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ABSTRACT

Intelligent vehicles are an important application direction of current intelligent technology and
new energy technology, which serve as a crucial means to promote technological upgrading of
the automobile industry and innovation in urban traffic management. This article is based on the
rules of the 17th National University Intelligent Vehicle Competition and introduces the
intelligent vehicle system scheme used by taking the C-type car model designated by the
competition organizing committee as a platform. The scheme consists of a main control module,
a motor drive module, a servo steering module, and a sensor module, with the TC MCU used as
the system control processor. The intelligent vehicle system can perform functions such as
automatic parking and accurate recognition of special elements on the track, which require
coordination and cooperation between various modules. The main control module is the core of
the intelligent vehicle system, processing data obtained from the sensor module to achieve
intelligent line following and obstacle avoidance. The motor drive module is an essential
component of the intelligent vehicle system, driving and controlling the motor to perform
operations such as moving forward or backward, turning left or right. The servo steering
module controls the vehicle's turning angle, ensuring that the vehicle follows the track correctly.
The sensor module serves as the "eyes" of the intelligent vehicle system, collecting and
processing track information to enable line following and obstacle avoidance, and uses a
camera sensor to accurately recognize and judge obstacles, black lines, and white lines on the
track. The encoder can calculate the rotation speed of the wheels and output feedback signals to
provide reference for speed control. Specifically, the camera is used as the tracking sensor, the
encoder serves as the speed feedback sensor, and an incremental PID algorithm is adopted to
perform closed-loop control of the vehicle's speed. PWM controls the drive circuit to adjust
motor power and allow precise control over the vehicle's speed and direction. Finally, the
intelligent vehicle can complete competition tasks on the track. The research results detailed in
this paper have reference significance for the development and application of intelligent vehicle

technology.

Keywords: Intelligent Car; Camera,; Incremental PID Algorithm; Inductance Voltage Control
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By R— HIFEXRINCER
BRI B R R ER A Bt
Software Design of Smart Car Tracking with Camera

.

AICHEIE T ARG Sk B BEIR A ER R e L . PR T DU . R BT ReAS
. ARG RS SR, TS B ACFRALEL . AEHLE f T H R e A4
WA, BRI R E RS SERr R R, e R Em I SR B (5 R, RIETEH],
iBfrhaE, LA 2.2m/s,
1EX:

AR VRGN A B BEIR AR ER R SRR AR BTt 7325, JRIR I B BRI R G i
e BREVEIBEAT R g0 i YR B, (5 SR MR A B I Bl i AR
AMFTEIEE IR . X SERTAR T PME, DLSCHUE BEIRERERERAIE 3 . b, (550K
SR CMOS B AR L OV6620 BEAT B4 I EHE A BoR AR, BEab PR R AR 1K
IR HEAT A, Se SR HI RIS H IR AR (s sh B, FEYRE PN 47 57 O AR e At
R, (S E B 7 51 5 HA B BEAT IS o R 1B RS040, FREIR I TR A R
W RS, BRI . B, ERHEfE RG22 )G, JANTHE BT BEIRE R AT R
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i, PLREVRERIREEMERE k. thAh, FRATERT LME A PD SRR eALsb T 120, ik
RERFEBRIR. B2, BRIRFNREFEIZ R RIER, B 258 R
G R GRS .

BRI RGN RG] 16 SLRA 28 MC9S12XS128 1E A% L2
F, A CMOS #1801l OVe6620 WA B TH KR (58, N PD Sk # a k%,
82 F PID SLVEA I g bt 25 SE I RBL ) PRI ] 7 MCU BIERE T, VR4 FT DAY E TR
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BR, BB B ek B A S AE Bl AR AR G . TR BRI
T8 PR S AL BRI . 7 Al f A HORT TR AR . s B AR A T
void main(void) // A8 E IR UG 1L
PLL Init(); // Wil 3R IFILH4L
IC Init(0); // XS1280 464k
XS1280 Init(); // HATHEAE#E L KIHIA6L
SCI Init(); // k% A $| FI9Ia64L
PWM Init(); // 3
Enablelnterrupts; // %EiR
delay();
for(;;)
{
/& AEAL
void Image binaryzation(unsigned int row); // I FHEEL, 18 E
Boundary cxtraction;
bianjic();
panduan(); }
ABSTRACT:

The software desien ideas of smart car tracking with camcra are described. The
followinmodules are discussed: the main function structure the initialization of cach modulc.
roainformation collecting module, road information processing module, servo control module
andmotor control module. The repeated debugging and the real operation of the smart car show
that ican accurately collect the road information, control flexibly, run stably, and its velocity
reache2.2m/s.

