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1. ?7?7?7°?°?7?7?7?7?tc_types.h?

#ifndef TC TYPES H
#define TC TYPES H

#include "stdint.h"



#include "stdbool.h"

/* ---- 00 ---- */

typedef enum {
TC _MODE_STRAIGHT
TC_MODE_FIGURES
TC_MODE_TRACK

} TC Mode t;

o,
1,
2

/* ----TC OO ---- */
typedef enum {
TC STATUS OFF =
TC_STATUS_NORMAL =
TC STATUS SAFETY =

w N = ©

TC STATUS FAULT =
} TC Status t;

/* ---- 0000 ---- */

typedef enum {
FAULT_NONE =0,
FAULT WHEEL =1
FAULT IMU =1
FAULT STEER =1
FAULT CAN TIMEOUT =1
FAULT_TORQUE =1

} TC FaultFlags t;

/* ---- 00000010 ms[ ----
typedef struct {

// 0000

// [1 8 / skidpad

// 00

// 00

// 0000
// 0000
// 0000

<<

<<

<<

<<

A W N = O

<<

*/

/* 00000 + 0000 CAN [ ADC OO0 *

float omega fl, omega fr;

float omega rl, omega rr;

float ax_imu;
float ay_imu;
float psi_dot;
float steer _deg raw;

float T driver;

/* 00000OmsO */

uint32 t timestamp ms;

/

//
//
//
//
//
//
//

0oog rad/s
0000 rad/s
0o0oo m/s2
0000000000000

yaw rate rad/s

00000 degnoono
000000 Nm




} TC Input t;

/* ---- 000000 ---- */
typedef struct {

float v _mps; // 00 m/s
float slip L, slip R, slip avg;

float steer deg f; // 000000 deg
float lambda target; // 00 slip
float delta T; // PI 000000000
float T cmd; // 000000 Nm

TC Status t tc status;
uint32 t fault flags;
} TC Output_t;

#endif

2. ?27?7?7?°7?7°7?7?7?tc_params.h?

#ifndef TC_PARAMS H
#define TC_PARAMS H

/* 0oog */
#define R_FRONT 0.32f
#define R REAR 0.32f

/* TC 00000 */
#define TC DT _SEC 0.01f // 10 ms, 100 Hz

/* 00000000000 */
#define STEER ALPHA 0.92f // 000 1 0O0OO 3 Hz

/* Slip 0000 */
#define SLIP_SINGLE MAX 0.40f // [0 > 0.4 000000

/* 0000 7C OO */
#define V. TC OFF KMH  3.0f

/* OO000Anti-windup */



#define INTEGRAL MAX  1.0f

/* ---- 00000000 ---- %/

/* 0o0a */

#define KP_STRAIGHT  4.2f

#define KI_STRAIGHT  0.35f

#define LAMBDA BASE STRAIGHT 0.20f

#define STEER SENS STRAIGHT  0.4f // 00000000
#define MIN TQ RATIO STRAIGHT 0.55f // (0 55% (0

/< 080o*/
#define KP_FIGURES 3.1f
#define KI_FIGURES 0.42f

#define LAMBDA BASE F8 0.16f
#define STEER SENS F8 1.0f
#define MIN TQ RATIO F8 0.40f

/* 0oog */
#define KP_TRACK 2.8f
#define KI_ TRACK 0.50f

#define LAMBDA BASE TRACK 0.14f
#define STEER SENS TRACK 1.3f
#define MIN TQ RATIO TRACK 0.30f

#endif

3. ??7?7??tc_mode.h /tc_mode.c?

3.1 ???7?tc_mode.h?

#ifndef TC MODE H
#define TC _MODE_H

#include "tc types.h"

#include "tc params.h"



typedef struct {
TC Mode t current mode; // Q00000

TC Mode t target mode; // 0000000
bool change pending; // 000000000
float Kp, Ki;

float lambda base;

float steer sens;

float min tq ratio; // 000000
} TC ModeState t;

void TC Mode Init(TC ModeState t *m);
void TC Mode RequestChange(TC ModeState t *m, TC Mode t new mode, float v kmh);
void TC Mode ApplyIfStopped(TC ModeState t *m, float v_kmh);

#endif

3.2 ??7?tc_mode.c?

