnh ngd
ra(OCRO).Khi gia tri TCNTO béng vo1 OCRO,b0 so sanh s& tao mdt bao hi¢u.Bao hi¢u nay
s& dat gia tri co so sanh ngd ra(OCFO0)1én 1 vao chu ky xung lock tiép theo.Néu duoc kich
hoat(OCIE0=1),cd OCFO s& tao ra mot ngat so sanh ngd ra va sé& ty dong dugc x6a khi ngat
duogc thue thi.Cod OCFO ciing c6 thé duoc x6a bang phan mém.

2.4.7. M0 ta céc thanh ghi.

2.4.7.1. Thanh ghi diéu khién b dinh thoi/bd dém TCCRO.

Bit 7 6 5 4 3 2 1 0
SOC BNGMO COMO1| COMOO0 \1NG MO | CS02 | CSO1 | CSO00

Read/Write W R/IW R/W R/W R/W R/W R/W W

Intial Value 0 O 0 0 0 0 0 0

Hinh 2.15. Thanh ghi diéu khién bo dinh thoi.

- Bit 7 - FOCO: So sanh ngd ra bat buoc: Bit nay chi tich cuc khi bit WGMO0O chi
dinh ché do 1am viéc khong c6 PWM. Khi dat bit nay 1én 1, mot béo hiéu so sanh bat budc
Xut hién tai don vi tao dang s6ng.

- Bit 6, 3 - WGMO01:0: Ché d9 tao dang song: Cac bit nay diéu khién dém thtr tu cua
bo dém, ngudn cho gia tri 16n nhat caa bd dém (TOP) va kiéu tao dang song s& duoc sir
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dung.

- Bit 5:4 - COMO1:0: Ché d¢ béo hiéu so sanh ngd ra: Cac bit nay diéu khién hoat
dong cua chan OCO. Néu mat hoic ca hai bit COMO1:0 duoc dit 1én 1, ngd ra OCO sé& hoat
dong.

- Bit 2:0: CS02:0: Chon xung ddng ho: Ba bit nay dung dé lra chon nguén xung cho
bo dinh thoi/bo dém.
Bang 2.4. Chon ngudn xung cho bo dinh thoi.

CS02 | CS01 | CS00 Description
0 0 0 No clock source (Timer/Counter stopped)
0 0 1 clkio/(No prescalin)
0 1 0 clkio/8(From prescalin)
0 0 1 clkio/64(From prescalin)
1 1 0 clkio/256(From prescalin)
1 0 1 clkio/1024(From prescalin)
1 1 0 External clock source on TO pin. Clock on falling
edge
1 1 1 External clock source on TO pin. Clock on falling
edge
2.4.7.2.  Thanh ghi bd dinh thoi/bg dém.
Bit 7 6 5 4 3 2 1 0
| T(():NTO(?- |
ReaQ/write ~— RIW  RIW  RIW RIW RIW — RIW  RIW  RIW
Intial Value 0 0 0 0 0 0 0 0

Hinh 1.16. Thanh ghi b¢ dinh thoi.

Thanh ghi bd dinh thoi/bd dém cho phép truy cap truc tiép (ca doc va ghi) vao bd
dém 8 bit.
2.4.7.3. Thanh ghi so sdnh ngd ra - OCRO.

Bit 7 6 5 4 3 2 1 0
| OCRO0(7-0) |
Read/Wri RW RW  RW RIW RIW RIW RIW RIW
: 0 0 0 0 0 0 0
te Intial
Value Hinh 2.17. Thanh ghi so sanh ngd ra.
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Thanh ghi nay chira mot gia tri 8 bit va lién tuc duoc so sanh véi gia tri cia b

dem.

2.4.7.4. Thanh ghi mit na ngit.

Bit 7 6 5 4 3 2 1 0
(2)C|F TOIEL| TICIEL gClEl (B)ClEl TOIEL1| OCIEO| TOIEO
Read/Write R/W R/W R/W R/W R/W R/W R/W W
Intial VValue 0 0 0 0 0 0 0 0
Hinh 2.18. Thanh ghi mat na ngat TIMSK
- Bit 1-OCIEO: Cho phép ngét béo hiéu so sénh.
- Bit 0-TOIEO: Cho phép ngét tran bo dém.
2.4.7.5. Thanh ghi cé ngit bd dinh thoi.
Bit 7 6 5 4 3 2 1 0
g)CF TOVZ2 | ICF1 | OCF1A] OCF1B| TOV1| OCFO| TOVO
Read/Write R/W R/W R/W R/W R/W R/W R/W W
Intial VValue 0 0 0 0 0 0 0 0

Hinh 2.19. Thanh ghi c& ngit bd dinh thai.

