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HE THONG NHUNG
O

THS. LUU HOANG

TRUGNG DAI HOC BA RIA - VUNG TAU
VIEN CNNT - DIEN - DIEN TU

Tai liéu tham khao

O

« Bai giang Hé théng nhung — PH
BRVT.

o Lap trinh hé théng nhung — LAP TRINH
HE THONG NHUNG

Hoang Trang, Bui Quéc Bao -
NXB bHQG TPHCM.

* Lap trinh nhang can ban - Vi
Purc Lung, Tran Ngoc Birc —
NXB bHQG TPHCM.

* Hé théng diéu khién nhung —
Lwu Hong Viét.
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N6i dung mén hoc

O

Khai niém Hé théng nhing

On tap Lap trinh C

Gi®i thigu ARM

KIT ARM STM32F407 Discovery

Cac phan mém lap trinh ARM

Cac bai tap trén KIT ARM STM32F407 Discovery
Tiéu luan

SUNCE O RN CORIIDR-=

Muc dich cua mon hoc
O

« Nam dworc khai niém chung vé hé théng nhing

« C6 kién thirc vé ARM
« C6 kha nang lap trinh bang C cho ARM

* C6 kha nang tw xay dwng trng dung nhing trén
ARM va cac loai VDK khac

4
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DPanh gia két qua hoc tap

O

+ Bai kiém tra (20% diém)
o Kiém tra 45’ vao giira hoc ky.
« Diém chuyén can (20% diém)
o Di hoc day du va nghiém tac.
o Lam da bai kiém tra va dat trén trung binh.
+ Diém cubi ky (60% diém)
o Tiéu luan nhém: Thiét ké hé théng nhiing dung ARM
STM32F407

KHAI NIEM VE
HE THONG NHUNG

O

1. KHAI NIEM HE THONG NHUNG

2. UNG DUNG CUA HE THONG
NHUNG

HE THONG NHUNG LA Gi?

HE THONG NHUNG LA Gi?

> H¢ théng nhing (embedded system) 1a mot thuat ngir
deé chi mot hé thong c6 kha nang ty tri dugc nhung vao
trong mdt moi truong hay mot h¢ thong me.

> La cac hé thong tich hop ca phan cung va phdn mém
phuc vu céc bai toan chuyén dung trong nhiéu linh virc
cong nghiép, tu dong hoa diéu khién, quan tric va
truyén tin. Pac diém cua cac hé théng nhing 13 hoat
dong 6n dinh va c6 tinh nang ty dong hoa cao.

O

Examples of Embedded Systems
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HE THONG NHUNG LA Gi?

> Mot hé théng nhung s& c6 mot hodc nhiéu microcomputer bén
trong. Mot vi didu khién (microcontroller) 14 mot mlcrocomputer
két hop voi bo xur ly(Processor), RAM, ROM, va cac cong 1/0
thanh mot khéi duy nhat Pay la loai thuorng duoc dung cho céac
hé thong nhung rat nhleu bdi vi n6 ¢, kich thude nhé va dap ung
duoc cac yéu cau vé tiéu thy nang hrong thip.

HE THONG NHUNG LA Gi?

> Hé théng nhung thuong duoc thiét ké dé thyc hién mot
chirc nang chuyén biét nao do.

> Mot hé théng nhung chi thyc hién mot hodc mot vai
chirc nang nhat dinh, thuong di kém véi nhitng yéu cau
cu thé va bao gom mot so thiét bi mady moc va phan
ctiing chuyén dung.

> Hé théng nhung c6 thé t6i uvu héa nd nham giam thiéu
kich thuéc va chi phi san xuat.

> Cac hé théng nhiing thudng dugc san xut hang loat voi
s0 lugng 1on.

Embedded system
Microcontroller  LNVBS or TVHC Electrical,
Tr 5 mechanical,
LOGEROL chemical, _,|
I/O Ports or ey
optical
devices
DAC Analog
Bus ADC signals
9
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HE THONG NHUNG VOI MAY TiNH

O

Embedded Systems Vs General
Computing System

HE THONG NHUNG VOl MAY TiNH

O

COMPUTER WASHING
MACHINE

Str dung phén cirng va Str dung phén cirng va

phin mém phin mém
Kha ndng xtr ly linh hoat ~ Chi ¢6 kha néng thwe
nhiéu tac vu voi toe do mot cong viéc chuyén
rat cao biét trén mot hé thong
dwoc thiét ké riéng

Kha nang xir Iy mot
luong dir liéu gidi han

Kha nang xir Iy mot
lugng dir liéu rat lon

11
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(PNG DUNG CUA HE THONG NHUNG

Céc thiét bi didu E @ Dl
khién i
Otd, tau dién

Truyén théng

Thiét bi y té

Hé théng do ludng
Toa nha théng minh
Thiét bj trong cac day
chuyé&n san xuét
Robot

Thiét bj gia dung

(PNG DUNG CUA HE THONG NHUNG

13

O

= VD: Xe 6td ngay nay cé trén 50 hé théng may tinh.

Might v Driver  EventData Active
ight Visian Alertness  Recorder CabinMNoise  Cabin  Entertainment
i WMonitoring Auto-Dimming  Suppressicn Envirenment  System
Windshieki Control
Head-Up Mirror ontrols
Wiper Control Display | Pecident Battery
Re Management

Airbag Engine

corder Interior Volce/Data s
Uehting Cummlmlcatmns
lnslmmrm lanEr
Deployment  Control  Parental Cluster Correction
Oantrhs ‘ Electronic
Adapive Front \ Toll Collection
Ughting = ™ -"'— ; =

= = - Digital Turn Signals

Adaptive Cruise Navigation
System

cm.zml/ a e
Automatic NS § ™ seaurity system
Brakin - E
" / T Active Exhaust
’ | ) \Nmsc Suppression
/ e Transmission
dle

Electric
Fower Steering

AR Active Suspension
Electranic

Electronic Throttle Stabiy | L2208 HillHald
" B Lontrol g ntr
Control stopfstart |, | pomee P Control
Electronic batie: Kaylass Seat Position ol Rigaiiiative
falve | Entry Contrel Braking
Timing Control Lane System  Tire
Cylinder Blindspat Departure Active Pressure
De-activation Detection Warning Yaw Monitoring
Cantrol

’NG DUNG CUA HE THONG NHUNG

14

Digital radio

Speakers
Vehicle computer

Navigation (e

Universal Light

' Y
Instruments

Central body
Central body

control

Climate

Steering
wheel panel

(PNG DUNG CUA HE THONG NHUNG
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O

VD: Hé théng tw dong hda trong cong nghiép.

e: The 3rd level fermentation Production Position:

Position 1 Stat: Processing

rds of fermentation tank 2L Measuring Cup 1L Measuring Cup
079

Feeding 2
1.427
s ocumiated Accumulated
1324 121 Qu lﬂy\ Quanity(m?

Electric | | Rotational
itationdl Cavhohydraie

i K s

Feed Material

Feeding 2

e

«— Supply
Carbohydrate

0.040 55.2

. Valve Opening()
a

318 430 [[1031 | 751

Temperature(¢) DOCY) || COA%)

Pressure (Mpa)
©

Discharge
—>  Air
Cooing Water
Daing
367  |[8291056 | [100.0 | p11 199 87.4
Outlet Water =
Fb:’]\{elomy Accumulater Flow(m?) Valve Opening(%) ;;w\;f lnle( v\ﬁ‘j Valve Opening(%)
s
\
e F0E T g o
s, O
Str ey
Transfer Out @ _.DeauTmﬁEauon
o
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VI XU’ LY TRONG HE THONG NHUNG

O

>

>

>

»

Tay thuéc vao (rng dung va gia thanh, ngwoi thiét ké
quyét dinh loai vi xtr ly diing trong hé thong nhing.

Ho 8086
PowerPC
Ho 8051
PIC

AVR
ARM

LAP TRINH C CHO

VI PIEU KHIEN
O

MOT SO KHAI NIEM NGON NGU LAP
TRINH C.
CAU TRUC PIEU KHIEN VA HAM.

17
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Mot s6 khai niém C cho Vi diéu khién

[0

o

o

o

[0

o

o

o

e Mot chwong trinh C thwong bao gom cac thanh phan nhw:

O

Céc kiéu div ligu

chu thich (comments)
biéu thirc (expressions)
cau lénh (statements)
khéi (blocks)

toan tor (operator)

cu tric diéu khién (Flow controls)

ham (functions)

Cac kiéu dw liéu

Tén kiéu dir liéu (Data Khoang dir liéu (Range)
type)

char 1 —128 to 127 or 0 to 255
unsigned char 1 0 to 255
int 2 —32,768 to 32,767
unsigned int 2 0 to 65,535
long 4 —2,147,483,648 to 2,147,483,647
unsigned long 4 0 to 4,294,967,295
float 4 6 digits of precision

19
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Chu thich (comments)

O

» C6 2 cach dé tao phan chu thich trong C la:

o cha thich tirng dong bang 2 dau “//”
vi du: llday la chu thich

o cha thich block béng cach kep block can chu thich vao giiva /* ....*/
vi du:

I

Ban co the type bat ky chu thich nao trong block nay

Ngay ca khi ban xuong dong

Phan chu thich thuong co mau chu la green

*

Tién xtr ly (preprocessor)

O

Tién xw ly 1a mét tién ich ctia ngdn ngir C, cac preprocessor

dwoc trinh bién dich xt ly trwéc tat ca cac phan khac.
* Preprocessor dwoc bat dau bang dau “#”.

e Trong ngén ngiv C c6 hai preprocessors dwoc stv dung phd

bién nhét l1a #include va #define.

#include chi dinh 1 file dworc dinh kém trong qua trinh bién

dich.

#define dé dinh nghia 1 chudi thay thé hoic 1 macro.

