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Replay_Path.Index At IR TS -

6.7 Bl PID BI AT > P 3R HA%
HTERA, B SEANMREDR. 5EAKRREZEDLR, ENMREP
FIKIRZE P Z[8)fE A smoothstep EiBHE. BIE—a#H. BE—E#ZE. BB

Z/MSAERMNNP SXPSH, AOTMAXLEERAAORET; BB K
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%2 REEAFERRAEBRRARE
Bt 3% B 32 FiR XS 5 F M 415 AR

B.1 T # EEH=ZE

* B-1 i PR FH SR

BB R HE
code/Car_Device Bf%%. IMU. RA52E. BAl. Flash. BR. BESMEEED
code/Car_arithmetic PID. fIE. ¥KiZ. MEMEHREX
code/user CPUO~CPU3 ANH+ HliFNiAERE
tests TR EE 24 F0 = V3 B A
code/my_car EWMEERSE, KERE
code/menu e
code/car_params EWBH

B.2 L EIETFIERF

B.2.1 EHLIRE) #HEIEH
#define MOTOR_SLEW_STEP_PER_CALL (33) // & 5ms AT 33 (H=ELAGL, |RARZ 10000)
static int16 last_left_duty = 0;
static int16 last_right_duty = 0;

static int16 camera_new_last_steering_duty = 0;

/* RERER S FAR AR AR ERPR &/
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static int16 motor_slew(int16 last, int16 target, int16 max_step)
{
int16 step_target = target;

int16 delta;

RS NREHSER, £EE
if ((last > 0 && my_car.Speed < 0) || (last < 0 && my_car.Speed > 0))

{

step_target = 0;

delta = step_target - last;
if (delta > max_step) delta = max_step;

else if (delta < -max_step) delta = -max_step;

return last + delta;

static int16 steering_motor_slew(int16 last, int16 target, int16 max_step)

{

int16 delta = target - last;

if (delta > max_step)  delta = max_step;

else if (delta < -max_step) delta = -max_step;

return last + delta;

-
* TSR R R AL
* 5EREEE 5000/8000 5 =ELALL, XEIRARBIREZEIEME S,
“HIREE 5 ms G SEE T, BEGEEEEILR A
*/
static int16 camera_new_steering_motor_control(float expected_angle)
{
float angle_error = expected_angle - my_car.duoji_angle;

float absolute_error = fabsf(angle_error);

vi
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int16 target_duty = 0;

if (absolute_error > CAMERA_NEW_STEER_ MOTOR_DEAD_ZONE)
{
float duty_magnitude = CAMERA_NEW_STEER_MOTOR_MIN_DUTY +
CAMERA_NEW_STEER_MOTOR_KP *

(absolute_error - CAMERA_NEW_STEER_MOTOR_DEAD_ZONE);

if (duty_magnitude > CAMERA_NEW_STEER_ MOTOR_MAX_DUTY)

{
duty_magnitude = CAMERA NEW_STEER_MOTOR_MAX DUTY;

target_duty = (int16)duty_magnitude;
if (angle_error < 0.0f)
{

target_duty = (int16)(-target_duty);

camera_new_last_steering_duty = steering_motor_slew(
camera_new_last_steering_duty,
target_duty,

CAMERA_NEW_STEER_MOTOR_SLEW_STEP);

return camera_new_last_steering_duty;

void motor_set(int duty, float angle)
{
int left_duty, right_duty; / B¥rE (ZERF)

int left_apply, right_apply; /| BRI E (ZREER )

e L EEITE (REFT) —

if (angle > -DIFF_STEER_DEADZONE && angle < DIFF_STEER_DEADZONE)

