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ABSTRACT

This research develops a multipurpose microcontroller system (MPC) to help technicians and
students in study and design control systems. Based on an 8951 microcontroller, the MPC is built
to satisfy almost basic needs of control. Using the MPC, technicians and students can develop
control applications easily and quickly. Based on an efficient algorithm, the MPC has ability to
run program by steps or by blocks, thing that can not be done by 8951. This is very important in
designing control systems because users can stop application programs at any points to look for
errors not only in software but also in hardware. With such abilities, MPC is very helpful for
everyone in studying microcontroller technique and designing control systems.
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1 GIOI THIEU

bé dap Umg nhu cau diéu khién trong thuc té, cac hang da tung ra nhiéu loai chip vi diéu
khién khac nhau. O Viét Nam hién nay pho bién nhat van la vi diéu khién ho 89 cua
hang Atmel (8951, 52, 55, 892051,...). St dung cdc chip nay, nhiing ngudi hoat dong
trong linh vyc dién tr dd tao nén duoc cac san pham dap mg t6t cac yéu cau vé diéu
khién trong thyc té. Tuy nhién khi ding trudce cac yéu cau dat ra, mdi nguoi phai di thiét
ké mot bo vi diéu khién riéng, déu phai trai qua céc cong doan v€ mach, lam mach in, rap
mach, viét chuong trinh, chay thtr... Nhu vay rat mat thoi gian va cong suc, hon nira viéc
thiét ké s& cham tré, khong dap tmg dugc yéu cau cua khach hang,...

Mot van dé khé khin nita ma mot nguoi thiét ké hay gap phai 1a cac 18i. It c6 hé thong
nao duoc thiét ké 1an dau ma hoan chinh, chay dugc. Thuong co rat nhicu 18i xay ra. Ldi
c6 thé phat sinh tir phan cung, vi du nhu duong mach bi dat, bi cham, méi han khong tot,
IC bi hu mot phan hodc toan b... hodc xuat phat tir phan mém (v6 6 15 c6 the xay ra)
hoic két hop ca hai. Viéc stra 16i khong phai 13 viéc d& dang va thuong chiém rat nhiéu
thoi gian trong qua trinh thiét ké cling nhur trong thoi gian van hanh ctia thiét bi sau nay.
Pic biét viéc stra chira thiét bj dang trong qué trinh van hanh (nbi két véi cac thiét bi
khac) lai cang kho khan hon.

Nghién ctru ndy nham muc dich giai quyét cac van dé trén. Dua trén chip vi diéu khién
8951, mot bd vi didu khién da nang (Multipurpose microcontroller-MPC) dugc xay dung
dé dap tmg duoc hau hét cac nhu cau vé diéu khién tu dong thuong gap trong thuc té. Tu
d6 tao co s& ban dau giip cac ung dung dugc diéu khién duoc trién khai d& dang va
nhanh chéng hon. Céc phan mém hd trg, gitip hé thong ¢ nhimng kha nang manh nhu
chay timg budc, chay timg doan 1énh,... ciing dugc phét trién.

2 THIET KE PHAN CUNG

Dé co thé thuc hién dugc cac muc tiéu trén, doi hoi phai c6 mot phﬁn cung dugc thiét ké
hop 1y (Hinh 1). V& co ban, phai ¢6 thém b nhd RAM bén ngoai dé chira chuong trinh
ngudi dung (download tir may tinh PC). Bo nhé nay phai dugc bao vé can than dé khong
bi mat dit liéu khi bj cap dién. Ngoai ra phai c6 thém cac ngd vao / ra vi khi di str dung
bd nhd bén ngoai thi 8951 chi con lai 8 ngd vao/ra.

1 Khoa Céng Nghé Théng Tin
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Inputs II Outputs

Giao
tiép B¢ nhé
. A PC < Bao vé
bén may tinh PC a1
B0 nhé

Hinh 1: So' d6 khéi tong quat ciia by diéu khién da ning MPC

2.1 Thiét ké bd nhé

Bén trong 8951 d tich hop sin 4 KB ROM (thudc loai Flash memory) va 128 byte RAM.
Trong d6 ROM dung dé chtra chuong trinh diéu khién va RAM dé chira dit liéu. B nho
nay 1a kha nho nhung vin dap tng dugc cac yéu cau diéu khién. Tuy nhién khi img dung
doi hoi chuong trinh 16n hodc dir liéu nhiéu thi bd nhd ndi khong dap ting dugc. Khi do
8951 cho phép mé rong thém bd nhd bén ngoai, c6 thé gin thém t6i da 64 KB ROM va
64 KB RAM [1,2].