TEXT:

The hardware design method of smart car tracking with camera was described in literature
(1]The hardware system of the smart car consisted of five parts: power management
modulinformation collecting modulc, dat processng modulc, motion control module and
scnacommunication module. A smart car must have hardware system and software system a car
only with the hardwarcsystem but without the corresponding software system is not a smart car.
Therefore, we need todesien the sotware systcm of the smart car after desemine the hardware
system. namcly. destan thcontrol prouram of he smart car 2.3.4This paper introduces the design

ideas of the software systemm of the smart car, focusing on themamn function structure, the
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initialization of cach module, road image information collecting modulroad information
processing module, servo control module and motor control module, ctc| 5).

The Software System Arehitecture of the Smart CarThe car uses 16 bits microproccssor
MC9S12XS128 as the kernel control chip. USs CMOSdigital camcra OV6620 to collect the
road image information, applies PD algorithm to control thestecring gcar, apples PID alzorithm
to impement the closed-loop control of the motor with the helrof photoelectrie encoder.Under
the MCU's coordination of each part the car can run fast along the specified lancA.The
Structure ofthe Main Program The program flow diagram of the smart car is shown in Fig. 1In
accordance with the procedures, function declarations of all modules are listed in the
mairfunction. mcluding the iitialization of cach modulc, road informmaton detecting modulc,
roadinformation processing module, direction control module and motor control module.The
code ofthe main function is as following:

yoid main(void)

// Initialization of the phasc-locked loop

PLL Init();

IC Init(0):

// Initialization of interruption capture

XS128 0 Init();

// Initialization of inputoutput port

SCI Init();

//Initialization of serial communication intertacc

/ Initialization of Pulsc-Width Modulation

PWM Init():

Enablelnterrupts:

/Enable interruption

delay();

for(::)

{ void Image binaryzation(unsigned int row)/ Binaryzation of the image dataBoundary
cxtraction// Road determination,

bianjic();

panduan();
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Mt RZ BBpiERF KRS

void TFT Show Camera Info (void)

{
char txt[16] ="X:";

sint16 mps = 0, dmm = 0; /] EE: m/s, K EUE
sint16 pulse100 = 0;
uint16 bat = 0;

dmm = (sint16) (RAlIPulse * 100 / 579); /1 BB 512 77 M gm ks as 1 oK 5790
ANk, HUERKR, BREL 100

pulse100 = (sint16) (RAllPulse / 100);

sprintf(txt, "AP:%03d", my_piancha); /!

TFTSPI_P8X16Str(3, 4, txt, ul6RED, ul6BLUE);  // B/RFEiEmESH

NowTime = (STM_GetNowUs(STMO) - NowTime) / 1000; // 3KHL STMO 4§ i [a],
GEIE2

mps = (sint16) (dmm / (NowTime / 1000)); /TR mm/s

// TFTSPI Road(18, 0, LCDH, LCDW, (unsigned char *)Image Use); // TFT1.8 ZI75ER
PRI B R

TFTSPI BinRoad(18, 0, LCDH, LCDW, (unsigned char *) Bin_Image); // TFT1.8 317
B TAR Sk k| R

sprintf(txt, "%04d,%04d,%04d", duandian, currentzhongjian[30], currentzhongjian[45]);

TFTSPI_P8X16Str(0, 5, txt, ul6RED, ul 6BLUE); I BoRFEERZES

BatVolt = ADC_Read(ADC7); // il st o [

bat = BatVolt * 11 /25; //x/4095%3.3%100*5.7

sprintf(txt, "B:%d.%02dV %d.%02dm/s", bat / 100, bat % 100, mps / 1000, (mps / 10) %
100); // *3.3/4095*3

TFTSPI_P8X16Str(0, 6, txt, ul6WHITE, ul6BLUE);  // F#F & ER

/1 BHIARENL S EUR R

sprintf(txt, "Sv:%04d Rno:%d", ServoDuty, CircleNumber);
28
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e

}

TFTSPI_P8X16Str(1, 7, txt, ul 6RED, ul 6BLUE); /1 SEoERL, HAL 1, Zwbgds 1

sprintf(txt, "ADO0:%04d, AD1:%04d ", Lleft1, Lleft2);

TFTSPI P8X16Str(0, 8, txt, ul 6RED, ul 6BLUE); RS AEEN
sprintf(txt, "AD2:%04d, AD3:%04d ", Lrightl, Lright2);