{
left_duty = duty;
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right_duty = duty;

else

float angle_rad = fabsf(angle) * (PI / 180.0f);
float tan_val = tanf(angle_rad);

if (tan_val < le-4f) tan_val = le-4f;

float R, ratio_outer, ratio_inner;
if (Reverse_Start_Flag == 1)
{
R =car_L/ tan_val;
ratio_outer = (R + car_D_Back * 0.5f) / R;

ratio_inner = (R - car_D_Back * 0.5f) / R;

else

R =car_L/tan_val;
ratio_outer = (R + car_D * 0.5f) / R;

ratio_inner = (R - car_D * 0.5f) / R;

int v_outer = (int)(duty * ratio_outer);

int v_inner = (int)(duty * ratio_inner);

if (angle > DIFF_STEER_DEADZONE)
{

left_duty =v_inner;

right_duty = v_outer;

else

left_duty =v_outer;

right_duty = v_inner;
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1/
/!
/!
/!
1/

F20 BEEKRFEEE

mm— 2 BEEIEER (HfELk) -
if (Stop_Flag == 1)
{
/ BEREA 0, EEEEHERGIZESRE
left_duty = 0;

right_duty = 0;

I EERIERELE (RERGEE, HANMKE, BEFE)
gpio_set_level(DIR1_motor_duoji, 0);
pwm_set_duty(PWM1_motor_duoji, 0);

camera_new_last_steering_duty = 0;

else

/1 RS E AL Bl INBHEIE S, EiRsNREREmME .
if (angle > MOTOR_DUOJI_ANGLE_MAX) angle = MOTOR_DUOJI_ANGLE_MAX;
if (angle < -MOTOR_DUOJI_ANGLE_MAX) angle = -MOTOR_DUOJI_ANGLE_MAX;

int motor_duoji_duty = 0;

if (Camera_New_Following_IsControlActive())

{

motor_duoji_duty = camera_new_steering_motor_control(angle);

else

camera_new_last_steering_duty = 0;

if (my_car.duoji_angle >= angle + 1.5f) motor_duoji_duty = -5000;
if (my_car.duoji_angle <= angle - 1.5f) motor_duoji_duty = 5000;

if (my_car.duoji_angle >= angle + 7.0f) motor_duoji_duty = -10000;

if (my_car.duoji_angle <= angle - 7.0f) motor_duoji_duty = 10 000;

I HREE
if (my_car.duoji_angle >= angle + 1.5f) motor_duoji_duty = 5000;
if (my_car.duoji_angle <= angle - 1.5f) motor_duoji_duty = -5000;
if (my_car.duoji_angle >= angle + 7.0f) motor_duoji_duty = 10000;
if (my_car.duoji_angle <= angle - 7.0f) motor_duoji_duty = -10000;
}
/R
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if (motor_duoji_duty >= 0) {
gpio_set_level(DIR1_motor_duoji, 0);
pwm_set_duty(PWM1_motor_duoji, motor_duoji_duty);
}else {
gpio_set_level(DIR1_motor_duoji, 1);

pwm_set_duty(PWM1_motor_duoji, -motor_duoji_duty);

i s 3 PRIE (EHRE) —

if (left_duty > MAX_MOTOR_DUTY) left duty = MAX_MOTOR_DUTY;

if (left_duty < -MAX_MOTOR_DUTY) left_duty = -MAX_MOTOR_DUTY;
if (right_duty > MAX_MOTOR_DUTY) right_duty = MAX_MOTOR_DUTY;

if (right_duty < -MAX_MOTOR_DUTY) right_duty = -MAX_MOTOR_DUTY;

J] ==mmmmmmmmmmmmaas 4 SYERH (H2E) -

left_apply = motor_slew(last_left_duty, left_duty, MOTOR_SLEW_STEP_PER_CALL);

right_apply = motor_slew(last_right_duty, right_duty, MOTOR_SLEW_STEP_PER_CALL);

/ B ERE
last_left_duty = left_apply;

last_right_duty = right_apply;

J] ==mmmmmmmmmmmnaas 5. RREHHH -

IR
/I left_apply = left_apply * 0.84;

if (left_apply >=0) {
gpio_set_level(DIR1_left, 0);
pwm_set_duty(PWM1_left, left_apply);
}else {
gpio_set_level(DIR1_left, 1);
pwm_set_duty(PWMI1_left, -left_apply);
}
UE=L