21
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Tién xtv ly (preprocessor)

O

e #include delay.h

[* dinh kém ngi dung file delay.h trong luc bién dich */
o #define Lamp1 PORTA.5

I* dinh nghia Lamp1 thay thé cho PORTA.5 */

o #define max (a,b) ((a)>(b)? (a): (b))

* dinh nghia mét macro tim sé I&n nhat trong 2 sé ava b,
trong chwong trinh néu ban goi x=max(2,3) thi két qua thu
dwoc x=3 */

Biéu thirc (Expressions)

O

« Biéu thirc 1a 1 phan cua cac cau lénh.

« Biéu thirc c6 thé bao gom bién, toan tir, goi ham..., biéu
thirc tra vé 1 gia tri don. Biéu thirc khong phai la 1 cau

Iénh hoan chinh.

e Vidu: A>B.

23
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Cau lénh (Statement)

O

« Cau lénh 1a 1 dong lénh hoan chinh, cé thé bao géom cac

keywords, biéu thirc va cac cau lénh khac.
« Cau lénh dwoc két thic bang dau «;”.

¢ Vidu: if(A>B) A=A-B; ... |]a mé6t cac cau lénh

25

Khéi (Blocks)
O

o Khdi la sw két hop chia nhiéu cau lénh dé thwc hién

chung 1 nhiém vu nao do.

« Khéi dwoc bao béi 2 dau mé khéi “{“ va déng khéi “}”.

e Vidu1khéi:  while(1){
PORTB=val;
_delay_loop_2(65000);
val*=2;
if (!val) val=1;

i
———

Toan tw (Operators)

O

e Toan tr lIa nhirng ky hiéu bao cho trinh bién dich cac

nhiém vu can thyc hién.

e Cac bang dwéi day tom tat cac toan tir C dung cho lap
trinh AVR.

26
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Bang 1: cac toan tir dai sé

O

o Cac toan tir dai s6 dung thwe hién cac phép toan dai sé quen thudc.

o Chuay phan biét y=x++ va y=++x

Operator | Name Example | Defined
. Multiplication | x*y Multiply x times y
/ Division Xy Divide x by ¥
% Modulo x%y Provide the remainder of x divided by y
+ Addition X+y Add x and y
Subtraction X-y Subtract y from x
+ Increment x++ Increment x after using it
- Decrement --X Decrement x before using it
Negation -X Multiply x by -1
+ Unary Plus 4+ Show x is positive (not really needed)

28
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Bang 2: Toan tir truy cap va kich thwoc

O

o Toan tir [] thwong dwee str dung khi diing mang, phan ti thiv i cua
mang sé dworc truy xuat thong qua [i].

o Chuy mang trong C bat dau ttr 0.

Operator | Name Example | Defined

(] Array element x[6] Seventh element of array x

; Member selection | PORTD.2 | Bit 2 of Port D

> Member selection | pStruct->x | Member x of the structure pointed to
by pStruct

X Indirection *» Contents of memory located at
address p

& Address of &x Address of the variable x

Mang va chudi (Array anh String)
O

o Mang la tap hop cac bién giéng nhau cé cuing

tén goi.
o Cac phan tir cia mang dwoc xac dinh bang chi
s6 (bat dau twr 0).
o Kich thwéc ciia mang la cé dinh.
o VD: int a[4] = {1,2,3,4};
int b = a[0];

29
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Mang va chudi (Array anh String)

O

bang gia tri 0.

o Chudi twong tw mang, ngoai trir Chudi c6 thé
c6 s6 lwong phan tir thay doi.

o Cac phan tir ctia chudi la ky tw ASCII két thac

o Chubi dwoc khai bao nhw 1 con tré kiéu char.

o VD: char * mystring = “embedded”;

Con tro (Pointer)

O

o Con tré la 1 bién chira mét dia chi.

o Gia tri cia con tré c6 thé thay déi dworc.

31

o VD: char *p; P Ox01 | »2000
. 0x00 | 0x2001
char *k; ki —— 0x02 0x2002
p = 0x2000; 0x00 | 0x2003
p=1;
k = p+2;
*k = *p+1;
e
32
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Phép toan vé&i Con tro

O

o Phép coéng: Con tré luén chi vao dia chi dau caa
mot ddi twong (object). Cong 1 vao con tré lam
né chi dén d6i twong tiép theo.

o Phép so sanh: Khi so sanh 2 con tré, gia tri

ching dang mang dwoc coi nhw sé khéng dau.

Bang 3: Toan tir Logic va quan hé

O

o Toan tr Logic va quan hé: thwc hién cac phép so sanh va logic,

thwong dwore dung lam diéu kién trong cac cau tric diéu khién.

Operator | Name Example | Defined

> Greater than x>y 1 if x is greater than y, otherwise 0

>= Greater  than | x>=y | if x is greater than or equal to vy,
or equal to otherwise 0

< Less than X<y 1 if x is less than y, otherwise 0

<= Less than or | x<=y 1 if x is less than or equal to y, otherwise
equal to 0

== Equal to X==y 1 if x equals v, otherwise 0

I= Not equal to x!=y 1 if x is not equal to y, otherwise 0

! Logical NOT | !x 1 if x is 0, otherwise 0

&& Logical AND | x&&y 0 if either x or y is 0, otherwise |

Logical OR x/ly 0if both x and y are 0, otherwise |

33

Bang 4: Toan tr thao tac Bit

O

o Toan tir thao tac Bit (Bitwise operator): la cac toan ttr thuc hién

trén tipng bit nhi phan cia cac con sé.

Operator | Name Example | Defined
~ Bitwise ~X Changes 1 bits to 0 and 0 bits to 1
complement
NOT
& Bitwise AND x&y Bitwise AND of x and y
| Bitwise OR x|y Bitwise OR of x and y
>> Right shift x>>3 Bits in x shifted right 3 bit
positions
<< Left shift X<<2 Bits in x shifted left 2 bit
positions

Bang 5: Cac toan twr khac

35

O

Operator | Name Example Defined

0 Funtion Delay(10) | Call Delay with an argument of

10
(type) | Type cast (int)x X converted to a int

2 Conditional x?y:z If x is not d evalute y, otherwise
evalute z

s Sequential x++,y++ | Increment x first, then increment

evaluation y
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CAu trac diéu khién

O

o Cautrac IF

o CautricIF ... ELSE ...
o Cau truc SWITCH

o Cau tric WHILE

o Cau tric DO ... WHILE

o Cau truc FOR

Cau trac IF

O

Cu phap: If (diéu kién) statement;

Giai thich: néu diéu kién la dang thi thwc hién statement theo

sau.

statement c6 thé dwoc trinh bay cung dong hodc dong sau
diéu khién If.

o Didu kién c6 thé l1a mot biéu thirc bat ky, c6 thé 1a sw két hop
ctia nhiéu diéu kién béng cac toan ti quan hé AND (&&), OR

(I)...Diéu kién dwoc cho la ding khi né khac 0.

e Vidu: If (x==1 && y==2) result="A’;

37
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Cautruc IF .. ELSE
O

Cu phap: If (diéu kién) statement1; else statement2;

e Giai thich: néu diéu kién dung thi thwc hién statement1,
ngworc lai thwe thi statement2.

» Viéc dat cac statement va else..trén cung 1 dong hay trén
nhitng dong khac nhau déu khéng anh hwéng dén két

>

qua.
» Néu c6 nhiéu statements thi can dit chang trong 1 khéi.

e Vidu: If (x>y) result="A’ else result=‘B’;

CAu trac SWITCH
O

o Cuaphap: switch (biéu thirc) {
case hdng_sé6_1:
cdc statement1;
break;
case hdng_s6_2:
cdc statement2;
break;
default:
cdc statement khac;
break;
}
« Giai thich: trong trwong hop ¢6 nhiéu kha nidng cé thé xay ra cho 1 biéu thirc
(hay 1 bién), trng v&i mdi kha nang chwong trinh can thwe hién mét viéc nao do,
khi nay nén sir dung céu tric Switch.

39
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CAu tric SWITCH
O

e Vidu: switch (Command) {

case 1:
PWM=255;
ON_Motor();
break;

case 2:
PWM=0;
OFF_Motor();;
break;

default:
Get_Cmd();

break;

}

Cau tric WHILE
O

o CU phap: while (diéu kién ) statement1;

o Giai thich: while 1a mét cau truc l&p (Loop), y nghia cla
cau trac while la khi diéu kién con dung thi sé thyc hién
statement1 (hodc cac statements néu chung dwoc dat
trong 1 khéi {} nhw trong trwéng hop cuaa if dwoe gidi
thiéu & trén).

e Vidu: x=10;y=3;

while(x>y) x=x-y;

41

CAau trac DO ... WHILE
O

e Cu phap: Do { statement1;

statement2;
3
While (diéu kién );
 Giai thich: twong tw cau tric while nhwng cau triuc do... while sé
thwe thi cac cau Iénh trwvéc 1 1an moi kiém tra diéu kién.

e Vidu: x=3;y=3;
do x=x-y;
while(x>y);
|
43

4

CAu trac FOR
O

o Cu phap: for (biéu_thirc_1 ; biéu_thirc_2 ; biéu_thirc_3) {
cdac statement;
}
« Giai thich: 1a mét cau trac lap khac, trong céu truc for,
biéu_thirc_1 thwong dwoc hiéu la khéi tao, biéu_thirc_2 1a
diéu kién va biéu_thtrc_3 1a biéu thirc dwoc thwe hién sau moi

vong lap.
e Vidu: for (i=0 ; i<200 ; i++){
PORTB=i;
delay_ms(1000);
I8
|

44
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FUNTION
(HAM, CHUONG TRINH CON)

« M6t chwong trinh I&n thwéng dwec chia thanh nhiéu

khéi (module)

o Module Ia 1 tac vu nhan dir liéu vao (input), xir ly va xuét

ra két qua (output).

e Cac module dwoc tao ra nhw la cac ham (function).