TFTSPI_P8X16Str(0, 9, txt, ul6RED, ul 6BLUE); /1 A PR R

J*

sprintf(txt, "Ring num: %d ", CircleNumber);

TFTSPI P8X16Str(2, 6, txt, ul6GREEN, ul6BLACK);

sprintf(txt, "M:%03d Q:%d J:%d ", MagneticField, TangentPoint, EnterCircle);
TFTSPI _P8X16Str(0, 7, txt, ul6o WHITE, ul6BLACK);

*/

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

*

*

*

*

*

PR FR: void CameraCar(void)
DhRevi B FRIL 45 XA L 22 T A% ]
SR G

BIEOR A T

2% e 3K 2 AN

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

void CameraCar (void)

{
11 TA& 1A
CAMERA _Init(50);

// " RAllPulse = 0; /AR, Bkt EUs gL
NowTime = STM_GetNowUs(STMO);  // 3KHL STMO 4 1 I} [A]
while (1)

{
// LED_Ctrl(LED1, RVS); // LED N¥k FERFE s AT IR
if (Camera_ Flag == 2)
{
Camera_Flag = 0; /] BTG RE TR EA MR ATERR, WA
PR ERE
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Get_Use Image(); /1 B FETE S s B A B A
Get_Bin Image(0); /] Ay 01 M EE, 0. 1 JRE; 2. 3 1A9EHEEL
Bin_Image Filter(); // JE¥, =4 FE R E SO R —HUE

// Seek Road(); /) a8 B XA AR 22 T R SR e 22

/TR EMEE, RBOBOIT AR, BUERAENLITE B R, ety
160 /iti, BN T,
/" ServoDuty = Servo_Center Mid - (OFFSET1 + OFFSET2 + OFFSET2) * 1/

73
/1 RIAACER, G SR AR g R, SRR O U B R 2 3
/! if((OFFSET2 < -300)||[(OFFSET2 > 300))
/! ServoDuty = Servo_Center Mid - OFFSET2 / 7;
// ServoCtrl(ServoDuty); // HENL PWM #H, # 1)
// SPEED 1E G bRiRT5 A, SO IE A
/! MotorDutyl = MtTargetDuty + ECPULSEI * 4 - (OFFSET1 + OFFSET2 +
OFFSET2) / 10; // HHL PWM
/! MotorDuty2 = MtTargetDuty - ECPULSE2 * 4 + (OFFSET1 + OFFSET2 +
OFFSET2) / 10; /1 WHENLE D, FE L abs
// MotorCtrl(MotorDuty1, MotorDuty?2); /1 DY%E LB S
//" MotorCtrl(1000, 0); // HLHL PWM [l % T 4
}
// if(RA11Pulse>10000)
// Reed Init(); /I TEEE GPIO M Wil da b iR 2, s 2N
HE#
/! if (Game_Over)
/! {
/! OutlnGarage(IN_ GARAGE, ReadOutlnGarageMode());

// )
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}
#ifndef SRC_APPSW_TRICORE USER _LQ IMAGEPROCESS H_

#define SRC_APPSW TRICORE USER LQ IMAGEPROCESS H

void CameraCar(void);

void TFT Show Camera Info(void);

#endif /* SRC_APPSW _TRICORE USER LQ IMAGEPROCESS H */

sint16 TempAngle = 0; /] AR LR RS B B ST A AR
sint16 LastAngle = 0; /1 eAZ b FRIE T A R A T 1)

sint16 Lleftl =0, Lleft2 = 0, Lright2 = 0, Lright] =0; // H/&{m% &
sint16 LnowADCI[6]; /] ST ADC A

sint16 ad_max[6] = {2500, 2300, 999, 999, 2500, 2500} ; // FHAR T F| FE by & Fe KAE, 2 4%
& e il B

sint16 ad_min[6] = {120, 120, 999, 999, 120, 120}; // Hitk T35 75 Fkp & B /M, 2 FLF
Hr

uint8 CircleNumber = 1; I NIRIREL, 0 855 BRIA 1 IR SIS E— e AE EL SR HT I
FRIE N L FNE 1