- Bit 1-OCF0: Co so sanh ngd ra 0.
- Bit 0-TOVO: Co tran bo dém.
Bit TOVO dugc dt 1én 1 khi b dém bi tran va duge xda boi ph‘ﬁn ctmg khi
vector ngat tuong tng dugc thuc hién. Bit nay ciing c6 thé dugc x6a bang phan mém.
2.4.8. Giao tiép véi 12C
Bus ctia 12C tir DS1307 va 24Cxx duge ndi voi jumper c6 thé két nbi vai bat ky 2 bit
cua hai cong bat ky cua AVR trén KIT bdi mot day noi.
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Hinh 2.20. So d6 cau trdc giao tiép 12C

2.4.8.1. Thanh ghi:

TWI trén AVR duoc van hanh boi 5 thanh ghi bao gom thanh ghi toc do giir
nhip TWBR, thanh ghi diéu khién TWCR, thanh ghi trang thai TWSR, thanh ghi dia
chi TWAR va thanh ghi dir liéu TWDR.

- TWBR (TWI Bit Rate Register): 1a 1 thanh ghi 8 bit quy dinh tdc d6 phat xung

gilt nhip trén duong SCL cua chip Master.
7 6 5 4 3 2 1 0

TWBR/| TWBRo| TWBR5| TWBR4| TWBR3| TWBRZ| TWBR1| TWBRO| TWB

RW RW RW RW RW RW RW RW
Hinh 2.21. Thanh ghi quy dinh tdc do phat xung.

CPU clock frequency
2a16 + 2(TWBR). 4TWFS

SCL frequency =

Trong d6 CPU Clock frequency 1a tin s6 hoat dong chinh cia AVR, TWBR 1a
gié tri thanh thi TWBR va TWPS 1 gia trj ctia 2 bits TWPS1 va TWPS0 nim trong
thanh thi trang thai TWSR. Hai bits nay dugc goi la bit prescaler, thong thuong hay set
TWPS1: 0 =00 dé chon Prescaler la 1 (40=1). Bang 1 tom tat tbe do xung gitr nhip tao
ra trén SCL ddi voi cac gia trj ctia tham so:

Bang 2.5. Toc do xung gitr nhip tham khao.

CPU clock TWBR TWPS SCL
frequency[MHZ} frequency[khz]

16 12 0 400

16 72 0 100

14.4 10 0 400

14.4 64 0 100




12 10 0 ~333
12 52 0 100
8 10 0 ~222
8 32 0 100
4 12 0 100
3.6 10 0 100
2 10 0 ~05
1 10 0 ~28
- TWCR (TWI Control Register): 1a thanh ghi 8 bit diéu khién hoat dong cia TWI.
7 6 5 4 3 2 1 0
TWIN7 | TWEA | TWSTA | TWSTO | TWWC | TWEB | - TWIE EWC

RW  RW  RW RIW RW  RW  RW RW
Hinh 2.22. Thanh ghi diéu chinh TWI.

Mot diéu can chu ¥ 13 cac bit trong thanh ghi TWCR khong can dugce set cing luc, tiiy
vao timg giai doan trong qua trinh giao tiép TWI céc bit co thé duoc set riéng 1¢.
- TWSR (TWI Status Register): 1a 1 thanh ghi 8 bit trong d6 c6 5 bit chura code

trang thai cia TWI va 2 bit chon prescaler.
7 6 5 4 3 2 1 0

TWS7 | TWS6 | TWS5 | TWS4 | TWS3 | TWS2 | TWS1 | TWSO | TWS

R
RW  RW RIW RIW RIW RIW RIW RIW
Hinh 2.23. Thanh ghi trang thai TWI.

C6 rét nhiéu budc, nhiéu tinh hudng xay ra khi giao tiép bang TWI cho ca Master va
Slave. Ung v6i mdi truong hop TWI sé tao ra 1 code trong thanh ghi TWSR . Lap trinh
cho TWI can xét code trong 5 bit cao ctia thanh ghi TWSR va dua ra cac ing xt hop 1y
ung voi tirng code.

- TWDR (TWI Data Register): la thanh ghi di liéu chinh cua TWI. Trong qué
trinh nhan, dit liéu nhan vé sé duoc luu trong TWDR. Trong qua trinh gdi, dir liéu chira
trong TWDR s& duoc chuyén ra duong SDA.

- TWAR (TWI Address Register): la thanh ghi chaa device address cua chip
Slave. Ciu trtc thanh ghi duoc trinh bay trong hinh duéi.

I 6 5 4 3 2 1 0
'é'WA TWAS | TWA4 | TWAS | TWAZ | TWAL | TWAO | TWGECE EWA

RW RW RW RW RW RW RW RW
Hinh 2.24. Thanh ghi chra device cua slave.

Nh¢ lai dia chi Slave dugc tao thanh tir 7 bits, trén thanh ghi TWAR 7 bits dia
chi nay nam & 7 vi tri cao. Trudc khi st dung TWI nhu Slave, phai gan dia chi cho
chip, viéc viét dia chi thuong dugc thuc hién bf?mg lénh TWAR =
(Device_address<<1)*TWGCE. Trong d6 TWGCE (TWI General Call Enable) la bit
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cho phép cudc goi chung. Dé cap bén trén, Slave co quyén cho phép Master thuc hién
cudc goi chung voi nd hay khong. Néu TWGCE=1, Slave s& dap tmg lai cudc goi
chung néu c6, néu TWGCE=0 thi Slave s& bo qua cudc goi chung.