FUNTION
(HAM, CHUONG TRINH CON)

e Vidu: ham chuyén déi doé F sang do C
int FtoC(int TempF){
int TempC;
TempC=(5*(TempF-32))/9; // conversion
return TempC;}

45

46

PINH NGHIA HAM
(FUNTION DEFINATION)

e M6t dinh nghia ctia ham la cach ma ham dé thwec thi.
type Name(parameter list){

Statement
I8
e Vidu: ham chuyén déi do F sang dé C
int FtoC(int TempF){
int TempC;

TempC=(5*(TempF-32))/9; // conversion
return TempC;}

MO TA HAM
(FUNTION DECLARATION)

o M ta ham cho ta biét tén ham, kiéu ctia cac tham sé va kiéu
ket qua tra ve.

¢ // declaration input output

void Ritual(void); // none none

char InChar(void); // none 8-bit

void OutChar(char letter); // 8-bit none

short InSDec(void); // none 16-bit

void OutSDec(short i); // 16-bit none

char Max(char in1,char in2); // two 8-bit 8-bit

int EMax(int in1,int in2); // two 16-bit 16-bit

void OutString(char* mystring); // pointer to 8-bit none

char *alloc(int size); // 16-bit pointer to 8-bit

int Exec(void(*fnctPt)(void)); // function pointer 16-bit

47

48

12



glkjglkjg

C4u tric Chwong trinh C
O

« mot chwong trinh C cho AVR phai bao gém 1 chwong trinh chinh

main, tat ca cac néi dung chinh sé dwoc dat bén trong chwong trinh

chinh. C4u truc chwong trinh chinh c6 thé nhw sau:
void main(void){

/I Declare your local variables here
while (1)}
/I Place your code here

}

/I Place your funtions here

VI DIEU KHIEN ARM

1. GIOI1 THIEU

2. MOT SO LOAI
ARM THONG
DUNG

3. KIT STM32F407
DISCOVERY

49

50

GIOI THIEU ARM

O

- ARM (Advanced RISC Machine) la mét loai cau trac vi

xtr 1V 32 bit va 64 bit kidu RISC dwee stv dung réng rai

trong cac thiét ké nhung.

- Do c6 diac diém tiét kiém niang lwong, cac
bé CPU ARM chiém wu thé trong cac san pham dién t
di déng, ma v&i cac san pham nay viéc tiéu tan céng
suat thap 1a mot muc tiéu thiét ké quan trong hang dau.

GIO'I THIEU ARM

O

= Ngay nay, hon 75% CPU nhing 32-bit la thuéc ho ARM, diéu
nay khién ARM tré& thanh ciu tric 32-bit dwoc san xuét

nhiéu nhét trén thé gioi.

= Céac nha san xuét IC dwa ra thi truédng hon 240 dong vi diéu
khién sir dung 16i ARM .

= CPU ARM dwoc tim thdy khdp noi trong cac san pham
thwong mai dién tlr, tir thiét bi cadm tay (PDA, dién thoai di
déng, may da phwong tién, may troé choi cadm tay, va may
tinh_cam tay) cho dén cac thiét bi ngoai vi may tinh (6 dia
cirng, bd dinh tuyén dé ban).

51

52

13



glkjglkjg

GIOI THIEU ARM

Embedded Application
GOrtex Processors. (GOTfex Frocessors

CGortex-A9
Gortex-A8

[Corero 2

Cortex-M4

Cortex-M3

ARM7 Cortex-M0

53

Cac dong ARM

O

o Dong Cortex gébm c6 3 phan nhanh chinh:

o dong A danh cho cac (rng dung cao cap.
© dong R danh cho cac trng dung thei gian thwe.
© dong M danh cho céc trng dung vi diéu khién va chi phi thap.

o STM32 dugc thiét ké dwa trén dong Cortex-M3, dong Cortex-
M3 duorc thiét ké dic biét dé nang cao hiéu suat hé théng, két
hop véi tiéu thu nang lwong thap

o Cortex-M3 dworc thiét ké trén nén kién tric méi, do dé chi phi

san xuéat da thap dé canh tranh véi cac dong vi didu khién 8

Cac dong ARM

O

o Cac chip ARM7 va ARM9 dwoc cac nha san xuat ban dan

thiét ké véi giai phap riéng cua minh, dac biét 1a phan xt ly
cac cac ngat dic biét (exception) va cac ngat théng thwong
(interrupt).

o Dong ARM Cortex Ia mét bd xtv Iy thé hé m&i dwa ra mot kién
tric chuan cho nhu ciu da dang vé céng nghé.

o Khéng giéng nhw cac chip ARM khac, dong Cortex la moét 16i

xtr ly hoan thién, dwa ra moét chuan CPU va kién trac hé théng

55

chung.
54
Cac dong ARM
ARM® Cortex® Processors across the Embedded Market
Cortex®-M processors rCoﬂ.ex@-R processors Cortex®-A processors
P8 @
Smallest footprine / lowest power Highest performance / real-time
56
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Cortex-M Series ARM

Nested Vectored

s e et
CPU (wtn

S FPU

Code
Iotsie
ARM Cortex

ARM Cortex

57

Cortex-R Series ARM

O

High density
storage

Cortex

Low-Power Leadership from ARM

C—

M
Mobile lt‘é””
baseband W

Automotive
systems

Cortex-R7 (2011)

- « Large performance increase
. + Advanced microarchitecture
* Higher clock frequency

ARM® CO

Cortex-R5 (2011)
* Performance enhancing features *+ Quality of Service features

Cortex-R4 (2006)

* High-performance, real-time
* Deterministic interrupts

* Feature set configurable

*+ Dependable systems

* Fast peripheral access

* /O coherency

* Dual core configuration

+ Extended error management
* Space-saving FPU

+ Symmetric Multi-Processing

« Twin core and I/O coherency
+ Extended real-time memory

*+ Hard error management

* Integrated interrupt controller

Cortex-M Series ARM

ARMCORTEX

Cortex-M0.

Digital Signal Control (DSC)

Performance efficiency Processor with DSP

Lowest power Feature rich connectivity Accelerated SIMD
Towesceost Outstanding energy Floating point (FP)
Low arez efficiency

ARMCORTEX

Processor Technology

Cortex-M7

Maximum DSC Performance
Flexible Memory System
Cache, TCM, AXI,ECC

Double & Single Precision FP

Digital Signal Control application space

CoreMark
per MHz

‘8116-bic' Traditional application space

“16/32-bit’ Traditional application space

58

Cortex-A Series ARM

Cortex-A Series

“Low-Power Leadership”

. Released
o Development

Cortex-A57
ARMvV8 64/32-bit
Encryption support
Cortex-A15
e Cortex-A12
Virtualization )
1TB physical ing \ﬁ‘rRM_W 32-bit

big.LITTLE with Cortex-A7 1TB physical addressing

Cortex-A9

Performance, Functionality

Peﬁoﬂ"‘ance

N\d\ns“eam

High

59

vt e Cortex-A53 - ~;iency
Shipping in mobile since 2009 ’ ‘“\C\
2nd generation 1-4X SMP ARMV? 64/32-bit E
Encryption support
. Cortex-A8 . Cortex-A7
. Cortex-A5 Maximum performance in 100mW budget
Linux i I with Cortex-A15
2011 2012 2013 Future

60
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Cortex-A Series ARM
O

ARM Cortex-A7: Redefining Power-Efficiency

r g workloads

and gy ef

Energy Efficiency =
6k N WA owoa

ARM Cortex-A7
Available Now

* Full backward compatibility
with Cortex-A processors

= Most energy efficient applications processor
» 5x the energy efficiency of mainstream phones

= Performance to handle common workloads
) >2x the performance of mainstream phone

= Feature set and software
compliant with Cortex-A15
* Scalable and Extensible

[ Cortex-AB in 45nm represents mainstream smartphones
SRS Cortex-AT in 28nm
== == == Today's high-end smartphone performance level with 1 GHz Dual-core

ANLAYST PRE-BRIEFING ONLY EMBARGOED 19" OCT-11 Rl ilal (o A UCE ARM -

Uu diém cua ARM

O

o Pwoe xay dwng theo cau tric mé, quy trinh xt ly cac

thuat toan hiéu qua hon dé bao vé CPU khéng bi qua tai,
tiét kiém bd nhé va niang lwong.
o Gia thanh ngay cang ré.

o Kha nang hé tro’ ciia hang sx, nhiéu cong cu phat trién.

61

62

Uu diém cta ARM

O

o Bén canh lap trinh bang ASM, cau tric ARM dwoc thiét
ké twong thich C.

o Nguén tai nguyén vé source code, tai liéu, application

note...rat I&n trén internet.

o So sanh kha nang xt ly 1énh nhan 2 s6 16 bit cia ARM

v&i cac dong vi diéu khién 8 bit va 16 bit:

Uu diém cia ARM
@)

8.bit example: 16-bit example ARM Cortes-M ‘
MOV A, KL 2 bites ‘ UL AB; 1 bite MOY R4 201300 ML
WOV B, YL 3 fivtes DDA, RT; 1 byte MOV RS 401380
UL AB; 1 yte MOVR1, A1 bite QY SumLo,RE
WOV RO, A 1 hyte MOV A, B Zytes MO SUMHLRT
MOV RA, B, 3 bytes HDDC & R2 1 bytes {Operands are moved to and from & memory mapped
R iRt hartware muttiply unify
MGV B, YH ; 3 bytes MOV, XH | 2 bytes
MULAB; 1 bte MOV E, YH 3 bytes
ADD A, R1;1 byt MUL AB; 1 byte
MOV RT, A1 byte ADD A, RZ; 1 byte
WOV A, B, 2 byles MOV R2, &1 byte
ADDG 4,0, 2 bytes MOV A, B, bytes
WOV R, &, 1 byte ADDC A #02 bites
MOV A, KH 2 bites MOV R3, A1 bite
WOV B, YL 3 bites

63

64
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Gi&i thiéu STM32

O

o Tap doan ST Microelectronic cho ra mat dong STM32,
vi diéu khién dau tién dwa trén nén 16i ARM Cortex-M3

thé hé méi do hang ARM thiét ké, 16i ARM Cortex-M3

la sw cai tién cua 16i ARM7 truyén théng.