Trong thyc té khi thiét ké bo nhd, ngudi ta thudng cin ¢t vao nhu cu va linh kién c6 sin
(hodc thong dung) dé thiét ké. Dé hé thong téng quat, da ning, cau hinh bd nhé can thiét
ké phai linh hoat, cho phép cam nhiéu loai IC nhé ¢6 dung lugng khac nhau trén mot dé
cam, khong phan biét ROM va RAM.

Tgén thi truong hi¢n nay, dbi voi IC ROM c¢6 cac loai thér}g dung 8KB, 16 KB va 3% KB,
do6i voi RAM la 8 KB va 32 KB [3]. Cac loai nay co déu co 28 chan va c6 so do kha
giong nhau nén c6 thé cam trén cung mot dé dugc.

Tu thu:’c té trén, bo nhé duoc thiét ké véi 3 dé cdm IC nhd, co thé cam dugce cac IC nhé
theo cau hinh ¢ hinh 2.

CAu hinh bd nhd trén duge thuc hién béng mot mach gidi ma by nhd va mot bd Jumper
chon cau hinh.
B6 nh¢ nay dugc bao vé bang mot mach phat hién ctip dién. Ngay tai thoi diém dién thé

cung cap vira tut xudng (trude khi CPU ngung hoat dong), mach nay phat hién va khoa bo
nhé lai, khéng cho CPU truy xuit nita (dé tranh truong hop CPU ghi nhdm vao bd nhd
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trong luc qua do do clp dién). Sau d6 dong dién tir pin backup s& tiép tuc luu giir dir liéu

trong bo nhé cho dén khi co dién tro lai.

Pé 3 ROM/RAM Pé 3 ROM/RAM DPé 3 Khéng dung
16 KB 32 KB
) ROM/RAM ; ROM/RAM ; ROM/RAM
be2 8 KB be2 16 KB beé2 32 KB
. ROM/RAM . ROM/RAM . ROM/RAM
be l 8 KB be 1 16 KB be 1 32 KB
Céu hinh 1 Céu hinh 2 CéAu hinh 3
Hinh 2: Céc céu hinh b nhé ciia b vi diéu khién da ning (MPC)
From other
Intput Boards
—
Serial ]
Inputl l Serial
Input
0
1, -0
5 Latch 1,
> — 2
3 Ck_ —>3
_4 Board MPC ——>
5 Shift 4>
6 >| shift Port P1 reglster—5—>
—L 5| regi t V. 5 6 7 .
Inputs g _|"e9Ister q 1 31? Latch |7
N
_9 Y . 8 5 Outputs
10 —>
11 S
_ 12 Lload / shift Buffer ——>
13 Ck >
14, N
_15 —30,
. 3L
Serial
l Serial
\ Output

2.2 M6 rong ngo vao / ra

Hinh 3: Mé rong ngé vao / ra

To other

Output Boards

8951 cung cap 32 ngd vao/ra lap trinh duoc (port PO, P1, P2 va P3). Tuy nhién khi mo
rong bo nho ngoai, 16 ngd cua port PO va P2 da sur dung cho bus dia chi va dir liéu (da
hop), 8 ngd cua port P3 duoc sir dung cho muc dich khac (ngat, counter, port noi tiép,...)
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[1,2]. Nhu vay chi con lai 8 ngd vao/ra (P1) danh dé diéu khién thiét bi. Do d6 nhAt thiét
phai mé rong ngd cac ngd vao/ra dé€ co thé di€u khién cac hé thong 16n.

Viéc m6 rong phai thoa méan didu kién 1a c¢6 thé cim thém cac cac ngd vao/ra dé dang ma
khong lam thay d6i hé thong. De co thé thuc hién diéu nay, phuong phap dugc lya chon
1a bién ddi song song thanh ndi tiép (d6i véi ngd vao) va tir ndi tiép sang song song (ddi
v6i ngo ra) (Hinh 3).