Hoat dong cua TWI:

TWI trén AVR dugc goi la byte-oriented (tam dich 1a hudng byte) va interrupt-
based (dya trén ngat). Bat ky mot su kién nao trong qué trinh truyén/nhan TWI ciing ¢
thé gay ra 1 ngat TWI. TWI trén AVR vi thé hoat dong tuong dbi doc 1ap véi chip. Tuy
nhién, can khai thac ngat trén AVR mét cach hop 1y. Vi du, ddi véi Master, khong can
sir dung ngét vi chip nay hoan toan cha dong trong viéc truyén va nhan. Riéng voi
Slave, sir dung ngit dé tranh bo 15 cac cudc goi 1 can thiét.

Tat ca cac AVR trén mang TWI déu c6 thé 1a Master hay Slave, ca Master va
Slave déu c6 thé truyén va nhan dit liéu. Vi thé, co tat ca 4 mode trong hoat dong cua
TWI trén AVR. S& lan luot khao sat cac mode nay nhu sau: Master Transmitter (chip
chu truyén), Master Receiver (Chip cha nhan), Slave Reicever (chip t6 nhan) va
Slave  Transmitter  (Chip t&  truyén).  Trudc khi khao sét cac ché do hoat
dong caa TWI qui wdc mot sé ky hiéu thuong dung (day ciing 14 cac ky hiéu ding
trong datasheet cua cac chip AVR).

S START condition — diéu kién bat ddu Rs: REPEAT START - bat
dau lap lai
R: READ Bit, bit nay bang 1 duoc goi kém véi goi dia chi W:
WRITE Bit, bit nay mang gia tri 0, géi kém goi dia chi
ACK: Ackowledge, bit xac nhan, chan SDA duoc kéo xuéng 0 & xung thir 9
NACK: Not Acknowledge, khdng xac nhan, SDA & mic cao ¢ bit thir 9 Data:
8 bits dir liéu
P: STOP condition — diéu kién két thic.
SLA: Slave address, dia chi ciia Slave can giao tiép.

2.4.9. Mach nap cho AVR.

Day 14 mach nap théng dung nhat (STK200/300) st dung cong LPT, c¢6 thé nap
tryc tiép chuong trinh CodeVisionAVR. Mot trong nhitng wu diém 16n nhit cia cac
chip AVR 1a tinh don gian khi sit dung trong dé c6 viéc nap chuong trinh cho chip.
AVR hd tro kha ning nap chuong trinh ngay trong hé thong — ISP (In — System
Programming), c¢6 thé nap truc tiép chuong trinh vao chip ma khong can théo chip ra
khoi mach tmg dung. Mach nap cho AVR rat phong pht nhung hau hét déu rat don
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gian. Dué6i day 1a loai mach nap STK200, cuc ky don gian chi véi mot cong DB25

male, va 4 dién trd vai tram ohm la duoc.
AVR Parallel Port Programmer

avrdude -c stk200 /.D
uisp -dprog=stk200 25 O
© 12 pe
Optionally connect a 24 O
LED to pin 8 and use: © 1| gusy
2(3) @ MISO
’ s 10
avrdude -c pony-stk200 il JACK — D
© 9| p7 RESET
21 G
© 3
20 O
© 7| ps MOSI
19 G {1 I
O 6| pa SCK
GND 18 C | S :>
O 5
17 O
O 4
1(6) O
3| D1
16 G
2| DO
1w C
These pins correspond o Ol
to the soldering side of
a male DB-25 connector \/

Hinh 2.25. Mach nap STK200 st dung DB25 va 4 dién tro.

Hién nay trén thi truong ciing c6 ban rat nhiéu cac bo nap cho AVR giao tiép qua
cong USB rat gon va dé dang sir dung. Tuy nhién gia thanh van c6 thé dat hon cac bo nap
cii. Cac bd nap cil van 6 thé sir dung qua cac cap chuyén d6i Com sang USB.
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CHUONG 3 THUAT TOAN PIEU KHIEN PID
BANG CACH PIEU CHE PO RONG PWM

3.3. Nguyén Iy diéu xung PWM.

PWM (pulse width modulation) 13 bién diéu do rong xung, 14 phuong phap diéu
chinh dién 4p ra tai, hay néi cach khac 1a phuong phap diéu ché dwa trén sy thay d6i do
rong cta chudi xung vudng dan dén su thay ddi dién ap ra. Trong cac thiét bj co dién ti,
thuong dung PWM dé diéu tc, mod-men cua dong co DC rat ¢6 hiéu qua.

PWM (Pulse Width Modulation) dang d6ng vai tro gan nhu tuyét dbi trong cac hé
cong suat chuyén mach SMPS (Switch Mode Power Supply) con goi la nguén xung. Noi
mot cach khac, nhac téi ngudn xung thi nguoi ta nghi ngay dén PWM.

PWM tao dung trén nguyén tac chuyén lai nang lwong tir A dén B dudi dang cac
Xung vudng toan ap (bién do xung gan véi dién 4p ngudn cung cap) lién tiép. Trong do
murc nang luong ty 1€ thuan vai thoi gian mo xung (d6 rong xung tinh trén don vi théi
gian.

