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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Tuyén tap dé tai nghién ctru khoa hoc HS-SV

THIET KE VA CHE TAO HE THONG DPIEU KHIEN TU XA QUA MANG
PSTN

1.  Tinh cép thiét ciia dé tai

Ngay nay, cudc séng ctia con ngudi ngay cang hién dai, dé co6 thé giai phong mot phan
strc lao dong va tiét kiém thoi gian con ngudi khong nglng cai tién, phat minh méi cac ng
dung KHKT. Mot trong sé cac ung dung KHKT d6 1a hé thong diéu khién tir xa. Hé théng
nay khong nhiing duoc sir dung trong an ninh qudc phong, cac du an nghién ctru khoa hoc,
trong san Xuat ma con phuc vu ca nhu cau ctia moi nguoi dan lao dong.

Dbi voi mot s6 hé thdng diéu khién tir xa bang tia hdng ngoai, bang co, bang tir... cO
mdt diém han ché d6 1a khoang cac diéu khién. Nguoc lai v6i mang dién thoai ngiy cang
dugc mé rong trén toan thé gidi thi gidi han xa khong phu thudc vao khoang cach, do d6 da
mo ra mot hudng mdi trong linh vuc tu dong diéu khién.

V6i dién thoai dang trd nén phd bién trong hau hét cac ho gia dinh. Cung véi kha ning
truyén tai thong tin dang tiéng nodi, mang dién thoai con cho phép quay sé da 4m tan, 1a co s¢
cho kha ning diéu khién tir Xa.

Trén thé gi6i cling da c6 nhiéu cong trinh nghién ctru va tng dung ché tao cac hé thong
diéu khién tir xa qua mang dién thoai c6 thé noi la rat hoan thién, tuy nhién céc san phém
nay ma&i chi duge tng dung ¢ nhirng cong trinh 16n, véi gia thanh cao nhu trong cac cong
trinh quan su, cac thiét ké “ng61 nha thong minh”,...Tai Viét Nam cling da c6 mot ) cong
trinh nghién ctru, song van con c6 khiét diém nhu st dung bién ap dé ghép nbi...do vy san
pham chwa phd bién t6i tay nguoi tiéu dung.

Vi muc dich tim hiéu va hoc tap nhom sinh vién ching t6i manh dan dang ky thuc
hién dé tai “Thiét ké va ché tao hé théng diéu khién tir xa qua mang PSTN”. Dé tao ra san
pham phd bién t6i tay ngudi tiéu dung voi gia thanh thip, an toan tin cdy, d& sir dung.
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Chuyén nganh Dién tir

2. Noi dung bo c40: Mo ta so do khéi,nguyén tic hoat dong va két qua thu duoc.

a.  So d0 khoi ciia hé thong

Hinh 1: So' @6 khoi ciia hé thong diéu khién tir xa qua mang PSTN

b. Nguyén tic hoat dong

Khi mudn diéu khién ta chi viéc goi vé s6 may cuia may dién thoai duoc két ndi v4i bd
phan diéu khién & noi can diéu khién thi tin hi¢u chudng cua tong dai s& cép cho thué bao
néu thué bao d6 khong ban. Mach diéu khién duge méac song song vao duong day cua thué
bao. Luc nay, khbi phat hién chudng s& phat hién tin hidu ndy va ngd ra thay doi mirc logic
tir cao xudng thap. Sy thay doi muc logic ndy tac dong vao khoéi xir 1y trung tam. Khdi xir 1y
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Tuyén tap dé tai nghién ctru khoa hoc HS-SV

s& dinh thoi gian doi chudng. Sau mot khoang thoi gian khong ai nhic may tic van con tin
hiéu chudng thi khéi xir Iy s& tac dong vao khdi két ndi thué bao. Khéi két ndi thué bao s&
dong tai gia, lac nay tong dai ngung cip tin hiéu chudng va két ndi cho thong thoai.,

Khi d3 thong thoai, ta s& bAm ma mat khau dé tham nhdp vao hé thong diéu khién, hé
thong s& bao lai bang tiéng bip, bip... ¢ bao cho nguoi diéu khién biét mach da lam viéc va
chd 1énh diéu khién. Sau d6 nguoi diéu khién s& bam lénh diéu khién mé hay tat, tin hiéu
nay tac dong dén khéi dong ngat relay.

Viéc nhan dang phim nao bam, dugc khéi giai ma DTMF quyét dinh. Khi nguoi diéu
khién nhan phim, mdt cdp tan sé DTMF truyén trén dudng ddy thoai. Tan sé nay nam trén
dai thong cua tin thiéu thoai, mot tan sd cao va mot tan s6 thap nén khong thé trung lap véi
tin hi¢u nguoi no1. Khi giai ma DTMF va hién thi s6 duoc nhan, 4 bit duoc giai ma duogc dua
vao khéi xtr 1y trung tam dé xur 1y.

Khi khong an phim, sau mot thoi gian doi ma khong c¢6 phim an thi khbi xir 1y s&
ngung két ndi thué bao. Luc nay tong dai s& giai toa thué bao. Ngudi didu khién co thé gic
may bét cr lac ndo mudn ngung diéu khién, mach s& tu dong ngét két ndi thué bao sau mot
thoi gian nhat dinh dé giai toa thué bao.

Két qua thu dwoc
Mach dién thiét ké va hoan thanh dung tién d6 vé6i gia thanh hop 1y.

Mach dién hoat dong tét co thé didu khién hoat dong cua 2 thiét bi dién khic nhau
cung mot luc.

C6 thé ning sb lwong thiét bi diéu khién 1én t6i da 1a 8 thiét bi.

Mach dién d& sir dung: c6 thé diéu khién thiét bi truc tiép tai nha hodc bat ky noi nao
bang dién thoai dé ban hodc dién thoai di dong.

Chuong trinh cho phép diéu khién ca tir trén may vi tinh voi thao tac cai dit don gian.

Giao dién than thién dé su dung, c6 thong tin trg gitp, hoan toan bﬁng tiéng Viét.

“HHl HE HNE-

Phuwong phap nghién ctiru

Pé thuc hién duoc dé tai, ching em can phai xac dinh dugc phuong phap nghién clru voi
trinh ty nhu sau:

Nghién cveu va tim hiéu 1y thuyét:

®

B Nchien cou tim hiéu v& DTMF(Dual-Tone Multi-Frequency): DTMF 12 tap hop cia
hai cap tan sb. Mot 1a tan s thap co gi tri tir 697dén 941Hz, va mot 1a tan sb cao tir
1209 dén 1633Hz. Su két hop chinh xac nay tao ra cac tone 1,2,...,9,0,A,B,C,D va #,*.

. Churc nang, cach sir dung céac linh kién chinh dugc su dung:
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Chuyén nganh Dién tir

. Linh kién c6 chirc nang thu phat tin hicu DTMF 1a IC MT8880C: Day la linh
kién tich hop c6 kha nang gidi ma thu va phat va cé cac ngd ra tin hi¢u BCD.
Trong mach sir dung c4u hinh mdt 16i vao.

. Linh kién c6 chirc ning diéu khién 1a IC AT89C52: 14 linh kién c6 kha ning lap
trinh duoc. Pay chinh 1a trung tim diéu khién ca hé thong.

. Ngoai ra con c6 céac linh kién khac nhu: IC 4N35 dung dé cac ly dién ap giita
hé¢ thong va duong diy, EEPROM 24C16A cho phép chita dung mat khau va
cac thiét bi diéu khién va co thé thay d6i dugc nham tao ra sy mém déo cho hé
thong, IS RS MAX232 dung dé phdi ghép véi may tinh.

b.  Ldp so do khéi theo muc tiéu cia dé tai: D6 13, diéu khién dugc cac thiét bi khi nguoi

vang nha hodc c6 nha...

Tinh todn thiét ké phan ciing.

e o

Thiét ké phan mém cho khoi xir Iy trung tam: Ding ngdn ngir lap trinh Asembler.

e.  Thiét ké giao dién trén may vi tinh: Dung ngdn ngit 1ap trinh VisualBasic.

e

Kha niing ing dung trong thyec tién

Hé thdng co6 thé duoc tng dung trong cac linh vuc khac nhau, nhung chu yéu 1a san
pham c6 thé phuc vu nhu cu ciia ngudi lao dong véi muc dich giai phong mot phan sirc lao
dong va tiét kiém thoi gian.
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1. Hé thong dén hau
C6 hai loai hé thong dén hau: loai dén hau dugc noi truc tiép vao cong tac dieu khién den va
loai c6 role dén hau.
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Loai néi truc tiép Loai co role dén hiu
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(1) Loai ndi truec tiép

Khi cong tic diéu khién dén duoc van vé vi tri “TAIL”, thi cdc dén hau bat sang.
(2) Loai co role dén hau

Khi cong tac diéu khién dén van vé vi tri “TAIL”, thi dong di¢n di vao phia cudn day cua ro le
deén hau. Role dén hau duoc bat 1én va dén sang.

Mot sb xe co hé théng deén hau dugc trang bi chi bao dén hau.

2. Hé théng dén pha

C6 hai loai hé théng dén pha khac nhau tuy theo chung c6 thiét bi dién nhu role dén pha va
role diéu chinh d6 sang. Nhin chung khi cong tic diéu chinh d6 sang & vi tri “FLASH”, thi
mach dién duoc ciu tao dé bat sang cac den ngay ca khi cong tic diéu khién dén & vi tri OFF.

l HEAD HEAD
ELH
o €2 Déng hé
Lo| (A Lo/ THI g ,ép",g g
1 -
\ A
QP ¥ 1 Chibdo ché
d@o chiéu xa
+ ongtag |- o-v—1 —
glgg wlgn:WL 4o [raH gbﬂ tic
dén HEAD | OO [o—1% [riasn | 99 5aN9
Cong tac t6 hop

(1) Loai khong c6 ro le dén pha va khong c6 role diéu chinh d9 sang



+ Dén pha (Chleu gan LO -Bearn)
Khi xoay cong tic diéu khién dén vé vi tri HEAD (LOW), dén pha (chiéu gan) bat sang.

LO-beam
{ HEAD HEAD
JLH f' RH S
" 3) (?;‘3 .
§ y\~ Chi bao ché
@6 chiéu xa
_'_i Congtae 10 T[] | “_..’ 5T Ton |
diéu khién AL | | | l , [odo | lwan | consg tic
dén HEAD —_ ('L-o—( FLA.:N
Cong tac t6 hop

+ Dén pha (Chiéu xa “High — Bearn”) )
Khi xoay cong tac vé vi tri HEAD (HIGH), thi dén pha-chiéu xa bat sang va dén chi bao dén

pha-chiéu xa trén bang diéu khién ciing bat sang.
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+ Deén pha FLASH (Nhay pha) o )
Khi cong tac di€u khién dén dich chuyén vé vi tri FLASH thi dén pha chi€u xa s€ bat sang.
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(2) Loai ¢6 ro le dén pha nhung khong c6 ro le diéu chinh @9 sing
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+ Nguyén ly hoat dong ciia dén pha-chiéu gin
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Khi cong tic diéu khién dén dich chuyén vé vi tri HEAD (LOW), thi role dén pha duoc bat
1én va dén pha-chiéu gan sang lén.

+Nguyén 1y hoat dong ciia dén pha-chiéu xa
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Khi cong tic diéu khién dén dich chuyén vé vi tri HEAD (HIGH), thi ro le dén pha bat dén
pha-chiéu xa va dén chi bio dén pha-chiéu xa trén dong ho tap 16 ciing bat sang.

Loai mic ndi tiép véi dén chi bao

Dong dién di tir dén pha-chiéu gan dén dén chi bao dén pha-chiéu xa va dén chi bao bat sang.
Dong dién di dén dén pha-chiéu gan, nhung vi dién tré va dong dién nho nén ching khong
sang.

+ Hoat dong nhay den pha

Khi cong tic diéu khién dén dich chuyén vé vi tri FLASH, thi ro le dén pha bét Ién va cac dén
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pha-chiéu xa bat sang.
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(3) Loai ¢6 ca role dén pha va role diéu chinh d¢ sang

Role ché db (chiéu xa-chiéu gan)
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+ Hoat ddng ciia dén pha-chiéu gin
Khi cong tac diéu khi€n den dich chuyén vé vi tri HEAD (LOW), thi ro le dén pha bat 1én va
cac den pha-chiéu gan bat sang.
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+ Nguyén Iy hoat dong ciia dén pha-chiéu xa

Khi cong tic dén pha dich chuyén t&i vi tri HEAD (HIGH), thi cac role dén pha va diéu chinh
d6 sang dén bat 1én, cac dén pha-chiéu xa bat sang va dén chi bao dén pha-chiéu xa trén bang
tap 10 cling bat sang.
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+ Nguyén ly hoat dong nhay pha FLASH
Khi cong tac diéu khién dén dich chuyén vé vi tri FLASH, thi cac role dén pha va diéu chinh



d6 sang deén bat 1én va dén pha-chiéu xa bat sang
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Pén Chl én pha chiéu xa
(trong dong r% tag}o)

Nguén Oto-hui
Bai viét lién quan

17/12/2010 -- Céu tao hé thong chiéu sang xe ndi chung (0)

24/12/2010 -- HT chiéu sang ban ngay trén xe (0)

21/12/2010 -- Lich Thay Mét S5 Phu Tung Quan Trong Cho O Tb (1)
09/05/2010 -- Hé thong chdng trom xe hoi — Phan 3 (2)

18/04/2010 -- Cach khoi dong khi dc quy hét dién (3)

29/03/2010 -- Chuan doan hu hong dc quy — Phan 2 (2)

28/03/2010 -- Chuan doan hu hong dc quy — Phan 1 (0)

24/02/2010 -- Day dai an toan (0)

18/12/2010 -- Hé thng Common Rail Diesel (0)

30/08/2010 -- Khé4c nhau co ban giira : Ché hoa khi va phun xing dién tt (0)

Trong chuyén muc: Bai viét mdi,Ly thuyét,Dén - Dién Tir khoa : ac quy, ché do, chieu san,
chiéu sang, cong tac, den hau, den pha, dieu khien,
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Khio sit tng dung MATLAB trong diéu khién ty dong

MOT SO CHUONG TRINH KHAO SAT, THIET KE
HE THONG PIEU KHIEN TU PONG

(Néu ban nao quan tim dén cac chwong trinh thi lién hé véi PQT)

1. Chuong trinh 1:

Viét chuwong trinh xac dinh ham truyén vong kin c6 khau hoi tiép don vi.
2. Chuong trinh 2:

Viét chuwong trinh tim cyc va zero ctia ham truyén.
3. Chuong trinh 3:

Viét chuong trinh khao sat tinh 6n dinh ctia hé tuyén tinh lién tuc dung gian d6 Bode.
4. Chwong trinh 4:

Tao ra lénh hurwitz dé xét tinh on dinh ciia hé théng tuyén tinh lién tuc theo tiéu chuan
Hurwitz.
5. Chwong trinh 5:

Viét chuong trinh ty dong vé& gian d6 Bode, biéu d6 Nyquist, quy dao nghiém cua hé tuyén
tinh lién tuc.
6. Chuong trinh 6:

Viét chuong trinh dé tim céc chi tiéu trong mién thoi gian cta hé béc 2.
7. Chwong trinh 7:

Viét chuwong trinh dé thuc hién bo chinh cho mét hé théng tuyén tinh lién tuc bang gian dd
Bode.

8. Chuwong trinh 8:

Viét chuwong trinh khao sat anh hudng cta khau PID vao hé thong tuyén tinh béc 2.
trong céc tap tin nady chuong trinh s€ khong thuc hién dugc.
9. Chwong trinh 9:

Viét 1énh dung dé khao sat tinh 6n dinh cua hé thong tuyén tinh gian doan theo tiéu chuan
Jury.
11. Chuong trinh 11:

Viét chuong trinh dd hoa dé v& cac dap tng tan sd va dap tng thoi gian bang cach chon
trong menu.

Chuong trinh dugc soan théo trong 2 tip tin dohoa.m va action.m va hé théng trong chuong
trinh ndy c6 ham truyén la:

1

SRS Y 3

PHU CHUONG: LUU PO CAC CHUONG TRINH

Luu do chuong trinh ty dong vé& biéu do Nyquist, gidn d6 Bode va quy dao nghiém



Khio sit tng dung MATLAB trong diéu khién ty dong

( Bét dau )
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Khio sit tng dung MATLAB trong diéu khién ty dong
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Do dan may

THIET KE HE THONG PIEU KHIEN HQOP CHAY DAO
I. NHIEM VU CHUNG:

Hé théng diéu khién hop chay dao c¢6 nhiém vu thay ddi cac co chu
truyén dong trong hop chay dao dé cit dugc cac loai ren khac nhau. Qua
trinh thay d6i cac duong truyén thong qua viéc dong md cac ly hop. Qua
viéc tham khao may chudn T620 & day ta bd tri 2 nhom tay gat 1 va 2 dé
thuc hién nhiém vu trén.

1. P6i véi nhém I ( Tay quay t6 hop I)

- Nhém ndy c6 nhiém vu thay ddi cac bude tp khi cit mdi loai ren

- Thay d6i vi tri an khdp cua banh ring Z36 an khop voi 1 trong 7
banh cua bd Nodctong dé thyc hién cac bude ren trong cc cot co so.

- Thay ddi vi tri cua khoi banh rang di trugt Z18+28 trén truc XIII va
Z (28-48) trén truc XV dé thuc hién cac budc ren trong cic cdt co so.

2. P6i v6i nhom II (tay quay don)

- Nhom nay dung dé thay doi chuyén dong khi cat cac loai ren khac

nhau theo yéu cau.
D6i véi mdi loai ren khac nhau thi khi cat tay gat ndy co vi tri twong Gng
khac nhau.
Cu thé: + Vi tri ti€n ren quéc té va modun
+ vi tri tién ren va pit
+ vi tri ti€n ren chinh xac
+ vi trf tién ren mat dau
+ vi tri tién tron

Dé thuc hién cac yéu cAu trén nhém gat II phai diéu khién sy an khép
ra vao cta bon ly hop M;- M3- My — M5 va banh rang di truot trén truc XI co
Z=35. Nhu vdy nhom I va II khong thé thay thé 13n nhau duoc. Vi trong
cung mot luc khong thé cit duoc 2 loai ren ma chi cit dugce 1 loai ren 1 loai

ren duoc cat phai gat 2 tay gat.
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II. CAU TAO- NGUYEN LY- CACH TiNH TOAN HE THONG TAY
GAT

Nhom I

CAu tao gidong nhu nhom I & may chuan.