Board ngd vao thuc chét 1a mot mach ghi dich vao song song ra ndi tiép. Trang thai cac
ngd vao duoc chdt lai khi ¢6 tin hiéu Load tac dong (murc 0). Sau do tin hi€u nay tro lai
mirc cao dé chuén bi dich (Shift). Mdi khi c6 1 xung Ck thi mét bit dugc dich vao MPC.
Céc bit ing véi trang thai cac ngd vao s& duoc chuyén thanh song song bén trong MPC
dé xtr 1y. Mdi board c6 16 ngd vao. C6 thé mic ndi tiép cac board lai dé c6 nhiéu ngd
vao hon nira.

Board ngo ra gom mach ghi dich vao ndi tiép ra song song, mach chbt va mach buffer
(driver). Dit lidu can xuét ra dugc dua ra timg bit noi tiép Gmg voi timg xung Ck. Céc bit
nay dugc dich vao thanh ghi dich va chuyén thanh dir liéu song song. Khi thanh ghi dich
da dich xong tat ca cac bit, tin hiéu chét s& chét dir liéu d6 vao mach chdt va dua ra céc
ngd ra qua mach buffer. Mach buffer nang dong mdi ngd ra 1én khoang 350 mA véi dién
thé toi da 70V DC dé du kha nang diéu khién cac thiét bi. Mdi board c6 32 ngd ra, c6 thé
ghép ndi tiép cac board lai dé c6 nhiéu ngd ra hon nira.

V6i cach mé rong ngd vao / ra nhu trén, sd lugng cac ngd vao / ra c6 thé mé rong khong
giéi han. Tuy nhién khi s6 lugng ngd vao /ra qua nhiéu thi toc do doc va xuat dir lidu s&
cham hon. Rat nhiéu cic ung dung diéu khién thuc t& khong can toc dd nhanh 1am (vi du
thao tac bam nut - diéu khién thi viéc cham hon vai mili gidy khong thanh van d¢), do d6
hé thong van dap mg t6t. Voi nhimng ing dung doi héi tdc do nhanh thi co thé sir dung
port P1 (8 ngd vao/ ra) dé diéu khién. Néu khong du, c6 thé mé rong port theo kiéu vao
/ra song song (vi du ding 8255- 3 port, hodc don gian 1a str dung cac mach chét 74535).

3 XAY DUNG PHAN MEM

Trén phan clmg d4 thiét ké, can phai xdy dung mot phan mém diéu khién. Phan mém nay
hoat dong nhu mot hé diéu hanh, c6 chtic ning download chuong trinh nguoi dung (user
program) va diéu khién viéc thyc hién chuong trinh d6. Ngoai ra con phai cung cép cac
tién ich can thiét khac. Phan mém c6 cac tinh ning manh sau day:

- Soan thdo va bién dich chuong trinh nguoi dung.

- Download chuong trinh di bién dich xubng hé thong.

- Thuyc hién chuong trinh da download (lién tuc).

- Thyc hién ting 1énh chuong trinh.

- Thyc hién timg khdi chuong trinh.

~ Hién thi tat ca cac thong tin: gid tri cac thanh ghi, 6 nh¢ ndi, 6 nhé ngoai,... khi chay
tung bude (ting 1énh/ khoi). Cho phép thay doi ndi dung thanh ghi hodc 6 nhd.

- Hién thi ndi dung bo nhé.

—  Tu PC c6 thé reset (mém) duogc hé thong du dang chay bat ctr chwong trinh nao.

- Go thé dat ché do tu dong chay user program mdi khi bat dién (khi st dung MPC dé
di€u khién hé thong thuc te).

- Cung cép cac ham / chuong trinh con tién ich khac....
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Phan mém duoc thiét ké gdm c6 hai phén Phan chay trén may tinh PC va phan chay trén
hé thong MPC. Hai phan nay phai bét tay nhau rat chit ché dé bao dam khoéng co bat ki
16i nao xay ra. Dir liéu dugc truyén qua lai gitta PC va MPC thong qua cong COML (hodc
COM2). Téc @6 truyen dir liu dugc chon 1a 9600bps, parity chin, bao dam truyén rét it
16i voi tde d6 twong dbi nhanh.

