
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

#include "flight_control.h" 

#include "rc.h" 

#include <math.h> 

 

float pid_x_integ1 = 0; 

float pid_y_integ1 = 0; 

float pid_z_integ1 = 0; 

float pid_x_integ2 = 0; 

float pid_y_integ2 = 0; 

float pid_z_integ2 = 0; 

float pid_x_pre_error2 = 0; 

float pid_y_pre_error2 = 0; 

float pid_z_pre_error2 = 0; 

float pid_x_pre_deriv = 0; 

float pid_y_pre_deriv = 0; 

 

extern int16_t gTHR; 

int16_t motor_thr; 

float dt_recip; 

 

void PIDControlInit(P_PI_PIDControlTypeDef *pid) 

{ 

  pid->ts = PID_SAMPLING_TIME; 

 

  pid->x_kp1 = PITCH_PID_KP1; 

  pid->x_ki1 = PITCH_PID_KI1; 

  pid->x_i1_limit = PITCH_PID_I1_LIMIT; 

  pid->x_kp2 = PITCH_PID_KP2; 

  pid->x_ki2 = PITCH_PID_KI2; 

  pid->x_kd2 = PITCH_PID_KD2; 

  pid->x_i2_limit = PITCH_PID_I2_LIMIT; 

  pid->x_s1 = 0; 

  pid->x_s2 = 0; 

 

  pid->y_kp1 = ROLL_PID_KP1; 

  pid->y_ki1 = ROLL_PID_KI1; 

  pid->y_i1_limit = ROLL_PID_I1_LIMIT; 

  pid->y_kp2 = ROLL_PID_KP2; 

  pid->y_ki2 = ROLL_PID_KI2; 

  pid->y_kd2 = ROLL_PID_KD2; 

  pid->y_i2_limit = ROLL_PID_I2_LIMIT; 

  pid->y_s1 = 0; 

  pid->y_s2 = 0; 

 

  pid->z_kp1 = YAW_PID_KP1; 

  pid->z_ki1 = YAW_PID_KI1; 

  pid->z_i1_limit = YAW_PID_I1_LIMIT; 

  pid->z_kp2 = YAW_PID_KP2; 

  pid->z_ki2 = YAW_PID_KI2; 

  pid->z_kd2 = YAW_PID_KD2; 
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  pid->z_i2_limit = YAW_PID_I2_LIMIT; 

  pid->z_s1 = 0; 

  pid->z_s2 = 0; 

} 

 

void FlightControlPID(EulerAngleTypeDef *euler_rc, EulerAngleTypeDef *euler_ahrs, Gyro_Rad 

*gyro_rad, AHRS_State_TypeDef *ahrs, P_PI_PIDControlTypeDef *pid, MotorControlTypeDef 

*motor_pwm) 

{ 

  float error, deriv; 

 

  if(gTHR<MIN_THR) 

  { 

    pid_x_integ1 = 0; 

    pid_y_integ1 = 0; 

    pid_z_integ1 = 0; 

    pid_x_integ2 = 0; 

    pid_y_integ2 = 0; 

    pid_z_integ2 = 0; 

  } 

 

   

  //x-axis pid 

  error = euler_rc->thx - euler_ahrs->thx; 

  pid_x_integ1 += error*pid->ts; 

  if(pid_x_integ1 > pid->x_i1_limit) 

    pid_x_integ1 = pid->x_i1_limit; 

  else if(pid_x_integ1 < -pid->x_i1_limit) 

    pid_x_integ1 = -pid->x_i1_limit; 

  pid->x_s1 =  pid->x_kp1*error + pid->x_ki1*pid_x_integ1; 

 

  error = euler_rc->thx - gyro_rad->gx; 

  pid_x_integ2 += error*pid->ts; 

  if(pid_x_integ2 > pid->x_i2_limit) 

    pid_x_integ2 = pid->x_i2_limit; 

  else if(pid_x_integ2 < -pid->x_i2_limit) 

    pid_x_integ2 = -pid->x_i2_limit; 

  deriv = error - pid_x_pre_error2; 

  pid_x_pre_error2 = error; 

  pid->x_s2 = pid->x_kp2*error + pid->x_ki2*pid_x_integ2 + pid->x_kd2*deriv; 