GiGi thigu STM32
O

o Dong ARM Cortex™-M la thé hé méi, thiét Iap cac tiéu

chuidn méi vé hiéu suat, chi phi, ng dung cho cac
thiét bi can tiéu thu nang lwong thap, va dap &ng yéu

cau thoi gian thwe khac khe.

65

66

Png dung STM32

O PO @

cortex High density =
Low-Power Leadership from ARM ~to rage
@ ) Mobile

baseband
Automotive
systems

| Cortex-R7 (2011)

« Large performance increase
+ Advanced microarchitecture
* Higher clock frequency

*+ Quality of Service features

Cortex-R5 (2011)

* Performance enhancing features

Cortex-R4 (2006) * Fast peripheral access + Symmetric Multi-Processing

* High-performance, real-time * /O coherency + Twin core and I/O coherency
* Deterministic interrupts * Dual core configuration + Extended real-time memory
* Feature set configurable + Extended error management *+ Hard error management

*+ Dependable systems * Space-saving FPU * Integrated interrupt controller

Tinh nang néi bat
O

{ARM Cortex-A7: Redefining Power-Efficiency
Tiéu thu Performance and Energy ef r g workloads
ning S,
lwong cwe E ? Today's high-end dual-core =
thép voi s o AR
hiéu suat &

cwc cao
= Most energy efficient applications processor
J» 5x the energy efficiency of mainstream phones
= Performance to handl workload:
» >2x the performance of mainstream phone

ARM Cortex-A7
Available Now

= Full backward compatibility
with Cortex-A processors

[ Cortex-AB in 45nm represents mainstream smartphones
S Cortex-AT in 28am
== == = Today's high-end smarlphone pedormance level with 1 GHz Dual-core

P e T TR Teres SRERl The Archicecture for the Digial Worla® AARM I

67

68
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Tinh nang néi bat

« Coding cwec dé: Véi sw dé sd vé ngoai vi (GPIO, 12C, SPI,

o Gia tién cwe ré: mot chip STM32F100x gia khoang 29K

O

ADC, USB, Ethernet, CAN....), ST cung cap cho chiing ta
cac thw vién trwc tiép cho méi dong ARM (goi la CMSIS —
Cortex Microcontroller Software Interface Standard),
nhiém vu cta chiing ta khong thé dé dang hon: khai bao
va str dung ma théi.

(twong dwong 1 chip ATMega8) ma STM32F100x chay
téc do 24Mhz.

KIT STM32F4 DISCOVERY

69

« Wu diém: nhidu
cam bién, nhiéu
I/O va tbc do cao.
BPuwoc str dung
rat nhiéu & Viét
Nam, su hd tro
tr cong dong VN
ciing kha nhiéu.

KIT STM32F4 DISCOVERY

O

Str dung MCU STM32F407VGT6
32-bit 16i ARM Cortex-M4F.

1 MB Flash, 192 KB RAM va c6
100 chan

Tich hop san mach nap ST-
LINK/V2 trén board

Nguén st dung tir USB hodc
nguon ngoai 5V

8 LED: 2 led bao ngudn va két = STHRETVG T
néi USB, 4 LED c6 thé lap trinh, E
2 LED cho USB OTG

2 Nut nhan, 1 nat RESET va 1
nut ngwei dung.

70

KIT STM32F4 DISCOVERY

O

« Hé tro USB OTG

* C6 cac header mé rong dé
két noi véi cac cam bién
khac

+ Cam bién chuyén dong va
gia toc 3 truc LIS302DL, ST
MEMS

« Cam bién cho cac trng dung
audio MP45DT02, ST MEMS
va xuat am thanh

71

Mini
uss

Embedded

STALINKIV2 or ST-LINKV2-A

—

STMIZFA0TVGTE
(=] [e=]
vo || RESET

LED B2

LD3 to LD RST
B1

MP450T02 e

v&i CS43L22
] TEE [ |
72
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K,’ wwawmenes  STM32F407 SoC Block Diagram - 1
CCM data RAM 64 KB External memory ] | Jewnenonma
s, o7 controller (FSMC) o110, OEN. WeN.
ST K= sram, PSRAM, NOR Fiash, |¥ NELB0, . NREG,
oo, im0 = T NAITIORDY, O
TRaceCiK] PG Cam ATAL NAND Flash RO, IoWR, W23
Riivesiv (. I L 1o s AP
Mz asfl—
FPU > F Flash
e 4 9§ [ wto
[p—-— Ethemet MAC | own] == | = K| ¥ 1MB NG
MO0 o AF 101100 Ao 2 ol  camen WSYNG, VYN
| é y_sraM1i2kB ] | [S1E  interface UL O30
]V [ o pi [ smwiere |
P, o0, R TP oct a| orcHs fro 2 K= SEAMIOKE = - s
10,v8US. SO L — 2 @ uss =
DMA2 i| OTGFs | 1D, VBUS, SOF
ol
DMA1 | *5ae) ] A voo <] Power managmi]
(|| “ Vo0< 181030V
; ves
‘ VCAPY, VCPAZ
20/05/2015 Using 10T Device Technology for Spacecraft Checkout Systems 12

KIT STM32F4 DISCOVERY

i b 256 K to . .
STM32r448 180 12K 128 = L] 5 .
STM32F407 188 ‘r"f ;"’ 82 = .

sTwazFanst tea P'TET o

H ] - 1IN
o E Flash |RAM | Dynamic |
Produst | iy | (k) | (KB) | Efficiency™

STMIFAM | 100 T 1
Ik 12810

STMIZFA0T &4

73

CAI BAT PHAN MEM
O

1. PHAN MEM KH®I TAO CODE
STM32CUBE MX

2. PHAN MEM LAP TRINH ARM KEIL
UVISIONS

3. LAM BAI TAP

74

75

PHAN MEM KHO'I TAO CODE
STM32CubeMX

o STM32CubeMX |a cbng cu gilp khdi tao phan cing,

ngoai vi, xung nhip... cho vi diéu khién STM32.
« Yu diém ctia STM32CubeMX:

o Giap cau hinh ngoai vi dé dang. Chon cac pin trén chip va
chon cac tinh ndng mong muédn gan vé&i né.

o CAu hinh Middlewares (FATS, FREERTOS), cac ngoai vi
nhw CRC, IWDG, TIMERS...

o Céu hinh Clock

o Tinh toan mdc do tiéu hao nang lwong.

76
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PHAN MEM KHO'I TAO CODE
STM32CubeMX

STM32CubeMX

Initialization code

----------------------------- Embsddsdscﬂ;vareforSTMSZ

* Not available yat

PHAN MEM KHO'I TAO CODE
STM32CubeMX

Available for STM32

.
NA

NA Now
Now Now Now Now Now NA. NA Now

STM32Snippets

Standard Peripheral
Library

STM32Cube HAL v Now Now Now Now Now Now Now Now

STM32Cube LL @ A 01 | o s n Now Now

77

PHAN MEM KHO'I TAO CODE
STM32CubeMX

e STM32CubeMX tu dong download c4c driver méi nhét ciia ST danh cho cac dong

chip ctia minh.

o ST da khong con phat trién Standard Peripheral Libraries nita, thay vao d6 ho phat
trién cAu trac firmware méi bao gdm 16p cach ly phan cimg (HAL) bao gdm:

Cac driver cho ngoai vi, 16p Middleware bao gém hd trg TCP/IP, USB, Graphics,
FAT file system, Touch library, va hé diéu hanh ma nguén ma RTOS.

o Chu trac firmware mai nay cé mirc d triru twong cao hon, tap trung vao cac tinh
ning phén ctng chung thay vi tap trung thuin tiy vao phan cimg. Mirc do triru tuong
cao hon gitp phat trién cic API than thién va co thé d& dang chuyén tir phin cimg

nay sang phan ctmg khac.

78

PHAN MEM KHO'I TAO CODE
STM32CubeMX
O

© STMECu b e STHBZONETS )|
Fie Froject Prnun Winsse: Halp

B Ub &0 Flesommapwmmmna o 5 =@ 4 “[h A % B e | P
 Meddiewares. 2

79

80
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CAu truc Firmware cta

ST632
— Level 0:

* Board Support Package (BSP): cung cip cac API lién quan dén
cac thanh phan phan cung trén cac board(vi du driver LCD,
MicroSD). Khi st dung cac board cua ST vi dy nhu STM32F3
Discovery, cac API nay giup chung ta nhanh chong cu hinh/str
dung céc phan cting c6 san trén d6 vi du LED, Buttons,
Gyroscope...

Hardware Abstraction Layer (HAL): Cung cap céc driver & mirc
thap va cac phuong thirc giao dién phan cung dé giao tiep voi
cdc muc trén (application, libraries va stacks). HAL API chia
lam 2 nhom: nhom thir nhat cung cap cac API chung doi véi tat
ca cac serie STM32, va nhom API m¢ rong riéng cho ting dong
chip.

CAu tric Firmware cua

ST632
—Level 1:

o Céc thanh phan Middlewares: Bao gdm cac thu vién USB
Device, STMTouch, thu vién d0 hoa STemWin, hé diéu
hanh FreeRTOS, FatFS.

— Level 2:

e Duya trén 16p dich vu Middleware, 16p triru twong mac do
thap va su dung cac ngoai vi.