Nguyén ly:

Diéu khién nhém co s6:

+ Kéo tay quay to hop I gia tri H thong qua hé théng don va ty 1& canh tay
don va thong qua hé thdng nay 1am cho Z4 quay quanh O, 1 gbc 3.

+ Tay quay to hop & trang thai kéo ra va quay di Dé Z, di trugt va 1an luot an
khop véi cac Z,. Luc d6 cum diéu khién kéo cang (lap banh Zg) nhd chét
chay trén ranh xién song song vdi do con cia banh nooctong. Vi tri an khéop
dugc xac dinh boi 1 trong 7 16 trén ranh. Khi day tay quay vao thi qua trinh
xay ra nguoc lai lam banh dém Z36 an khop véi 1 trong 7 banh cua bd
nooctong két thac nhém diéu khién co so.

Piéu khién nhom gip boi

Khi kéo tay quay to hop ra chét sé di vao 1 trong 4 16 banh ring Z36
khi quay tay diéu khién nhom co so thi chdt s& lam quay banh ring nay va 2
banhs ring nita, banh ring quay lam chét dich chuyén tac dong vao cang gat
gat khoi 2 bac Z28-48 t6i vi tri an khdp ctia nd con cac banh ring kia s&
chuyén tac dong dén cang lam dich chuyén khéi banh ring 2 bac Z (18-28)
trén truc XIIIL.
1.Tinh toan nhém I (tay quay t6 hop)

+ Nhitng diéu can chu y khi nghien ciru méay chuan.

P06 nang a cua rdnh A bang bao nhiéu dé khi lic thi banh dém Z36
thoat ra hoan toan khoi khdi nooctong tao ra 1 khoang hé dé khi bo banh
dém chuyén dong doc truc khong bi va cham.

Goc a c6 tri s6 bao nhiéu dé phu hop hanh trinh gat va chdt chay dugc dé

dang trong ranh.
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Dé trinh d6 nang a can tim do lic yéu cu ciia banh dém Z36 in khép
v6i bd nooctong va ty sb lic (ty sb lac hang,
ty s6 gitta khoang dich chuyén cua diém tiép xuc trén Z36 véi khdi
nooctong va khoang dich chuyén cua chét Q).

Qua hinh v& ta thay khi khéi banh rang dém Z36 an khop véi Z48 thi
d6 lic yéu ciu phai lon hon chiéu cao ring 1 lugng nao d6 dé khi gat khong
bi anh huong va dap.

Khi d6 khoang cach tir tAm quayO cta can lac p téi tim chdt B 1a nho
nhat. Do @6 llic 1a nho nhat,

Khi banh ring dém in khép véi Z1(Z26) thi yéu cau do lic la:
X=h +(Z7-Z)m/2 (h :hrang)

Do lac lac nay 1a 1on nhat nhung khi d6 khoang cach tir tAm O ciia can
p t6i chét B lac nay ciing lons nhat.

Nhu vay cir kéo tir Z1 dén Z7 ctia bo nooctong thi d6 nang ting dan
1én va do lic ciing ting dan va ty s6 i min va x min s& ldy vé6i banh Z7.
Trong khi d6 d nang a cua ranh A trén thanh n ty 1€ thuan véi voi do lic x
nhung ty 18 nghich voti ty s6 lac i. Do d6 khi tinh d6 nang a ta phai tinh ¢
hai vi tri tuong g véi banh rang an khop Z1va Z7 dé chon a nao 16n hon.

Tinh toan do nang a khi an khop voi Z4

Tir sb rang va modun cua banh ring ta tinh duoc khoang tdm lac dn

khép : O, 0, =126
0,0, = %.(225 +228) = %(25 +28) = 66,2mm

2; (48 +36) = 84mm

0,0, = %.(27 +736) =
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748

X1
J 728

100
140-

Dé lac khdi dém Z36 tach ra khoi vi tri an khép véi bo nooctong thi
khoang cach cac tam nhu sau:
0,0, =126,0,0, = 66,2
0,0, =84+ h =84+ 2.m =88

Goi goc lic ctia 0, 1a g thi =0, -0, .Ta céb:

2, 2 2
COSA = b-i-C—Cl
2bc

, ‘A A 2 ‘A A 2 _ ‘A A 2 2 _ 2

— cosO, = 0,0, +_01_03__0203 _ 126" + 66,2 — 88 _0.72
2.0,0,.0,0, 2.126.66,2

=0, =433

TA2.AN2_ N2 2 2 oq2
cos O, = 0,0, Jr_OiOl__OZO3 _ 126" + 66,2° — 84 — 0.465

2.0,0,.0,0, 2.126.66,2
= 0,=40"2"= =0, -0, =3"2.

Khi O; quay quanh O; mot goc 8 thi T ciing quay quanh O, 1 goc
B =13"2". Nhu vay chdt T dich chuyén 1 doan béng t, vi gbc nang nhd nén coi

t bang cung quay dugc

o 2I1.75 3097 211.75.181
360 360.60 ’

Nhu vdy chét B phai dich chuyén mot doan dudng bing a (a bang do

nang cua ranh trén thanh n)
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a=3,96/50.150=7,92mm
-Tinh d6 nang a khi banh dém Z36 an khép voi Z1 cia bd nooctong

Géc can thiét khi gat1a g =0, -0,

Tuong tu nhu trén ta co: (A)l' =433 2 2
co) =126’ +662* 62 /(2.126662) =095=0, =1848 , = -
p=0 —0 =433 1848 =2415 |
y . I 736 I

Nhu vay chét T phdai quay 1 gobc T T
B =245
Tuong tng véi chdt T phai dich chuyén 1 :
doan t (Lmo$

0 , 140
(= 1752415 2360751450 _ 4 0 o
360 360.60

D0 nang a = 32100 _ 22,8 = 23(mm)

140
So sanh 2 vi tri ta c6 thé chon a=23(mm)

- Tinh gbéc nang « cua ranh A

Néu «cang nho thi chdt Q chuyén dong trong rinh ciing d& nhung
néu nho qua thi thanh n va ranh A phai c6 kich thudc dai dé d& chuyén dong.
Néu « 16n thi thanh n ngin dan dén chuyén dong cua
thanh ngan.

Sau khi nghién ctru cach bd tri khong gian va kich =

thudc mdy ta tinh o r6i so sanh. Néu « < 48° 1a dugc. Q

Theo kinh nghiém « = 38° 14 t6t nhat.

Theo may chuin ta chon duoc céc kich thudce

L= =2 9 5mm lhy L=30mm.
tga  1g38

Khi thay doi ty sb truyén & nhom co sé phai kéo truc ra dé xoay theo
may chuan khoang cach duoc tao ra khi d6 ~ 30(mm). Ta chon ~ 33mm. Do

d6 khi chuyén dong kéorathi 0 >0, ; 0' =0,
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00, = 0'0, =33mm .Tuc la thanh n chuyén dong dugc 1 doan 1a 33mm.Tir d6
rut ra duoc «,, .

o, == _078 =g =58
L 30

Lay « trong khoang tir 38° - 45°
- Tinh géc xoay can thiét dé dich chuyén banh dém an khdp véi bo nooctong
lac nay 14 rut tay quay ra va xoay 1 goc nhat dinh.
2.Tinh toan nhom II (tay quay don)
Tay quay II diéu khién truc mang 4 cam thung I, 11, 111, IV
Caml: diéu khién ly hop M, va banh ring Z35 trén tryc x
Cam II: Diéu khién ly hop M

I II I IV

Cam III: Diéu khién ly hop M,
Cam IV: diéu khién ly hop M;
Nhiém vu cac cam thung trén [am nhi€ém vu dong mo
cac ly hop dé cit cac loai ren khac nhau: quéc té- modun-pit chinh xéac
Phan tich cac chuyén dong khi cit cac loai ren ta co cac vi tri céac ly

hop M,;M ;M ,; M, va banh Z35 (banh F).

Khi cit ren quéc té va moduyn (duong Nooctong chi dong)

. / 18/4< / 35/28

= X-M,-XII- (2 —é)-XI-M4-XIII\ XIV- M,-XV
28 / \

36
28/35 15/48

khi d6o M,-T ; M,-T
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M,-P ;M,-P
Khi cét ren Anh+Pit (dudng Nooctong bi dong)

18/45 35/28
/
X-(ﬁ,ﬁ)XI-(ﬁ,ﬁ)XH-m(3_5,§)XH< \ X1V \ M, -
2835 25°Z, 28°35 / \ /

XVI
28/35 15/48
KhidoM,-P ; M, -P
M,-P ;M,-P
Khi cat ren chinh x4c:
Tryc X- M, -XII- M,-XV- M ,-XVII
KhidoM,-T ; M,-G
M,-T ;M,-P
Khi cét ren mit ddu:dudng truyén giébng nhu ren qudc té chi khac 1a
néi truc XV khong néi vao vit me XVII ma qua ti sd truyén 28/56-XVI
(khong qua M -ly hgp siéu viét).
KhidoM,-T ;M,-T
M,-P ;M,-G
Tién tron: dudng truyén gidng ren qudc té chi khac & chd nbi truc XV
khong ndi vao truc vit me ma qua 28/56 M ,-XVI.
KhidoM,-T ;M,-T
M,-P ;M,-G
Nhan xét: Khi tay gat [ quay 1 vong thi n6 s€ phai thyc hi¢n duoc viéc
diéu chinh cat tat ca cac loai ren theo yéu cau thiét ké may.Do d6 nhom gat
IT phai ¢ 5 vi tri tuong Gmg véi 5 loai ren ké trén. Tinh lugng nang thong qua
hanh trinh gat L:
Ly hop M, :khi gat dé 1am viéc thi dong thoi phai cit sy an khép ctia banh
rang 35/28 ; L,=B+f=12+2=14mm
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Ly hop M ;: L,=B+f=12+2=14mm
Ly hop M, :L ,=B+f=9+2=11mm
Ly hop M ,:L ;=B+g=7+1=8mm
SO DO KHAI TRIEN RANH CAM

ta(‘?’cg;%) e Wmm@) “m@nﬂ(th) WMM) wmw@
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THIET KE HE THONG PIEU KHIEN SU DUNG PLC

I. TONG QUAN VE PLC:
1. Xuét xi:

PLC viét tat ciia tir Progammable Logic Control, 13 thiét bj diéu khién
logic kha trinh xuat hién 1an dau tién vao nim 1969 tai mot hiang 6t6 cua My.
Bat dau chi don gian 1a mot b logic thuan tuy img dung dé diéu khién cac qua
trinh cong ngh¢, chu yéu la diéu khién ON/OFF giéng nhu hé thdng role, cong
tac to thong thuong ma khong diéu khlen chat luong he.

Tur khi xuét hién PLC da duoc cai tién véi tdc do rat nhanh .

- nam 1974 PLCda xt dung nhiéu bo vi xur 1y nhu machdinh thoi gian, bg dém
dung luong nho.

- Nam 1976 da gi6i thiéu hé théng dua tin hiéu vao tir xa.

- Nam 1977 da dung dén vi xir 1y.

- Nam 1980 PLC phat trién cac khdi vao ra théng minh ning cao diéu khién
thuan lgiqua vién thong, nang cao phat trién phan mém, lap trinh ding méay
tinh ca nhan.

- Nam 1985 PLC di dugc ghép nbi thanh mangPLC.

Ngay nay PLCd3 duoc cai tién nhiéu va dap tmg tat ca cac yéu cau diéu
ctiakhién nhu:

+ Piéu khié s6 luong (ON/OFF).

+Piéu khién chat lugng( thuc hién cac mach vong phan hdi: U, Lo, S...).

Thuc chat PLC 1a mot may tinh cong nghiép ma qua trinh diéu khién duoc thé
hién bang chuong trinh. PLC thay thé hoan toan cac phuong phap diéu khién
truyén théng dung ro le, cong tac to.

Chinh vi vay PLC dudcu dung rong réi trong cong nghiép, né duoc xem nhur la
mot giai phap diéu khién 1y tudng cic qua trinh san xuat.

2. Vi tri, nhiém vu ciia bd PLC trong hé thong diéu khién:
Trong h¢ thong diéu khién PLC 1a mot khau trung gian ¢6 nhiém vu xtr ly
cac thong tin dau vao roi dua tin hiu ra téi cac thiét bi chap hanh.

3. Uu nhwoc diém cia PLC.

Ngay nay hau hét cac may cong nghiép duoc thay thé cac hé diéu khién ro le
thong thuong, str dung ban dan bang cac bo diéu khién 1ap trinh.
- N6 ¢6 cac vu diém sau:
Giam bét qua trinh ghép ndi day vi thé - giam gia thanh dau tu . Giam dién tich
lap dat, it hong hoc, 1am viéc tin cay, tdc do qua trinh diéu khién nhanh, kha
nang chéng nhidu tdt, bao tri bao dudng t6t hon vi nd ¢6 module chuan hoa.
- Nhuoc diém:



Chua thich hop cho qué trinh diéu khién nhé (mot vai dau ra) vi thé néu ding
gia thanh rat cao.
Ngon ngit h¢ dong ( ngdn ngit cia cac hang riéng ) nén kho thay thé.

4. Cau tric PLC:

B0 nhé chuong trinh

B¢ dém Khéi vi xir 1y TT
vao/ra N

H¢ diéu hanh

Congvaora | [ Bus cua PLC
onboard
2 Z N uan Iy
Cong ngat va (]21 . }’
A A A onen nol
dém toc docao

Hinh 3.1 Nguyén 1y cau trac chung ciia bo PLC.
5. Phan mém PLC:

Phan mém PLC c6 cac loai ngén ngit khac nhau nhu:
+ Danh sach 1énh: STL.
+ So d6 bac thang: LAD DE R.
+ So dd khdi chirc nang: Block Function.
+ Ngon ngir bac cao.

II. GIOI THIEU VE BQ PLC S7-300:
PLC 12 loai thiét bi cho phép thuc hién linh hoat céc thuat toan diéu

khién sb thong qua mot ngon ngit 1ap trinh. PLC 1a mot bo diéu khién sé nho
gon, de¢ thay doi thuat toan va dac biét dé trao doi thong tin véi moi trudng



xung quanh ( v6i PLC khac hodc véi may tinh). Toan bo chuong trinh diéu
khién dugc luu trong bo nhd ciia PLC dudi dang cac khichwong trinh ( Khoi
OB,FC hoacFB) va dugc thuc hién theo chu ky vong quét.

D¢ thuc hién dugc chuong trinh thi PLC phai ¢6 tinh nang nhu mgt may
tinh, nghia la phai c6 CPU, hé diéu hanh, bd nhé, cac céng vao ra. Ngoai ra
PLC con phai c¢6 thém cac khdi chirc ning dic biét nhu counter, timer...
va nhitgkhdi ham chuyén dung nhu bo dém vao /ra, bit co... .

1. Cac module cua PLCS7 - 300:

Thong thuong, dé tang tinh mém deo trong tmg dung thuc té ma & d6
phan 16n cac d6i tugng diéu khién co s tin hiéu dau vao, dau ra cling nhu
chung loai tin hiéu dau vao/ra khac nhau ma cac bo diéu khién PLC duoc thiét
ké ciing khac nhau vé cdu hinh. Chung duoc chia nho thanh cac Module. S6
cac s6 Module duoc sir dung nhiéu hay it tiy theo timg bai toan, song tdi thiéu
bao gi¢ cling phai ¢c6 mot Module chinh 1a Module CPU. Cac Module con lai
1a nhiing Module nhan/truyén tin hiéu véi sé luong diéu khién, cac Module
chtrc nang chuyén dung nhu PID, diéu khién dong co. Chung dugc goi chung
1a Module mé rong. Tét ca cac Module dugc g4 trén nhiing thanh ray (Rack).

a. Module CPU:

Module CPU la loai Module ¢6 chira bg vi xtr 1y, hé diéu hanh, bo nhé,
cac bo thoi gian, bo dem cong truyen thong (RS315) va c6 thé co mot vai
cong vao /ra s6. Cac cong vao ra sb co trén Module CPU duoc goi 1a cong vao
ra onboard.

Trong ho PLCS7 — 300 c6 nhiéu loai Module CPU khac nhau. Noéi
chung chung duoc dat tén theo bo vi xur Iy c6 trong né nhu Module

CPU 312, Module CPU 314, Module CPU 315... .

Nhitng Module cung stt dung mot loai bd vi xur ly, nhung khac nhau vé
céng vao/ ra onboard ciling nhu cac khdi ham dic biét duge tich hop san trong
thu vién cta hé diéu hanh phuc vu viéc st dung cac cong vao/ra onboard nay
s& duoc phan biét v6i nhau trong tén goi bang thém cum chit cai IFM (viét tat
cua Intergrated Function Module). Vi du nhu Module CPU 312 IFM, Module
CPU 314 IFM, Module 315 IFM .

Ngoai ra con co6 cac loai Module véi 2 cong truyén thong, trong do
cong truyen thong thtr 2 c6 chic nang chinh la phyc vu viéc n6i mang phan
tan. Tat nhién kém theo cong truyén thong thir 2 nay la nhiing phan mém tién
dung thich hop ciing di duoc cai sin trong hé diéu hanh. Cac loai Module
CPU duogc phan biét véi nhimg Module CPU khac bang thém cum tir DP
(Distributed Port) trong tén goi. Vi du: Module CPU 312 DP...

b. Module mé rong:



Céac Module mé rong dugc chia thanh 5 loai chinh:
1. PS (Power Supply) : Module ngudn nuéi, 0 3 loai 2A, 5A, va 10A.
2. SM (Signal Module) : Module mé rong cong tin hi¢u vao/ra, bao gom

- DI (Digital Input): Module m¢ rong cac cong vao sb. SO cac cong vao
s6 mo rong co thé 1a 8, 16 hodc 32 tiy thudc vao tirng loai Module.

- DO (Digital Output): Module m¢ rong cac cong ra 6,86 caccong ra
s6 mo rong co thé 13 8, 16 hodc 32 tiy thudc vao ting loai Module.