 

  if(pid->x_s2 > MAX_ADJ_AMOUNT)  pid->x_s2 = MAX_ADJ_AMOUNT; 

  if(pid->x_s2 < -MAX_ADJ_AMOUNT)  pid->x_s2 = -MAX_ADJ_AMOUNT; 

 

 

  //y-axis pid 

  error = euler_rc->thy - euler_ahrs->thy; 

  pid_y_integ1 += error*pid->ts; 

  if(pid_y_integ1 > pid->y_i1_limit) 

    pid_y_integ1 = pid->y_i1_limit; 

この関数は使われない． 

代わりに， FlightControlPID_OuterLoop()と

FlightControlPID_innerLoop()が使われる 
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  else if(pid_y_integ1 < -pid->y_i1_limit) 

    pid_y_integ1 = -pid->y_i1_limit; 

  pid->y_s1 =  pid->y_kp1*error + pid->y_ki1*pid_y_integ1; 

 

  error = euler_rc->thy - gyro_rad->gy; 

  pid_y_integ2 += error*pid->ts; 

  if(pid_y_integ2 > pid->y_i2_limit) 

    pid_y_integ2 = pid->y_i2_limit; 

  else if(pid_y_integ2 < -pid->y_i2_limit) 

    pid_y_integ2 = -pid->y_i2_limit; 

  deriv = error - pid_y_pre_error2; 

  pid_y_pre_error2 = error; 

  pid->y_s2 = pid->y_kp2*error + pid->y_ki2*pid_y_integ2 + pid->y_kd2*deriv; 

 

  if(pid->y_s2 > MAX_ADJ_AMOUNT)  pid->y_s2 = MAX_ADJ_AMOUNT; 

  if(pid->y_s2 < -MAX_ADJ_AMOUNT)  pid->y_s2 = -MAX_ADJ_AMOUNT; 

 

 

  //z-axis pid 

  error = euler_rc->thz - gyro_rad->gz; 

  pid_z_integ2 += error*pid->ts; 

  if(pid_z_integ2 > pid->z_i2_limit) 

    pid_z_integ2 = pid->z_i2_limit; 

  else if(pid_z_integ2 < -pid->z_i2_limit) 

    pid_z_integ2 = -pid->z_i2_limit; 

  deriv = error - pid_z_pre_error2; 

  pid_z_pre_error2 = error; 

  pid->z_s2 = pid->z_kp2*error + pid->z_ki2*pid_y_integ2 + pid->z_kd2*deriv; 

 

  if(pid->z_s2 > MAX_ADJ_AMOUNT)  pid->z_s2 = MAX_ADJ_AMOUNT; 

  if(pid->z_s2 < -MAX_ADJ_AMOUNT)  pid->z_s2 = -MAX_ADJ_AMOUNT; 

 

  #ifdef MOTOR_DC 

 

    motor_thr = 0.33333f*gTHR + 633.333f;           //Devo7E >> 630 to 1700 

   

  #endif 

   

  #ifdef MOTOR_ESC 

   

    //motor_thr = 0.28f*gTHR + 750.0f;                 //TGY-i6 remocon and external ESC 

STEVAL-ESC001V1 

    //motor_thr = 0.28f*gTHR + 850.0f;                 //TGY-i6 remocon and external ESC 

Afro12A 

    motor_thr = 0.32f*gTHR + 900.0f;                //TGY-i6 remocon and external ESC 

Afro12A 

 

  #endif 

   

   



146 

147 

148 

149 

150 

151 

152 

153 

154 

 

155 

156 

157 

158 

159 

160 

161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

 

  motor_pwm->motor1_pwm = motor_thr - pid->x_s2 - pid->y_s2 + pid->z_s2 + MOTOR_OFF1; 

  motor_pwm->motor2_pwm = motor_thr + pid->x_s2 - pid->y_s2 - pid->z_s2 + MOTOR_OFF2; 

  motor_pwm->motor3_pwm = motor_thr + pid->x_s2 + pid->y_s2 + pid->z_s2 + MOTOR_OFF3; 

  motor_pwm->motor4_pwm = motor_thr - pid->x_s2 + pid->y_s2 - pid->z_s2 + MOTOR_OFF4; 

 

 

} 

 

void FlightControlPID_OuterLoop(EulerAngleTypeDef *euler_rc, EulerAngleTypeDef 

*euler_ahrs, AHRS_State_TypeDef *ahrs, P_PI_PIDControlTypeDef *pid) 