uint8 TangentPoint=1;  // VlmiHIlr 0 IS4 BN 1 AT DIAER, UK N AR
&

uint8 EnterCircle = 0; /] VRS BN O ANETEEES; 1 mT DR

uint8 OutCircle = 0; /) FRVFHE BN O AT IR 1 AT BAHER

uint8 LeftRightCircle = 0; // =M IERLMEL BRIA 0 J5idh; 1 A 2 G

sint32 TangentPointpulse = 0; // fk{ficiZ w28 & 1
sint32 EnterCirclePulse = 0; // Fkific iz Ik 25 & 2
sint32 OutCirclePulse = 0; /1 FkrcAZ Im B AR & 3
sint32 EnterCircleOKPulse = 0;// FkficiZ I A2 & 4
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sint16 LowSpeed = 0; /1 TR/ TR

uint16 MagneticField = 0; I W3 e magnetic field intensity, }| W[5 34 & 75 H I

sint16 OffsetDelta = 0;

int Flag Round zuo = 0,Flag Round you
0,zuo_flag=0,you_flag=0,you_number flag,zuo number flag
,Zuo_ru_number,you ru_number;

extern int y duandian_you,y duandian_zuo;

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

*  PREAZFR: void Inductorlnit (void)

* DiRevi B PUASHEC ADC WIgR AL R AL

* SR

* KBGO S

* é& kE:
*************************************************************************/

void InductorInit (void)

{
ADC_InitConfig(ADCO, 100000); // #J#E4L, KFEZ 100kHz
ADC_InitConfig(ADC1, 100000); // #144k
ADC_InitConfig(ADC2, 100000); // #I14a4k
ADC_InitConfig(ADC3, 100000); // #14&4k,

}

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

*  BREAHR: void InductorNormal(void)

* DIREUEH]: SRAEEHUERHLE IR — 1k,

* U

* REORE:

* & Ik TR IB BN R, REA— s #i

*************************************************************************/
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void InductorNormal (void)

{
LnowADC[0] = ADC_Read(ADCO); // ZN%E 1 NHK, HIRIER AL 30 FF, RE
EARUKE AD 18
LnowADC[1]=ADC_Read(ADC1); // AN 2 >k, 3 H I,
LnowADC[4] = ADC Read(ADC2); // Al 2 NHE, TEEFEIE,
LnowADC[5] = ADC Read(ADC3); // FfZE 1 NHE, S5FEIRML 30 &
BatVolt = ADC_Read(ADC7); // 37 st H &
if (LnowADC[0] <ad_min[0])
ad_min[0] = LnowADC[0]; /1 Wl B /IME
else if (LnowADC[0] > ad_max[0])
ad_max[0] = LnowADCJ0]; IE 3= ONED
if (LnowADC[1] <ad min[1])
ad_min[1] = LnowADCJ[1];
else if (LnowADC[1] > ad_max[1])
ad max[1] = LnowADCJ[1];
if (LnowADC[4] <ad_min[4])
ad_min[4] = LnowADC[4];
else if (LnowADC[4] > ad_max[4])
ad_max[4] = LnowADC[4];
if (LnowADC[5] <ad_min[5])
ad_min[5] = LnowADCJ[5];
else if (LnowADC[5] > ad_max[5])
ad_max[5] = LnowADCJ[5];
Lleft] = (LnowADC[0] - ad_min[0]) * 100 / (ad_max[0] - ad_min[0]); Il S wts =

JH—46F] 0--100 LA
Lleft2 = (LnowADC]J1] - ad_min[1]) * 100/ (ad_max[1] - ad_min[1]);

Lrightl = (LnowADC[4] - ad min[4]) * 100 / (ad_max[4] - ad_min[4]);
Lright2 = (LnowADC[5] - ad min[5]) * 100 / (ad_max[5] - ad_min[5]);

MagneticField = Lleftl + Lleft2 + Lright2 + Lrightl;// 4384k
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/*********************************lJ‘T:ygEKJ%

%U%ﬁ**************************************/

[/CA R IR AN el B, — 5 B PR 34 5 Ak G AN He B A i B T R, B
VHAME HOA Bl R 0] PLEEIE 100%
AR

if((Lleft1>2000)& & (Lleft1<2000)& & (Lleft1>200)& & Lleft1>1000& & Lleft1>600& & ((Lleft 1+
Lleft2)>4000)// 1 5% A4
&&!Flag Round zuo&&y duandian zuo>28&&y duandian you>40)

1DE AT
{
you number flag++;
if(you number flag>=1)
{
Flag Round you=I;
/! led (LEDO,LED_ON);
}
}
y else

if((g_ValueOfAD[2]>1800)&&(g_ValueOfAD[3]<500)&&g_ValueOfAD[1]>0&&g_ValueOf
AD[0]>3000 1/ HEL R 2