I EREE

/| right_apply = - right_apply;

if (right_apply >= 0) {
gpio_set_level(DIR1_right, 0);
pwm_set_duty(PWMI1_right, right_apply);
}else {
gpio_set_level(DIR1_right, 1);

pwm_set_duty(PWM1_right, -right_apply);

B.2.2 mFD2EIREL . MEH
-

A RN 4D BEIRE

C&iE ERRHAMEAEGE: BEE. BE)
%/
void encoder_motor_get()
{

/N IREVERIRRE

/R

int encoder_left = encoder_get_count(ENCODER_3);

//  int encoder_left = -encoder_get_count(ENCODER_3);

if(encoder_left * (2 * PI * car_R / sum_encoder_rad) > Ddistance / 2 || encoder_left * (2 * PI * car_R / sum_encoder_rad)

< -Ddistance / 2)

{

my_car.speed_left = encoder_left * Ddistance * 1.21 / 0.005;//32FR B F2FR X 5ms

Jelse
{
my_car.speed_left = 0;
}
encoder_clear_count(ENCODER_3);

/B

int encoder_right = -encoder_get_count(ENCODER_4);

// int encoder_right = encoder_get_count(ENCODER_4);

F20 BEERFETRAERERARSE

/1 SRELRAS 2R 1T EL
/] SREUARISZRITE (FZEA%)

/] BT AL ERITH

/| RER AL B8 1 H
/| RERARED BT (FRZE4E)
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if(encoder_right * (2 * PI * car_R / sum_encoder_rad) > Ddistance / 2 || encoder_right * (2 * PI * car_R /
sum_encoder_rad) < -Ddistance / 2)

i

my_car.speed_right = encoder_right * Ddistance * 1.21 / 0.005;//S2FR & F2FRIA 5ms
lelse
{

my_car.speed_right = 0;
}
encoder_clear_count(ENCODER_4); /| BT AL IT
I FEiR

my_car.Speed = (my_car.speed_left + my_car.speed_right)/2;
/12 AR BT R

/*ER

double encoder_left distance = 0;

if(encoder_left * (2 * PI * car_R / sum_encoder_rad) > Ddistance / 2 || encoder_left * (2 * PI * car_R / sum_encoder_rad)
< -Ddistance / 2)

{
encoder_left_distance = encoder_left * Ddistance;
}
IR
double encoder_right_distance = 0;

if(encoder_right * (2 * PI * car_R / sum_encoder_rad) > Ddistance / 2 || encoder_right * (2 “ PI * car_R /
sum_encoder_rad) < -Ddistance / 2)

{
encoder_right_distance = encoder_right * Ddistance;
}
/3ITH R
my_car.last_distance = my_car.distance;
float dangle = my_carYAW - my_car.last YAW;//4% 6] FA &

/I if(dangle > 0)// 4k

/B
// my_car.distance += encoder_left_distance * 0.8 + encoder_right_distance * 0.2;
/I }

/| if(dangle < 0)// %

/B
// my_car.distance += encoder_left_distance * 0.2 + encoder_right_distance * 0.8;
/I }

/| if(dangle == 0)
/A
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// my_car.distance += encoder_left_distance * 0.5 + encoder_right_distance * 0.5;
/1 }

my_car.distance += (encoder_left_distance * 0.5 + encoder_right_distance * 0.5) * 1.21;