Tan s xung trong PWM c6 thé ¢ dinh hay bién dbi (thuong 1a cé dinh tan sé
xung chuyén mach). Véi tan sé ¢b dinh, chu ky t bang tong thoi gian mé xung t(on) véi
thoi gian tat xung t(off).

t=t(on) + t(off) =t1 + t2

Ty Ié cua thoi gian mé trén chu ky xung chinh 1a 6 sau diéu bién d6 rong xung, dic
trung thanh thuat ngtr "% duty".

Vi dy, tan sé xung 1 KHz -->t = 1 ms.

Vi t(on) = 0,5 ms --> ta ¢6 d6 rong xung T=(T1/T2).100% = 50%
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Hinh 3.1. Ty 1¢ thoi gian md& trén chu Ky xung.

Nhu vay

e D6i vi PWM = 25% thi Ut = Umax.25%(V)

e Dbi véi PWM = 50% thi Ut= Umax.50% (V)

e Dbi véi PWM = 75% thi Ut= Umax.75% (V)

Trong vi diéu khién hién dai nhu PIC hay AVR thudng c6 sin module PWM.

I SELECT d Serve
Timer O > Motor
¢ ENCODER Driver
ATMega8

Hinh 3.2. Module diéu khién motor bang AVR.
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Str dung cac kénh PWM nay, ta cd thé diéu khién téc d6 dong co theo y mudn.
Kénh PWM1 duoc dung cho chiéu thuan cia dong co, PWM2 duogc dung cho chiéu con

lai ciia dong co.

3.4. Thuat toan PID

3.4.1. Khai quat vé b diéu khién PID

Céu trac cta bo diéu khién PID (hinh2.3) gdm 3 thanh phan 13 khau khuéch dai (P),
khau tich phan (I) va khau vi phan (D). Khi st dung thuat toan PID nh4 thiét phai lua
chon ché d6 1am viéc P, I hay D va sau d6 dit tham s cho cac ché do da chon. Mot cach

téng quat, co ba thuat todn co ban dugc str dung 1a P, P va PID.

U
1 p
e — | U
_— kp @ » T,S —»(P—»
U
o ToS >

Hinh 3.3. Cau trac bo diéu khién PID. Uy U; Up

B diéu khién PID c6 ciu tric don gian, dé str dung nén duoc st dung rong rai
trong diéu khién cac dbi twong SISO theo nguyén 1y hoi tiép (hinh 4.4) bd PID c6 nhiém
vu dua sai 16ch e(t) ctia hé théng vé 0 sao cho qua trinh qué d6 théa man cac yéu cau co
ban vé chit luong:

- Néu sai léch tinh e(t) cang 16n thi thong qua thanh phan ue(t), tin hiéu diéu chinh
u(t) cang 16n.

- Néu sai léch e(t) chua bang 0 thi thong qua thanh phan w(t), PID véan con tao tin
hiéu diéu chinh.

- Néu su thay doi cta sai 1éch e(t) cang 16n thi thong qua thanh phan up(t), phan tng
thich hop cua u(t) s€ cang nhanh.
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Hinh 3.4 .Diéu khién hdi tiép véi bo diéu khién PID
Bo diéu khién PID duoc mé ta bang mé hinh vao-ra:

u(t) = k, [e(t) + % f e()dt + Ty dz(tt)
0

Trong d6 :
e(t)  —tin hiéu dau vao.
u(t) —tin hiéu dau ra.
kp — tin hiéu khuéc dai
Ti— hang s6 tich phan.
Tp — hang sé vi phan.

Tir mo hinh vao — ra trén, ta c6 duoc ham truyén dat caa bo diéu khién PID

1
R(s) = kp (1 +ﬂ+ TDS)
1

C6 nhiéu phuong phéap xac dinh tham sb cta bo diéu khién PID:
- Phwong phap Ziegler-Nichols.
- Phuong phap Chien-Hrones-Reswick.
- Phuong phap tong T cta kuhn.
- Phuong phép t6i wu modul va phuong phap tdi uu d6i ximg.
- Phuong phap t6i wu theo sai 1éch bam

Pé tai sir dung phuong phép Ziegler-Nichols nén t6i chi di siu vao phuong phap

nay, cac ban cd thé tim hiéu thém céc nguyén tac khac nhu da néu & trén.

3.4.2. Phwong phap Ziegler-Nichols.
Phuong phap Ziegler-Nichols 1a phuwong phép thuc nghiém dé xac dinh tham s bo

diéu khién P, PI hodc PID bang cach dwa vao dap umg qua do cta d6i tuong diéu khién.

Tuy theo ddc diém cua timg dbi tugng, Ziegler va Nichols dua ra hai phuong phap lua

chon tham so6 cua bo di€u khién
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a) Phuong phap Ziegler-Nichols thir nhat:
Phuong phép nay ap dung cho cac di tugng co dap timg ddi véi tin hiéu vao 1a ham

néc co dang chit S (hinh 4.5) nhu nhi¢t do 16 nhiét, tbc do dong co...