{ 

  float error; 

 

  if(gTHR<MIN_THR) 

  { 

    pid_x_integ1 = 0;  

    pid_y_integ1 = 0; 

    pid_z_integ1 = 0; 

  } 

 

  //x-axis pid 

  error = euler_rc->thx - euler_ahrs->thx; 

  pid_x_integ1 += error*pid->ts; 

  if(pid_x_integ1 > pid->x_i1_limit) 

    pid_x_integ1 = pid->x_i1_limit; 

  else if(pid_x_integ1 < -pid->x_i1_limit) 

    pid_x_integ1 = -pid->x_i1_limit; 

  pid->x_s1 =  pid->x_kp1*error + pid->x_ki1*pid_x_integ1; 

 

  //y-axis pid 

  error = euler_rc->thy - euler_ahrs->thy; 

  pid_y_integ1 += error*pid->ts; 

  if(pid_y_integ1 > pid->y_i1_limit) 

    pid_y_integ1 = pid->y_i1_limit; 

  else if(pid_y_integ1 < -pid->y_i1_limit) 

    pid_y_integ1 = -pid->y_i1_limit; 

  pid->y_s1 =  pid->y_kp1*error + pid->y_ki1*pid_y_integ1; 

 

  //z-axis pid 

  error = euler_rc->thz - euler_ahrs->thz; 

  pid_z_integ1 += error*pid->ts; 

  if(pid_z_integ1 > pid->z_i1_limit) 

    pid_z_integ1 = pid->z_i1_limit; 

  else if(pid_z_integ1 < -pid->z_i1_limit) 

    pid_z_integ1 = -pid->z_i1_limit; 

  pid->z_s1 =  pid->z_kp1*error + pid->z_ki1*pid_z_integ1; 

} 

 

void FlightControlPID_innerLoop(EulerAngleTypeDef *euler_rc, Gyro_Rad *gyro_rad, 

AHRS_State_TypeDef *ahrs, P_PI_PIDControlTypeDef *pid, MotorControlTypeDef *motor_pwm) 

アウタ・ループ姿勢角度制御 

追従偏差の積分値が過大にならないよ

うリミッタをかけて飽和させる 

166～172行目はピッチ姿勢角の制御 

PI 制御により角速度目標値を求

める 

追従偏差の積分を求める 

追従偏差を求める 

比例(P)制御 積分(I)制御 

ロール姿勢角の制御 

ヨー角の制御 

スロットルを下げているとき（着陸中など）は

追従偏差の積分値をリセットする 

インナ・ループ角速度制御 
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{ 

  float error, deriv; 

 

  if(gTHR<MIN_THR) 

  { 

    pid_x_integ2 = 0; 

    pid_y_integ2 = 0; 

    pid_z_integ2 = 0; 

  } 

   

  dt_recip = 1/pid->ts;  

 

  //X Axis 

  error = pid->x_s1 - gyro_rad->gx; 

  pid_x_integ2 += error*pid->ts; 

  if(pid_x_integ2 > pid->x_i2_limit) 

    pid_x_integ2 = pid->x_i2_limit; 

  else if(pid_x_integ2 < -pid->x_i2_limit) 

    pid_x_integ2 = -pid->x_i2_limit; 

  deriv = (error - pid_x_pre_error2)*dt_recip; 

  pid_x_pre_error2 = error; 

  deriv = pid_x_pre_deriv + (deriv - pid_x_pre_deriv)*D_FILTER_COFF; 

  pid_x_pre_deriv = deriv; 

  pid->x_s2 = pid->x_kp2*error + pid->x_ki2*pid_x_integ2 + pid->x_kd2*deriv; 

   

  if(pid->x_s2 > MAX_ADJ_AMOUNT)  pid->x_s2 = MAX_ADJ_AMOUNT; 

  if(pid->x_s2 < -MAX_ADJ_AMOUNT)  pid->x_s2 = -MAX_ADJ_AMOUNT; 

 