B.2.3 E{GM kb E

void Display_image_data(int red_flag, int yellow_flag, int display_image_flag, int dispaly_data_flag)
{
/*
*red_flag: #RZBHRE; yellow flag: #RZFAANEOFBEFRA D,
* display_image flag: S/RE&; dispaly_data flag: SIRJL{AT S5 HI44E
*“dispaly” EEREAHE, ABEUAAXRMERE.
*/
static int success_search_flag = 0;
if (Image.Circle_sum != 2) {
if(success_search_flag == 1)
{
success_search_flag = 0;
ips200_clear();
}
ips200_displayimage03x((const uint8 *)image.image, MT9V03X_W, MT9V03X_H);
uint16_t line_height = 16; // BJ#R#E ips200_display_font ZN7ZSFKEL, LtALEE
uint16_t text_y = MTOVO3X_H + 2; // ERIKERE 2 G ==/
/I REFRTEEEEBERAT
if (text_y + 2 * line_height < ips200_height_max) {
ips200_show_string(0, text_y, "cx_err:NULL!!!");
ips200_show_string(0, text_y+line_height, "cy_err:NULL!!!");
ips200_show_string(0, text_y+2*line_height, "R:NULL!!!");
ips200_show_string(0, text_y+3*line_height, "dist:NULL!!!");
ips200_show_string(0, text_y+4*line_height, "ang:NULL!!!");
}
return;
}
if(success_search_flag == 0)

{

success_search_flag = 1;
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ips200_clear();

[| ==========1. AR EMEG (LEIRCHLE_EE) ==========
if (red_flag == 1) {
image with_red mark(); // £ B &L EHFRICHT rgb_buffer
}else {
/EBEAZER
for (uint32_t r = 0; r < MTOV03X_H; r++) {
for (uint32_t ¢ = 0; ¢ < MTIVO3X_W; c++) {

rgb_buffer[r][c] = (Image.image[r][c] == 255) ? RGB565 WHITE : RGB565_BLACK;

[ ==========2. MRFE, BHEGHFIE WRELEERZRF) ==========
if (yellow_flag == 1) {

int x1 = (int)(Image_Control.x1+0.5f);

int y1 = (int)(Image_Control.y1+0.5f);

int x2 = (int)(Image_Control.x2+0.5f);

int y2 = (int)(Image_Control.y2+0.5f);

int cx = (int)(Image_Control.cx+0.5f);

int cy = (int)(Image_Control.cy+0.5f);

draw_point(x1,y1,RGB565_BLUE);

draw_point(x2,y2,RGB565_BLUE);

draw_point(cx,cy,RGB565_BLUE);

if (display_image_flag == 1) {
ips200_show_rgb565_image(0, 0, (uint16_t*)rgb_buffer,
MT9V03X_W, MT9V03X_H,

MT9V03X W, MT9V03X_H, 0);

[T ¥ W1y ST ] ) R —
if (dispaly_data_flag == 1) {
1/ SRR FIRBE (BRI 8x16 => 16 1§ F)
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uint16_t line_height = 16; // AI#R#& ips200_display_font ZNZSFREL, LLALEIE

uint16_t text_y = MTOVO3X_H + 2; // FRKIEERE 2 ==

/I EERREEZE RS ERAIT

if (text_y + 2 * line_height < ips200_height_max) {

ips200_show_string(0, text_y, "cx_err:");
ips200_show_float(100, text_y, Image_Control.cx_error, 3, 3);
ips200_show_string(0, text_y+line_height, "cy_err:");

ips200_show_float(100, text_y+line_height, Image_Control.cy_error, 3, 3);

ips200_show_string(0, text_y+2*line_height, "R:");

ips200_show_float(100, text_y+2*line_height, Image_Control.Circle_R, 3, 3);
ips200_show_string(0, text_y+3*line_height, "dist:");

ips200_show_float(100, text_y+3*line_height, Image_Control.image_distance, 3, 3);
ips200_show_string(0, text_y+4*line_height, "ang:");

ips200_show_float(100, text_y+4*line_height, Image_Control.image_angle, 3, 3);

ips200_show_string(0, text_y+7*line_height, "duoji:");
ips200_show_float(100, text_y+7*line_height, raw_angle, 3, 3);
ips200_show_string(0, text_y+8*line_height, "speed:");

ips200_show_float(100, text_y+8*line_height, raw_speed, 3, 3);
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