3.1 Phwong phap chay tirng buéc

Khac véi cac loai CPU khac nhu Z80 [4,5], 8086,..., 8951 (va ho hang cua n6) khong hé
trg viéc diéu khién chay timg budc bang phan cung [1 2]. Vivay dé bat 8951 chay timg
Iénh, chi c6 cach giai quyét duy nhét 1a dung thu thudt phan mém. Dé lam duoc viée nay,
can phai tim hiéu dap Gmg ctia 8951 khi mot ngit xay ra.

8951 c6 thé dap tGng 6 tin hiéu ngat 2 ngat bén ngoai INTO va INT1, 2 ngat timer0 va
timer] (ngat khi timer tran), hai ngat truyén nhan nbi tiép (ngat khi truyén xong va khi
nhan xong 1 byte). M91 ngit ¢6 thé chon 2 mirc wu tién. C6 thé cho phép (Enable) hoic
cam (Disable) tung ngat [1,2].

Khi c6 mot ngat xay ra va néu duoc cho phép, 8951 s& thuc hién cac cong viée sau:

- Thuyc hién xong 1€nh hi¢n tai (dang thyc hién dé dang).

~  Luu gi4 tri thanh ghi con tro 1énh (PC) vao ngin xép.

~  Luu trang thai cac ngat hién tai.

- Khod cac ngit co cung muc uu tién ngé‘g voi ngé,t d6 (cac ngit co cung mirc uu tién
voi ngat dang duge chap nhan khong thé goi ngat khi chua phuc vu xong ngat hién
tai).

~ Pia chi ciia chuwong trinh phuc vu ngat (ISR-Interrupt Service Routine) dugc dit vao
thanh ghi PC.

~  Chuong trinh phuc vu ngit dugc thyc hién.

Sau khi dap tng xong yéu cau cia ngat, chuong trinh phyc vu ngat két thic bang 1énh

RETI (Return from Interrupt) Lénh nay sé l4y lai gia tri ciia PC trong ngin x¢&p va phuc

hoi lai trang thai cac ngat Chuong trinh (CT) dang thuc hién (trude khi ngat) duoc tiép
tuc voi 1énh ké tiép. Néu co ngat xay thi 8951 s& tiép tuc dap img ngit.

Nhur vay 8951 s¢€ lién tuc nhay qua nhay lai gitra CT dang thuc hién va CT phuc vu ngat
néu ngat xdy ra nhleu lan. Néu ngat xay ra lién tuc (phuc vu ngit vira xong hodc chua
xong thi da co ngit xay ra nita), thi 8951 van thoat khoi CT phuc vu ngit ISR khi phuc vu
xong, trd vé CT dang thyuc hién dé thuc hién 1 1énh ctia CT d6, sau d6 méi thuc hién ISR
(Hinh 4).

CT phuc vu ngiit

A

Lénh n-1 Lénh n Lénh n+1 ..

CT dang thuc hién
Hinh 4: Qua trinh thuc hi¢n 1¢nh ciia 8951 néu c6 ngit lién tuc

Hinh 4 chinh 14 co ché chay ting budc bang thu thuat phan mém. O phan cimg, chan ngat
INTO dugc ndi & mirc ludn tac dong. Khi nao can chay ting budc chuong trinh nguoi
dung (user program), chi can cho phép ngit INTO. Khi d6, ctr mdi khi thuc hién xong
mot 1€nh cda user program, 8951 s€ nhay dén thuc hién CT phuc vu ngét ISR. Chuong
trinh nay s& 1ap vong dé cho su diéu khién tir may tinh. Khi nao nhan dugc yéu cau chay
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tiép 1énh ké thi thoat khoi ISR. Nhu thé tung 1énh cta user program s€ dugc thyc hi¢n
theo su di€u khién cua nguoi st dung (tir may tinh PC).

pé chay tung doan 1énh, ISR phai xét xem 1énh ké tiép (1énh sép thuc hién cua user
program) c6 phai 1a diém ding khéng (dd dat trude, duge qui dinh 1a 1énh NOP- no
operation). Néu khong phai thi thoat ngay khoi ISR. Néu phai thi doi sy diéu khién tir
may tinh. Nhu vay d01 v6i nguoi diéu khién, 8951 ‘hinh nhu’ dimg user program tai
nhitng diém mong mudn.