#include "tc_mode.h"

static void TC Mode ApplyParams(TC ModeState t *m, TC Mode t mode) {

m->current _mode = mode;

switch (mode) {

case TC MODE STRAIGHT:
m->Kp KP_STRAIGHT;
m->Ki = KI_STRAIGHT;
m->lambda base = LAMBDA BASE STRAIGHT;

m->steer sens = STEER SENS STRAIGHT;
m->min_tq ratio= MIN TQ RATIO STRAIGHT;

break;

case TC MODE FIGURES:
m->Kp = KP_FIGURES;
m->Ki = KI_FIGURES;
m->lambda base = LAMBDA BASE F8;
m->steer_sens = STEER SENS F8;
m->min_tq_ratio= MIN TQ RATIO F8;



break;

case TC_MODE_TRACK:

default:
m->Kp = KP_TRACK;
m->Ki = KI_TRACK;

m->lambda_base = LAMBDA BASE TRACK;
STEER SENS_TRACK;

MIN TQ RATIO TRACK;

m->steer _sens

m->min_tq ratio

break;

void TC Mode Init(TC ModeState t *m) {
TC_MODE_FIGURES; // (00000 8 OO

m->current _mode

m->target mode m->current _mode;
m->change pending = false;

TC Mode ApplyParams(m, m->current mode);

/* 00000C00000000000000000 pending */
void TC Mode RequestChange(TC ModeState t *m, TC Mode t new mode, float v_kmh) {

m->target mode = new_mode;

if (v_kmh < 1.0f) { // < 1 km/h 00000000
TC Mode ApplyParams(m, new _mode);
m->change pending = false;

} else {

m->change_pending true;

/* 00000000 pending 0000 -~ OOOCO */
void TC Mode ApplyIfStopped(TC ModeState t *m, float v_kmh) {

if (m->change pending && v_kmh < 1.0f) {
TC Mode ApplyParams(m, m->target mode);

m->change pending = false;



4, ?7?7?°°??7?7?7??tc_fault.h / tc_fault.c?

4.1 ????tc_fault.h?

#ifndef TC_FAULT H
#define TC_FAULT H

#include "tc_types.h"

typedef struct {
uint32 t flags;
uint32 t wheel err count;
uint32 t imu err count;
uint32_t steer _err_count;
uint32 t torque err count;

uint32 t can timeout count;

float omega prev[4];
float steer prev;

} TC FaultState t;
void TC Fault Init(TC FaultState t *f);
void TC Fault Update(const TC Input t *in, TC FaultState t *f);

bool TC Fault IsSafeToRun(const TC FaultState t *f);

#endif

4.2 ?7??tc_fault.c?

#include "tc fault.h"
#include "math.h"

#define OMEGA MIN -1.0f
#define OMEGA MAX 200.0f
#define OMEGA JUMP MAX 50.0f



#define AX MAX 20.0f
#define STEER JUMP MAX 15.0f // deg/10ms

#define FAULT COUNT MAX 3

void TC Fault Init(TC FaultState t *f) {
f->flags = FAULT _NONE;

f->wheel err count

f->imu err _count

Il
(o} [} [} o

f->steer err _count
f->torque _err_count=

f->can_timeout count

0;
for (int i = 0; i < 4; i++) f->omega prev[i] = 0.0f;

f->steer prev = 0.0f;

void TC Fault Update(const TC Input t *in, TC FaultState t *f) {
/* 1. 0000 + 00 */
float omegas[4] = { in->omega fl, in->omega fr, in->omega rl, in->omega rr };

bool wheel fault = false;

for (int 1 = 0; 1 < 4; i++) {
if (omegas[i] < OMEGA MIN || omegas[i] > OMEGA MAX) {
wheel fault = true;
}
float diff = fabsf(omegas[i] - f->omega prev[i]);
if (diff > OMEGA JUMP_MAX) {
wheel fault = true;

}

f->omega prev[i] = omegas[i];

if (wheel fault) {
if (++f->wheel err count >= FAULT COUNT MAX) {
f->flags |= FAULT WHEEL;
}
} else {

f->wheel err count = 0;



/* 2. IMU OO */
if (fabsf(in->ax imu) > AX MAX) {
if (++f->imu_err count >= FAULT COUNT MAX) {
f->flags |= FAULT IMU;
}
} else {

f->imu_err_count = 0;

/* 3. 00000 */
float steer diff = fabsf(in->steer deg raw - f->steer prev);
if (steer diff > STEER JUMP_MAX) {

if (++f->steer _err_count >= FAULT COUNT_MAX) {

f->flags |= FAULT STEER;

}
} else {

f->steer _err _count = 0;
}

f->steer prev = in->steer _deg raw;

/* 4. 000000000000000 */
if (in->T driver < 0.0f || in->T driver > 1000.0f) {

f->flags |= FAULT TORQUE;

bool TC Fault IsSafeToRun(const TC FaultState t *f) {

/* 0000000000 7C */
if (f->flags & (FAULT WHEEL | FAULT TORQUE | FAULT CAN TIMEOUT)) {

return false;

}

return true;

5. TC ??7??7?tc_controller.n/
tc _controller.c?



5.1 ??7??tc_controller.h?