/l &&!Flag Round zuo&&y duandian zuo>20&&y duandian_you>20)
DG AT

/1 {

/! you number flag++;

/! if(you number flag>=1)

// {

/! Flag Round you=I;

" led (LEDO,LED_ON);

/1 }

// )
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/IIEIR B

if((Lleft1>2000)& & (Lleft1<2000)& & (Lleft1>200)& & Lleft1>1000& & Lleft1>600& & ((Lleft 1+
Lleft2)>4000)// 1k 5 A4
&&!Flag Round zuo&&y duandian zuo>28&&y duandian you>40)

DG AT

{

Flag Round zuo=lI,;
/! led (LED2,LED ON);

h
/! else
if((g_ValueOfAD[3]>1800)&&(g_ValueOfAD[2]<500)&&(g_ValueOfAD[0]>0)&&(g_ValueO
fAD[1]>3000) 1/ VR S A
/! &&!Flag Round you&&y duandian zuo>20&&y duandian you>20)
IDEH AT
/! {
/!
/! Flag Round zuo=1;
/. led (LED2,LED ON);
/!
/! }

}

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

* A FR: void CircleDetect void

* DhREULIT: RAIIEHE NI AL
* U
* PR A
* & Ik

: &
: &
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*************************************************************************/

void CircleDetect (void)
{
if (CircleNumber) // N IREL, 0 4500 BRL 2 X
{
/1 FER] X I
if (MagneticField > 220) // HiEH# N, HEAERK, FHERVIL

{
if (TangentPoint)
{
TangentPointpulse = RAlPulse; / 2824 7 Bk 2E
TangentPoint = 0; /) B b PSS ik AU
§
else if (LeftRightCircle == 0)
{ /) WS ETTH Y N 220, BRALRIIZ K

L, BEERAKC L, RREL S 7T HAT!
if (RAlIPulse > TangentPointpulse + 3500)  // #t A 55 F T E 3000
Jikt, K45 50cm,
{
EnterCircle = 1; /1B Y] S X Ak, TR

Il o %312 KRHMERTRL, WFHEFFHR YIS
if ((LeftRightCircle == 0) && (RAllIPulse > TangentPointpulse + 8000)) // #J 1.2 K
HAHE TR

{
EnterCircle =0;  // %) 1.2 KAMHEA TR
TangentPoint = 1; // EFTiRAY) A
}
if ((EnterCircle) && (MagneticField > 260)) // #) 1.2 K BRI, NFR
{
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LowSpeed = 500; /] JE
o FEMIAIAALER
if (Lleft] + Lleft2 > Lright2 + Lrightl) )| IR, fELERAIL L)
{
LeftRightCircle = 1; // A4 1
EnterCircle = 0; /] NN JE2E IR IR NER
EnterCirclePulse = RAllPulse;
ServoCtrl(Servo Left Max); // HEHL PWM HiH, % I REALAT 4%

while (RAllPulse < EnterCirclePulse + 2800)
{
delayms(1); /] AT A EERTHE 1200 Bk, 29 20em, IS 512
A7 ) i e 12K 5790 Ak
}
§
else // AN AL 2
{
LeftRightCircle =2; // AN 2
EnterCircle =0; // AN JG2E1EFH IR
EnterCirclePulse = RAllPulse;
ServoCtrl(Servo_Right Min); /1 HEHL PWM Fai i, % I fEAL4T M
2 il
while (RAlIPulse < EnterCirclePulse + 1800) / FHH &AM gmtd 28, =L
BrE )R S — L
{
delayms(1);  // 4T AEERTIE 1200 fkpf, £ 20em, LR 512
T gt a1 K 5790 Ak

}
}
EnterCircleOKPulse = RAllPulse; // H ¥ H
}
/] AL TR

if ((LeftRightCircle > 0) && (RAIlIPulse > EnterCircleOKPulse + 3000))
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EnterCircleOKPulse = 10000000; /2% 1 Ff- % I e

OutCircle =1; // #3500 LLH A
}
if ((OutCircle) && (MagneticField > 220)) // AN¥ A& A EA FEAFR
{

LowSpeed = 500; /] JE

/] A A AL FR

if (LeftRightCircle == 1)  ///LIAN

{

//OutCircle = 0; /] NN JE 2R IEFRIRNIR

OutCirclePulse = RAllPulse;

ServoCtrl(Servo Left Max); // HEHL PWM HiH, % I REALAT 4%
1

while (RAllPulse < OutCirclePulse + 2800)