DPé hé théng thuc su tién loi, trong qua trinh chay tirng budc (tung 1€nh/ tirng doan 1énh),
phai hién thi tit ca cic ndi dung can thiét nhu gia tri cac thanh ghi, 6 nhd, port vao/ra, cac
bit trang théi,... Ngoai ra ngudi str dung con c6 thé mudn thay ddi ndi dung mot thanh ghi
hay & nhd nao do, tiép tuc chay timg budc hay thoat khoi user program,... Toan bd céac
cong viéc nay s& duoc giai quyét bén trong chwong trinh phuc vu ngat ISR (goi 1a chuong
trinh ControlRun). Luu d6 va giao thirc co ban cua cong viéc diéu khién chay timg budc
dugc thé hién trén hinh 7.

3.2 Chwong trinh chinh trén PC va trén MPC

Hai chuong trinh ndy giao tiép nhip nhang v&i nhau, diéu khién hé thdng thuc hién tat ca
cac thao tic ma nguoi str dung can (Hinh 5, 6). Nguoi dung c6 thé soan thao chuong
trinh, bién dich, download xuéng MPC. Cé thé chay thir chwong trinh bang céac chirc
ning chay timg 1énh, ting doan 1énh. Ngudi str dung c6 thé tim ra 16i phan mém bang
cach quan sat dir liéu luc chay tung budc. Néu dung MPC dé diéu khién thiét bi, phén
cting khéc, ¢6 thé tim 16i phan ctng bang cach cho chuong trinh dimg lai ¢ nhitng diém
thich hop va kiém tra phan cimg tai nhimg diém dimg d6. Khi tit ca déu da hoat dong tt,
dé dua hé théng vao van hanh chinh thire, chi can chon ché d6 ty dong chay chuwong trinh.

4 KET LUAN

Hé thong MPC cho phép nhiing nguoi thiét ké cac tmg dung diéu khién co thé phat trién
cac img dung rat nhanh. V& co ban, phan cting cia MPC dap ng duoc hau hét cac yéu
cau vé diéu khién thuong gip. Cac ngd vao/ra ¢ thé mé rong gan nhu vo han. Bo nhd
cAu hinh linh hoat, dung lugng kha 16n cho cac ting dung diéu khién, duoc bao vé tdt nén
c6 thé luu trit 1au dai.

Chay chuong trinh timg budc trén vi diéu khién 8951 1a diéu khong thé thyc hién duoc
(so voi Z80 hay 8086). Tuy nhién vdi giai phap phan mém, diéu nay da thuc hién duoc
rat tot. Dleu nay rat quan trong vi nd cho phep nguoi thiét ké nhanh chong tim ra cac 16i
& phan mém ciing nhu & phan cung, giam thoi gian thiét ké di rat nhiéu. N6 ciing rat hiru
dung v6i nhiing nguoi mudn tim hiéu vé vi diéu khién, ddc biét 1a cac sinh vién, vi ho ¢6
thé hoc va thuc hanh mét cach truc quan trén h¢ MPC.
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| Khéi dong cong COM

~ N

| Chon cong viéc |

v

| Bit tay MPC }
v

Y DownLoad User program

Yéu cau chay CT lién tuc

{Bat tay khong thanh cong}

Diéu khién chay CT ting budc

Diéu khién chay CT timg khéi |—>

Yéu ciu Reset MPC —_—

Piéu khién hién thi bd nhé  f——>

bat ché do tu
dong chay CT?

bit ché do ty dong chay CT |——>

Thoat?

Y
Hinh 5: Luwu d chwong trinh chinh trén PC

QUI UOC CAC LENH YEU CAU TU PC

Khi PC (Personal Computer ) muén MPC thuc hién mot cong viéc nao do, no sé truyén
xuong MPC mot so ki ty ma hda cong vi¢c bat dau bang ki tu ‘#’.