- DUDO (Digital Input/Digital Output): Module m¢ rong cac cong
vao/ra s0. SO cac cong vao/ra sé mod rong co thé 1a 8 vao/8 ra hoic 16 vao/16
ra tuy thudc vao tung loai Module.

- Al (Analog Input): Module m¢ rong cac céng vao tuong tu. Vé ban
chat chung chinh 13 nhitng bo chuyén d6i tuong tu s6 12bits (AD), tuc 1a moi
tin hiéu tuwong tu duoc chuyen thanh tin hiéu s6 (nguyén) c6 d6 dai 12bits. S6
cac cong vao tuong tu ¢ thé 1a 2, 4 hodc 8 tiy thudc vao tung loai Module.

- AO (4nalog Output): Module mé rong cac cong ra twongty. Ching
chinh 14 bo (DA). S6 cac cong vao tuong tu c6 thé 1a 2 hodc 4 tuy thudc vao
ting loai Module.

- A/AO (4nalog Input/ Analog Output): Module mo6 rong cac cong
vao/ra tuong tu. SO cac cong vao/ra twong tu co thé 1a 4 vao/2 ra hodc 4 vao/ 4
ra tuy thudc vao tung loai Module.

3. IM (Interface Module): Module ghép ndi. Day 1a loai Module
chuyén dung c6 nhiém vu ndi tirng nhom cac Module mé rong lai v6i nhau
thanh 1 khéi va duoc quan 1y chung boi 1 Module CPU. Thong thuong cac
Module m¢ rong duge ga lién nhau trén mot thanh d& goi 13 rack. Trén mdi
rack chi c6 thé ga duoc nhiéu nhat 8 Module mé rong (khong ké Module CPU,
Module nguén nudi). Mot Module CPU S7 — 300 c6 thé 1am viéc truc tiép
duoc nhiéu nhat 4 racks va céac racks nay phai dugc ndi v6i nhau bang Module
IM.

4. FM (Function module): Module c6 chirc ning diéu khién riéng, vi du
nhu module diéu khién dong co budc, Module diéu khién dong co servo,
Module PID, Module diéu khién vong kin,...

5. CP (Communication Module): Module phuc vu truyén thong trong
mang gitra cac PLC véi nhau hoac PLC v6i may tinh.

2. Kiéu dir liéu va phén chia bd nhé:

a. Kiéu dir liéu:

Mot chuong trinh ing dung S7 — 300 ¢ thé sir dung cac kiéu di liéu sau:

- BOOL: V61 dung lugng 1 bit va c6 gia tri 1a 0 hoac 1 (ding hodc sai). Pay la
kiéu dit liéu cho bién hai tri.

- BYTE: GOm 8 bits, thuong dugc dung dé biéu dién mot s nguyén duong
trong khoang ttr 0 dén 255 hodc m3 ASCII ctia mot ky tu.

- WORD: GOm 2 bytes dé biéu dién 1 s6 nguyén duong tir 0 dén 65535.



- INT: Ciing c¢6 dung luong 1a 2 bytes, dung dé biéu dién sé nguyén trong
khoang — 32768 dén 32767.

- DINT: gdm 4 bytes, dung dé biéu dién mdt sé nguyén tir — 2147483648 dén
2147483647.

- REAL: gdbm 4 byte dung dé biéu dién mét sé thuc ddu phay dong.

- S5T (hay SSTIME): khoang thoi gian, dugc tinh theo
gio/phut/giay/mini giay.

- TOD: Biéu dién gia tri thoi gian tinh theo gid/phut/giay.

- DATE: Biéu dién gia tri thoi gian tinh theo nim/thang/ngay.

- CHAR: Biéu dién mot hodc nhiéu ky tu (nhiéu nhat 13 4 ky tu)

b. CAu triic bd nhé ciia CPU:

B6 nhd cua S7-300 dugce chia lam 3 vung chinh:

* Vung chira chuong trinh img dung

Vung nhé chuong trinh duoc chia thanh 3 mién:

-OB ( Organisation Block ): Mién chira chuong trinh t6 chic.

- FC (Function): Mién chtra chuong trinh con duoc t6 chirc thanh ham
c6 bién hinh thire dé trao d6i dit liéu v6i chuwong trinh da goi no.

- FB (Function Block): Mién chira chwong trinh con, duoc té chirc
thanh ham va c6 kha ning trao doi dir lidu v6i bat cir mot khbi chuwong trinh
nao khac. Cac dir liéu nay phai duoc xay dung thanh khéi dir liéu riéng (goi 1a
DB — Data Block).

* Ving chtra tham s ciia hé diéu hanh va chuong trinh tmg dung

+ 1 ( Process image input): Mién bd dém cac dit liéu cong vao sb. Trude
khi bét dau thue hién chuong trinh PLC s€ doc gia tri logic cua tat ca cac cong
dau vao va cét gilr chiing tai vung nh¢ I, thong thuong chuong trinh ing dung
khong doc tryc tiép trang thai logic cua cong vao sd ma chi lay dir lidu cua
cong vao tir bd dém 1.

+. Q ( Process image output): Mién bo nhé dém cac dir liéu cong ra so.
Két thuc giai doan thyc hién chuong trinh, PLC s¢& chuyén gia tri logic cua bo
dém Q toi cac cong ra so. Thong thuong chuong trinh khong truc tiép gan gia
tri t6i cong ra ma chi chuyen ching vao by nh¢ dém Q.

+ M ( Mién céc bién co ): Chuong trinh tmg dung st dung ving nhé nay
dé luu gitr cac tham s6 can thiét va co thé truy cap né theo bit(M) byte(MB), tir
(MW) hay tir kép (MD).

+ T : Mién nhé phuc vu bd thoi gian (Timer ) bao gdém viée luu trir gia
tri thoi gian dat trude ( PV - Preset value ) ,gia tri dém thoi gian tic thoi (CV -
Current value ) cling nhur gia tri logic dau ra ctia bo thoi gian.

+ C : Mién nhé phyc vy b dém ( Counter ) bao gom viéc luu giir gi tri
dat trude ( PV - Preset value ),gia tri dém tic thoi (CV - current value ) va gia
tri logic dau ra cta bo dém.

+ PI: Mién dia chi cong vao cac module twong tu (I/O: external input
).Céc gia tri tuong tu tai céng vao cua module tuong tu s¢ dugc module doc va



chuyén tu dong theo nhiing dia chi. Chuong trinh (mg dung c6 thé truy cép
mién nh¢ PI theo tung byte (PIB), tung tir (PIW) hodc tung kep (PID).

+ PQ: Mién dia chi cong ra cho cic module twong tu (I/O - external
output). Cac gia tri theo nhirng dia chi nay s& dugc module tuong tur chuyen téi
cac cong ra tuong tu. Chuong trinh tng dung c6 thé truy cip mién nhé PQ
theo tirng byte (PQB), tung tir kép (PQD).

¢ Viung chira cac khéi dir liéu: Chia thanh hai loai:

* DB (Data block). Mién chira cac dir liéu duoc t6 chirc thanh khoi,
kich thuoc cling nhu s6 lugng, khéi do nguoi su dung qui dinh va phu hop voi
ting bai toan diéu khién. Chuong trinh c¢6 thé truy cap mién nay theo timg bit
(DBX), byte (DBB), tir (DBW), tir kép (DBD).

* L (Local data block ): Day la mién dir liéu dia phuong dugc cac khéi
chuong trinh OB, FC, FB t6 chirc va st dung cho cac bién nhép tirc thoi va
trao d6i dit liéu ciia bién hinh thirc v&i nhitng khdi chuong trinh da goi né. Noi
dung ctia mot sd dir liéu trong mién nhd nay s& bi xo4 khi két thuc chuong
trinh twong ing trong OB, FC. FB.

Mién nhé nay cé thé truy nhap tir chuong trinh theo bit (L), byte (LB),
tur (LW) hodc tur kép (LD).

d. Trao d6i dir liéu giira CPU va cac module mé rong:

Trong tram PLC lu6n ¢6 su trao doi dix liéu gitra CPU véi cac module mo
rong thong qua bus ndi bo. Ngay tai vong quét, cac dit liéu tai cong vao cia
cac module s6 (DI) da duoc CPU chuyén t6i bo dém vao sb (process image
input table - I). Cudi mdi vong quét ndi dung cia bd dém ra sd (process image
input table - Q) lai dugc CPU chuyén t6i cong ra cta cac module ra sd (DO).
Viéc thay doi noi dung hai bd dém nay dugc thuc hién boi chuong trinh ing
dung (user program). D1eu nay cho thay néu trong chuong trinh tmg dung co
nhiéu 1énh doc gia tri cong vao sd thi cho du gid trj logic thuc ¢ cta cong vao
nay co thé da bi thay d6i trong qua trinh thyc hién vong quét, chuong trinh s&
van luén doc duoc cung mot gia tri tir I va gia tri d6 chinh la gia tri cua cong
vao ¢o tai thoi diém dau vong quét. Cling nhu vay, néu chuong trinh tng dung
nhiéu lén thay d6i gia tri cho mot céng ra sb thi do n6 chi thay ddi gia tri cho
mot cong ra s thi do nd chi thay d6i nodi dung bit nhé twong tng trong Q nén
chi c6 gia tri & lan thay doi cudi ciing méi thuc sy duoc dua toi cong ra vat 1y
ctia module DO.

Khac han véi viée doc/ ghi céng s0, viéc truy nhap cong vao/ ra tuong
tu lai duogc CPU thyc hién tryc tiép voi module mé rong (AI/AO). Nhu vay
moi 1énh doc gia tri tir dia chi thugc vung PI s€ thu duoc mot gia tri ding bang
gia tri thuc co6 & cong tai thoi diém thuc hién 1énh. Tuong tu khi thyc hién 1€nh
gli mot gia tri (s6 nguyén 16 bits) téi dia chi cua vung PQ (Periphenal
Output), gia tri d6 s€ dugc gui ngay to1 cong ra tuwong tu ciia module. Do su
phan chia dia chi va dic thu vé t6 chirc bo nhé cua



S7-300 chi c6 cac module vao/ ra s méi co6 bd dém con cic module vao/ ra
tuong ty thi khong, ching chi dugc cung cap dia chi dé truy nhap (dia chi PI
va PQ). Tuy nhién PI va PQ dugc cung cap nhiéu hon AI/AO nén tao kha ning
két ndi cac cong vao / ra s6 véi nhirng dia chi do1 ra trong PI/PQ gitiip chuong
trinh tmg dung c6 thé truy nhap tryc tiép cac module DI/DO mo rong dé co gia
tri ttrc thoi tai cong ma khong can thong qua bo dém 1,Q.

3. Vong quét chwong trinh:

PLC thyc hién chuong trinh theo chu trinh Iap, moi vong lap duoc goi
1a vong quet (scan), moi vong quet duoc bat dau bang giai doan chuyén dir liéu
tir cac cong vao so tdi ving bo dém ao I, tiép theo 1a giai doan thyc hién
chuong trinh. Trong timg vong quét chuong trinh duoc thyc hién tir 1énh dau
tién dén lénh két thuc cua khdi OB1 (Block End). Sau giai doan thyuc hién
chuong trinh 13 giai doan chuyén céc nodi dung cta bd dém ao Q tdi cac cong
ra sb, vong quét dugc két thac bang giai doan truyén thong noi bd va kiém soat
161.

Truyén thong va

u : Chuyén dir lidu tir
kiém tra ndi bo Y '

cong vao toi I

Thuc hién

Chuyén dir liéu churong trinh

tr Q tdi cong ra

Hinh 3.2. Vong quét chuong trinh.

Bo dém I va Q khong lién quan téi cac céng vao/ra twong tw nén cac
1€nh truy cap céng tuong tu duoc thyuc hi¢n truc tiép vOol céng vat 1y chur khong
thong qua bo dém.

Thoi gian can thiét ¢ PLC thuc hién dugc mot vong quét goi 13 thoi
gian vong quét (Scan time). Thoi gian vong quét khong ¢ dinh tirc 1a khong
phai vong quét nao cting thuc hién trong khoang thoi gian nhu nhau. C6 vong
quét thuc hién 1au c6 vong quét thuc hién nhanh tuy thudc vao sb 1énh trong
chuong trinh dugc thuc hién, vao khéi dir liéu duoc truyén thong trong vong
quét do.

Nhu vay giita viée doc dir liéu tir dbi tuong dé xir 1y, tinh toan va viéc
giri tin hiéu diéu khién toi cac d6i twong c6 mot khoang thoi gian tré ding



bang thoi gian vong quét. Noi cach khac thoi gian vong quét quyét dinh tinh
thoi gian thuc ctia chuong trinh diéu khién trong PLC. Thoi gian vong quét
cang ngan thi tinh thoi gian thyc cta chuong trinh cang cao.

Néu sir dung cac khdi chuong trinh dic biét c6 ché do ngat nhu khoi
OB40, OB80 thi chuong trinh cua cac khéi d6 s& duogc thyc hién trong vong
quét khi xuat hién tin hiéu bao ngat cung ching loai. Cac khéi chuong trinh
nay cé thé duoc thyc hién tai moi diém trong vong quét chtr khong bi go ép la
phai trong giai doan thuc hién chuong trinh. Vi du nhu mét tin hiéu bao ngat
xuat hién khi PLC dang ¢ giai doan truyén thong va kiém tra ndi bo PLC sé&
tam dimg cong viéc truyén thong va kiém tra dé thuc hién khbi chuwong trinh
tuong Ung vai tin hiéu bao ngit. Vi hinh thirc xir 1y tin hiéu bao ngat nhu vay
thi thoi gian vong quét 16n khi trong vong quét c6 nhiéu tin hiéu ngat. Do d6
dé nang cao tinh thoi gian thyc cho chuong trinh diéu khién thi tuyét doi
khong v1et chuong trinh xu ly ngat qua dai hoac qua lam dung viéc sir dung
ché do ngit trong chuong trinh diéu khién.

Tai thoi diém thyc hién 1énh vao/ ra thong thuong 1énh khong 1am viéc
truc tiép v6i cong vao /ra ma chi thong qua bd dém 4o ciia cong trong vung
nhé tham sd. Viée truyén thong gitta bd dém 4o véi ngoai vi trong cac giai
doan 1 va 3 do hé théng diéu hanh CPU quan ly. & mot sé module CPU khi
gip 1énh vao/ ra, ngay lap tirc hé thdng cho dimg moi cong viéc khac ngay ca
chuong trinh xir Iy ngét dé thuc hién truc tiép voi cong vao/ ra.

4. Cu tric chwong trinh:

Chuong trinh cho S7-300 dugc luu trong by nhé cua PLC ¢ viung danh
riéng cho chuong trinh va c6 thé duogc 1ap voi 2 dang cau trac khac nhau.
a. Lap trinh tuyén tinh:

Toan bo chuong trinh diéu khién nam trong mot khdi trong b nhd. Loat
hinh c4u tric tuyén tinh nay phu hop véi bai toan ty dong nho, khong phirc
tap. Khéi dugc chon phai 1a khéi OB1 1a khdi ma PLC ludn quét va thuc hién
cac Iénh trong né thuong xuyén tir Iénh dau tién dén Iénh cudi cung va quay lai
lénh dau tién. Cac khéi OB khac khong tham gia vao vong quet ma dugc goi
bang nhing tin hiéu bao ngat Moi tin hiéu bao ngat nhu vay chi c6 kha nang
goi mot loai khéi OB nhat dinh. M&i khi xuat hién mét tin hiéu bao ngat hé
thong s€ tam dung cong viéc dang thyc hién, chuyén sang chuong trinh xu ly
ngat trong cac khdi OB twong mg. Sau khi thuc hién xong hé théng méi tro vé
thuc hién tlep chuong trinh con lai.

Lénh 1
Vong quét Lénh 2 OB1

Lénh cu6i cung




Hinh 3.3 Lap trinh tuyén tinh.

b. Lap trinh cé céu tric:

Chuong trinh dugc chia thanh cac phan nho véi timg nhiém vu riéng,
cac phan nay nam trong nhitng khéi chuong trinh khac nhau. Loai hinh cau
tric ndy phi hop véi nhimg bai toan diéu khién nhiéu nhiém vu va phirc tap.
PLC S7-300 ¢6 4 loai khoi co ban.

- Loai khéi OB (organization Block): La khéi t6 chirc va quan 1y chuong
trinh diéu khién. C6 nhiéu loai khéi OB véi nhiing chirc ning khac nhau,
ching dugc phan biét véi nhau bang mot sé nguyén di sau khdi ky tw OB. Vi
du nhu: OB1, OB35, OBS&0...

- Loai khéi FC (Progam Block): Khdi chuong trinh v6i nhiing chirc
nang riéng gidng nhu mot chuong trinh con hodc mot ham (Chuong trinh con
c6 bién hinh thirc). Mot chuong trinh ing dung co thé c6 nhiéu khdi FC va céac
khéi FC nay duoc phan biét v6i nhau bang mot s nguyén sau nhém ky tu FC.
Vi du nhu: FC1, FC2 ..

- Loai khéi FB (Function Block): La loai khéi FC dic biét c6 kha ning
trao d6i mot lugng dir lidu 16m véi cac khbi chuong trinh khac, cac dir liéu nay
phai to chirc thanh khdi dir liéu riéng co tén goi 1a Data Block. M6t chuong
trinh img dung c6 thé c6 nhiéu khdi FB va cac khdi FB nay dugc phan biét véi
nhau bang mot sé nguyén sau nhom ky ty FB. Chang han nhu FB1, FB2 ...

- Loai khéi DB (Data Block): Khéi chira cac dit liéu can thiétt dé thuc
hién chuong trinh. Cac tham sé cua khéi do nguoi dung tu dat. Mot chuong
trinh ing dung co the c¢6 nhiéu khdi DB va cac khdi DB nay dugc phan biét
v6i nhau bang mot sé nguyén sau nhém ky tu DB. V6 du nhu: DB1, DB2 ..

Chuong trinh trong cic khdi duoc lién két v6i nhau bang cac 1énh g(_)i
khéi, chuyén khodi. Xem nhitng phan chuong trinh trong céc khéi nhu 13 céac
chuong trinh con thi $7-300 cho phép goi chwong trinh con 16ng nhau, tirc 1a
tor chuong trinh con nay goi mgt chuong trinh con khéac va tir chuong trinh con
duoc goi lai goi té1 mdt chuong trinh con thur 3... . Mot khdi chuong trinh con
khong thé goi dén chinh nd. S cac 1énh goi 1ong nhau phu thudc vao timg
ching loai module CPU ma ta st dung. Vi du nhu ddi v&i module CPU 314 thi
s6 1énh goi 1ong nhau nhiéu nhat cé thé cho phép 1a 8. Néu s6 1an goi khéi long
nhau ma vuot qua con sb gi6i han cho phép, PLC s& chuyén sang ché ¢6 STOP
va dit co bao 10i.