81

CAu trac Firmware cua
STM32

Evaluation boards [ Discovery boards S"a":z:m Dedicated boards

1 FAT file Touch
- H M

Utilities

cMmsIs

| Hardware Abstraction Layer (HAL) [ I
HAL level

Board Support Package (BSP)

gsrmzm; gsmsm; gsmazsz; [sm32F3| gsmazng gsnmu} gsmmo_}

82

83

Tao Project véi STM32CubeMX

O

o Mé phan mém STM32CubeMX 1én, nhan vao New
Project d¢ bat dau tao project mai.
o Cira s6 hién ra véi cac thiét 1ap:
O Series: Chon ho MCU ban sur dung.
O Lines: Chon dong MCU ban st dung.
o Package: Chon kiéu dong goi cia MCU.
© Chon loai MCU chinh xac trong phan MCUs List
© Nhan OK.

84
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C4u hinh xung nhip

O

o Sau khi d3 lia chon ngoai vi can thiét, tién hanh cau hinh
xung dong ho cho ngoai vi tai thé Clock Configuration.

C4u hinh xung nhip

O

RTC Clck Max.
=3 TR
e
ot ey
HE ISE N
%) LI Zoo b—s oz |ToRTC{KH)
O 5 Em«mm dock [Hie)
siee hlg)
/ HLK o AME bus, core.
-—Lii. 2 |Towee (k) 4’. memory and DHA (HHz)
. Siystem Clock Mux i 18 d
HSAC > i (i
HSl
== ‘ =
1 168
[ |

SIS | M O | M
i1l )

POl w e[ w e
s 2 —hlIlmnimddulum)

Mg » X
s j ‘i e
4 B 4 oY m Srigldier e | APB2 peripheral docks [HHz)
ot Fecuerey l 18 v w2y -
L | e b2 ek S aoh i
i_& = " ]:m Lexz _.Elmunddu(um)

8 | 48HHz docks (MHr)

MainPLL

85

86

Chon ngoai vi

O

e Sau khi da Iya chon xong MCU, tién hanh chon ngoai vi
can dung tai thé PinOut:

e Trong danh sach Peripheral dugc liét ké bén trai co cach
ngoai vi ma MCU hd trg, sir dung ngoai vi ndo thi Enable
ngoai vi do lén.

o Tai hinh MCU trong khung bén phai, ban ¢6 thé tryc tiép
cAu hinh tryc quan timg chan cia MCU theo cac tinh ning
GPIO ma MCU hd trg bang cach click vao chan MCU va
chon chirc ning can thiét.

Chon ngoai vi

i=-Peripherals
@ & ADCL
[ % ADC2
@ % ADC3
@ @ canl
=@ can2
@& ® CRC
[ & DAC
[# % DCMI
[ & ETH
[ FSMC
&% 1201
& & 202
G & 1203
G @ 1252 &
@ 1253
(& % INDG
@ RCC
@ & RNG
@ ® RTC
[ @ SDIO
@ SPI1
& ® SPI2

STM32F407VGTx
LOFPT00

87

88
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C4u hinh ngoai vi

O

« Tién hanh cAu hinh d3c tinh cua ngoai vi da chon tai
thé Configuration.

* Tai dy phan mém c6 biéu dién theo cu tric firmware, tily
vao loai ngoai vi 3 chon ma phan mém xép vao nhom
chirc nang riéng.

Xuat ma nguén da cau hinh

O

e Sau khi da dleu chinh, cdu hinh nhung ngoai vi can thiét,
chung ta tién hanh xuat mi ngudn dé import vao cac trinh
bién dich nhu IAR, KeilC..

« Nhan nut Generate source code hodc chon Project >>
Generate code dé mé cira sd cu hinh dudng dan Project.
O Project name: GO tén Project.

o Project Location: chon duong dan lua thu muc Project.
o Toolchain/IDE: Chon MDK-ARM V5 hoic MDK-ARM V4 néu
dl‘mg KeilC, chon £ WARM dﬁng IAR.

o Nhan OK dé phin mém bit ddu qua trinh xuat mé nguon.
Phan mém STM32CubeMX s& tir dong tai vé hoic ty dong
cap nhat b API méi tir nha san xuat ST.

90

PIEU KHIEN LED PON
O

1. KHOI TAO CODE BANG STM32CUBEMX
2. VIET CODE BANG KEIL V5
3. BIEN DICH VA NAP XUONG KIT
4. LAM BAI TAP

Xuat ma nguén da cau hinh
O STM32CubeMX MPU6050.ioc: STM32F103RCTx i1 (et ﬂr\ﬁl _J
File Project Window_Help o Project Settings (] m ARL.COMN
G a8 S + = » oy
Prout | Cock Coniuration]| Configuration | power Ca| ||+ LCous oheeter
s oy
P st
0] Use defied [CLE=N ]
Lo g
O | Buing din dén thur muc dit Project Bose |
L G —
oot —
[ Actvated |Bung dn én thu muc 83t ProjectTén Project| |
s oame ‘Tookhain / IDE
[ Actvated oS
Lo
[ Actvated
R
o o
= e ‘
i (e ‘
[ Activated
Ok [ Cancel

92
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Bai tap mau

O

« Didu khién 4 led trén KIT STM32F4discovery chép tat véi

tan s6 1 Hz.

_____ Green
-~
LED4 J1PDi2 Ri0 1 2
o1z
: : ST
1 1 Orange ’,1
Leps |1 1pp13 R36 1 2
1 [Pos T
680
1 1 LDS
Y LI
A R41
LEDs | —prey 1rDis R4l 1 H 2
H 1 680
H H LD6
1 1 R Blue .l
LEDS | —p7E L PD1s R4z 1 H 2
| S— =7 680 =
LEDs

93

Khéi tao code vé&i CubeMX

e Muc Core chon _ Crecheschl _
ARM cortex-M4 L_A_Rl‘:io:tz(:‘ﬂ:j
|
¢ Muc Series chon Series (2)
STM32F4 Check/Uncheck All
i"ﬁﬁ:?zs'-a"":
e Muc Linechon | ‘=======--- =
|
STM32F407/417 Line ()
Check/Uncheck All
e Muc Package chon 7 sMazao1
LQFP100 . ClstMzzeaps/ats.
|_ @z}

I— .

Khéi tao code véi CubeMX
O

© STM32CubeMX Untitled x

O MO” CubeMX Fie Project Window_Help —

BEomnud &8 29 &

e Chon New Load Project

Project. | Help

94

Khéi tao code véi CubeMX
@)

o F3 STM32F407VG
» O clra sé x
High-performance foundation line, ARM Cortex-M4 core E]
n .. with DSP and FPU, 1 Mbyte Flash, 168 MHz CPU, ART
bén phai, Accelerator, Ethernet, FSMC
= [RaVE] active
chon loai ' UritPrce fo 10K ‘
Y - :::::;:; inmass (US$)-557 LarPi00
1024KB
The: STM3F 400k 2 STM3I2F407X: farmily is based on the high-perfomiance ARMS. 15
P
flash. I Feanres ” 8 ok Diagran || Datasheat ]I Docs & Resources |[ MH| satposa | |
_________ Y
X
* Bam Start
MCUs List: 4 items. - Display simiar jtams
q 2 -
Prolect de IPanNo Reference  Mark. Unit. Package Flash  RAM 10 Freq D. . M. S. m‘

T B o (R0 2 e 15

-~

9 A 1k
batdau = ey
NGTx Active  B.917 LQFPI00  [1024kBytes (192

95
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Cai dat Clock

e Muc RCC (Reset &

nhw hinh.

e Néu dung bd clock
noi thi chon muc
Disable

¢ Qua thé Clock

hinh cho Clock

Clock Control) chon

Cofiguration dé cau

O

Pinaut | Clock Configuration | Configuration | Power Consumption 2

& FSHMC
B & 1201
W T2C2
® 1203
[ @ 1252
& 1353

B RNG
B RTC
- & SDIO
B SPI1
B sPI2

. [F] Master Clock OutpulBYPASS Clock Source

|j Audio Clock Input (125_CKIN)

CrystalCeramic Resonator

!

Clock Configuration

(@)

Configuration | Configuration | Power Consumption Calcuiator |

RTC Clack Mux

re | N
LN | HSE RTC
Input frequency
B SR 7‘ LSE /7‘
| 3 To RTC (KH:
TiET 1| TeRTC (KN
0-1000 KHz LSl

LSIRC . l'@
[ ‘

HSIRC
16 MH:
PLL!'nurmnux
HSI
— - G-I
N s
’ 1 I /s~
Lo k, \TJ
27 N
. ] | SO c——

e —————————

x36 =l 2 .v'>‘

=N ip

AHB Prescler HOLK (MHz)
.’1 T3]

168 MRz max

L+ -]

MainPLL o

97

98

Clock Configuration

O

(KHz)

SYSCLK(MHZ) | AHE Prescaler  HOLK (MHZ)

168

o

A

s [ W 168

o)

168 MHz max

el s

“'I 165 |EﬂenmP1Pclncl({MHz)

(S Eopr— ToCornuSyshem timer (MHz
‘JI 168 | FCLK Cortex clock (MHz)
’
PCLK1
s - '—W [ | Ape1 peripheral clocks (Hz]
—-_ [ 5 | APB1 Timer docks (1H)
—' PQ'Q o N
APB2 peripheral clocks (MHz]
| JEE—— e
X1 APB2 timer docks (MHz)

HCLK to AHB bus, core,
memory and DMA (MHz)

99

¢ Quay lai thé

Pinout chon 4
pin PD12 dén
PD15 & ché
do oo (8
GPIO_Output.
(General
Purpose
Input Output)

STM32F407VGTx
LQFP100

GRIO_Cuiput
GPIO_Cuiput
GPIO_Cutput

FSMC_AL7

100
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Cau hinh I/O

* Qua thé | Lo s
Configuraton
chon nat
GPIO. | S—
(General » T
Purpose
Input Output) uf

101

Cai dat Project
O

 Trwéce khi xuat code sang Keil V5, vao muc Project > Settings
dé cai dit cac yéu cau cho trinh sinh code CubeMX:

File [Project| Pinout Window Help

B d!;; Generate Code  Ctrl+Shift+G  ep Current Signals Placement
Q Generate Report Ctrl+R

PNy 3% " Settings..  Alsp | Power Consumption Calculator
T T 5. 7 ||
" i |‘Séftings for software P!ojectl
B 1201

Cau hinh I/O

O

 Chon ca 4 dong va cau hinh nhw sau:

Fhﬁame SignalonPin  GPIOoutputl... GPIOmode  GPIOPul-up/... Maximum out... User Label Modified

QOutput Push Pull No pull-up and ...