{

delayms(1); // 3T F EERTEE 1200 fkyd, 29 20cm, BEE 512 #5775

A fih a5 1 K 5790 ANk

}

OutCirclePulse = RAIlPulse;

ServoCtrl(Servo_Center Mid-Servo_Delta*2/3); /I HEHL PWM Hith,
R 4T 8

while (RAllPulse < OutCirclePulse + 700)

{

delayms(1); /1 EFT AR 600 ki, 29 10em, JEER

512 w577 [l gwidas 1 K 5790 ANk

}

CircleNumber--; /1 T

TangentPoint = 1; /IR FIN 0 UIsEE R BRI 1 AT RAAE,
TEHUbK o NFRHER

EnterCircle = 0; /1 VPR BN 0 ARTEEEs; 1 ] BLgEER

OutCircle = 0; [ RVFHIA BRIA O ANETHIA; 1 R RLHIA

LeftRightCircle = 0;  // ZEMIIFREZG M ERIN 0 J5dh; 1 A3 2
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ZEEIN

JZE fi e 2%

LowSpeed = 0; /] VRS
Reed_Init(); /I T GPIO K H Wil aafb ek 50, 15 EN

}
/1 A A A
else if (LeftRightCircle == 2) //AAIHNIF
{
//OutCircle = 0; /] NI G EE IR IR
OutCirclePulse = RAIlPulse;
ServoCtrl(Servo_Right Min); /I MEAL PWM S, B2 I emLeT A%

while (RAllPulse < OutCirclePulse + 2500)

{
delayms(1);  // 4T AEERTIE 1200 fkpf, £ 20em, LR 512 4

J7 R YmigEs 1 2K 5790 4k

}
OutCirclePulse = RAllPulse;

ServoCtrl(Servo Center Mid+Servo Delta*2/3); // FENL PWM Fith,

AT

while (RAllPulse < OutCirclePulse + 1400)

{

delayms(1); /1 AT M EEETEE 600 ki, 29 10em, ekl

512 77 A gttt 12K 5790 ik

§

CircleNumber--; /1 T

TangentPoint = 1; /YN ECHIT 0 DRI BRIA 1 ATRAAGE,
LUK N NP HE 2%

EnterCircle = 0; /] SRR BRIA O ANETEEIR; 1 A AR

OutCircle = 0; /] FREFHEIR BRIA O ARTHIR; 1 AP RAHER

ZEEIN

LeftRightCircle = 0; I MR A BRIA 0 R 1 Ac3f; 2

LowSpeed = 0; /] KA
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Reed Init(); /I TH#E GPIO K& Wrdl G4 sh £, A fE 2N
JE AR %

/*************************************************************************
* PR void TFT Show EleMag Info(void)

* IhReULH: BIREFETHREE R

* ZHUH: o

* KBGO S

% Uk
*************************************************************************/

void TFT _Show_EleMag Info(void)

{
char txt[16] ="X:";

sint16 mps = 0, dmm = 0; /)R m/s, 2 KBUE
sint16 pulse100 = 0;
uint16 bat=0;

dmm = (sint16) (RAllPulse * 100 / 579); /B 512 7 77 [ wmts 2% 12K 5790
ANk, BERR, BREL 100

pulse100 = (sint16) (RAllPulse / 100);

sprintf(txt, "AP:%05d00", pulse100); //

TFTSPI P8X16Str(3, 1, txt, ul6RED, ul 6BLACK); /| BoRFEERZES

NowTime = (STM_GetNowUs(STMO) - NowTime) / 1000; // $H{ STMO 47 i [a],
1FE =P

mps = (sint16) (dmm / (NowTime / 1000)); /] VHEGEFE mm/s

/1 PR B

sprintf(txt, "%04d %04d %04d ", TempAngle, ECPULSE1, ECPULSE2); // /R FEHL
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FRERUE, WAL, WSS EUE
TFTSPI P8X16Str(1, 0, txt, ul 6WHITE, ul 6BLACK); /] PR R
NEREREE-ERMEE  SATs R EE &REITHE D &ME &
VRS INEYIE S S ONE]
sprintf(txt, "0:%04d %04d %04d ", Lleftl, LnowADC[0], ad_max[0]);
TFTSPI P8X16Str(0, 2, txt, ul6 WHITE, ul6BLACK);
sprintf(txt, "1:%04d %04d %04d ", Lleft2, LnowADC[ 1], ad_max[1]);
TFTSPI P8X16Str(0, 3, txt, ul6 WHITE, ul6BLACK);
sprintf(txt, "2:%04d %04d %04d ", Lright2, LnowADC[4], ad max[4]);
TFTSPI P8X16Str(0, 4, txt, ul6 WHITE, ul6BLACK);
sprintf(txt, "3:%04d %04d %04d ", Lrightl, LnowADC[5], ad max[5]);
TFTSPI P8X16Str(0, 5, txt, ul6 WHITE, ul6BLACK);