#ifndef TC_CONTROLLER H
#define TC_CONTROLLER H

#include "tc types.h"

#include "tc mode.h"

typedef struct {

/* 0oog */

float integral; // PI [0

float v_imu est; // 0 IMU 0000000
float steer deg f; // 000000 deg
float ax peak; // 00 W 00000000

uint32 t integral reset count;

} TC Internal t;

void TC Controller Init(TC Internal t *s);
void TC Controller Update(

const TC Input t *in,

const TC ModeState t *mode,

TC Internal t *state,
TC Output_ t *out

);

#endif

5.2 2777077

1. [IIHIIIO (V)

2. [ slipratio] (\lambda L = (\omega {RL} R {rear} - v)/v)Q (\lambda_R) [1T]
3. I

4. 11117 + (1111 + 110 Target Slip (\lambda~*)[]
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6. Pl [II11T] Anti-windup + [TTT1T]

7. I slip[IITITIIT]

8. [T11J T cmd[]

5.3 ??7?tc_controller.c?



#include "tc controller.h"
#include "tc params.h"

#include "math.h"

void TC Controller Init(TC Internal t *s) {
s->integral = 0.0f;
s->v_imu est = 0.0f;
s->steer deg f = 0.0f;
s->ax_peak = 0.0f;

s->integral reset count = 0;

/* 0000000C000000O */
static float TC EstimateSpeed(const TC Input t *in) {

float v = (in->omega fl + in->omega fr) * 0.5f * R FRONT;
if (v < 0.1f) v = 0.1f;

return v;

/* Slip Ratio */
static void TC ComputeSlip(const TC Input t *in, float v,
float *slip L, float *slip R, float *slip avg) {
float v_safe = (v > 0.1f) ? v : 0.1f;
*slip L

(in->omega rl1 * R REAR - v safe) / v safe;
*slip R = (in->omega rr * R REAR - v safe) / v _safe;

*slip avg = (*slip L + *slip R) * 0.5f;

/* 0000000 >/
static float TC FilterSteer(float raw deg, TC Internal t *s) {

s->steer deg f = STEER ALPHA * s->steer deg f +
(1.0f - STEER ALPHA) * raw deg;

return s->steer deg f;

/* 00 v 0000 ax 0000 - 0OOOO ©.5~1.0 */
static float TC EstimateMu(TC Internal t *s, const TC Input t *in) {

float ax_abs = fabsf(in->ax_imu);

/* 00000oog /7

s->ax_peak = fmaxf(s->ax peak * 0.95f + ax abs * 0.05f, ax abs);



if (s->ax peak > 8.5f) return 1.0f; // 0 u
if (s->ax_peak > 5.5f) return 0.8f; // 0O u
if (s->ax peak > 3.5f) return 0.65f; // 0 K
return 0.5f;

/* 000000 Target Slip{0Qd + steer_sens[] */
static float TC ComputeTargetSlip(

float steer deg f,

float v,

const TC ModeState t *mode)

{
float d = fabsf(steer deg f);
float k steer;
/* 00000000000 mode->steer_sens [JO000 */
if (d < 4.0f) {
k steer = 1.0f;
} else if (d < 20.0f) {
float slope = 0.018f * mode->steer sens;
k steer = 1.0f - slope * (d - 4.0f); // 0000
} else {
float slope2 = 0.01f * mode->steer sens;
k steer = 0.65f - slope2 * (d - 20.0f);
}
if (k steer < 0.4f) k steer = 0.4f;
/* 00000000000 */
float speed factor = fminf(v * 3.6f / 40.0f, 1.0f) * 0.03f + 0.97f;
float lambda = mode->lambda base * k steer * speed factor;
if (lambda < 0.08f) lambda = 0.08f;
return lambda;
}
/* 00000000000000000DO . *+/

static void TC IntegralResetlLogic(const TC Input t *in,
const TC ModeState t *mode,



TC Internal t *s,

float v_mps)

float v_kmh = v _mps * 3.6f;

/* 1) 0000000000000 */
if (v_kmh < 2.0f) {
if (s->integral != 0.0f) {
s->integral = 0.0f;
s->integral reset count++;
}

return;

/* 2) 0000000000000 */
if (fabsf(in->T driver) < 2.0f) {
s->integral *= 0.1f;

return;