/'FB< EB
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S6 1énh goi 16ng nhau nhidu nhat cho phép phu thude vao timg loai
Hinh 3.4. Lap trinh c6 cau tric

Khoi OBl luén dugc PLC quét yél thuc hién cac 1énh tir 1énh dﬁl} tién dén
Iénh cudi cung va quay lai Iénh dau tién. Nhu vy toan bo cac khoi chuong
trinh dugc quén ly chat ché béi khoi OB1.

c. Nhirng khoi OB dic biét:

Trong khi khéi OB1 duoc thyc déu din ¢ timg vong quet trong giai
doan thuc hién chuong trinh (giai doan 2) thi cac khéi OB khac chi dugc thuc
hién khi xuét hién tin hiéu bao ngit twong tmg, noi cach khac chuong trinh viét
cho cac khéi OB nay 1a chuwong trinh xir 1y tin hiéu ngit (event). Chung bao
gom:

1. OB10 (Time of Day interrupt): Chuong trinh trong khéi OB10 s&
duogc thuc hién khi gia tri cia dong ho thoi gian thyc ndm trong mot khoang
thot gian da dugce quy dinh. OB10 ¢6 thé dugc goi mot lﬁn, nhiéu 1an cach déu
nhau timg phut, thimg gio, ting ngay ... Viéc quy dinh khoang thoi gian hay s6
lan goi OB10 duogc thuc hién nho chuong trinh hé théng SFC 28 hodc trong
bang tham s6 ctia Module CPU nhd phan mém Step7.

2. OB20 (Time Delay interrupt): Chuong trinh trong khdi OB20 s& dugc
thuc hién sau mot khoang thoi gian tré dit trude ké tir khi goi chuong trinh hé
théng SFC32 dé dat thoi gian tré.

3. OB35 (Cyclic interrupt): Chuong trinh trong OB35 sé duoc thuc hién
cach déu nhau mot khoang thoi gian ¢6 dinh. Mic dinh, khoang thoi gian nay
s& 1a 100 ms, song ta co thé thay ddi n6 trong bang tham sé cia Module CPU
nhd phan mém Step.

4 . OB40 (Hardware interrupt): Chuong trinh trong OB40 s¢ duoc thuc
hién khi xuat hién 1 tin hi¢u bao ngit tir ngoai vi dua vao Module CPU thong
qua cac cong vao ra sd onboard dic biét, hoic thong qua cac Module SM, CP,
FM.

5. OB80 (Cyle Time Faulf): Chuong trinh trong khdi OB 80 s& dugc
thyc hién khi thoi gian vong quét (Scan Time) vuot qua khoang thoi gian cyc
dai da quy dinh hoic khi c6 mot tin hiéu ngat goi mot khoi OB nao d6 ma khoi
OB nay chua két thuc ¢ lan goi trudc. Mdc dinh, Scan time cyc dai 1a 150ms,
nhung c6 thé thay doi né thong qua bang tham sb cia module CPU nho phén
mém STEP 7.

6. OB 81 ( Power Supply Fault ):Module CPU s€ goi chuong trinh trong
khéi OB81 khi phat hién thiy c6 16i vé ngudn nudi.



7. OB82 (Diagnostic Interrupt): Chuong trinh trong OB82 dugc goi khi
CPU phat hién c6 sy ¢d tir cac module vao/ ra mé rong. Cac module mé rong
nay phai la nhitng module c6 kha ning tu kiém tra minh (diagnostic cabilities).

8. OB85 (Not Load Faulf): CPU s& goi khdi OB85 khi phat hién thay
chuong trinh Gmg dung c6 sir dung ché d6 ngat nhung chwong trinh xir 1y tin
hiéu ngat lai khong c6 trong khdi OB tuong Gng.

9. OB87 (Communication Fault): Khdi OB87 s& duoc goi khi CPU phat
hién thay 13i trong truyén thong . Vi du nhu khong c6 tin hiéu tra 101 tir ddi tac.

10. OB100 (Start Up Information): Khdi OB100 s& duge thuc hién mot
lan khi CPU chuyén trang thai tir STOP (dirng) sang RUN (chay).

11. OB101 (Cold Start Up Information - Chi c6 voi S7-400): Khoi
OB101 sé& dugc thyc hién mot 1an khi cong tic ngudn ciia CPU chuyén trang
thai tor OFF sang ON.

12. OBI121 (Synchronous error): Khdi OB121s& duoc thuc hién khi
CPU phat hién thay 18i logic trong chuong trinh nhu d6i sai kiéu dit liéu hodc
16i truy nhap khéi DB, FC, FB khong c6 trong bo nhd ctia CPU.

13. OB122 (Synchronous error): Khoéi OB122 s& dugc thuc hién khi
CPU phat hién thiy 18i truy nhap module trong chuwong trinh. Vi du chuong
trinh ¢6 1énh truy nhap module vdo ra md rong nhung lai khong tim thay
module nay.

5. T6 chirc bd nhé CPU:

B¢ nhé CPU bao gom:

- Vung nh¢ chura cac thanh ghi.

- Vung System memory.

- Vung Load memory.

- Vung word memory.

Kich thuéc ctua cac vung nhd nay phu thudc vao chung loai cia ting
module CPU.

Load memory: La vung nh¢ chira chuong trinh img dung (do nguoi st
dung viét) bao gdm tat ca cac khodi chuong trinh tng dung OB, FC, FB, cac
khéi chuwong trinh trong thu vién hé thdng dugc sir dung (SFC, SFB) va cac
khéi dir liéu DB. Vung nhd nay duogc tao boi mot phan bé nhé RAM caa CPU
va EEPROM (néu c¢6 EEPROM). Khi thyc hién dong tac x6a bo nhd (MRES)
toan b cac khdi chuong trinh va khdi dit liéu nam trong RAM s& bi xo4. Ciing
nhu vay khi chuwong trinh hay khéi dit liéu duoc d6 (download), tir thiét bi 1ap
trinh (PG, may tinh) vao module CPU, ching s& dugc ghi 1én phan RAM cua
vung nhé Load memory.

Work memory: La ving nhé chira cac khdi DB dang duoc mo, khdi
chuong trinh (OB, FC, DB, SFC hoac SFB) dang dugc CPU thuc hién va phén
bd nhd cap phat cho nhitng tham sd hinh thirc dé cac khdi chuong trinh nay



trao d6i tham trj v6i hé diéu hanh va véi cac khdi chuong trinh khéc (local
block). Tai mot thoi diém nhat dinh ving Work memory chi chira mot khoi
chuong trinh. Sau khi khdi chuong trinh d6 duogc thuc hi¢n xong thi h¢ diéu
hanh s& xo04 né khoi Work memory va nap vao d6 khdi chuong trinh ké tiép
dén luot thuc hién.

System memory: La ving nhé chira cac bo dém vao/ ra so (Q, I), cac

bién co (M), thanh ghi C - Word, PV, T- bit ctia Timer, thanh ghi C - Word,
PV, C - bit cia Counter. Viéc truy cap, stra doi dit liéu nhitng 6 nhé thudc
ving nhé ndy duoc phan chia hodc boi hé diéu hanh cia CPU hoic do chuong
trinh tng dung.
Trong cac vung nhd khong c6 vung nhé nao duge dung lam b dém cho céc
cong vao/ ra twong tu hay noi cach khac cac cong vao/ ra twong tu khong co bo
dém va nhu vy mdi 1énh truy nhap module twong ty (doc hoac giri gia tri) déu
c6 tac dung truc tiép toi cong vat 1y ctia module.

*Y nghia cac ving nhé ciia CPU S7 - 300:

Kich thwérc toi

Tén goi Ktl:ll: ﬂcl;wc da (phu thuoc Y nghia
Yy cap CPU)
Procces I 0.0 1277 Dau mdi vong quét hé diéu hanh s& ghi vao
image phin nh¢ nay cac gia tri dugc ldy tir cdng vao
Iput (I) 1B 0127 sO (digital input) vét Iy cia module mé rong.
B dém vao ™W 0+126
s6
1D 0+124
Procces Q 0.0 +1277 Cudi mdi vong quét, hé diéu hanh s& doc noi
image dung ctia mién nh¢ nay va chuyén ra cong ra
Output (Q) QB 0+127 s (digital input) ciia cac module mé rong.
B¢ dém ra sd QW 0+126
QD 0+124
Bit Memory M 0.0 +255.7 Puogc sir dung nhu mdt mién cac bién co cho
M) MB 0 =255 chuong trinh g dung.
Vung nhé co MW
MD 0+ 254
0+252
Timer (T) TO + T255 Mién nhé luu giit céc gia tri PV, CV va T - bit cua

Timer. Bugc truy nhap dé stra ddi boi hé didu
hanh va chuong trinh ing dung.

Counter (C) CO0 +C255 Mién nhé luu giit cac gia tri PV,CVvaC - bit
cua Cognter. Puoc truy nhap de stra doi boi hé
dicu hanh va chuong trinh tmg dung.

Data block DB X 0.0 + 65535.7 Duoc mé bang 1énh "OPN DB"

(DB) DBB 0+ 65535
Khéi dit liéu DBW 0+ 65534
share DBD 0+ 65532

Data lock DI X 0.0 + 65535.7 La khdi DB.Duoc mo bang 1énh "OPN DI"
Jo) DIB 0+ 65535
Khéi dit liéu DIW 0+ 65534
Instance DID 0+ 65532

Local block (L) L 0.0 =~ 65535.7 Mién nh¢& duge cap phat cho cac khdi FC, FB mi




Mién nhé dia LB 0+ 65535 khi khdi nay dugc goi dé thyc hién. Mién nhé
phuong cho LW 0+ 65534 nay cling s€ dugc gidi phong khi thuc hién xong
cac tham s LD 0= 65532 cac khdi chuong trinh d6.

hinh thirc
Peripheral PIB 0 + 65535 Chi c6 dia chi truy cap dé doc. Khong c6 phan
input (PI) PIW 0+ 65534 bo nhd thuc su.
PID 0+ 65532
Peripheral PQB 0+ 65535 Chi c6 dia chi truy cap dé ghi. Khong c6 phan
output (PQ) PQW 0+ 65534 b6 nh¢ thuc su.
PQD 0 + 65532

6. Ngon ngir 1ap trinh STL:

Céc loai PLC néi chung thuong c6 nhiéu ngdn ngit 14p trinh nhim phuc
vu cac d6i tuong sir dung khac nhau. PLC S7 - 300 c6 ba ngdn ngit 1ap trinh co
ban. B¢ la:

- Ngon ngtr "liét ké 1énh", ky hi€u 1a STL (Statement list): Pay la dang
ngén ngr 1ap trinh thong thuong cuia may tinh. Mot chuong trinh dugc phép
béi nhiéu cau 1énh theo mot thuat toan nhét dinh, mdi 1énh chiém mot hang va
déu c6 ciu triic chung "tén 1énh" + "toan dang".

- Ngon ngtr "hinh thang", ky hi¢u la LAD (Ladder logic): Day la dang
ngdn ngit dd hoa thich hop véi nhitng ngudi quen thiét ké mach diéu khién
logic.

- Ngon ngtr "hinh khéi", ky hiéu 13 FBD (Function block diagram): Day
cing la kleu ngdn ngit d6 hoa danh cho ngudi co thoéi quen thiét ké mach diéu
khién sb.

( STL

FBD)
(LAD

Hinh 3.5. STL 1a ngdn ngit manh nhat trong ba loai ngon ngir lap trinh

cho S7-300.
Ladder . Function
Diagram LAD Statement List STL Block Diagram FBD
Q4.1
100 10.1 /) A 10.0 106 o | |
H H \ /] A 0.1 I 07 >1




0
102 103 A 102 10.9) o -
— A 103 I 0
= Q4.1 Q4.1

Hinh 3.6. Ba kiéu ngon ngir 1ap trinh cho S7-300

Mot chuong trinh viét trén LAD hodc FBD c¢6 thé chuyén sang duoc
dang STL, nhung nguoc lai thi khong. Trong STL c¢6 nhiéu 1énh khong co
trong LAD hay FBD (hinh 3.5). Ciing chinh vi ly do do, t6i chon STL lam
ngon ngir 1ap trinh minh hoa trong d6 an nay.
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DESIGNING A LIFT CONTROL SYSTEM
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Abstract. In this paper, we present an application of syntactical approach given in a formal design
technique for real-time embedded systems. The technique is the model of discretization at the state
level and the approximation of continuous state variables by discrete ones. The lift system presented in
this paper shall be monitored and controlled by a computing system that shall respect the components,
handle the events, and satisfy the usual procedures and invariants. The Duration Calculus with

Iteration is used in the paper to specify requirements of the system.

Tém tdt. Trong bai bdo nay chiing t6i trinh bay mot g dung - hé théng diéu khién thang m&y -
theo cach tiép can hinh thitc cho cdc hé nhing. K¥ thuat thiét ké dwoc diing 1a mo hinh hod su roi
rac va xap xi cdc bién trang théi lién tuc bdi cac bién trang théi roi rac. He thong thang may dugc
gidm sat va diéu khién thoéng qua mét hé thong tinh todn nhim quén 1y cdc bo phan, diéu khién
cic s kién va lam thod man cdc thi tuc cing nhitng bat bién dac trung cho hé théng. Tinh Toin
khodng lip dwroc ding trong bai viét dé dic ta cdc yéu cau ciia hé thdng.

1. INTRODUCTION

The lift control system belongs among real-time control systems. The system consists of
some physical plant, in permanent interaction with its environment, for which a suitable con-
troller has to be constructed such that the controlled plant exhibits the desired time dependent
behavior. Many authors have proposed approachs for designing the lift control system (e.g.
[2,10]). However, some approach is just a postulate - it has not yet been widely tested, so a
failure in the reaction of the plant may appear. The problem is to use suitable technique for
specifying and reasoning about the design of the system.

For any real-time systems in general, and for our lift control system in particular, the
continuous model (real numbers) is suitable for specifying the continuous behavior of the
states of the environment and those of the plant, which can change at any time according to
the laws of physics. However, the state of a digital program changes only at discrete time points
at ticks of a computer clock, so the discrete model (natural numbers) should be considered for
implementation of the system. Therefore, it is appropriate to combine two models into the
same formalism such that the design and its correctness can accurately be reasoned about in
an uniform manner.

Using formal methods is a key solution for buiding a correct system. In this paper, we apply
Duration Calculus with Tteration (DC™), a logic obtained by extending Duration Calculus
(DC) (cf. e.g. [12]) with the iteration operator (*) [1], to model of our lift control system.
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This makes for a logical framework that can handle both continuous time and discrete time
models for the system.

The design process can be formalised as follows. Firstly, a state variables model of the
system should be defined. The state variables model comprises continuous state variables
(modeling the behavior of continuous components) and discrete state variables (modeling the
behavior of discrete components). Secondly, the requirement of the system is formalized as
a DC formula Req over continuous state variables. A design decision must be established
in order to the requirement of the system will be met and refined into a detailed design
Des over continuous state variables such that A - Des = Req, where A stands for some
assumptions about the behavior of the environment and the relationship between continuous
state variables. Finally, the discretization step follows. We approximate continuous state
variables by discrete ones and formalize the relationship between them based on the general
behavior of the sensors and actuators. The control requirement is derived from the detailed
design and refined into a simple DC* formula C'ont over discrete state variables such that A,
Cont = Des, where A, stands for some assumptions about the behavior of the environment
and the relationship between continuous state variables, and relationship between discrete
state variables and continuous ones. The discrete formula Cont is the formal specification of
the controller.

The remaining of the paper is organized as follows. In Section 2 we give a brief summary of
DC*. The discretization technique is peresented in Section 3. Some refinement and verification
rules are given in Section 4. The formal design process of the lift control system, the main
part of the paper, is contained in Section 5. Section 6 concludes the paper.

2. DURATION CALCULUS WITH ITERATION

In this section we give a brief summary of DC*. The readers are referred to [1| for more
details on the calculus.

A language for DC™ is built starting from the following sets of symbols: a set of constant
symbols {a, b, ¢, }, a set of individual variables {x,y, z, ...}, a set of state variables {P,Q, ...}, a
set of temporal variables {u, v, ...}, a set of function symbols{f,g, ...}, a set of relation symbols
{R,U, ...}, and a set of temporal propositional letters { A, B, ...}

A DC* language definition is essentially that of the sets of state expressions S, terms i
and formulas o of the language. These sets can be defined inductively by the following BNF's:
S2o|P|-S|S vV S
A
t = claful [SIf(E, ..., t)

o 2 AR . D]=¢l(@V D)l 9) | (9% T

A state variable P is interpreted as a function I(P): IRT — {0, 1} (a state). I(P)(¢) =1
means that state P is present at time ¢, and I(P)(¢) = 0 means that P is not present at time
t. We assumne that a state has finite variability in any finite time interval. A state expression
is interpreted as a function which is defined by the interpretations for the state variables and
boolean operators.

For an arbitrary state expression S, its duration is denoted by f S. Given an interpretation
I of the state variables and an interval, duration f S is interpreted as the accumulated length
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of time within the interval at which S is present. So for any interval [¢, /], the interpretation
t/

I(f 9)([t,?]) is defined as [ I(S)(t)dt.
¢

A formula ¢ is satisfied by an interpretation in an interval [¢,¢] when it evaluates to true
for that interpretation over that time interval. This is written as I, [¢, '] E .

Given an interpretation I, a formula ¢ ¢’ is true for [¢,¢”] if there exists a t’ such that
t <t <1 and ¢ and ¢’ are true for [t,¢'] and [/, 1], respectively.

We consider the following abbreviations:

s 1, 19] A (JS=ONE>0), op 2 (true” ¢ true), and Op 2 o —~p. We assume
that boolean connectives bind more tightly than . Besides, we use some other symbols as
abbreviations in the usual way.