sprintf(txt, "Ring num: %d ", CircleNumber);
TFTSPI_P8X16Str(2, 6, txt, ul6GREEN, ul 6BLACK);
sprintf(txt, "M:%03d Q:%d J:%d ", MagneticField, TangentPoint, EnterCircle);
TFTSPI_P8X16Str(0, 7, txt, ul6WHITE, ul6BLACK);
if (LeftRightCircle == 1)
TFTSPI P8X16Str(0, 8, "Left Ring ", ul6 WHITE, ul6BLACK);
else if (LeftRightCircle == 2)
TFTSPI _P8X16Str(0, 8, "Right Ring", ul6WHITE, ul6BLACK);
else

TFTSPI P8X16Str(0, 8, "No Ring ", ul6 WHITE, ul6BLACK);

bat = BatVolt * 11/25; // x/4095%3.3¥100%5.7

sprintf(txt, "B:%d.%02dV %d.%02dm/s", bat / 100, bat % 100, mps / 1000, (mps / 10) %
100);  // *3.3/4095%3

TFTSPI_P8X16Str(0, 9, txt, ul6PURPLE, ul6BLACK);  // FfF & BN
§

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

* BREAFR: void ElectroMagneticCar(void)
* ThAEULRT: B AE A XA T AR ]
* U
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* REGRIE: TG
I e I 2 ANEAL

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

void ElectroMagneticCar (void)

{

sint16 bat=0;

CircleNumber = 1;  // NMIREL, 0459 BRN 1k

TangentPoint=1;  // VIS KW 0 VISR BN 1 o BINIR, BBk A NI
%

EnterCircle = 0; /1 VPR BN 0 ARTaEEs; 1 ] BLgEER
OutCircle = 0; /] IR BRIA O ARTHIR; 1 af AR
LeftRightCircle = 0;// =ML 24 ML BRIN 0 JF46; 1 23 2 A5
LowSpeed = 0; /] TEFE %

/I YIie CPUO,CPUL... A A] LLRIB /5 BE s ms, & W A B7R
mutexCpuOTFTIsOk=0; //CPUL: 0 /i /1 BJX TFT
CircleNumber = SetCircleNum(); // % & 7 23t N IE I HAN4

/o WRIEFERE AL, 2R EEHRT,

/o PR B A b W e & S 3

/1o ABIREF, FEEABEFERGEITE, A2 I i fd & 1] fe

OutInGarage(OUT GARAGE,ReadOutInGarageMode()); // Mt H 28, $RASAE b 22
N, RZAMHNE

//OutInGarage(IN. GARAGE,ReadOutIlnGarageMode()); // AN

TFTSPI_CLS(ul6BLACK); /] 5 BE

// Y1ie CPUO,CPUL.. AH] LAFI FFJ5 bR % Bos, 15 W RN 8w
mutexCpuOTFTIsOk=1; //CPUL: 0 /i /1 BJX TFT
RAIllPulse = 0; /] A RAR R, Rk EUS EL

NowTime = STM_GetNowUs(STMO0);  // 3KHL STMO 4 i [8]
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while (1)
{
InductorNormal(); /] KA U R IR IH — 1k
if (MagneticField > 220)  / HIE#N, WEAEKK, HHERVIA
{
LowSpeed = 500; /] JE
§
else if (MagneticField < 200)
{
LowSpeed = 0; // 1k 2% J&

}
CircleDetect(); 11 RN R AN 2L

ServoDuty = TempAngle;

ServoCtrl(ServoDuty); /I AL PWM S, B mEHLET f 35 i

/1

OffsetDelta = (Lleft2 - Lright2); // BEiEfmZ

bat=(BatVolt * 11 / 25-750)*Kbat;

MotorDutyl = MtTargetDuty-bat + ECPULSE1 * Kencoder - OffsetDelta * Koffset -
LowSpeed; // HZ#{EH], A¥MmEI NG, AMnE

MotorDuty2 = MtTargetDuty-bat - ECPULSE2 * Kencoder + OffsetDelta * Koffset -
LowSpeed; // A ZEEH], AiimZENIE, H0hnE

if (MagneticField < 30) /1 FIWr 2 A 3R IE

{
MotorCtrl(0, 0); ARG E S EL
delayms(200);