Output Push Pull No pull-up and ...
OQutput Push Pull No pull-up and ...
OutputPush Pull No pull-up and ...

PD122PD132PD142PD15 Configuration :

GPIO output level )
GPIO mode -
gyttt -~
1| P10 Pul-upPull-down :_Nﬂp.iwa-\dmpldqwn I =)
| — P;
o :
Maximum output speed l High 1 -
------ J
e
User Label Voled |

102

Cai dat Project

O

o O cira s6 m&i, dat tén cho Project, thw muc lwu va chon
coéng cu lap trinh nhw hinh:

Project | Code | Advanced settings|

Project Settings

Toolchain Folder Location
|D:\STM32F 4earn\Led Don\

Toolchain / IDE
::i)K-ARM V5 H v | [] Generate Under Root

103

104
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Cai dat Project Khéi tao code
* Qua thé Code Generator, Chon nhw hinh: ¢ Vao muc Project
« Sau d6 nhin OK dé hoan thanh. > Generate Code Fie Froject] Pineut Mnoow Ticp
hoic nhén I&n niit G Generate Code Cm+5h'rft+GJau Current Signals P

Q Generate Report Ctrl+R

Project chde Generator y Advanced Settings — W 4 Settings .. Alt-P ower Constmption

cu nhw hinh.

STM32Cube Firmware Library Package

© Copy all e Wrorkes ko he project ¢ Qua trinh khéi tao
B ~ code dwoc thuc

w % FSMC

............... hién. Chon Open
(©) Add necessary library files as reference in the toolchain project configuration file

Project dé chuyén
qua phan mém
lap trinh Keil V5.

105 106
Lap trinh véi Keil V5 Lap trinh vé&i Keil V5
E— O
53 Led Don ‘ 92 * Cdc ham dung trong bai
o 93| /* USER CODE BEGIN 2 */
4 &3 Application/User 94 o Ham déi trang thai output:
(st e 95| /* USER CODE END 2 */

g T 96 o HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_12);

5 o Ermers SFHIS2F 0 HAL Driver 97 i* Infinite loop */

{7 Application/MDK-ARM 98 =-ESER=-E86BE\BEGIN WHILE */ o H3 .

E I,’while 1) \‘ Ham set/ reset output:
41

iggmi 5* —— éND Shind & HAL_GPIO_WritePin(GPIOD, GPIO_PIN_12, GPIO_PIN_SET);
102 (1 !
10 | | /* user cooe fecIn 3 +/ HAL_GPIO_WritePin(GPIOD, GPIO_PIN_12, GPIO_PIN_RESET);
104 1
105 | l\} " o Ham Delay ms:
106 | 7*-OSER-CODE’END 3 */
107 HAL_Delay(500);
108 |}

107 108
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Lap trinh véi Keil V5

O

« Code chép tat 4 led trén PORTD.
while (1)

HAL_Delay (500) ;
}
while (1)

{,- N

:HAL GPIO_TogglePin (GPIOD, GPIO_PIN 12

{ o e

'HAL GPIO _TogglePin (GPIOD, GPIO_PIN 12); |
|HAL GPIO TogglePin (GPIOD, GPIO PIN [ A3 |
|HAL GPIO ToqgleP:Ln (GPICD, GPIO PIN 1. L), |

I |GPIO_PIN 13|GPIO PIN 14|GPIO PIN 15),=

“HAY, Delay(500) ;

N

-

109

NGAT NGOAI

O

1. KHOI TAO CODE: PEM S KIEN NHAN
NUT BANG NGAT NGOAI

2. VIET CODE BANG KEIL V5
3. BIEN DICH VA DEBUG
4. LAM BAI TAP

Bai tap
O

* SV duwa vao bai tdp mau dé viét céc chwong trinh sau:
« Diéu khién 16 chan cua PORTD chép tat.

o Piéu khién 16 chan cua PORTD sang dan tat dan.

« Viét ham choptat, sangdan, tatdan.

* Kiém tra trang thdi cdc chan qua chirc ndng Debug.

110

Bai tap mau

O

« Pém s6 lan nhan nat B1 trén board dung ngét ngoai.

VDD

R38

Not Fitted 100 w|—] .

2}

S s,
38 F o

— 172

== =

— 100nF _T g

\
1 =
I 7ap pa0 VR3S L i
| T SB35

USER & WAKE-UP Button

111

112
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Khéi tao Code
O

e Mé& CubeMX.
* Tao project mé&i.
« Céau hinh clock.

e Chon chan PAO véi chire
nang GPIO_EXTIO.

e Chon chan PD12-15 véi
chirc nang GPIO_Output.

Reset_State
ADC1_INO
ADCZ_INO

. ADC3_INO
. ETH.CRs

SYS_WKUP
TIM2_CHL

TIM2_ETR

TIM5_CH1
TIMB_ETR
UART4 TX

T USART2 CTS

GPIO_Input

GPIO_Output

GPIO_Analog
-

Khéi tao Code

O

¢ Qua thé Configuration, chon
nat NVIC (Nested Vectored

Interrupt Controller).

¢ Check vao muc EXTI line0

interrupt dé cho phép ngat

ngoai.
1IME DASE: SYSEM UCK umer ] v v
PVD interrupt through EXTI line 16 f o ]
Flash global interrupt i 0 0
: - 5
0
0

113

Khéi tao Code

O

e Chon nut GPIO, chon PAO.

e Chon chtrc nang nhw

Khéi tao Code

@ Project Settings
* Lwu Project véi tén Project Name

Interrupt. jintemut |

R A A
e Chuyén qua phan mem 1D:\STM32F dearn
soan thao Keil V5 Application Main Location
|Src

Tookhain Folder Location
|D:\STM32F dearnInterrupt|

hinh.

PAQ-WKUP Configuration :
ittt —————————— _1

GPIO mode :Extendmtﬂn.ptModemﬂ\RishgedgetriggerdemcﬁmE
e —,—,————————
(CooTTTEEEEEEEET L)

GPIO Pull-up/Pull-down |l-No pull-up and no pull-down |
=== 7’
[

User Label It |
1 ]

115

116
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Viét Code bang Keil V5

O

oA . q #include "main.h"
* Biéndich chwong trinh. .. ©) 0 wsen32faxx hal.ne
» Khai bao bién count & khu /+ USER CODE BEGIN Tncludes */

vwe Private variables /* USER CODE END Includes */

dung de dem so lan ngat (73T TTITRITANTEIISTIIIOTY

1

B 1 s =0: 1

£ - | unsigned char count = 0; |

L 7*~USER CODE BEGIN-PV—*/ ==~
/* Private variables ------—----

/* USER CODE END PV */

117

Chay chwong trinh & ché dé Debug
O

« Sau khi Bién dich chwong INEINGG
trinh va khéng phatsinh ~ Jai¢ @ e | 6 @[T 4

| @) start/stop Debug Session (Ctri+F5)

|6i, VéO Ché d@ debug dé _ slm?ﬁ'had Enter or leave a debug session

giam sat bién count.

o Click phai vao bién count y==============-- fommmmmmey

| Add count to.. b!\ Watch 1 1
-

o e

chon nhw hinh.

Insert Tracepoint at ‘count’... ¥

Enable/Disable Tracepoint Memaory 1

T Insert/Remove Bookmark Ctrl+F2 e
Memory 3

Reset complete Code Coverage Memory 4

¥ Undo Ctrl+-Z £ S

Viét Code bang Keil V5
O

« Viét ham ngat ngoai & khu virc USER CODE BEGIN 4.

* Ham HAL_GPIO_EXTI_Callback sé dworc thwc thi khi co6 tin
hiéu ngat ngoai.

« Bién count sé dwoc ting 1én mdi khi c6 ngat xay ra.
/* USER CODE BEGIN 4 */

e

count++;

/* USER CODE END 4 */

I

118

Bai tap
O

* SV duwa vao bai tdp mau dé viét céc chwong trinh sau:

e Dung nat nhan & ché dd ngat dé chuyén ché doé sang
cua 4 den led.

« Viét cac ham choptat, xence, sangdan, tatdan cho 4
led.

* Kiém tra trang thai céc chan qua chirc ndng Debug.

119
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PWM

Pulse Width Modulation
O

1. PWM LA Gi
2. BAI TAP MAU
3. KHOI TAO CODE
4. VIET CODE BANG KEIL V5
5. BIEN DICH VA DEBUG
6. BAI TAP NANG CAO

PWM la gi ?

* PWM la ky thuat

thay déi d6 rong 12V S
cta xung dé thay 7 W —| i i

déi dién ap trung 0 :
12v ' I

binh & ngo ra.

40% duty cycle

e PWM thwong ding o

dé diéu khién d6  1v

90% duty cycle

sang cua dén, diéu

khién téc d6 dong  °

co DC.

121

122

Bai tap mau

o Diéu khién dé sang cua 4 led trén PORT D dung PWM cé
tan s6 10KHz vé&i d6 phan giai la 400.

D4
pm———— N Green S
LED4 'I FoIF) pD12 _R40 1 2
: = 510
1 Ornge /o
LED3 :I BT pp13 R¥6 ) 2
H H 680
LDS
1 1 Red 4'
1 1 R4l
LEDS | —Fp7q JPDI4 R4l 2
1 1 680
1 H e ©
1 Blue vl
LEDS | —prs gPo1s R4z H 2
N e - 680 L
LEDs

Khéi tao Code
O

¢ Mé CubeMX.
* Tao project mé&i.
« Céau hinh clock.