4 D)

Hinh 3.5. Pap tmg nac cua hé hé co dang chir S.
Thong s6 cuia bo diéu khién duoc chon theo bang sau:

Bang 3.1. Cac tham s6 PID theo phuong phap Ziegler-Nichols thtr nhat

Thong sb
kp TI TD
BbK
P To/(K.T1) - -
I 0,9T2/(K.T1) T1/0,3 -
D 1,2T2/(k.T1) 2T1 0,5T1

b)  Phwong phap Ziegler-Nichols thir hai.
Phuong phap nay ap dung cho dbi twong c6 khau tich phéan Iy twéng nhu muc chit
1ong trong bon chira, hé truyén dong dung dong co... dap ing qua do cta hé ho cla d6i

tuong tang dén vo cung. Phuong phap nay duogc thyc hién nhusau:

w. € U DPbi tuong| vy
Do—>» e "2
T Kin diéu khién

Hinh 3.6. Xac dinh hang s6 khuéch dai téi han
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- Thay b diéu khién PID trong hé kin bang bo khuéc dai (hinh 4.6)

- Tang hé sb khuéc dai toi gia trj toi han ki dé hé kin & ché do bién gi6i
ondinh, tirc 13 h(t) c6 dang dao dong diéu hoa.

- Xéc dinh chu ky T ciia dao dong.

h(t)
100k

80
B0
40

20

e
0 L] 10 13 20 28 30 33 0t
Hinh 3.7: Bap tng nc cta hé kin khi k= ki
Thong s6 cua cac bo diéu khién dugc chon theo bang sau:

Béng 3.2: Cac tham s6 PID theo phuong phap Ziegler-Nichols thir hai.

Thong
3 Kp Ti To
BDK
P 0,5kin - -
I 0,45 ki 0,85 T -
D 0,6 kin 0,5 T 0,125 T
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CHUONG 4. THIET KE BQ PIEU KHIEN PI
CHO DONG CO DC SERVO
Hé thdng trén chi thuc su dat hiéu qua khi ta thiét ké cho nd 1 bo diéu khién phu

hop.Véi két cau phan cimg va dic tinh diéu khién 1a diéu khién téc do thi bo diéu khién
PI s6 1a thich hop hon ca, ta chi dung thém khau vi phan néu lién quan téi diéu khién vi
tri.Do ng dung vi diéu khién ngay cang rong rai, chinh vi vay viéc sb héa bo didu khién
P1 14 rat quan trong.Di ciing véi né 13 cac phuong phap cho ta sé héa mot cach twong doi

chinh xac nhu Ziegler-Nichols....... vV V.

12+ D
— pi
% - pid
10F 2 mmimmms L B = =
,/,/f e el
8t p
/I
|1
’»
6 ‘f
\"
af L
]
|
I
2.. 1
I
I
0
1
0 1 2 3 4 5 6 A 8 9 10

Hinh 4.1. So sanh dac tinh P,PI,PD,PID

45. Thuat toan diéu khién.
Vé nguyén tic khi xay dung bo didu khién cho mot déi twong nao do thi ta can biét

duoc ciu trac, dic tinh, ham truyén. ..cta dbi tuong.

Vi dong co 1 chiéu bat ki thi ta khdng phai luc ndo ciing md xé dong co ra rdi do
dac c4c théng s6 cua né, chinh vi vay bo diéu khién phai c6 nhiém vu tao ra tin hiéu diéu
khién pht hop nhat, c6 kha nang diéu khién linh hoat véi nhiéu dong co khac nhau.

Véi diéu khién PID thi c6 rat nhiéu cach thic thuc hién, riéng bo PID thi c6 PID
thuong va PID thich nghi
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‘ ei(k) | Bo diéu khién | wk) | Dong co y(k)
% PID DC

Hinh 4.2. PID thudng

] e (k) PID Pong co -
W(_’k)(? | Thich nghi u(k) DC y(K)

Hinh 4.3. PID thich nghi
Véi PID thuong thi dau ra chi phy thudc vao tin hiéu ex(k), con vai PID thich nghi

thi con phu thuoc thém vao ex(K).
Thuc té cho thay PID thich nghi hoat dong tét va 6n dinh hon PID thuong.

4.6. Phwong trinh toan hoc bo PID.

P ke
ol e |

n
J(kz DongcoDC |,

de(t)
» D Kp ”

>l
<

Hinh 4.4. So dd khdi bd PID
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U (t) = Ko *e(t) + K, [e(t) *dt + _ gelt)

Néu bo thanh phan vi phan di ta chi con PI:

U(t) = K, *e(t) + K,je(t)*dt

0

At t(s)

Chu thich: - duong chdm gach bidu dién van tdc can thiét v_set.
- duong gach gach biéu dién van tdc thuc t& cia dong co.