§

else

{

MotorCtrl(MotorDutyl, MotorDuty2);  // VY% XU EEHLIRE)
/I MotorCtrl(MtTargetDuty-TempAngle*8/5, MtTargetDuty+TempAngle*8/5);//

=%, TN
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if(Game_Over)

{
OutlnGarage(IN_ GARAGE, ReadOutInGarageMode());
}
+// WHILE(1)
+ // MAIN()

float constrain_float(float amt, float low, float high)

{
return ((amt)<(low)?(low):((amt)>(high)?(high):(amt)));

// pid ZHHTha1E R EL
void PidInit(pid_param_t * pid)

{

pid->kp =0;
pid->ki =0;
pid->kd =0;
pid->imax =0;
pid->out_p =0;
pid->out i =0;

pid->out_d =0;
pid->out =0;

pid->integrator= 0;
pid->last_error= 0;
pid->last_derivative =0;

pid->last t =0;

/*************************************************************************
* PR FR: float constrain_float(float amt, float low, float high)
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* THREVCHA: pid A7 B sl #da
* S
* @param  pid pid 2%
* @param error  pid FINIRZE
* RFORE: PID HiHgs R
* & TE:
*************************************************************************/

float PidLocCtrl(pid_param_t * pid, float error)

{
M RBURZE ¥/

pid->integrator += error;

M ARZERE */

constrain_float(pid->integrator, -pid->imax, pid->imax);

pid->out_p = pid->kp * error;
pid->out_i = pid->ki * pid->integrator;

pid->out_d = pid->kd * (error - pid->last_error);
pid->last_error = error;
pid->out = pid->out_p + pid->out i + pid->out_d;

return pid->out;

}

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

* PR FR: float constrain_float(float amt, float low, float high)
* TJREVERA: pid HY 5 Uy ) A8
* ZH
* @param  pid pid Z%
* @param  error  pid HANIRE
* BREURE: PID Hr &5 ERmMHERCEMMN 7 kg R

45



DN BOR R 2023 AR BEb BT

% Tk

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

float PidIncCtrl(pid_param_t * pid, float error)

{
pid->out_p = pid->kp * (error - pid->last_error);
pid->out_i = pid->ki * error;
pid->out_d = pid->kd * ((error - pid->last_error) - pid->last_derivative);
pid->last_derivative = error - pid->last_error;
pid->last_error = error;
pid->out += pid->out_p + pid->out i+ pid->out d;
return pid->out;
}

#ifndef SRC_APPSW_TRICORE USER LQ PID H_
#define SRC_APPSW_TRICORE USER LQ PID H_

#include <stdint.h>

typedef struct
{
float kp; //P
float ki; //1
float kd; //D
float imax; /1757 PRI
float out p; //KP Hit
float out i; //KI it
float out d; /KD %ith
float out; //pid %
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float integrator; //< FR/MMH

float last_error; /< bIRIRZE

float last_derivative;/< bFiRiRZEYS b FRiRZEZ %
unsigned long last_t; /1< bR E]

}pid_param _t;

void PidInit(pid _param_t * pid);

float constrain_float(float amt, float low, float high);

float PidLocCtrl(pid_param_t * pid, float error);

float PidIncCtrl(pid_param_t * pid, float error);

#endif /* SRC_APPSW_TRICORE USER LQ PID H_*/
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B

FEARFE R TE R b, B A A SRS i 3 i N R s 2O AR

H5E, BERRN T IR R A e, AR S et SEER AR E
FEP LS TR IR S AR, MR 8308 & N BB SRR IR &N B 15T,
BB S 18 SCE R R 3 B 1 2 AR, O BRIEAEE SR s L, A RRIBR 5E R T8
MEAE AR, SIMRERIN . J652 ™, SRR A 3, U E AR A
LMV IR AN VR SE RGP IR R 1 3

RIS, 3t R S & 1 T A 2 IMAN R 2, AT RS i B AT S R kB 2 HE e
Fok, BB K NAI A, AT B LRI SRS R, AR B AT S il
PAE AN N ASs 7T

A BB T A X ARG 8 SCH 5 WA L ZOMPP e, BT A
B D ANTE T, A BB R e 3 AR = 1R SCR iR . FRHRIE T SO AN B N, 2
PRATIII SCRPATE A LE S R T AR 1830, B bR i 2 AR !
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