The proof system for DC™* consists of a complete Hilbert-style proof system for first order
logic (cf. e.g. [8]), axioms and rules for interval logic, Duration Calculus axioms and rules and

axioms about iteration (cf. e.g. [12]). We only recall here some axioms and rules of the proof
system of DC™.

(DC1) f[0=0

(DC2) [1=¢

(DC3) [S>0

(DC4) [S1+ [So= [(S1VS2)+ [(S1AS2)

(DC5) ([ S=a" [S=y)= [S=a+y

(DC6) [S) = [S2if S) & Sy in propositional calculus.

[£ = 0/Alp o = [AT[S]/Alp

(IR1) ¢ = [A~[-51/Alp
[true/A]e

[£=0/Alp ¢ = [[S] A/Alp

(IR2) ¢ = [[-S]A/Ale
[true/A]e

(w) Yk < w|([S1V [-S])F/Alp
[true/A]e

(DCF) L =0= ¢*

(DC3) (g~ ¢") = ¢*

(DCE) (* N true) = (¢ ANL=0"true) V (((¢* A =" @) A ') " true)

The proof system of DC™ is complete for sentences where iteration is allowed only for a
restricted class of formulas called simple.

Definition 1. Simple DC* formulas are defined inductively by the following BNF

p 2 0=0[[S]a << al(pV )l Ap)le ¢)le"
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Definition 2. Given a simple DC* formula ¢, we define a simple DC* formula PREF ()
as follows.

1. PREF([S)) £ [S]*

2. PREF(a <) 2 1>0

3. PREF(t<a)2(<a

4. PREF(¢V ¢') £ PREF(p)V PREF(y)

5. PREF(¢ A¢') 2 PREF(¢) N PREF(¢')

6. PREF(¢™¢') 2 PREF(¢)V (¢~ PREF(4))
7. PREF(¢*) £ o* " PREF(y)

Intuitively, PREF(D) is a simple formula that holds for all prefixes of an interval that
validates D. It follows immediately from the definition that

Proposition 1. ¢ = =(=PREF(p) true).

The class of simple DC* formulas plays an important role in our design process presented
in section 5. The following section presents the discretization technique.

3. DISCRETE INTERFACE

A model of real-time control systems is depicted in figure 1. The plant denotes the con-
tinuous componets of the system. The controller is a discrete component denoting a control
program executed by a computer. The sensors sample the states of the plant. The actu-
ators receive commands from the controller and control the plant accordingly. The sensors
and the actuators constitute the continuous-to-discrete and discrete-to-continuous interfaces

(environment)

respectively.
Plant Controller

N
Sensors

Figure 1. A model of controlled system

disturbances

In the following part of this section we defined three concepts for formalising the relation-
ship between continuous state variables and discrete ones.

Definition 3. (Stability) Given a state variable s and a positive real number §, we say s is

¢ — stable iff the following formula is satisfied by any interval

§ — stable(s) A O([=s] [s]” [-s] = [—s] ([s]A€>0)[=S])

The stability means that a state should not change quickly in order to be observable at
discrete time.

Definition 4. (Control state) Given two state variables r and s, and a non-negative real
number &, we say r & — controls s iff the following formula is satisfied by any interval
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regs 2 O([r]AL> 0= (£ <8 [s])

The concept of control state is used for formalising the behaviour of actuators. Let r be
a state variable modeling a program command, and s a state of the plant. Then the relation
r 5 § means that whenever the controller issues the command r, the plant gets into state s
within at most ¢ time units. So the maximum response time is  time units.

Definition 5. (Observation state) Given two state variables r and s, and a non-negative real
number &, we say r ¢ — observes s iff the following formula is satisfied by any interval.

Py s 2 (spsr) A (mss—r)

The concept of observation state can be used for formalizing the behavior of the sensors.
Let r be a state variable modeling a discrete program variable, and s a state of the environment.
Then the relation r 55 s means that any change (stable enough) in s is observed by the
controller within ¢ time units. So the sampling step is ¢ time units. Note that the definition
say nothing about unstable change of s.

We will assume that environment state variables are stable enough to be observable by the
controller, otherwise there is no way to observe them in discrete time.

For formalising the discrete interface, for any continuous state variable s, we consider a
discrete state variable s. used by the control program to observe s via the sensors. The
relationship between s and its sampling s, is formalised by s, ;5 s for some non-negative real
number §. Similarly, for any state ¢ of the plant we consider a command {., a discrete state
for requesting (via the actuators) the plant getting into state ¢{. The ralationship between ¢
and t. is formalised by t. >, t for some non-negative real number 7.

4. REFINEMENT AND VERIFICATION RULES

Some rules given in this section are useful for both the refinement and the verification.
The proofs of some rules and more details are given in [7].

Transitivity rules
t o~ ~_ 1
(r>ss)(sprt) Rule 2 (r = s)(s ~: 1)

(g4 L T R(5tr) S

Rule 1

These rules say that the accuracy is deteriorated through sequential samplings of a state.
They are helpful for the design of distributed systems comprising many sensors, as well as how
to use the sensors efficiently.

Observation rules

Rule 3

(r=ss)
([SIAL>0)"([-s] AL >0) =<5 [r] [-r] true

Rule 3 allows to capture the change of state from 0 to 1 or from 1 to 0 by observation.
State Distance
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Rule 4a (r 25 s) 0 — stable(s)

(0 + 1) — stable(r) = 7 — stable(s)

Rule 4b (r 55 s) & — stable(r)

(0 + 1) — stable(s) = T — stable(r)

These rules define a necessary condition for the stability of a continuous state, which is
the stability of its sampling and vice-versa. It is useful for refinement.

State Occurrence

Rule ba (spyt)
Ot =<7)=0(s]|=>£<d+71)
Rule 5b (7‘ ;5 s)

O(fr]=¢<7)=0(s]|=£<d+71)

These rules are helpful for both refinement and verification. It define how fast the control
program should be to satisfy a time constraint about the occurrence of the state.

Duration of state

Rule 6 PREF([r1* ([-r] ([r1A€>8))*"[-r]) = d — stable(r)
Rule 7 PREF([-r]" ([rTAL <o) [-rD)* ([r1AL <) =0O([r] = £ <9)
Invariant Rule for loop

¢ = (true” —a) £=0=«

o= (=8 true) £=0=0

Rule 8 OZASO*Aﬂ =X = DX
¢ = L

Invariant Rule for sequential concatenation

Yy=0Ox ¢=0x o 8=x

Rule 9
P = (=0 true) ¢ = —(true” —a)
e~y = Dx
Trivial parallel composition
Rule 10
A=y B=0ULp
ANB =00 Ap)
Monotonicity
- <4
Rule 11a [Pr857 59 Rule 11b If »r = sthenrpgs
r>s S
t ~ ~
Rule 11c (r s 5)(E2s ) Rule 11d (r = l< 5 w
(rAt)ps (s Au) (rAt) =5 (sAu)



DESIGNING A LIFT CONTROL SYSTEM 211
5. DESIGN A SINGLE LIFT CONTROL SYSTEM

5.1 Problem domain description

The logical control of a lift system studied in this paper consists of a simple, single lift
system. It allows movement of a single lift cage between a finite number of floors. The
starting and stopping of the lift [cage| and the opening and closing of floor doors are made by
the pressing of floor call, door close and cage send buttons.

Components: The lift system has the following immediate components: a lift cage with
send buttons, one for each floor; a motor; N +1 floors, each with a floor door, a call bullon
and a close button; sensors and actuators; a controller.

We identify floors by natural numbers, numbered 0 to N, and assume that the lift can
carry any number of clients!

The system state is made up from the above components with their attributes.
Attributes: The system and its components have the following attributes.

+ The fift cage is either stopped at floor j for j lying between 0 and N inclusive, or is moving
up (or down) between floors ¢ and i+ 1 (¢ and ¢ — 1), for ¢ lying between 0 and N — 1(N and
1).

+ A floor door is either open or closed.

+ The motor is either running up (or down) or is stopped.

+ The motor, when running, runs at a constant speed-which causes the lift cage to move
between immediately neighbouring floors in ¢,, time units.

Events: We consider only the following events.
+ A send button is pressed for floor k, for k=0, ..., V.
+ A call button on floor k is pressed, for k=0, ..., V.
+ A close button is pressed for the door at floor k, for k=0, ..., N.
+ The opening (and closing) of floor doors.
+ The starting and stopping of the motor-implying the same for the cage.

For the sake of simplicity we do not identify explicitly two journeys of the lift cage: upward
one and downward one.

Procedure: A lift journey is procedurally described.

+ Serwvicing a floor k means that a send button is pressed for floor k, or a call button on floor
k is pressed, or the lift cage is running upwardly or downwardly (towards floor k).

+ There is a request on floor j, means that a call or a send button at floor j is pressed, iff
there does not exist any services of floors and the floor door is closed; or a close button at
floor j is pressed when the floor door is open. This implies that the lift system services floors
succesively. This dogma makes our design simple.

Invariants: The above plus the invariants fully describe expectations.
+ There are at least two floors (a component invariant).
+ The cage has exactly one send button for each floor (a component invariant).

+ Pressing a call button at floor ¢ or pressing a send button for floor ¢ causes the lift to service
that floor within ¢4 time units (a procedural, functional invariant).
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+ A floor door may only be open if the lift cage is at that floor (a component safety invariant).

+ The floor door is open for at least ¢y time units and at most {y,x time units (a procedural,
functional invariant).

The lift system presented in this paper shall be monitored and controlled by a controller
that shall respect the components, handle the events, and satisfy the usual procedures and
invariants enumerated above.

5.2. Formalizing the requirements of the system

We introduce the following continuous state variables: variable ¢; holds if the call button
on floor ¢ is pressed, variable s; holds if the send button for floor ¢ is pressed, variable d; holds
if the door at floor i is open, and variable f; holds if the lift is at floor ¢, for ¢ ranges over
interval [0, ..., N]; variable motor hodls if motor is on (and this makes the lift cage move);
variable close; holds if the close button on floor ¢ is pressed (at the time when the door at
floor ¢ is open). We do not model lift positions between floors.

The requirements of the system are defined by
Req £ O(SafetyReq A FunctReq)

The safety property for the lift control system is: for every floor, the door must only be
opened if the lift is at that floor. This is equivalent to stating that “if the lift is not at floor
¢, then door ¢ must be closed”.

A
SafetyReq = [d;] = [fi]
The function requirement is the following conjunction

FunctReq A Fi N Fy N\ By

Pressing a send button causes the lift to service the corresponding floor within £, time

its. — . —
Hs ni [si] true = € <tsV (£ <t [d;] true)

This requirement states that for every observation interval for which s; hodls initially, i.e.
the send button for the ¢th floor is pressed, either the interval is shorter than or equal to
or it may be diveded into three subintervals where the first lasts at most t5, in the second the
door at floor 7 is opened, and a final subinterval which is unconstrained.

A similar condition must hold when pressing a call button: pressing a call button causes
the lift to service the corresponding floor within £, time units.

Py 2 o) “true = £ <tV (< ] [di] true)

The system must guarantee that when a floor is serviced, the door is open for at least #g
time units and at most #,x time units.

By & ([=di] 7 [di] 7 [~di] = € > to) A ([di] = £ < tomax)

Having defined the requirements, we now present a design decision which implements the
requirements.

5.3. Design decision

We define the design decision by the predicate Des
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Des 2 0(D1AD2A D3N DAA D5 A D6 A DT)

The following formula is derived directly from the assumptions of the behaviour of the
system as described in section 5.1

DI 2 ((t=an[s;Vel]) (€=bA([~d]" [di]))

= U=a) " (L<bOA[=(s; Ve VsjVe)]) true) A [—(close; A —d;)]
A=(ei Ada)T A T=(e Asi)T A T=(si Ada)T A [=(es A di)T A [=(es Agj)]
A ["(Ci A Sj)-| A ["(Si A Sj)-| A [—|<Si A d])-|

If for every interval for which a send button for floor ¢ is pressed initially, and the lift is at
floor j and j # ¢, then the interval may be divided into three subintervals where the first lasts
at most € time units, in the second the motor is on, and an unconstrained final subinterval; in
the condition of ¢ = j, then the door at floor ¢ must be opened within # time units, where 0
stands for a response time of the system. A similar condition must hold when pressing a call
button at floor i.

D2 2 [(s; Vei) A fj] true = (£ < 0) [motor] ™ true
D32 [(siVe)A fi] true = (£ <0) [d;] true
If a send button for floor i is pressed while lift is at floor 7, the lift may reach the destination

floor and then the motor is off and the door at the floor is opened within # time units. A
similar condition must hold when pressing a call button at floor 7.

D42 [(s; Vei) A fj] true
) =i =Gl [(E< 0 [di) AL true) A[(si V) A fi] true
Y b= i —j|t, [(£ <0 [-motor]) A[fi]] true)

If the close button at floor 7 is pressed it may make the door at the floor open within 6
time units.
D5 & [close;] true = (£ < 0) " [—d;] true

Two following formulas will help satisfy the requirement of the maximum and minimum
time units for which a door is open.

D6 2 [—d; ] [d;]™ true = [—d;]” € <ty [—close;|” true
Inittially the lift is idle at the ground floor with the doors close, motor stops, and no

requests for the lift.
Init 2 [—motor A fo A —d; A —s; A —e; A —elose; ] true V [ ]
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The maximum time it may take to service a floor corresponds to the time it takes to move
across N + 1 floors and the response time it takes to open doors.

AL L (ty > (n+ 1)ty +26)

The following formula is derived directly from the attribute of the motor as described in
section 5.1

A2 & [(s; Vi) Nfj] true = £ <0 €= 1|i—jlt, [f;] true
We assume that the response time 0 is small enough (compare to the speed of the motor) in

order to the lift, having reached the destination floor, can be at the floor within at least 6
time units while the motor is still running.

1>

A3
A4

[=fil [fi AN motor| true = [—fi] € <ON[fi] true

2 (o401 1< tomax)
Let AL Imit A ALA A2 A A3 A Ad

The following theorem says that the design Des implies the specification Req, under the
assumption A.

Theorem 5.3.1. AF Des = Req
Proof. See Appendix.

We will find a discrete specification for the controller as follows.

5.4. Discrete design

For any continuous state variable s, let s. be the discrete state variable used by the
controller to observe s via the sensors. Then the relationships between continuous state vari-
ables and discrete state ones are formalised as following formulas: f;. ;5 fis Cic 55 Ciy i 55
di, Sie ;5 s;, and close;, 55 close;, where ¢ is the sampling step.

Let Dopen;, Dclose;, Mon, and Moff be discrete state variables, which hold when the
controller requests the actuators to open the door at floor 7, close the door at floor i, start the
motor, and stop the motor, respectively. The relationship between them and the continuous
state variables d; and motor are expressed by Dopen; >, d;, Dclose; >, d;, Mon > motor, and
Mof fr, —motor, where 7 stands for the response time of the plant via the actuators. Besides,
we also introduce a symbol £ as one described above, but its value can be calculated only by
some computer clock.

Let
el = ([(cic V sic) A fje NMon) AN =7)" (i — jlty, <€ <0+ i —jltm) [Moff]
#2 2 ([(cieV i) A fje A Mon] AL =7) 7 (fi = jltm < £ <5 +1]i = jltm) " [Dopen]
¢3 = ([(cic V Sic) A fie N Dopen;] A (£ =T)
o1 L (€ >ty — 1) [close;. A Delose;]
62 2 (tpax — 0 — 1 < € <ty — 0) " [Delose;]
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pl 2 ([(cie V osie) Afiel (€< 0+ |i = jltm) " cie V sie V ¢je V sje])
[=(cic Adje) 1 A [=(eie A cje) | A T(cie A sje) T A [=(Sie A sje) ] A
[2(sic A dje)] A [—(closeie N adic) | A [=(cie A dic)] A [=(Cie A sic) ] A [7(85e A dic)]
[Hcic A =sic]™ (LA 92) V 937 g1V ¢2)*
TV [mcie A sic]l ((PLA92) V3T ¢l V ¢2)*

1>

u2

/>

|
|

/>

|V_‘Clc 1S4e

A discrete design for the controller is difined as following formula

Cont 2 (™ ¢V PREF(£™)) A pl A p2

Let
A, LAN (fic 55 Ji) A (cie ;5 ¢i) N (die ;5 di) N (Sie ;5 s;) A (close;. ;5 close;) N
(Dopen; >, d;) A (Delose; >y —d;) A (Mont>r motor) A (Mof f >, = motor) A
(0 >740)A([Dopen;] = £ < 0) A([Dclose;| = £ <0)

The following theorem shows the correctness of the discrete design, under the assumption

A..
Theorem 5.4.1. A, Cont = Des
Proof. See Appendix.

6. CONCLUSION

We have designed a lift control system by using the technique of modelling discretization at
the state level and the approximating continuous state variables by discrete ones. We consider
DC™* as specification language to reason about the design of the system. DC™ has been used
successfully in many case studies, see e.g. [1,5,7], except for our system described above.
Using the technique will make our system design move closer to real world compares to one
given in [10], and it is useful for programmers to implement it in some programming language.
Besides, it is not difficult to prove the correctness of the design of the system by using the
technique.

In general, we just have considered the system with simple requirements and the dogmatic
assumption. In our future work, we will use the technique to design more complex and practical
systems.

Acknowledgment. The authors would like to thank Mr. Dang Van Hung for his useful
references.
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Appendix

A Proof of Theorem 5.3.1

We shall prove that A F Des = Req.
Observation:
+IfTHFA=BandTFHC=DthenTHFAANC= BAD
+ AFOB = C & A, BE C (Deduction theorem).
+ B¢ = ¢) = (O¢ = o)
Therefore, we can complete the above theorem if we can prove four following theorems.

Theorem 5.3.1.a A, DI AD2A D3ADAF [d;] = |fi]

For every interval at which d; holds, there always exists a smallest interval that contains
that one and it makes only ¢;, or only s; hold initially. Assume that ¢; holds initially, we
will give the brief proof of the theorem as follows.