“#S’°: reSet MPC ‘#RC’:Run user program Continuous
‘#D’: Dump Memory ‘#RS’:Run user program by Step
‘#A’:Autorun user program when power up ‘#RB’:Run user program by Block

‘#L’: downLoad user program
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Begin

| Khoi dong, kiém tra h¢ thong |

N

&

v

| Ch bit tay MPC |
v

| Nhan cong viéc |

N

Call User Program at 2000H

Nhan user program

{*#L} Luu vao ving nhé 2000H

(#RC’}

Call User Program at 2000H

N ,
\l' bit ché d6 chay tuing budc*
Call User Program at 2000H *
N - -
Dit che do chay tung khoi
{‘#RB’} hay timg khoi? Cho phép ngat INTO
Call User Program at 2000H *
N
{*#D’} 4 Truyén noi dung bd nhé vé PC~ ——>
N
UAAYY "Dt ché do tr

Set AutoRun mode**

dong chay CT?

{#S*}
Reset? Y ‘KCIear AutoRun mode, Reset MPC
N \

Hinh 6: Luwu dd chuong trinh chinh trén MPC

Ghi cha:
* Nguyén tdic - chay timg budc:Chan ngat INTO 6 phan ciing dwoc néi ¢ mike luén tac dong. Moi khi mudn chay tirng bude, chi cin
cho phép ngit INTO. Sau moi khi thue hién xong mét lénh ciia chzmng trinh dang chay (User Program), MPC sé nhay dén chuong
trinh phuc vu ngdt INTO (CT CONTROLRUN). Chuong trinh nay sé truyén vé PC gid iri cdc thanh ghi va 6 nhé ma PC can, sau dé
ding lai cho PC. Néu PC ra lénh chay tiép lénh ké, MPC sé thodt khoi CT phuc vy ngdt dé thuc hién lénh ké tiép ciia User
Program.

** Dat ché dp tw dong chay User Program (dd download truéc d6) moi khi bat nguon. Chi co thé xod ché dg nay bang cdch reset
mém.
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Trén PC Trén MPC
' 4 { Set Step/Block mode, enable Interrupt TO}
{BAT TAY [ ————>| {CALL User Program at 2000H }
{Poc va hién thi \ER’> { Moi khi thyc hién xong 1 1énh cua
{cac Iénh cua User Program ‘S’/’'B’ {User Program, MPC lai nhéyﬂdén
{Yéu cau chay ting budc [ —""——>| {CONTROLRUN dé didu khién chay tirmg
{S: Step, B: Block {budc/khbi

N
‘R’ ?
éu nhan ‘E”:
[t thiic User Program Y

{Nhén va Hién thi
{cac thanh ghi
{Highligh I1&énh sap

{thyc hién
Dump IData ? v

N

= Z

{Nhén va Hién thi
{16 byte bd nhé nodi

Y
ump XData 7 >
N

{Nhan va Hién thi
{16 byte bd nhé
{ngoai

Y

Poi mode ?

N
Y . Y
Tiép tuc ? >
N

o RVE
PSW

PRy
ACC

L AcC

owAddr
ighAddr

Bytel
Byte2
. Bytels—

‘Ss/aB’

‘R’

‘E’

S
Y

{----CHAY TUNG BUOC/KHOI-------
{truyén gia tri cac thanh ghi theo thir tu:
{PSW, ACC, PCh, PCI, SP, DPTRA,

i {DPTRI, RO, R1, R2, R3, R4, R5, R6,

+ {R7, B, PO,P1,P2,P3

{Poc 16 byte by
{nh¢ ndi va truyén
{vé PC

Exit CONTROL .~
= RUN to run nexg.-*
Step/Block

{ Poc 16 byte bd .
{nh¢ ngoai va truyén
{vé PC

{ Dung lai cho Iénh tr PC}
{Set Step/Block mode}

{Két thuc thu tuc Diéu Khién Chay Timg Budc/Khdi, disable Interrupt TO}

Hinh 7: Luwu dd va giao thirc diéu khién chay tirng buéc (ControlRun)

Ghi cha:

Dump: Hién thi, IData: Internal data- Bé nhé néi, XData: External Data- B nhé ngoaqi

Addr: Address- Bija chi 6 nhé, LowAddr: byte thap dia chi, HighAddr: byte cao dia chi

Next Ins: Next Instruction- Lénh ké tiép, lénh NOP: no operation— lénh khéng lam gi ca
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