Hinh 4.5. Trich miu lay tin hiéu

At 1a thoi gian 1ay mau (Samplingtime) 1a rat nho.
3\ t r b
Ta tinh thanh phan tich phan j e(t)*dt = im( > e(t)*At),, LAy gan dung ta co
0
t
j e(t)*dt = im( > e() *At),.,, = > e(i) *At trong d6 i=0,1,2,...
0

Tom lai taco U (t) = K, *e+ K, *> e(i)At

bat e _sum(i+1) = Ze(i) —e_sum(i)+e(i+1) Cong thic trén dugc viét lai nhu sau:

U(t) =K, *e+K,e_sum
Ap dung vao phan cimg diéu khién ta c6 ngd ra bo Pl 1a %duty (PWM).
Ng6 vao la e_sum=v_cur —v_set
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v_cur la van téc hién tai
v_set 1a van toc dat

Sy phu thudc cia van toc vao %duty 1a gan nhu tuyén tinh cho nén dé don gian ta

coi n6 1a tuyén tinh.Vi vay ta c6 thé diéu khién van téc thong qua %duty.

- Giai thuat lap trinh dé tinh PWM nhu sau
Kp,K 1a cac hé sé xac dinh nhd phuong phap Ziegler-Nichols.

e 2 =(v_set-v_cur) la sai lIéch dang xét

e_1 lasai léch trude do

e_sum=e_2+e_1 la tong cac sai léch toi thoi diém dang xét
e _sub=(e_2-e 1) 1a do bién thién sai léch

v_cur 1a van téc hién tai

v_set 12 van tdc dat

Vi encoder 100xung/vong, ta trich mau 50ms, nhu vay van toc dong co tai thoi
diém dang xét 1a v_cur = 12*¥INTO (INTO 1a s6 xung dém duoc trong 50ms)

Ta di dén hé thirc tinh PWM cho PI cubi cing la:

PWM=PWM + Kp*e_2 + K;*e_sum

4.7. So d0 khoi mach diéu khién.
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Hinh 4.6. Lién két cac khdi trong h¢ thong
Atmega8 c6 kha nang On system tic l1a nap chuong trinh cho chip ngay ca khi chip
dang hoat dong, chi can két noi cac PIN MISO, MOSI, SCK, RESET vao mach nap hop

ly 1a nap duoc.

4.8. Tinh chen hé sé Kp, K|
C6 nhiéu phuong phap dé chon hé sé cho bo diéu khién, nhung trong dé tai toi xét
thiy phuong phap Ziegler-Nichols thtr hai 1a hop 1y hon ca vi nd dap tng dugc yéu cau
cuiia va muc tiéu cua dé tai.
4.8.1. Tinh chon.
Ta dya vao phuong phap tha 2 cua Ziegler-Nichols.N¢i dung phuong phap nhu

Sau.

Tham sé cho bo diéu khién PID chon theo bang trén ta duoc:

46



Liy Kgh=3; Tgh=0.2(s)
> Kp=0.45*3=1.35=27/20
Ti=KI1=0.85*0.2=0.17=17/100

Cha y: gia tri chon chi 1a gié tri ban dau trong qua trinh chay thir dong co da ¢ su

thay d6i dé dat dugc hiéu qua tét hon.

4.4.3. Code cho vi diéu khién.
- Nguyén tic hoat d6ng cua truong chinh nhu sau:
Khi han duoc chudi dir liéu 24 bit tir PC chuyén dén

Tin hiéu c6 dang:
“s” « chr(n)” “@”(mdi gia tri dwgc ma hoa 8bit) dong co s& quay theo chiéu thuan.

Nhan gié tri va xac dinh chiéu qua cia dong co va gia tri toc do quay chinh 1a ev_1 lic

nay ev_2 bang 0

Khi d6 vi diéu khién s& dat gia tri d6 vao cong thirc tinh PWM va chuyén sung PWM ra
chan 39 cua VDK két hop vai tin hiéu dao chiéu khi d6 dong co sé& bit dau hoat dong.

Sau khi dong co bat dau hoat dong ctr 20ms vi diéu khién lai doc gié tri phan hoi tur
encoder cua dong co dé xac dinh téc do chinh 1a ev_2 giri vé mdy tinh dong thoi ciing
xé&c chuyén vao cdng thic PWM dé can thiép diéu khién sao cho toc do dat gia tri nguoi

dung dat.

Khi nguoi st dung tick vao nat dao chiéu trén giao dién ngudi sir dung PC s& giri dén
VDK mét doan dit liéu nhu sau: “ d” “i” “@” ngay 1ap tac VDK s& xuit ra PWM bang 0
va lénh ding dong co. Khi dong co da dirng VDK s& tiép tuc xuat sung PWM véi gié tri
gidng khi quay chiéu thuan.

Khi ngudi dung click chudt vao 6 stop trén giao dién ngudi st dung PC s& guri dén VDK
mot doan ma nhu sau: “t” “t” “@” ngay lap tac VDK s& xuat PWM = 0 dong co dung
hoat dong.
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Ma code C cho AVR

/*****************************************************

Trinh Dinh Hao — Lop DCL2401 - HPU
Project :
Version :
Date :15/07/2022
Author :
Company :
Comments:
Chip type : ATmega8
Program type - Application
Clock frequency :8.000000 MHz
Memory model : Small
External RAM size : 0
Data Stack size : 256
*****************************************************/
#include <mega8.h>
#include <delay.h>
#define PWM OCR1AL
#define dc PORTB.O
unsigned char t=0,i=0,value_clock=0,ev_2=0,fb=0;
unsigned char buffer_vb[3];// Mang nhan 2 phan tu
bit enable_send_pc=0,enable_encoder=0;
intev_1=0,clock_INT0=0,run=0;
/[ External Interrupt O service routine
interrupt [EXT_INTO] void ext_int0_isr(void)
{
Il Place your code here
if(enable_encoder==1)//Neu dc phep dem xung
{
clock_INTO++;//Dem xung tu encoder
}