« Chon chan PD12-15 sopp12: %

@ [PWM] TIM4_CHI (Channell PWM Generation

véi chirc nang
TIM4_CH1 - CH4.

<Ctri+Click> To Show Alternate(s)

123

124
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Khéi tao Code

e Chon cac chirc nang & TIM4

cua timer 4 nhw hinh. Slave Mode | Disable

Clock Source | Internal Clock
PWM Generation CH1

PWM Generation CH2

PWM Generation CH3

PWM Generation CH4

i~Combined Channels | Disable

125

Khéi tao Code

O

¢ Lwu Project v&i tén PWM.

e Chuyén qua phan mém

soan thao Keil V5

‘ Src

Kheéi tao Code
« Qua thé Configuration GonterSettings I
dé cau hinh cho P”s“"“M(:Sd: 6bitsvaiue) 21
i Counter Up
WLILIA LA Counter Period (AutoReload Re... 400
o Step =400 Internal Clock Division (CKD) No Division
N Trigger Output (TRGO) Parameters
¢ Ftimer = 84MHz Master/Slave Mode (MSM bit) isable (Trigge
¢ Fpwm = 10KHz Trigger Event Selection Reset (UG bit
PWM Generation Channel 1
¢ Prescale = Mods PWM mode 1
Ftimer/(Step*Fpwm) = Pulse (16 bits value) ]
21 Fast Mode Disable
CH Polarity High
i
126
Viet Code bang Keil V5
» Bién dich chwong
trinh. /* Private varlables__—_—_—; ———————

- , Ve
* Khaibaobienduty . ;op cope Bren v/
3 2 > PrivatéTvariables ——————---=
va step & khu vire I short int duty = 0, step = 4;

Priv. variabl
ate variables /* USER CODE END PV */

dung dé thay d6i do

réong ctuia xung

127

128
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Viét Code bang Keil V5
O

 Khéi tao timer 4 ché d6 PWM & khu virc USER CODE
BEGIN 2.

« Chu y kh&i tao cho ca 4 kénh.

/* USER CODE BEGIN 2 */

HAL TIM PWM_Start(&htim4, TIM CHANNEL 1) ;
HAL TIM PWM Start(&htim4, TIM CHANNEL 2);
HAL_TIM PWM_Start(&htimé4, TIM CHANNEL_ 3) ;
HAL_TIM PWM_Start (shtim4, TIM CHANNEL 4);
/* USER CODE END 2 */

129

Viét Code bang Keil V5

O

* Viét code & khu virc USER CODE BEGIN 3.

o Macro __HAL_TIM_SET_COMPARE duing dé set gia tri so

sanh cho timer.

while (1) {

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
__HAL TIM SET_COMPARE (&¢htim4, TIM CHANNEL 1,duty):
_ HAL TIM SET COMPARE (&htim4,TIM CHANNEL 2,duty);

H.AL_TIM_SET:COMPARE (&¢htim4, TIM CHANNEL 3,duty):
__HAL_TIM SET COMPARE (¢htim4, TIM_CHANNEL 4,duty);
HAL Delay(50);

duty += step:;

if ((duty==400) | | (duty==0)) step = -step;

}

./‘* USER CODE END 3 */ l

Viét Code bang Keil V5
O

e Chay & ché d6 Debug dé quan sat 2 bién duty va step.

¢ Quan sat do sang cua led.

Watch 1

Name Value Type

¢ duty short
@ step short

<Enter expression>

130

Bai tap
O

1. Viét chwong trinh tao hiéu rng dén sang xoay trén 4 led.

2. Két hop v&i nit nhan dé dao chiéu xoay.

131
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ADC

Analog to Digital Converter

O

1. ADC LA Gi
2. BAI TAP MAU
3. KHOI TAO CODE
4. VIET CODE BANG KEIL V5
5. BIEN DICH VA DEBUG
6. BAI TAP NANG CAO

ADC la gi ?

o ADC la ky thuat chuyén dbi

mét tin hiéu twong tw dang
. 1114
dién ap thanh dir liéu so. i

« Gia tri ADC nhan dworc ty 18 g
Q 100
vé&i gia tri tin hiéu vao Vin so 2ol
vé&i dién ap tham chiéu Vref va o10-
d6 phan giai cia ADC. M ese
D(mo "w w % lEF-SR

ADCvalue = (Vin/Vref)*MaxValue Vin - VRefLow

133

Bai tap mau

134

O

Do nhiét do va dién ap tham chiéu bén trong chip STM32
dung ADC va DMA.

Khéi tao Code

¢ Mé CubeMX.
e Tao project méi.
« Céau hinh clock.

 Cau hinh output trén
PD12 dén PD15.

STMS32F407VGTx
LQFP100 FSMC_A17

Reset_State

135

136
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> m = Peripherals
Khéi tao Code @ apca
- i [¥] NnO
O | em
[ -Eme
e Chon ADCH1. [ Ems
[ ma
e Check cac muc: o ms
| [-Eme
o INO e b
| Eme
o Temperature Sensor ~Eme
[F] m10
o Vrefint Channel b [ mN11
i - [ IN12
- [F] IN13
- [l mN14

nat nhan B1 - [Cms
i [¥] Temperature Sensor Channel

 INO dwoc ndi dén

i vrefint Channel

NN

Kheéi tao Code
- Quathé S
S T S
Configuration. aoc_settings
Clock Prescaler PCLK2 divided by 2
e Chon ADCA1. Resolution 12 bits (15 ADC Clock cycles)
Data Alignment Right alignment
e CAu hinh nhw Scan Conversion Mode Enabled
Continuous Conversion Mode Enabled
hinh bén. Discontinuous Conversion Mode Disabled
DMA Continuous Requests Enabled
End Of Conversion Selection EOC flag at the end of single ch
ADC_Regular_ConversionMode
Number Of Conversion 3
External Trigger Conversion Source  Regular Conversion launched by

_  E e

137

Khéi tao Code
O

e CAu hinh Rank.

Rank 1
o Méi Rank (rng v&i Channel Channel 0
1 kénh da chon. . B e i
Rank 2
¢ Sampling Time: Channel Channel Temperature Sensor
thoi gian lay mau Sampiing Tme 480 Cydles
by ra ~ A m 3
cang Ié&n thi ket
Channel Channel Vrefint
qua cang chinh Sampiing Time 480 Cydles

138

Khéi tao Code
O

e Qua thé DMA.
e Add moét DMA request la ADC1.

¢ Mode: Circular.

o/ Parameter Settings | o// User Constants | o/’ NVIC Settings | ©// DMA Settings | o/? GPIO Sel

DMA Request Stream Direction Priority
ADC1 DMA2 Stream 0 Peripheral To Memory Low

140
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Khéi tao Code

@ Project Settings
* Lwu Project véi tén ADC. ProjeerIvan®

o Chuyén qua phan mém

soan thao Keil V5

Viét Code bang Keil V5
@,

trinh. /* Private wariables —cc=wes=g
ADC_HandleTypeDeﬁ hadcl; :
DMA_HandleTypeDeﬂ\ hdma adcl; )

* Bién dich chwong

¢ Khai bao mang

adcData, bién vin0, : -
i R /-t _Private vaxiables --—-——-—--
temp va vref & khu ishort int adcDatal[3]: i

1 .
vwe Private variables 1float vinO, temp,vref;]

. 2 L 7% USER CODE END PV */
dung deé lwu gia tri

cua ADC trwéc va sau
khi quy dobi.

141

142

Viét Code bang Keil V5

O

» Khéi tao ADC1 ché dé DMA & khu vyrec USER CODE
BEGIN 2.

/* USER CODE BEGIN 2 */
HAL ADC Start DMA (&hadcl, (unsigned int*)adcData, 3);
/* USER CODE END 2 */

Viét Code bang Keil V5
O

* Viét code & khu vwc USER CODE BEGIN 3.

e Tinh gia tri caa vinO0, vref va temp.

while (1){
/* USER CODE END WHILE */

vin0 = ((float)adcData[0]/4095)*3;
vref = ((float)adcData[2]/4095)*3;
temp = ((float)adcData[l]-760)/25 + 25;

HAL Delay(500);
/* USER CODE BEGIN 3 */

143

—
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Viét Code bang Keil V5
O

» Chay & ché do Debug dé quan sat cac bién adcData,

vin0, temp va vref.

« Nhan nut B1 dé xem sw thay déi cta vin0.

Watch 1
Name Value Type
2 %% adcData 0x2000001C adcData unsigned short[3]
@ [0] unsigned short
¢ unsigned short
v (2 unsigned short
¢ vin0 float
¢ temp 39.2000008 | float
@ vref 1.25201464 |float

Bai tap kiém tra
O

« Poc nhiét d va ADC kénh 0.

o Néu nhiét do I&n hon 370C thi Led1 sang.

o Néu ADC kénh 0 I&n hon 1.5V thi Led2 sang.

145

146

DAC

Digital to Analog Converter

O

1. DAC LA Gi
2. BAI TAP MAU
3. KHOI TAO CODE
4. VIET CODE BANG KEIL V5
5. BIEN DICH VA DEBUG
6. BAI TAP NANG CAO
7. STM32F411 KHONG CcO DAC

DAC la gi ?

o ADC la ky thuat chuyén dbi
mét tin hiéu sé thanh di liéu
twong tw dang dién ap.

o Gia tri DAC ty lé v¢&i gia tri div
liéu sé so vé&i do phan giai cta
DAC va dién ap tham chiéu
Vref.

Vdac = (DACvalue/ MaxValue) *
Vref

147
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Bai tap mau

O

« Tao dién ap ngd ra thay déi dung DAC kénh 1. Do gia tri
dién ap ngd ra bé DAC bang ADC1 kénh 0.