1. [e;]” [di]™ [di] {assumption}

2. [e;] true {1,DC*}

3. el true = ([e;ANfi] true) A ([eiA=fi] true) Vo ([e A fi] true) A
([es A =fi] true) {D1,DCx}
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4. (Te; N fi]7 true) A (Je; A=fi] true)

= U<O) T (U=i—jltn) [0 Td]AN[fi])] true Att {D2,D3, D4, A}
= (<0 (U= i —jltn) [(€ <07 [d]) Al true {DC*}

5. ([ei A fi] true) A (Je; A=fi] true)

= (<0 [d;)) AN T[] true {D2,D4,D3, A3, DC*}

6. [ci] true = (£ <0 [di]) N[ fi] truev

(Ji =jltm) S LSO+ i =Gt [(€ <O [d]) ATS]] true {2,3,4,5}

We can prove the theorem if si holds in the same way.

Theorem 5.3.1.b A, DIAD2AD3ADAN [s;] trueb £ <t,V (£ <t; [d;] true)
For every observation interval for which s; holds initially and the interval is longer than

ts, we present the brief proof of the theorem as follows.
1. [s;]" true {hypothesis}

2. [si] true = ([s; A fi] true) V ([s; A= fi] true) {DC*}
3. [si A fi] true = € <07 [d;] true {D3}

4. [(si V) A fi] true = (£ < 0) [motor]” true {D2}
=<0 (=1]i—jltn) £ <0 [d;] true {A2, D4}

= (0 <ts) [di] true {Al, Arithmetic}

5. (£ <0) [d;] trueV (£ <ty [d;] true) {1,2,3,4, DC*}
6. L <ty [d;] true {5, Al, DC*}

Theorem 5.3.1.c A, DI AD2AD3ADAA [¢;] trueb € <ty Vv (€ <t [d;] true)
The proof of this theorem can be induced from that of theorem 5.3.1.b.

Theorem 5.3.1.d A, D7TAD6A D5 F I3

L. [=d;] [di] true = [~d;]” € < 1y [—close;| true {D6} = [—d;]” (£ < tgl <
0) A [d;] true {D5}

2. ([=d;] " [di]" [=diD) A (< to) = ff{L,DC*}

3. [di] = € < tmax {DTandDC*}

4. F3 {A,2,3,0bs.andDC*}

B. Proof of Theorem 5.4.1
We shall prove that A, F Cont = Des

Observation:
(V)" & (¢ ¢")"
AFrB=C<s A BFC

Because of the space litmit, we don’ t give the complete proof of the theorem and we just

prove the following theorem.
Theorem A, Cont = D7
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1. ¢* "¢ {hypothesis}
2. ([7Cie A =8ic |* (01 A 92) V 37 p1 V ¢2)*)* 7 ([cic A =8ic|* V [Cic A =836
(Pl A@2) V379l V $2)")* {1,DC*}
3. ([Cie A =8ic| V(1A @2) V 371V ¢2))* ([—Cic A =185 | * V [7Cie A TS5
(LA @2) V37 gLV $2)*)* {2, 0bs*}
4. (Pl A p2) V371V ¢2
= [(Cic V Sic) A fije NMon] AN =17 (|i — jlt, <€ <+ |i—jltn) ([Dopen;])
V[(¢ie V 8ic) A fie N Dopeni] A =17 ((€ > tg — 7) " [close;. \ Dclose;])
V(tmax — 0 — 1 < € <tpax — 0)" [Dclose;] {DC*}
. [Dopen;] = £ < 77[d;] {A., Def.4, A}
. [Dclose;] = € <77 [-d;] {Ac, Defd, A}
A A (bax — 1 <€ < tpax) true {ass.}
APl AQ2) V3 Pl V ¢2
([(Cic\/ Sic) A fjc/\ MOTL—| NE = TA<|Z. _j|tm < 14 < o+ |Z _j|tm)A£ < T/\(tmax -
<< tma) A ([ VS T (fmax — 1 < € < tax) A [di]) 7 [di] A (£ <
0) {4,5,6,7, A, Ruleba, Arithmelic}
9. (1A 2) V3 ¢l V ¢2
= ([di]A(tmax—1 < £ < tax)” true = (£2 tyax— 1A < tax) ™ [2d;] true) {8, DC*}
10. €= 0= 0OD7 {DC*}
11. ([7Cie A =Sic| V [7Cie A =8| ¥ = DT7{10, A., DC*}
12, Ae, (1 A @2) V 03701 V d2)* A ul A 2, ([di] A tmax — 1 < £ < tmay) true F
[d;]" [~d;i] true {9,10,11, DC*, obs.}
13. A, ([7Cie A =836V [7Cie A =183 *) A pl A p2, ([di] A tpax — 1 < € < bpax) true
[d;]" [-d;] true {11, DC*, obs.}
4. Ao (@) A pl A p2,([di] A tmax — 1 < £ < tpay) true  F
[d;]” [—d;] true {1,2,3,10,12,13, obs., Rule9}
15. PREF(¢*) {hypothesis}
16, ([mcie A=msie]* (91 A 92) V 93761 V ¢2))* (6 = 0V [cie A=sie]) V
[—Cie A =8ic ¥ (P A 2) V 371 V ¢2)* {13, Def.of PREF()}
17. Ao, PREF(o*) A pl A p2,([di] A tmax — 1 < € < bpax) true F
[d;]” [—d;]” true {10,12,13, DC*, obs.}
18. Ao F Cont = D7 {14,17, 0bs.}

Nhén béi ngay 11 - 8 - 2003



THIET KE CAC HE THONG DIEU KHIEN SO SUDUNG VI BIEU
KHIEN (MICROCONTROLLER) VA MAY TiINH CA NHAN (PC)

Nguyén Thanh Son
Bo mon Thiét bi dién-dién tlr, Khoa Dién, Dai hoc Bach khoa Ha Noi

T6m t4t-Diéu khién s6 13 mot nhdnh cla 1y thuyét diéu
khién gin lién véi viéc sit dung cic mdy tinh s6. Tuy theo mifc
do va yéu cdu diéu khién, mot hé thong diéu khién s& c6 thé
duoc x4y dung tir c4c vi diéu khién hoic két hop giita vi diéu
khién v6i mdy tinh c4 nhan. Bai bdo nay trinh biy cdc buéc
thi€t k&€ mot hé théng diéu khién s6 bing cach két hop giita vi
diéu khién va mdy tinh c4 nhan. Hé th6ng diéu khién bao gém
phén ciing dugc xay dung tir c4c vi diéu khién thong dung gid
ré AT89S51 va phdn mém dugc 1ap trinh bing ngoén ngit Visual
Basic. Véi giao ngudi sit dung béng dé hoa, ngudi st dung cé
thé dé dang thay d6i cdc thong s6 clia hé théng diéu khién. Hy
vong bai bdo s& 1a ngudén tham khéo hitu ich cho sinh vién
chuyén nganh Thiét bi dién-dién tlr, Khoa Dién, Pai hoc Bich
khoa Ha Noi trong viéc thié€t thi€t k& cdc hé thong diéu khién s6
quy mo vira va nho.

Tir khoa-Diéu khién s6, vi diéu khién AT89S51, Visual
Basic.

1. Gii thieu

Trong mudi nam qua, nhd gid thanh thip va do tin cay
cao nén cdc may tinh s6 da duogc st dung rong rai trong nhiéu
hé thong diéu khién. Hién tai, trén thé gidi ¢6 khodng 100 tricu
hé thong diéu khién s6 sir dung mdy tinh. Néu chi tinh riéng
cdc he thong diéu khién phitc tap nhu diéu khién trong nganh
hang khong thi c6 khoang c¢6 khodng 20 triéu hé thong diéu
khién béng mdy tinh [1].

Chiing ta c6 thé gip cdc hé thong diéu khién s6 trong
nhiéu tng dung nhu diéu khién qué trinh, diéu khién giao
thong, diéu khién mdy bay, diéu khién rada, mdy cong cu,... Uu
diém clia cdc hé thong diéu khién s6 1a do chinh xac cao va tinh
kha trinh linh hoat ctia chiing. Cu thé, c4c thuat todn diéu khién
dé dang dugc xay dung va slta déi nhd cdc cong cu chuyén
dung dé lap trinh cho cdc phén clng.

Vi diéu khién AT89S51 Ia vi diéu khién 8 bit v6i bo nhG
chép nhodng kha trinh trong hé thong cta hang Atmel véi dung
lugng bo nhé 4 Kbytes. Vi diéu khién ndy dugc sin xuat sir
dung cong nghé luu trir thong tin khong mat mat (non-volatile
memory). Vi diéu khién AT89S51 tuong thich v6i tap Iénh
chudn cong nghiép va cdc chan ra clia ho vi diéu khién 80C51.
Véi t6 hop trong mot chip clia b x{t 1y trung tam 8 bit va bo
nhé chép nhodng, vi diéu khién AT89S51 thuc su 1a mot bo vi
diéu khién manh, linh hoat va kinh t€ cho hang loat tng dung
diéu khién s6 quy mo vira va nho.

Ngon ngit 1ap trinh Visual Basic 1a mot ngon ngit lap
trinh bac cao theo luéng cic su kién cua hang Microsoft. Ngon
ngit lap trinh nay dugc bat nguén tir ngéon ngit Basic va cho
phép ngudi sir dung phat trién nhanh céc tng dung clia giao
dién nguoi st dung do hoa, truy cap vao céac co so dit lieu, cic
diéu khién ActiveX,...Do do, trong bai bdo nay Visual Basic
dugc chon dé 1ap trinh cdc phan mém diéu khién véi giao dién

tién lgi cho qu4 trinh thay ddi cdc tham s6 clia hé thong diéu
khién.

Pé gitp sinh vién chuyén nganh Thiét bi dién-dién tir
Khoa Dién, Pai hoc Bich khoa Ha Noi c6 thé hiéu tudng tan va
thiét k&€ dugc cdc hé théng diéu khién s6 quy mo vira va nho,
tap thé céc cdn bo trong nhém Diéu khién clia bo mon Thiét bi
dién-dién tir dd danh thoi gian téng hop 1y thuyét vé diéu khién
s0, xay dung cdc hé thong diéu khién so sit dung mdy tinh c4
nhéan va vi diéu khién AT89S51 dé diéu khién cdc thiét bi dién
phd cap nhu dong co dién, mdy phét dién,...Noi dung cha bai
bdo dugc trinh bay véi két hop giita 1y thuyét vé6i thuc hanh &
muc do don gian phit hop véi kién thitc cua sinh vién chuyén
nganh Thiét bi dién-dién tir & cdc nam cubi da dugc trang bi cic
kién thic nhu Diéu khién s6, K§ thuat vi xir 1y, Dién tir cong
suat. Bai bdo dugc bd cuc véi cac phan sau:

-Phin 2 cha bai bdo gidi thiéu van tit vé cdc hé thong
diéu khién s6 va bién ddi z.

-Phan 3 gidi thiéu vé cdch xac dinh ham truyén ctia mot
s6 bo diéu khién s6 thong dung. Cu thé, phin nay gidi thiéu vé
viéc xdc dinh ham truyén cla bo diéu khién “dead-beat” va bo
diéu khién Dahlin.

-Phan 4 gi6i thiéu vé nguyén tic chuyén cdc ham truyén
clia bo diéu khién s6 & dang bién déi z sang dang phlt hop véi
qud trinh thuc thi bing méy tinh s6. Cu thé 1a cdc hé théng c6
ham truyén bac nhat, bac hai va bo diéu khién ty lé-tich phan-vi
phan (PID) dugc biéu dién & dang 1ay mau tai c4c thoi diém
khéc nhau.

-Phan 5 trinh bay cdc budc dé thiét k& cac mach vao ra
giao ti€p v6i may tinh sit dung vi diéu khién AT89S51, phin
mém diéu khién x4y dung bing ngon ngit Visual Basic.

-Phan 6 1a két luan v6i cdc huéng phat trién tiép theo
trong tuong lai.

Ngoai ra bai bdo con bao gom cac phu luc cén thiét cho
viéc tham khao dé thiét k& phan ciing va xay dung cdc phin
mém diéu khién bing mdy tinh.

II. Diéu khién s6 va bién ddi z

Cdc hé thong diéu khién s6 hay con dugc goi 1a céc he
thong diéu khién véi tin hiéu duoc 14y mau véi so d6 khoi nhu
trén hinh 1 dugc xay dung tlr cac phan tir sau:

-Bo chuyén déi twong tu sang s6 (A/D converter): lam
nhiém vu chuyén déi tin hiéu phan héi & dang lién tuc sang
dang s6 dé thuan tién cho viéc xt Iy bang may tinh so.

-Mdy tinh s6: chita chuong trinh diéu khién chinh.

-Bo chuyén déi s6 sang tuong tu (D/A converter): lam
nhiém vu chuyén tin hiéu s6 ddu ra ciia mdy tinh sang dang lién
tuc diéu khién cdc mach chap hanh dé déng mé& cdc van bdn
dan nhu tiristo, triac hay tranzito.
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Hinh 1: So d6 khéi mot hé thong diéu khién s6.

Trong diéu khién s6, qud trinh 14y méiu cé thé dugc mo
ta nhu 12 qud trinh déng cit cia mot cong tac sau mdi chu ky T
duoc tinh bang giay. Tap hop clia tit cdc tin hiéu 1dy mau tir tin
hiéu lién tuc r(z) dugc mo ta bang cong thiic sau:

r*(t)ZZr(nT)é'(t—nT) (1)
n=0
Trong cong thic (1), r(nT) 1a bién do cha tin hi¢u ldy
mAu tai chu ky tht n, §(t—nT) 1a xung don vi tai chu ky thi
n . Bién déi Laplace phuong trinh (1) ta c6:

R (p)= Zr(nT)ef""T 2)
n=0

Phuong trinh (2) dugc goi la phuong trinh trong mat
phang p cla tin hiéu dugc 18y méu r(r). Dong thoi phuong
trinh (2) con dugc xem nhu 14 mot chudi vo tan cla céc liy
thira e """ .

Trong 1y thuyét diéu khién so, bién déi z dugc dinh
nghia nhu sau:

z=e"" (3)

Bién déi z cua phuong trinh (2) dugc ky hiéu
Z[r(t)] = R(z) va dugc xdc dinh nhu sau:

R(z)= Y r(nT)z" @

T phuong trinh (4) ta thdy, bién déi z bao gébm mot
chubi céc bién z. Mat khic, phuong trinh (4) c6 thé dugc viét
lai nhu sau:

R(2)=r(0)+r(T)z" +r(27) 22 +r(3T) 2 +...  (5)

Trong d6 r(nT)la cdc hé so cua chudi lily thira tai cdc

céc thoi diém l1dy mau khdc nhau.

IMI. Céc bo diéu khién s6

Mot céch téng quét, chiing ta ¢6 thé sit dung so d6 khoi
nhu hinh 2 khi thiét k€ mot bo diéu khién s6. Trong d6, R(z)

12 ddu vao tham chi€u hay con goi la gid dat, E(z) 1a tin hiéu

sai lech gifta tin hieu dat va tin hi¢u phan héi, U (z) 1a ddu ra
clia bo diéu khién cén dugc thiét k& va Y (z) la déu ra cla he
théng. HG(z) dic trung cho ham truyén cla doi tugng diéu
khién da dugc s6 héa két hop véi giit mau bac khong.

U(z)
D(z) >

Y(z)
HG(z) >

B9 diéu khién ZOH + qué trinh

Hinh 2: He théng diéu khién thoi gian roi rac.

Ham truyén ctia h¢ kin nhu trén hinh 2 c6 thé duoc viét
nhu sau:

Y(z) _ D(z)HG(z)
R(z) 1+D(z)HG(z)

(6)

Chiing ta ky hiéu ham truyén cua h¢ kin 1a 7'(z) . Do d6
ta co:

)

Tir phuong trinh (6) va (7) ta xdc dinh dugc ham truyén
clia bo diéu khién cin phai dugc thiét k& nhu sau:

T(z) }

1
HG(Z)L—T(Z)

D(z)= (8)

Phuong trinh (8) ¢6 nghia 1a ham truyén cua bo diéu
khién c6 thé xédc dinh dugc néu chiing ta biét mo hinh hay ham
truyén cta qud trinh. Bo diéu khién D(z) phai dugc thiét k&

sao cho hé 1a én dinh va c6 thé thuc thi bing cdc phan cing.
Sau day ching ta s& quan khao sit hai bo diéu khién so6 duoc
thiét k€& theo phuong trinh (8). D6 1a bo diéu khién “dead-beat”
va bo diéu khién Dahlin.

a) Bo diéu khién “dead-beat”

Bo diéu khién “dead-beat” 1a mot bo diéu khién ma tin
hiéu diu ra c6 dang nhay cap giong nhu tin hiéu dau vao nhung
tré so v6i ddu vao mot hodc vai chu ky 1dy mau. Ham truyén
ctia hé kin khi d6 s€ la:

T(z)=z" ©9)

Tu phuong trinh (8), ham truyén ctia bo diéu khién can
duoc thiét k€ 1a:

wgel]

Vi du chiing ta can thiét k& bo diéu khién cho mot hé
thong vé6i doi tugng diéu khién c6 ham truyén nhu sau:



—2p

e
G =
() 1410

Ham truyén ctia hé kin véi git mau bac khong dugc xdc
dinh nhu sau:

HG(2) :z{l‘;_ﬂ G(p)}=(1—zl)z{p(%z1pop)}

Gia thiét chu ky 18y mau T= 1 giay ta co:

N 1/10
HG(z)=(1-z")z Z{m}

HG(z)=(1-z")z" =z

(z=D)(z=e™) — 1=ee
-3
HG (2) = 0,095z _
1-0,904z

Do d6 ta cé:

1-0,9047z7"| z7*
D(:)- =

0,095z7 |1-z

Gia thiét k >3 ta co:

1-0,9047z7"| 77 7> —0,9047>
D(z)= ) e 3
0,095z [1-2" | 0,095(z" -1
a) Bo diéu khién Dahlin

Bo diéu khién Dahlin 13 su bién cai clia by diéu khién
“dead-beat” va tao nén phan Gng theo ham mil tron hon phan
ting clia bo diéu khién “dead-beat”.

Phdn ting yéu cdu clia hé thong trong mat phang p c6 thé

dugc viét nhu sau:
1({ e*
Y(p)= —( j
p\1+pg

Trong d6 a va g duoc chon dé dat dugc phan ting theo

Y

mong mudn nhu trén hinh 3.

y(r) 4

Hinh 3: Phan ng ddu ra ctia bo diéu khién Dahlin.