}
#define RXB8 1

#define TXB8 0
#define UPE 2
#define OVR 3
#define FE 4
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#define UDRE 5
#define RXC 7
#define FRAMING_ERROR (1<<FE)
#define PARITY_ERROR (1<<UPE)
#define DATA_OVERRUN (1<<OVR)
#define DATA_REGISTER_EMPTY (1<<UDRE)
#define RX_COMPLETE (1<<RXC)
/I USART Receiver buffer
#define RX_BUFFER_SIZE 8
char rx_buffer[RX_BUFFER_SIZE];
#if RX_BUFFER_SIZE<256
unsigned char rx_wr_index,rx_rd_index,rx_counter;
#else
unsigned int rx_wr_index,rx_rd_index,rx_counter;
#endif
I/l This flag is set on USART Receiver buffer overflow
bit rx_buffer_overflow;
/I USART Receiver interrupt service routine
interrupt [USART _RXC] void usart_rx_isr(void)
{
char status,data;
status=UCSRA,;
data=UDR,;
if ((status & (FRAMING_ERROR | PARITY_ERROR | DATA_OVERRUN))==0)
{
rx_buffer[rx_wr_index]=data;
If (++rx_wr_index == RX_BUFFER_SIZE) rx_wr_index=0;
if (++rx_counter == RX_BUFFER_SIZE)
{
rx_counter=0;
rx_buffer_overflow=1,;
s
h
}
#ifndef DEBUG_TERMINAL 10 _
/I Get a character from the USART Receiver buffer
#define _ALTERNATE_GETCHAR_
#pragma used+
char getchar(void)
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{

char data;

while (rx_counter==0);
data=rx_buffer[rx_rd_index];

If (++rx_rd_index == RX_BUFFER_SIZE) rx_rd_index=0;
#asm("cli")

--rx_counter,;

#asm("sei")

return data;

}

#pragma used-

#endif

/[ USART Transmitter buffer

#define TX_BUFFER_SIZE 8

char tx_buffer[TX_BUFFER_SIZE];

#if TX_BUFFER_SIZE<256

unsigned char tx_wr_index,tx_rd_index,tx_counter;
#else

unsigned int tx_wr_index,tx_rd_index,tx_counter;
#endif

[l USART Transmitter interrupt service routine
interrupt [USART _TXC] void usart_tx_isr(void)
{
if (tx_counter)
{
--tx_counter;
UDR=tx_buffer[tx_rd_index];
If (++tx_rd_index == TX_BUFFER_SIZE) tx_rd_index=0;
}
}
#ifndef DEBUG_TERMINAL 10 _
[/l Write a character to the USART Transmitter buffer
#define  ALTERNATE_PUTCHAR _
#pragma used+
void putchar(char c)
{
while (tx_counter == TX_BUFFER_SIZE);
#asm("cli'")
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if (tx_counter || (UCSRA & DATA_REGISTER_EMPTY)==0))
{
tx_buffer[tx_wr_index]=c;
if (++tx_wr_index == TX_BUFFER_SIZE) tx_wr_index=0;
++tx_counter;

}

else
UDR=c;

#asm("sei")

}

#pragma used-

#endif

/[ Standard Input/Output functions

#include <stdio.h>

/I Timer 0 overflow interrupt service routine

interrupt [TIMO_OVF] void timer0_ovf _isr(void)

{

// Reinitialize Timer 0 value

TCNTO0=0x83;// Ngat 1ms

// Place your code here

t++:

If(t==20 && run==1)//Neu dat 20ms va dc nap toc do
{
t=0;
enable_encoder=0;// Chot giu gia tri xung
fb=clock_INTO;// Copy xung encoder
clock _INTO0=0;// Xoa de dem lai tu dau
enable_send pc=1;//Cho phep gui len PC
enable_encoder=1;//Cho phep dem xung encoder
ev_1=value clock-fb;// Sai lech hien tai
PWM=PWM+0.1*ev_1+0.001*(ev_1+ev_2);// Tinh toan PWM
ev_2=ev_1;// Sai lech 2

}
else if(t==20 && run==0)
{
t=0;
clock _INTO=0;// Xoa de dem lai tu dau
}
}
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/l Declare your global variables here

void main(void)

{

// Declare your local variables here

/I Input/QOutput Ports initialization

/I Port B initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=0ut Func1=0Out FuncO=0Out
/] State7=T State6=T State5=T State4=T State3=T State2=0 State1=0 State0=0
PORTB=0x00;

DDRB=0x07;

/I Port C initialization

/I Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In FuncO=In

/I State6=T State5=T State4=T State3=T State2=T State1=T StateO=T
PORTC=0x00;

DDRC=0x00;

/I Port D initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Funcl=In Func0=In
/] State7=T State6=T State5=T State4=T State3=T State2=P State1=T StateO=T
PORTD=0x04;

DDRD=0x00;

/I Timer/Counter 0 initialization

/I Clock source: System Clock

/I Clock value: 125.000 kHz

TCCRO0=0x03;

TCNTO0=0x83;

/I Timer/Counter 1 initialization

/I Clock source: System Clock

/I Clock value: 125.000 kHz

/l Mode: Ph. correct PWM top=0x00FF

/[l OC1A output: Non-Inv.