Kheéi tao Code

O

Mé CubeMX.

¢ Tao project méi.

Céu hinh clock.

aDc1 N0 [

Chon b ADC1 kénh
INO.

Chon b DAC kénh
ouT1.

150

Khéi tao Code
O

o Cau hinh DAC nhw ['& DAC Configuration

hinh. o Parameter Settings | o/ User Constants | &

Configure the below parameters :

e Qua thé NVIC cho
phép ngat ADC.

Search :| Search (Crti+F)

| @
Output Buffer Enable
None

F 0
iADCl.ADCZMdADCBQObtht:mpts ¥ 1
(MM Yiobaniner TPty DACT=Nd DAC2 TN~~~ i il )
|

149
Khéi tao Code
;)
= ADCs_Common_Settings
* Chon thé | Mode Jindependentmode
: [ ADC_Settings
Configuration. Clock Prescaler PCLK2 divided by 2
Resolution 12 bits (15 ADC Cloch
K . Data Alignment Right alignment
e Cau hinh ADC1 nhw e e
h‘lnh Continuous Conversion Mode Enabled
’ Discontinuous Conversion M... Disabled
DMA Continuous Requests  Disabled
End Of Conversion Selection  EOC flag at the end ¢
=l ADC_Regular_ConversionMode
Number Of Conversion 1
External Trigger Conversion ... Regular Conversion k
External Trigger Conversion ... None
a Rank 1
Channel Channel 0
I SwirgToe __mcres
151
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Khéi tao Code

O

Project Settings
* Lwu Project véi tén (Projectiang
DAC_ADC. {oac_soc |
. o ProjectLocation _
e Chuyén qua phan mem 1D:\STM32Fdearn |

-----------

Application Main Location

[Src

soan thao Keil V5

Toolchain Folder Location
D:\STM32F4earn|DAC_ADC\

Viét Code bang Keil V5
O

/* Includes -————————————————-—-
#include "main.h"
#include "stm32f4xx hal.h"

e Bién dich chwong

trinh.

* Khai bao mang /* USER CODE BEGIN Includes */

adcValue va
/* USER CODE END Includes */

dacValue & khu vwc

/* Private variables ==zz-————
ADC HandleTypeDef hadcl; |

dung dé lwu gia tri DAC HandleTprDef hdac; |

cuia ADC va DAC.

Private variables

/* USER CODE BEGIN PV */
’f"'P'rIV&‘t‘E'-VGIJ.auJ.::Q ([
ifloat dacValue=0, achalue,:

=/ *"USERCODE ERD" PV ~*7~~~~—~

153

154

Viét Code bang Keil V5
O

o O khu vwc USER CODE BEGIN 2:

« Khéi tao ADC1 ché db IT (interrupt),

o Khéi tao DAC kénh 1.

/* USER CODE BEGIN 2 */

HAL ADC Start IT(&hadcl);

HAL DAC Start(&hdac DAC_CHANNEL l) H
/* USER CODE END 2 */

Viét Code bang Keil V5
O

* Viét code & khu vwc USER CODE BEGIN 3.

« Tinh gia tri cia DAC trwéc khi xuét ra kénh 1.

e Tang dan dacValue dén 3V thi lap lai.

while (1) {

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
HAL DAC _SetValue (&hdac, DAC_CHANNEL 1,0,

(int) ((dacValue/3)*4095)) ;

HAL Delay(2000);
dacValue += (float)0.2;

if (dacvalue > (float)3.1l) dacValue=0;

155
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Viét Code bang Keil V5
O

« Viét code & khu virc USER CODE BEGIN 4.

« Viét ham ngat ADC va tinh adcValue theo dién ap.

/* USER CODE BEGIN 4 */
void HAL ADC ConvCpltCallback(ADC HandleTypeDef* hadc) {

if (hadc->Instance==hadcl.Instance) {
adcValue=(HAL ADC GetValue (&hadcl)/4095.0)*3.0;

}
}

Viét Code bang Keil V5

» No6i PA4 v&i PAO.
e Chay & ché dé Debug dé quan
sat cac bién adcValue va

dacValue.

Watch 1
Name Value Type

¥ dacValue float
¢ adcValue float

<Enter expression>

/* USER CODE END 4 */

157

158

Bai tap
O

o Lam lai bai tap mau nhwng ADC dung DMA.
» Dung DAC kénh 1 két néi v&i day dan lam dau do dé do

dién ap cac diém trén board.

Cam bién gia toc

Accelerometer

O

1. ACCELEROMETER LA Gi
2. BAI TAP MAU
3. KHOI TAO CODE
4. VIET CODE BANG KEIL V5
5. BIEN DICH VA DEBUG
6. BAI TAP NANG CAO

159
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Accelerometer la gi ?

O

o Accelerometer la cam bién

gia téc dwoc ché tao theo
céng nghé MEMS (Micro

ElectroMechanic System).

e Tuy theo sé truc ctia cam bién
(1, 2 hay 3 truc), gia tri doc vé
clia cam bién sé& la "hinh chiéu

cla gia téc trong trwong” trén

tirng truc toa do twong rng. .

So do két néi Accelerometer

 Trén board, cam bién Accelerometer la chip U5 dwoc két
n6i dén SPI1 ciia STM32F4.

(ST us
15
i |—| Reserved
| 5 L voo 10 scuspe | FAS s SelLsch
1000F o] ¥e2 5 AT SPIIMOSI
VDD SDASDISDO A AT T
3 SELSDO ——ppy— PAG S RSP
X Ne s S pe3 S.12C%
= NC

GND
GND

9 rei MEMS_INT2
GND INT2 - ¢ PEL___ > TPy
GND INTIDRDY :-” PEO >PEn MEMS_ BT

Reserved
LIS3DSH

MEMS

161

162

« Poc tin hiéu theo truc XYZ ttr cam bién LIS3DSH. Bat led

sang twong rng theo d6 nghiéng cua board.

Khéi tao Code

¢ Mé CubeMX.
* Tao project mé&i.

« CAu hinh clock.

« Chon bé SPI Ia giao
tiép gitra VXL va cam

bién.

163
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Khéi tao Code

@ Mode

Mode |Full-Duplex Master
Hardware NSS Slgnal Disable

Chon thé

Configuration. Ml

Raset Configuration

CAu hinh SPI1 nhw

Sanfigure the below

Khéi tao Code

O

o Cau hinh 4
pin PD12 dén
PD15 & ché
daé
GPIO_Output. == §

(General

STM32F407VGTx

Purpose

Input Output)

GPIO_Cuiput

LQFP100 FSMC_AL7

hinh. - - =
afSsachcty | © @
~ Basic Parameters
Frame Format Motorola
Data Size 8 Bits
First Bit MSB First
~ Clock Parameters
Prescaler (for Baud Rate) 2
Baud Rate 42.0 MBitsfs
Clock Polarity (CPOL) Low
Clock Phase (CPHA) 1 Edge
~ Advanced Parameters
CRC Calculation Disabled
165
Viet Code bang ARM V5
/* Includes —--=———cmmmm e et
7 : #include "main.h"
* Bién dich b e A S R e = m e 4
9 #include "stm32f4 dlSCOVErY accelerometer.h" i
chuwong trinh. | jser conE ARGIB Lacudes e e omoo oo i

Khai bao méng i USER CODE END Includes */
/* Private wariables ————————————ee—eeeo—

Xyz & khu vwe SPI_HandleTypeDef hspil;

Private variables A

N 3 Az short xyz[3];
dung dé lwu gia _/:_gs_a_a_ggal-:__swb BV %/

tri cdm bién cila  /+ private function prototypes ——----—-————
void SystemClock Config(void);

static void MX_GPIO_Init(void);

static void MX_SPI1_Init(void):

3 truc x,y,z.

166
Viét Code bang ARM V5
e Click phdivao A ======----un S
S} 4:1 Drivers/CMSIS |
muc @ TS stmd2focc
Drivers/CMSIS i lis3dsh.c

- [#) lis302dl.c
[#] stm32f4_discovery.c
&- [£) stm32f4_discovery_accelerometer.c

dé add thém cac
thw vién nhw
hinh.

167
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Viét Code bang ARM V5

O

o O khu virc USER CODE BEGIN 2:

« Khéi tao cam bién bing ham: BSP_ACCELERO_|Init();

/* Initialize all configured peripherals */
MX_GPIO Init():

MX_SPI1_Init();

/* USER CODE BEGIN 2 */
BSP_ACCELERO_Init();

/* USER CODE END 2 */

Viét Code bang ARM V5
@,

« Viét code & khu vwec USER CODE BEGIN 3.

« Doc gia tri cam bién bing ham: BSP_ACCELERO_GetXYZ(xyz); va lwu
vao mang xyz.

o Chay & ché do Debug dé quan sat bién nay thay déi khi thay ddi vi tri
cua board.

while (1){

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
BSP_ACCELERO_GetXYZ (xyz) s

169

Bai tap

O

« Bat sang dén led twong tbng vé phia nghiéng ctia board.

VD nghiéng board sang trai va Ién trén thi led trai va led
trén sé sang.

while (1){

/* USER CODE END WHILE */

/* USER CODE BEGIN 3 */
BSP_ACCELERO_GetXYZ (xyz) ;

HAL GPIO WritePin(GPIOD,LED3|LED4|LEDS|LEDE, GPIO_PIN RESET):

if (xyz[0]>50) HAL_GPIO_WritEPin (GPIOD, LEDS, GPIO_PIN_SET) i

else if (xyz[0]< -50) HAL_GPIO_WriteFin (GPIOD, LED4 ,GPIO_PIN_SET) ;
if(xyz[1]>50) HAL_GPIO_WritePin (GPIOD, LED3, GPIO_PIN_SET) H

else if(xyz[l]< -50)HAL_GPIO_WritePin (GPIOD,LED6,GPIO_PIN_SET);:

}
/* USER CODE END 3 */
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