Dang téng quéat clia ham truyén ctia bo diéu khién

Dahlin 1a [1]:
| 77! (l—e_%)

(12)
HG(2) l—ei%z_l _(l_ei%z_ljz'k'l

D(z)=

Vi du thiét k& bo diéu khién Dahlin cho mot hé théng
v6i v6i thoi gian 14y miu T=1 giay va d6i tugng diéu khién c6
ham truyén nhu sau:

-2p
e );

T1+10p

G(p)

Nhu di trinh bay trong vi du trén ham truyén cua hé déi
tugng diéu khién véi gilt mau bac khong c6 dang nhu sau:

0,095z
HG(z)=——"—
1-0,904z
Gia thiét ta chon g =10, khi d6 ham truyén cua bo diéu
khién s& c6 dang nhu sau:

D(z)= 1 {T(z)}

HG(z)|1-T(z)
Z—k—l (l—ef[)’l)

1- e_o"lz_l _ (1 _ e_O’IZ_l ) Z—k—l

_1-0,9047"
0,095z

0,095z
1-0,9047" —0,0957 7"

1-0,904z™"
D(z)=
0,095z

Gia str ta chon k =2 ta c6:

B 0,095z% —0,08587>
0,095z° —0,0858z% —0,0090

D(z)

Tém lai, v6i gia thiét 1a cdc ham truyén cta d6i tuong
diéu khién da biét truée, ching ta c6 thé dé dang xay dung
dugc cdc ham truyén cla cdc bo diéu khién theo vong kin. Tuy
nhién trong thuc t&, viéc thiét 1ap duoc mo hinh chinh xdc cla
céc doi tugng diéu khién 1a hét stic khé khan. Do d6 ching ta s&
xét dén bo diéu khién ty lé-tich phan-vi phan hay con dugc goi
12 cdc bo diéu khién PID dugc st dung phd bién trong cong
nghiép & phan tiép theo.

IV. Thuyc thi cic bo diéu khién s6

Céc thuat todn diéu khién s6 & dang bién ddi z can thiét
phdi dugc chuyén sang dang phuong trinh phi hop dé thuc thi
v6i cdc phén cing hay mdy tinh cd nhan. Mot ham truyén cla
mot by diéu khién s6 & dang bién déi z c6 thé dugc thuc thi
bang nhiéu phuong phdp khdc nhau. V& mat todn hoc céc
phuong phdp nay 1a twong duong. Tuy nhién, cic phuong phédp
khdc nhau s€ c6 cdc hé s6 tinh todn khic nhau, do nhay khac
nhau d6i véi tin hiéu sai 1éch va cdch 1ap trinh khac nhau. Phan
nay s& trinh bay cdc budc dé thuc thi cdc bo diéu khién s6 theo
phuong phép so do song song.



Ham truyén clia mot bo diéu khién s6 c6 thé dugc biéu
dién & dang téng clia ham truyén bac nhit va ham truyén bac
hai nhu sau:

D(z)=a,+D,(z)+D,(z) (13)
Trong d6 ham truyén bac nhat c6 dang nhu sau:
o aR(z
D (z)= —= (2) (14)
1+p:z7 E(z)
Trong dé
R
() 1 as)
E(z) 1+pz

Tir phuong trinh (15) ta ¢6 xdc dinh duge R(z) c6 dang

nhu sau:

R(z)=E(z)-BR(z)z" (16)

Trong diéu khién s6 z' chinh Ia phan tir tré don vi hay
1a tré sau mot chu ky 1ay méu. Do dé tir cong thic (16) ta c6 thé
biéu dién cdc gid tri R(z) va E(z) & dang ldy mau tai cdc thoi

diém 14y miu k khdc nhau nhu sau:

r,=e, —pPr._, 17

Trong d6 r, 1a gid tri ctia r(7) tai thoi diém l1dy mau tha
k, r, , lagidtricia r(¢) tai thoi diém ldy mau cham sau thoi
diém 18y mau k& mot chu ky. Cu6i cung, ¢, 1a gid tri cua e(r)
tai thoi diém 18y mau k. Tin hiéu déu ra diéu khién u, dugc
tinh nhu sau:

U =a(ek_ﬁrk—l) (18)

Phuong trinh (18) ¢6 thé biéu dién bing so d6 nhu trén
hinh 4. So d6 nay dugc goi 1 so d6 song song.

Hinh 4: Thyc thi ham truyén bac nhét theo so d6 song song.

Ham truyén bac hai c¢6 dang nhu sau:

— a + a7 _U(Z) 1
DZ(Z)_1+blz'l+b2z'2 E(z) 1
Hay
U(z)=a,R(z)+az"'R(z) (20)

Trong dé

1
R~ s B o

Phuong trinh (20) 1a ddu ra cua ham truyén bac hai &
dang bién déi z. O dang 14y méu tai cdc thdi diém & khdc nhau
ta c6 thé viét lai phuong trinh (20) nhu sau:

(22)

u, =apn tar_

Trong d6 u, 1a gid tri ddu ra u(7) cta ham truyén tai
thoi diém 14y mau thit &, r, 1a gid tri ctia r(¢) tai thoi diém
lay mau thd &, r,_, 12 gid tri cha r(7) tai thoi diém ldy mau

cham sau thoi diém 14y miu thd k& mot chu ky.
Mait khdc, phuong trinh (21) c6 thé dugc viét lai nhu
sau:

R(z)=E(z)-bz"'R(z)-b,z’R(2) (23)

Phuong trinh (23) 13 phuong trinh & dang bién déi z.
Phuong trinh (23) c6 thé bién dién & dang 14y mAu tai cdc thoi
diém k khac nhau nhu sau:

(24)

n=e —br_-brn_,

Trong d6 r,_, 1a gid tri cha r(r) tai thoi diém 18y méu
cham sau thoi diém 1dy mau thit k hai chu ky va ¢, 1a gid tri

cla e(t) tai thoi diém 18y méu thit k& .

(a)
&

Hinh 5: Thyc thi ham truyén béc hai theo so d6 song song.

Sau khi da 1am quen dugc véi cdc thao tdc chuyén céc
ham truyén don gian & dang bién déi z sang dang pht hop véi
viéc thuc thi bing mdy tinh s6, ching ta c6 thé thuc thi duoc
céc bo diéu khién dugc sir dung phd bién trong cong nghiép
nhu 12 bo diéu khién ty lé-tich phan-vi phan hay con goi 1a bo
diéu khién PID.

Phuong trinh ddu ra ctia bo diéu khién PID c6 dang nhu
sau:

1} de(t)
?J‘e(t)dt+Td7} (25)

Trong d6 u ()12 tin hi¢u ddu ra ctia by diéu khién, e(7) 1a

tin higu ddu vao cta bo diéu khién, K, 1ah¢ s6 ty I¢, 7, 1a thoi



gian tich phan, 7, la thoi gian vi phan. Mat khdc, bién déi
Laplace cua phuong trinh (25) ¢6 dang nhu sau:

K
U(P)=(Kp+—p+K,,TdPJE(p) (26)
T;p

i

Bién déi z phuong trinh (26) ¢6 dang nhu sau:

T 1-z"
+

K
U(Z)z(Kp -l-T.pl—zf1 i T

i

]E(z) @

Trong d6 T 1a chu ky 14y mau.

K
Néudat K, =a, —*T=bva K,T, =c thi ham truyén
p T P

clia bo diéu khién c6 dang nhu sau:

U(z)=aE(z)+P(2)+0(2) (28)
Trong dé
b
P(e)=1—=E(2) (29)
Q(Z)=c(1—z'1)E(z) (30)

Luu y ring P(z) va Q(z) chi 1a cdc bién trung gian.
Phuong trinh (29) va (30) c6 thé dugc viét dudi dang 14y miu
tai c4c thoi diém 14y miu &k khédc nhau nhu sau:

D, =be, +p,_, (€28
g, =c(e, +e_,) (32)
u, =ae, +p,tq, (33)

Céc phuong trinh (31), (32) va (33) 1a cdc phuong trinh
dugc st dung dé thuc thi bo diéu khién PID st dung mdy tinh
6. Cic phuong trinh nay tuong duong véi so d6 song song nhu
hinh 3.

.ok

Hinh 6: Thyc thi ham truyén ctia bo diéu khién PID theo so d6 song song.

Mot trong nhitng van dé ctia bo diéu khién PID theo so
d6 nhu trén hinh 6 1a qud trinh tich phan dén ciing (integral
windup) ctia bo diéu khién gay nén hién tugng quéd hiéu chinh
trong thoi gian dai d6i véi phan tng ddu ra clia hé thong. Dé
tranh hién tugng nay ching ta phai khong ché€ diu ra ctia bo

diéu khién nim trong pham vi cho phép tir gia tri nhd nhat dén
gid tri 16n nhat.

Vian dé thit hai cha bo diéu khién PID theo so d6 nhu
trén hinh 6 xu4t phdt tir qud trinh vi phan ctia bo diéu khién khi
gid tri dat thay déi dang ké 1am cho tin hiéu sai léch ciing thay
ddi theo. Trong trudng hop nhu vay, thanh phin vi phan s& gay
nén hién tuong giat (kick) clia dau ra bo diéu khién. Pé khic
phuc hién tugng nay, ching ta can thi€t chuyén thanh phin vi
phan t6i vong phan hdi nhu hinh 7. Thanh phan ty 1é ciing cé
thé gay nén hién tuong tuong tw nén thanh phan nay ciing duoc
chuyén t6i vong phan hoi.

Khi thiét k& cic bo diéu khién s6, ching ta can phai
quan tam dén viéc chon khoang thoi gian 18y mau. Moi céch
don gian, chiing ta c6 thé chon cdc miu véi toc do cang nhanh
cang tot. Tuy nhién, téc do 14y miu nhanh c6 thé gay nén mot
su lang phi khong cén thi€t cho phan cing. C6 nhiéu quy tic
thuc nghiém dé chon chu ky 14y miu. Vi du, doi v6i mot he
thong cé phan ung vong hd duge lam gan ding theo phuong
phép Ziegler-Nichols thi chu ky 14y m&u nén nhé hon 1/4 thoi
gian tang 7} .

r ¢ p IMAX u
b
o -
R v 1-z MIN
— Tich phan
q
+ w
c(1-27") e
Phan hoi
Vi phan
a Ty le

Hinh 7: So d6 thyc hanh bg diéu khién PID trong thuc t€.

V. Do 6n dinh clia cdc hé thong diéu khién s6

Giong nhu céc hé thong diéu khién tuong tu, ching ta c6
thé st dung mot so tieu chuin dé xét do on dinh cla céc he
thong diéu khién s6. Trong bai bdo nay, ching ta s& xem xét
tieu chudn 6n dinh Jury dung dé xét do én dinh cla cdc hé
thong diéu khién s6 c6 bac hai va ba. Tiéu chudn Jury s& tr&
nén phtic tap néu bac ctia hé thong 1a 16n.

Gia thiét chiing ta c6 ham truyén cia mot hé mach vong
kin nhu sau:

Y(z) _ G(2)
R(z) 1+GH(z)

(34)

O day F(z)=1+GH (z)=0 dugc goi la phuong trinh

dic tinh clia hé thong. P9 6n dinh clia hé théng phu thuoc vao
vi trf clia cédc cuc chia ham truyén. Dai véi cdc hé thong lién tuc,
hé dugc xem 13 6n dinh néu cic cuc nim bén trdi mat phang p.
Bing cdch 4nh xa mat phing p vio mat phang z, mot hé théng
diéu khién s6 dugc xem 1a 6n dinh néu cdc cuc nim trong vong
tron don vi.

D6i v6i phuong trinh dac tinh cua hé thong bac hai c6
dang:



F(z)=a,z" +az+a, =0 (35)
thi hé dugc goi 1a 6n dinh néu:
F(1)>0, F(-1)>0 va |a)| < a, (36)

D6i v6i phuong trinh dac tinh cia hé bac ba ¢ dang:

F(z2)=a,2’ +a,2" +az+a, =0 (37
thi hé dugc goi 1a dn dinh néu:
F(1)>0, F(-1)<0, |a,| < a,
va det[ao ﬂ > de{“‘) al} (38)
a, a, a, a,

Ngoai ra chiing ta cdn c6 thé st dung cdc phuong phéap
khac dé xét 6n dinh cta cic hé thoéng diéu khién s& nhu:

-Tiéu chudn Routh-Hurwitz.

-Phuong phap quy tich géc (root locus).

-Tiéu chuén Nyquist.

-D6 thi Bode (Bode diagrams).

Cdc phuong phdp trén c6 thé tham khao mot s6 tai lidu
tiéng Viét.

VI. Thuc nghiém

Trong phan nay chidng ta s& quan tdm dén viéc tng dung
vi diéu khién va mdy tinh c4 nhan dé xay dung cdc hé thong
diéu khién so.

a) Phdt trién cdc ting dung do Iuong diéu khién sit dung vi diéu
khién

Ngay nay, vi diéu khién dugc sit dung rong rdi dé phat
trién cdc tng dung vé diéu khién. D€ lgi cho sinh vién trong
qua trinh hoc va phét trién c4c ng dung that, cdc hang da tung
ra thi trudng cdc cong cu vira ¢ kha nang 1ap trinh cho vi diéu
khién va tién 1gi cho viéc phat trién céc tng dung diéu khién s6
nhu trén hinh 8. V&i chiic nang clia cic cong cu nay, ngudi st
dung c6 thé phit trién cdc tng dung vé diéu khién s6, do luong
cdc dai lugng vat 1y, truyén thong,..

Hinh 8 12 bo mach dung dé phét trién cdc Gng dung clia
vi diéu khién ho 8051 cua hang MikroElectronika. V&i bo
mach nay nguoi sit dung c6 thé phét trién céc ting dung véi céc
loai vi diéu khién sau clia hing Atmel:

-AT89S51

-AT89S52

-AT89S53

-AT89S8252

-AT89S8253

Hinh 8: Bo mach lap trinh va phat trién céc ting dung diéu khién st dung vi
diéu khién ho 8051 ctia hang MikroElectronika..

Quy trinh lap trinh cho vi diéu khién dugc trinh bay trén
hinh 9. Trudc tién, chiing ta cdn phai st dung mot chuong trinh
soan thdo van ban dé viét chuong trinh diéu khién. Chuong
trinh soan thdo van ban don gidn dé c6 thé viét dugc chuong
trinh 12 Notepad. Tuy theo ci phédp ctia ngon ngit duge su dung
dé lap trinh cho vi diéu khién nhu hgp ngit hay C ma cdc ma
chuong trinh c6 thé luu lai & dang 1a “tén_file. a51” hay
“tén_file. ¢”. Ti€p d6, ching ta phai st dung mot chuong trinh
duogc goi 1a trinh dich (compiler) dé chuyén ma chuong trinh
sang dang file dang hex (file nay con dugc goi l1a phan mém
nhiing) dé nap vao bg nhé cta vi diéu khién. D6i véi lap trinh
bang hop ngit, ching ta c¢é thé st dung trinh dich mién phi
ASEM-51 (http://plit.de/asem-51/final13.htm). D&i véGi lap
trinh bang ngon ngit C, chiing ta c6 thé st dung trinh dich mién
phi SDCC (http://sdcc.sourceforge.net). Sau khi da chuyén tir
ma cuong trinh sang dang file hex, chiing ta phai st dung phan
cting (hinh 8) va phan mém dé nap chuong trinh cho b vi diéu
khién (hinh 10).

Phan mém soan thdo Ma cl}uo'n/g tr‘17nh 6
ma chuong trinh > dang ci phap cia hop
(Text editor) ngit (Assembly)hoac
ngon ngit C
A 4
N . . N File ¢ dang
Trinh dich (compiler) » Hexadecimal (hex)
A\ 4
Phan mém dé nap Phan cting dé nap
chuong trinh chuong trinh

\ 4

Vi diéu khién

Hinh 9: Céc buéc 1ap trinh cho vi diéu khién.



File Device Buffer Windows USE About  Histary

LOCK Bits:

’m Device frequency [MHz]
fosz <]

Mo program lock features,

FUSE Bits FLASH EEFROM

Reload

FLASH EEPROM

FLASH Size: 4 K Type: Unknown .
EEFROM Size: 0 Bytes Device Status: Idle Progress: -

FLASH HEX File: D:\SDCCIPROJECTS|STEPPERAVSTEPPER HEX
EEPROM HEX File:
Device: ATEISEL
Hinh 10: Giao dién phin mém nap chuong trinh cho vi diéu khién ho 8051 ctia
hang MikroElectronika.

b) Phan ciing giao dién voi mdy tinh

Pé s6 hoéa tin hiéu phan héi thuan tién cho viéc xir 1y
bang may tinh, chiing ta phai st dung cac bo chuyén déi twong
tu sang s6. Cac bo chuyén déi twong tu sang s6 c6 thé dugc chia
1am hai loai. Loai thit nhat duoc goi 1a cdc b chuyén déi tuong
tu sang s6 dau ra song song c6 nghia 1a cic bo chuyén ddi nay
nay c6 dang tin hiéu sd dau ra & dang cic bit song song. Loai
thit hai dugc goi 1a cdc bo chuyén déi tuong tu sang s néi tiép
titc 12 ddu ra s6 clia cac bo chuyén ddi nay 1a cdc bit néi tiép.

Trong bai bdo nay chdng ta quan tdm dén viéc st dung
bo chuyén déi twong tu sang s6 song song ADCO0809 [2]. Vi
diéu khién nay bao mot bo don kénh 8 diu vao va dugc dia chi
héa béi 3 bit. Pau ra clia bo chuyén déi bao gém 8 bit song
song. B6 trf chan ra va cdch méc mach ngoai clia bo chuyén déi
tuong tu sang s6 ADCO0809 c6 thé tham khao trong phin phu
luc.

Pau ra 8 bit cla bo chuyén ddi tuong tu sang so
ADCO0809 dugc ghép néi véi mot céng clia mot vi diéu khién
AT98S51 vi du nhu 1a céng P1. Vi diéu khién AT89S51 nay
dugc lap trinh dé giao tiép v6i cdng noi ti€p clia mdy tinh theo
chudn RS-232. Tuong tu dé glti mot tin hiéu tir mdy tinh dén
cac thiét bi chip hanh tuong tu, ching ta phai st dung cic bo
chuyén déi tir s6 sang twong tu. Vi du ching ta ¢6 thé skt dung
bo chuyén déi s6 sang tuong tw DAC0808 [3].