  //Y Axis 

  error = pid->y_s1 - gyro_rad->gy; 

  pid_y_integ2 += error*pid->ts; 

  if(pid_y_integ2 > pid->y_i2_limit) 

    pid_y_integ2 = pid->y_i2_limit; 

  else if(pid_y_integ2 < -pid->y_i2_limit) 

    pid_y_integ2 = -pid->y_i2_limit; 

  deriv = (error - pid_y_pre_error2)*dt_recip; 

  pid_y_pre_error2 = error; 

  deriv = pid_y_pre_deriv + (deriv - pid_y_pre_deriv)*D_FILTER_COFF; 

  pid_y_pre_deriv = deriv; 

  pid->y_s2 = pid->y_kp2*error + pid->y_ki2*pid_y_integ2 + pid->y_kd2*deriv; 

 

  if(pid->y_s2 > MAX_ADJ_AMOUNT)  pid->y_s2 = MAX_ADJ_AMOUNT; 

  if(pid->y_s2 < -MAX_ADJ_AMOUNT)  pid->y_s2 = -MAX_ADJ_AMOUNT; 

 

  //Z Axis 

  error = pid->z_s1 - gyro_rad->gz;  

  pid_z_integ2 += error*pid->ts; 

  if(pid_z_integ2 > pid->z_i2_limit) 

    pid_z_integ2 = pid->z_i2_limit; 

  else if(pid_z_integ2 < -pid->z_i2_limit) 

スロットルを下げているとき（着陸中など）は

追従偏差の積分値をリセットする 

追従偏差の積分値が過大にならないよ

うリミッタをかけて飽和させる 

206～220行目は X軸（ピッチ）角速度の制御 

PID制御の計算を行う 

追従偏差の積分を求める 

追従偏差を求める 

追従偏差の微分値をノイ

ズ・フィルタに通す 

追従偏差の微分を求める 

制御出力が過大にならないよう

リミッタをかけて飽和させる 

Y軸（ロール）

角速度の制御 

Z軸（ヨー）角

速度の制御 

（～250行目） 

比例(P)制御 積分(I)制御 微分(D)制御 
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    pid_z_integ2 = -pid->z_i2_limit; 

  deriv = (error - pid_z_pre_error2)*dt_recip; 

  pid_z_pre_error2 = error; 

  pid->z_s2 = pid->z_kp2*error + pid->z_ki2*pid_z_integ2 + pid->z_kd2*deriv; 

 

  if(pid->z_s2 > MAX_ADJ_AMOUNT_YAW)  pid->z_s2 = MAX_ADJ_AMOUNT_YAW; 

  if(pid->z_s2 < -MAX_ADJ_AMOUNT_YAW)  pid->z_s2 = -MAX_ADJ_AMOUNT_YAW; 

 

   

#ifdef MOTOR_DC 

 

  motor_thr = 0.33333f*gTHR + 633.333f;           //Remocon Devo7E >> 630 to 1700 

   

#endif 

   

#ifdef MOTOR_ESC 

   

  //motor_thr = 0.28f*gTHR + 750.0f;                 //TGY-i6 remocon and external ESC 

STEVAL-ESC001V1 

  //motor_thr = 0.28f*gTHR + 850.0f;                 //TGY-i6 remocon and external ESC 

Afro12A 

  motor_thr = 0.32f*gTHR + 900.0f;                 //TGY-i6 remocon and external ESC 

Afro12A 

 

 

#endif 

 

  motor_pwm->motor1_pwm = motor_thr - pid->x_s2 - pid->y_s2 + pid->z_s2 + MOTOR_OFF1; 

  motor_pwm->motor2_pwm = motor_thr + pid->x_s2 - pid->y_s2 - pid->z_s2 + MOTOR_OFF2; 

  motor_pwm->motor3_pwm = motor_thr + pid->x_s2 + pid->y_s2 + pid->z_s2 + MOTOR_OFF3; 

  motor_pwm->motor4_pwm = motor_thr - pid->x_s2 + pid->y_s2 - pid->z_s2 + MOTOR_OFF4; 

 

} 

 

void PIDOuterLoopFrameTrans(P_PI_PIDControlTypeDef *pid, EulerAngleTypeDef *euler_ahrs) 

{ 

  float cosx; 

   

  cosx = cos(euler_ahrs->thx); 

  pid->y_s1 = cosx*pid->y_s1; 

 

} 

 

推力指令値を求める 

推力指令値および角速度制御器の出力をコマ

ンド分配則に通して，4 つのモータの PWM値へ

変換する 