/* 3) 000000000C00000000000000000O */
(void)mode; // O000000000COOC

/* 000000 SafetySafety 00O main.c[] */
void TC Controller Update(

const TC Input t *in,

const TC ModeState t *mode,

TC Internal t *state,

TC Output_t *out)

/¥ 1. 00 & slip */
out->v_mps = TC EstimateSpeed(in);

TC ComputeSlip(in, out->v _mps, &out->slip L, &out->slip R, &out->slip avg);

/* 2. 00000 */

out->steer deg f = TC FilterSteer(in->steer deg raw, state);

/* 3. 00 slipd00 + 0000 */

out->lambda target = TC ComputeTargetSlip(out->steer deg f, out->v_mps, mode);



/* 4. 000000 */

TC IntegralResetLogic(in, mode, state, out->v mps);

/* 5. 000 Kp by u */
float mu scale = TC EstimateMu(state, in);

float Kp_eff = mode->Kp * mu_scale;

float Ki eff = mode->Ki; // 0000 mu scaleddo00

/* 6. PI OO */

float error = out->lambda target - out->slip avg;

float p_term = Kp_eff * error;

state->integral += error * TC DT SEC;
if (state->integral > INTEGRAL MAX) state->integral

INTEGRAL_ MAX;
if (state->integral < -INTEGRAL MAX) state->integral

-INTEGRAL_MAX;

float 1 term = Ki eff * state->integral;

out->delta T = p term + i term;

6. Main Loop + Safety + CAN?main.c
77?7

6.1 ?????TIM2 10 ms ?7?

#include "main.h"
#include "tc types.h"
#include "tc mode.h"
#include "tc fault.h"
#include "tc controller.h"

#include "tc io.h" // QOO0OOOCAN OO, 0OOO

TC ModeState t g mode;
TC FaultState t g fault;



TC Internal t g state;

TC Input t g in;
TC Output_t g out;
/* 0oo */

void TC SystemInit(void) {
TC Mode Init(&g mode);
TC Fault Init(&g fault);
TC Controller Init(&g state);

/* 10 ms 000 */
void HAL TIM PeriodElapsedCallback(TIM HandleTypeDef *htim) {
if (htim->Instance == TIM2) {

/* 1. 00 CAN / ADC - [J g in */
TC I0 ReadInputs(&g in); // 0000000

/* 2. 0000 */
TC Fault Update(&g _in, &g fault);

/* 3. 00000000 */

float v_kmh fake = 0.0f; // 000000000 g_out.v_mps [J km/h
v_kmh fake = g out.v mps * 3.6f;

TC Mode ApplyIfStopped(&g mode, v_kmh fake);

/* 4. 0000000 7C */
bool safe = TC Fault IsSafeToRun(&g fault);

if (!safe) {

/* 4-1. 000000 - 00 TCOODOOODOOOOO */

g out.tc status = TC STATUS FAULT;

g out. T cmd = 0.0f; // 00 0.3 * g in.T driver(O0O000
} else {

/* 4-2. 0000000 PIOOOOOOO Safetyd */

TC Controller Update(&g in, &g mode, &g state, &g out);

float v_kmh = g out.v _mps * 3.6f;

/* 5. 000 Safety [0 */



if (v_kmh < V_TC_OFF KMH) {
g out.T cmd = g in.T driver;
g out.tc status = TC STATUS OFF;
}
else if (fabsf(g out.slip L) > SLIP SINGLE MAX ||
fabsf(g out.slip R) > SLIP SINGLE MAX) {
g out.T cmd = 0.5f * g in.T driver;
g out.tc status = TC STATUS SAFETY;
}
else if (fabsf(g out.steer deg f) > 30.0f) {
g out.T cmd = g in.T driver * g mode.min tq ratio;

g out.tc status = TC STATUS SAFETY;

}
else {
/* 00 PI 00+ 00O */
float T raw = g in.T driver * (1.0f + g out.delta T);
float T min = g in.T driver * g mode.min tq ratio;
float T max = g in.T driver;
if (T_raw < T min) T raw = T _min;
if (T raw > T max) T raw = T _max;
g out.T cmd = T raw;
g out.tc status = TC STATUS NORMAL;
}

g out.fault flags = g fault.flags;

/* 6. [0 CAN 00T cmd, 0O, OO, fault */
TC _I0 SendOutputs(&g in, &g out, &g mode, &g fault);

. ??7?°7?7°7?7?7?7?7?tc 10.h/tc 10.c 7?7

[LIT]
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