To6c do truyén thong ndi tiép phu thudc vao phuong phép
stt dung cdc bo dinh thoi clia vi diéu khién. Khi bo dinh thoi 1
(Timer 1) dugc st dung & ché do 2 (mode 2) [4], t6c do truyén
thong noi ti€p ky hiéu 1a BR tinh theo don vi baud (s6 bit trén
gidy) dugc xdc dinh nhu sau:

R = S
32.12.(256-TH]1)

(39)

Trong d6 f 1a tan s6 dao dong clia mach va TH11a gia
tri chia Timer 1. Tl cong thiic (39), ta d& dang suy ra:

TH1=256- J
384.BR

(40)
Gia sir chiing ta cén ta cin tao nén t6c do truyén dit liéu

noi tiép 1a 9600 baud va tin s6 dao dong cip cho vi diéu khién

béng thach anh 1a 11,0592 thi gi4 tri ctia Timer 1 khi d6 s& Ia:

11059200

384.9600

Nhu vay 1a gid tri cia TH1 1a 253 & hé 10 (decimal) hay
FD & hé muoi sdu (hexadecimal).

Trong mot hé thong do ludng va diéu khién bing sit
dung vi diéu khién chiing ta c6 thé phdi st dung nhiéu vi diéu
khién. M6i vi diéu khién ddm nhan mot chiic nang khac nhau.
Vi du qud trinh thu thap dit liéu s& yéu cdu mot vi diéu khién
rieng. Tuong ty qué trinh g truyén mot tin hiéu diéu khién tir
mady tinh dén cdc thiét bi ngoai vi s&€ doi hoi phai st dung mot
vi diéu khién khdc. So do khéi ctia phin ciing giao ti€p véi mdy
tinh duoc trinh bay nhu trén hinh 11.

TH1=256— =253=FD(H)

Tinhiguvaor-=-------=-=-=--------------~-~-~-~-------- !
tuong tu 1 AN .2 '
S ADC Vi diéu khién
! ’ 0809 > ATS9S51 i
| |
1 1
' MAX232 !
1 PPN -2 1
i DAC Vi diéu khién '
] osos [€7] ATsossi .
Tin hiéura | !
twong tw L _ o _d______ '
v RS-232
FT LT T
i Phanmém M4y tinh
| diéu khién s6 » cinhan
L e o e e e e 1

Hinh 11: So d6 khéi cta phén cling giao ti€p v6i mdy tinh cé nhan.

D6i v6i cac hé may tinh xdch tay doi méi khong cé cong
n6i ti€p, ching ta phai st dung cdp chuyén déi USB sang RS-
232. C4c cap chuyén déi nay di kém véi nhitng driver diéu
khién.

b) Phan mém diéu khién so
Phian mém diéu khién dugc xay dung v6i ngon ngit

Visual Basic. Trong bai bdo nay chiing ta quan tam dén viéc

xay dung phan mém cho bo diéu khién PI va PID. Phin mém

bao gébm hai phén:

e  Phan thi nhét 12 giao dién nguoi sir dung bang d6 hoa cho
phép ngudi sir dung c6 thé quan sét gid tri phan hoi, ddu ra
ctia bo diéu khién nhu trén hinh 12. Déng thoi giao dién
ciing cho phép ngudi st dung thay déi dé dang cic thong
s6 clia hé thong diéu khién nhu gié tri dat (setpoint) bing
thanh trugt ngang hay hé s6 ty 1¢ K, hang s6 thoi gian
tich phan 7, va hdng s thdi gian vi phan T, cha bo diéu
khién PID c6 thé dugc nhap truc ti€p tir ban phim.

e Phin tht hai 12 m3 chuong trinh diéu khién bao gém
chuong trinh con thu thap tin hiéu phan héi sau khi dugc s6
héa bdi bo chuyén déi tuong tu sang s6 va chuong trinh
con clia cdc bo diéu khién PI va PID. Thuat toin dé xay
dung bo diéu khién PID da dugc dé cap trong phan IV. Gid
tri clia céc dai lugng do dugc c6 thé dugc hién thi tiy theo
titng ting dung diéu khién cu thé.
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Setpoint (V) Feedback (V) Output (V)
3.49 3.39 4.68 PI

Kp Ti Td
100,00 1.00 0.01 PID

Setpoint (V)

q [ o me

Exit

Hinh 12: Giao dién d6 hoa ngudi stt dung clia chuong trinh phan mém diéu
khién s0.

VIL. Két luan

Bai bdo di tdng hop lai cdc kién thitc co ban trong diéu
khién s6 & mic do don gian nhung di dé thuc thi véi céc vi
diéu khién hién c6 tai Viet Nam. Hu6ng phat trién tuong lai clia
ing dung nay Ia thiét k& cdc bo diéu khién s6 cho céc doi tugng
diéu khién cu thé.

Phu luc

Phu Iuc 1: Mach ngoadi cita vi diéu khién AT89S51

Dé vi diéu khién c6 thé 1am viéc sau khi dugc 1ap trinh, chiing ta phdi mac mach ngoai cho vi diéu khién. Ngoai ra tuy theo
tiing tng dung chiing ta c6 thé ghép néi cac céng cia vi diéu khién véi cic bo chuyén déi tuong tu sang s6 hay s6 sang tuong tu dé
thu thap dit liéu va diéu khién. Hinh 1 12 so d6 mach ngoai t6i thiéu dé vi diéu khién c6 thé 1am viéc duoc.

A
/1
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Hinh 1: Mach ngoai cta vi diéu khién AT89S51.

Phu luc 2: Chuyén doi mife tin hiéu tir TTL sang RS-232 va nguoc lai

Tiéu chudn RS-232 dinh nghia cdc muc dién dp tr 3 dén +15V tuong tng véi 1 logic va 0 logic. Giai gi4 tri dién dp gan
0 V duoc xem nhu la khong cé hiéu lyc. Mitc 1 logic dugc dinh nghia 1a mot dién 4p am con khong logic dugce dinh nghia 1a mot
dién ap duong. Mat khdc, vi diéu khién AT89S51 1am viéc vdi tin hiéu 1 logic tuong tng v6i 5 V va 0 logic twong tng v6i 0 V. Do
do, dé vi diéu khién c6 thé giao tiép dugc véi mdy tinh qua céng ndi ti€p theo chuin RS-232, chiing ta cin phai st dung IC
MAX?232 dé chuyén ddi mic tin hiéu nhu trén hinh 1.
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Hinh 2: IC MAX232 diing dé chuyén déi muc tin hiéu tit TTL sang RS-232 va ngugc lai.

Phu luc 3: B6 chuyén doi tuong tu sang s6 ADC 0809
Bo chuyén déi s6 sang tuong tu dugc sit dung dé chuyén déi tin hiéu twong tu trong dai 0 dén 5 V sang tin hiéu s6 8 bit song
song. So d6 chan ra v mach ngoai dé st dung dugc trinh bay trén hinh 3.
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ADDRESS 5,000 == VREE ) EOC INTERRUPT
IN3—{1 28|—IN2 DECDOE 0.000v v
(AD4-AD15)* ' REF(-}
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IN5—3 26 —INO START 272 f—— D88
IN6—4 25} 400 A WA ALE A
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N7 —s 24|— 40D B 2 » 054
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258 21-2""ws r8—poeo L5
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Vee =11 18f—274 Gno . -
Vegr ()12 17}—-2781sB GROUND = . ANALOG
INPUT RANGE

GND—{13 16— Yegr (=) .
=7 =6
27714 152 o f—viy1

Hinh 3: Bo trf chan ra (bén trdi) va so d6 mac mach ngoai clia bo chuyén déi tuong tu sang s6 0808/0809.

Phu Iuc 4: Bo chuyén doi s6 sang tuong tw DAC 0508
Bo chuyén déi s6 sang tuong tu dung dé chuyén déi tin hiéu s6 8 bit sang tin hiéu tuong tu. So d6 mach ngoai dé st dung
cta DAC 0808 dugc trinh bay trén hinh 4.
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Hinh 4: So d6 mach ngoai ctia bo chuyén déi tuong tu sang s6 0808/0809.

Phu luc 5: Thiét ké phén cing giao di¢n voi mdy tinh cd nhén st dung vi diéu khién AT89S51vdi truyén thong noi tiép

Trong k¥ thuat truyén thong va khoa hoc may tinh, truyén thong n6i ti€p 1a qua trinh giri hodc nhan 1 bit tai mot thoi diém,
khéc v6i truyén thong song song nhan hodc giri nhiéu bit cing mot ldc. Trong truyén thong ndi ti€p, ngudi ta da dua ra mot so tieu
chudn nhu RS-232, RS-423, RS-485,...Phan nay s& gi6i thiéu cach 1ap trinh truyén thong néi ti€p sit dung chuén RS-232 va vi diéu
khién AT89S51.

RS-232 1a tiéu chuén cho céc tin hiéu dif licu & dang nhi phan néi tiép két noi giita mot thiét bi ddu cuéi (data terminal
equipment) vi mot thiét bi truyén thong dit liéu (data communications equipment). Dang truyén thong nay chi yéu st dung cong
ndi ti€p clia mdy tinh (serial computer port). Thiét bi dau cu6i c¢6 thé 12 mot mdy tinh con thiét bi truyén thong dit lieu ¢6 thé 12 mot
modem.

Pé giao tiép véi mdy tinh qua céng néi ti€p, chiing ta sir dung vi diéu khién AT89S51 vé6i bo dinh thoi Timerl. Chuong trinh
viét bing hgp ngit dé truyén va nhan dit liéu tir may tinh dén céng P1 clia vi diéu khién AT89S51 dugc trinh bay duéi day. Chuong
trinh bao gém hai phan. Phan thtt nhat ding dé dinh nghia chifc nang ctia Timer 1 & ché do 2 (mode 2) véi truyén thong nai tiép 8
bit, toc do truyén 9600 baud khi tan s6 dao dong 1a 11,0592MHz. Phan thi hai 1a qua trinh truyén va nhan dit liéu st dung thanh
ghi SBUF.

a) Chuong trinh nhan di¥ Iiéu 8 bit sit dung vi diéu khién AT89S51 vdi tan so dao dong 11,0592 MHz:

ACALL START

RS232:
MOV TMOD, #20h ;Set Timer 1 for auto reload - mode 2
MOV TCON, #41h ;Run Timer 1
MOV TH1, #0FDh ;Set Timer 1 = 253 for 9600 baud with XTAL = 11.0592MHz
MOV SCON, #50h ;8 bit data, mode 1
ANL PCON, #7Fh ;Clear SMOD
RET
RECEIVE:
CLR RI
MOV A, SBUF
WAIT: JNB RI,WATIT
RET
START:
ACALL RS232
LOOP:
ACALL RECEIVE
MOV Pl,A
AJMP LOOP
END

b) Chuong trinh truyén dif Iliéu 8 bit sir dung vi diéu khién ATS9S51 voi tan so dao dong 11,0592 MHz:

ACALL START

RS232:
MOV TMOD, #20h ;Set Timer 1 for auto reload - mode 2
MOV TCON, #41h ;Run Timer 1
MOV TH1, #0FDh ;Set Timer 1 = 253 for 9600 baud with XTAL = 11.0592MHz
MOV SCON, #50h ;8 bit data, mode 1
ANL PCON, #7Fh ;Clear SMOD
RET
SEND:
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CLR TI

MOV SBUF, A
WATIT: JNB TI,WAIT1
RET
START:
ACALL RS232
LOOP:
MOV A,P1
ACALL SEND
AJMP LOOP
END

Dé6i v6i mot s6 dong may tinh xdch tay doi méi chi c6 cdng USB ma khong c6 céng néi tiép, chiing ta phai sit dung cép
chuyén déi tir USB sang RS232.

Phu luc 6: Chuong trinh phin mém cia bo diéu khién s6 PID va giao di¢n nguor sir dung viét biang ngon ngi¥ Visual Basic
a) Giao dién nguoi str dung:

Giao dién ngudi sit dung duge xay dung tit cic hop thoai clia ngon ngit Visual Basic. Cic hop thoai nay c6 thé duogc diéu
khién béing ma chuong trinh. Hinh 4 1 giao dién ngudi sit dung dugc thiét k€ véi cdc hop thoai.

E [c) 2003-2006, Son.T. Mguyen

Digital PID Controller

Setpoint (V) Feedbaclk (V) Cutput (V)
0 0 0 PI

Ep Ti Td
100.00 1.00 0.01 PID
Setpoint (V)

4] o R

Exit

Hinh 5: Thiét ké giao dién ngudi sit dung dé hoa.

b) Phian ma chuong trinh:
Phan mi chuong trinh bao gom céc chuong trinh con diéu khién viéc truyén va nhan tin hiéu theo chuin RS-232. Bén canh
d6 mi chuong trinh con bao gém chuong trinh con ctia bo diéu khién PI va PID. Ma chuong trinh dugc trinh bay & duéi day.

Digital Control System Design based on Ziegler-Nichols algorithm:

-P controller: Kp = T1/K/Td

-PI controller: Kp = 0.9*T1/K/Td
Ti = 3.3*Td

-PID controller: Kp = 1.2*T1/K/Td
Ti = 2*Td

Tde = 0.5*Td

Implementation of digital PID controller
In s—-domain, the output signal of the PID controller
can be expressed as follows:

v
v
v
v
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v
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| 1 |
E(s)=Kp |1 + ———— + Td*s |E(s) (1)
| Ti*s
/
Using the the following properties of the z-transform:
1 z 1
s z — 1 1 - z*(-1)
We can derive the z-form of the PID controller:
\
| T Ta*[1 - z*(-1)] |
U(z)=Kp |1 + ————————————— + o —— [E(z) (2)
\ Ti*[1 - z"(-1)] T \



\ /
Kp is the propotional constant
Ti is the integral time constant
Ts id the derivative time constant
T is the sampling interval

Let:

a = Kp b=-—- c = ————

Equation (2) can therefore be expressed as follows

1
U(z)= a*E(z) + b*——————-————- *E(z) + c*[1 - z"(-1)1*E(z) (3)
[1 - z7(-1)]
U(z)= a*E(z) + P(z) + Q(z) (4)
where
1
P(z)= b*————————————— *E(z) (5)
[1 - z7(-1)]
0(z) = c*[1 - z~(-1)]1*E(z) (6)
From (5), we can write
P(kT) = P(kT-T) + b*E(kT) (7)
From (6), we have
Q(kT) = c*[E(kT) - E(kT-T)] (8)
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Option Explicit

Dim Serial_Data As String
Dim feedback As String
Dim High_ Byte As Long
Dim Low_Byte As Long
Dim Two_Byte As Long
Dim Kp As Single

Dim Tin As Single

Dim Tde As Single

Dim Ts As Single

Dim a As Single

Dim b As Single

Dim ¢ As Single

Dim rkt As Single

Dim ykt As Single

Dim ykt_1 As Single
Dim ekt As Single

Dim ekt_1 As Single
Dim pkt As Single

Dim pkt_1 As Single
Dim gkt As Single

Dim gkt_1 As Single
Dim ukt As Single

Dim Vmax As Integer
Dim Vmin As Integer

Private Sub Command2_Click ()
Unload Me
End Sub

Private Sub Form_Load/()
MSComml .RThreshold =
MSComml.InputLen = 2
MSComml .CommPort =
MSComml.Settings = "9600,N,8,1"
MSComml .PortOpen = True
HScrolll.Min = 0
HScrolll.Max = 255
Picturel.AutoRedraw = True
Picturel.ScaleLeft = 0
Picturel.ScaleWidth = 255

End Sub

2

N

Private Sub MSComml_OnComm ()
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If MSComml.CommEvent = comEvReceive Then

Serial_Data = MSComml.Input ' Get data
High_Byte = Asc(Mid$(Serial_Data, 1, 1)) ' Get 1lst byte
Low_Byte = Asc(Mid$(Serial_Data, 2, 1)) ' Get 2nd byte
Two_Byte = JoinHighLow (High_Byte, Low_Byte)

End If

End Sub

Private Sub PID_parameters(m As Integer)
Kp = Format (Val(Text3.Text), "0.00")
Tin = Format (Val (Text4.Text), "0.00")
Tde = Format (Val (Text5.Text), "0.00")
Ts = 0.05

End Sub

Private Sub PI_Click()
a = Kp
b = (Kp * Ts) / Tin
c =0
ekt_1
pkt_1 =
gkt_1 =

End Sub

|
ocoo

Private Sub PID_Click()
a = Kp
b = (Kp * Ts) / Tin
c = (Kp * Tde) / Ts
ekt_1 =0
pkt_1 = 0
qkt_1 = 0
End Sub

Private Sub Reset_Click()
a =20
b =20
c =1
ekt_1
pkt_1 =
gkt_1 =

End Sub

|
ocoo

Private Sub Timerl_Timer ()
PID_parameters (1)
feedback = Low_Byte
rkt = HScrolll.Value
Text9.Text = Format (rkt / 51, "0.00")
Textl.Text = Format (feedback / 51, "0.00")
DrawScale CStr (HScrolll.Value)
Standard_PID (1)

End Sub

Private Function JoinHighLow(lHigh As Long, lLow As Long) As Long
JoinHighLow = (lHigh * &H100) Or 1lLow 'Join High Byte and Low Byte
End Function

Private Sub DrawScale(Variable As Long)

Picturel.Cls

Picturel.Line (0, 0)-(Variable, 400), vb3DShadow, BF
End Sub

Private Sub Form_Unload(Cancel As Integer)
MSComml .PortOpen = False
End Sub

Private Sub Standard_PID(m As Integer)
'Zero Order Holding approximation(Standard PID controller)
vkt = feedback

ekt = rkt - ykt 'the Error

pkt = b * ekt + pkt_1 'the I term

gkt = ¢ * (ekt - ekt_1) 'the D term

ukt = a * ekt + pkt + gkt 'the PID output

'Prevent the controller from the "integral windup"
Vmax = 2550
Vmin = 0
If ukt > Vmax Then
pkt = pkt_1
ukt = Vmax
End If
If ukt < Vmin Then
pkt = pkt_1
ukt = Vmin
End If
'Save the variables
pkt_1 = pkt
ekt_1 = ekt
'Output the control signal
Text2.Text = Format (ukt / 510, "0.00")
MSComml.Output = Chr (Round(ukt / 10))
End Sub
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