/[ OC1B output: Discon.

/I Noise Canceler: Off

/I Input Capture on Falling Edge

I/l Timerl Overflow Interrupt: Off

/I Input Capture Interrupt: Off

/l Compare A Match Interrupt: Off

/l Compare B Match Interrupt: Off

TCCR1A=0x81;
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TCCR1B=0x03;

TCNT1H=0x00:;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00:;

OCR1AH=0x00;

OCR1AL=0x00:;

OCR1BH=0x00;

OCR1BL=0x00;

/I Timer/Counter 2 initialization

/I Clock source: System Clock

/I Clock value: Timer2 Stopped

// Mode: Normal top=0xFF

[/ OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

/[ External Interrupt(s) initialization
/[ INTO: On

/ INTO Mode: Rising Edge

/[ INT1: Off

GICR|=0x40;

MCUCR=0x03;

GIFR=0x40;

/[ Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x01;

/I USART initialization

/l Communication Parameters: 8 Data, 1 Stop, No Parity
/I USART Receiver: On

/I USART Transmitter: On

/[ USART Mode: Asynchronous

/I USART Baud Rate: 9600
UCSRA=0x00;

UCSRB=0xD8;

UCSRC=0x86;

UBRRH=0x00;

UBRRL=0x33;

/I Analog Comparator initialization
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/I Analog Comparator: Off
/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;
SFIOR=0x00;
/I ADC initialization
// ADC disabled
ADCSRA=0x00;
[/l SPI initialization
I/ SPI disabled
SPCR=0x00;
/I TWI initialization
/ TWI disabled
TWCR=0x00;
/I Global enable interrupts
#asm("sel")
/I chwong trinh chinh
dc=1;
PWM=0;
while (1)
{
I/ Place your code here
if(rx_counter>0) // néu c6 di liéu tr PC
{
buffer_vb[i]=getchar(); // nhan dx li¢u
i++:

¥

else if(rx_counter==0 && i==3)

if(buffer_vb[0]=="s' && buffer vb[2]=='@"' && buffer_vb[1]'="t' &&
buffer_vb[1]>0)//Neu yeu cai khoi dong dong co

{
value_clock=buffer_vb[1];// Copy gia tri toc do yeu cau tu PC

run=1;
for(i=0;i<3;i++)
{
buffer_vb[i]=0;//Xoa bo dem

i1=0;
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}

else if(buffer_vb[0]=='d' && buffer_vb[2]=="@'&& buffer_vb[1]=="I")
/INeu yeu cai dao chieu dong co

{
PWM=0;// Tat PWM
run=0;// Dung dong co
delay_ms(1000);// Tre
dc=~dc;
run=1,
for(i=0;i<3;i++)
{

buffer_vb[i]=0;//Xoa bo dem

}

1=
}
elseif(buffer_vb[0]=="t'&&buffer vb[2]=="@'&&buffer vb[1]=="t"
/INeu yeu cai stop dong co
{
run=0;
PWM=0;
value_clock=0;// Xoa
clock _INTO0=0;// Xoa
enable_encoder=0;// Chot giu gia tri xung
for(i=0;i<20;i++)
{
putchar(PWM);// Gui toc do 0 len may tinh

i=0;
by
for(i=0;i<3;i++)
{
buffer_vb[i]=0;//Xo0a bo dem
¥
i=0;
}
if(enable_send pc==1 && PWM>0 && run==1)// Neu yeu cau gui len Pc
{
putchar(fb);// Gui thong tin toc do len may tinh
enable_send pc=0;// Chi gui sau 20ms
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Két luan
Trong thoi gian 1am d6 4n em da tim hiéu duoc nhirng noi dung chinh sau:
- Cau tao va nguyén ly hoat dong caa dong co DC Servo;
- Cau tric va tai nguyén cua dong vi diéu khién AVR;
- Thuat toan diéu khién PID va cac phwong phép tinh cac hé s6 P,I,D

- Thiét ké xay dung mé hinh diéu khién dong co DC Servo theo thuat toan
PID.

Em xin chan thanh cam on su huéng din tan tinh cta thdy B6 Anh Diing va
thay Poan Hitu Chirc dé em hoan thanh d6 an tét nghiép voi dé tai: “Nghién cau
thiét ké bo diéu khién toc do dong co DC Servo” dung thoi gian quy dinh. D6 &n
con nhiing thiéu sét kinh mong cac thay va cac ban gop ¥ dé d6 an duoc hoan thién

hon.

Em xin chan thanh cam on céc thay !
Hai phong , ngay thang nam 2022

Sinh vién thuc hién
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