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APM中用PID控制roll，pitch，yaw三个轴，
从apm的void loop()函数进入主要循环的static void fast_loop()，再进入run_rate_controllers()函数，该函数主要进行速度的控制，采用PID控制，函数原型如下:
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get_heli_rate_roll(roll_rate_target_bf);
get_heli_rate_pitch(pitch_rate_target_bf);
get_heli_rate_yaw(yaw_rate_target_bf);
该三个函数主要控制飞控的roll，pitch，yaw，本文主要介绍get_heli_rate_roll(roll_rate_target_bf);函数的控制，其他两个控制一样，再不重复介绍。get_heli_rate_roll(roll_rate_target_bf);先贴上PID控制原型：
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再贴上get_heli_rate_roll(roll_rate_target_bf);函数原型：
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两张截图
前面定义了:相关需要用到的变量，
int32_t p,i,d,ff;     //PID需要用到的参数保存变量
int32_t current_rate;  //用来保存当前获取的速度
int32_t rate_error;   //用来保存当前速度与目标速度的差值
int32_t output;  //最后计算的结果进行保存参数输出，传递给电机库函数
current_rate    = (omega.x * DEGX100);// omega.x对应x轴的角速度roll，
DEGX100常量值等于5729.57795f，
current_rate = rate_roll_filter.apply(current_rate);调用滤波器进行数据过滤
apply(current_rate)滤波函数原型如下：
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rate_error  = target_rate - current_rate;//目标速度减去当前速度得到误差，目标速度来自函数参数的传递，
p   = g.pid_rate_roll.get_p(rate_error);//此处进行的参数的传递，调用PID里面的p（比例）进行计算。
get_p(rate_error);函数原型如下：
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计算后进行参数返回传递
if (motors.flybar_mode == 1) { //进行飞行模式的判断
if (target_rate > -50 && target_rate < 50){  //判断目标速度的范围
i= g.pid_rate_roll.get_i(rate_error, G_Dt);  //进行积分0.02
get_i(rate_error, G_Dt);函数原型如下：
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} else {
i= g.pid_rate_roll.get_integrator();//获取积分器
}} else {
i= g.pid_rate_roll.get_leaky_i(rate_error, G_Dt, RATE_INTEGRATOR_LEAK_RATE);
get_leaky_i(rate_error, G_Dt, RATE_INTEGRATOR_LEAK_RATE);函数原型如下：
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G_Dt等于0.02，RATE_INTEGRATOR_LEAK_RATE=0.02f
d = g.pid_rate_roll.get_d(rate_error, G_Dt);//进行微分，
原型如下：
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ff = g.heli_roll_ff * target_rate;//前馈系数
output = p + i + d + ff;//进行各个计算后参数相加，同上最开始的公式，
output = constrain_int32(output, -4500, 4500);//限制输出，将控制在45°范围之内，

#if LOGGING_ENABLED == ENABLED  //判断是否启用日志记录数据
    // log output if PID logging is on and we are tuning the rate P, I or D gains    if( g.log_bitmask & MASK_LOG_PID && (g.radio_tuning == CH6_RATE_KP || g.radio_tuning == CH6_RATE_KI || g.radio_tuning == CH6_RATE_KD) ) {        pid_log_counter++;        if( pid_log_counter >= 10 ) {               // (update rate / desired output rate) = (100hz / 10hz) = 10            pid_log_counter = 0;            Log_Write_PID(CH6_RATE_KP, rate_error, p, i, d, output, tuning_value);        }    }#endif   //此处是进行数据的保存，方便分析飞行数据。
return output;//输出控制   此值计算出来返回给 电机
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1T LowPassFilter<T>::apply(T sample)
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7/ initailise _base_value if required
if (! _base_value_set ) {//#{TE(EIEM L
_base_value = sanple
base_value_set = true

1

JRATER

/f do the filtering

//_base_value = _alpha + (float)sanple + (1.0 — _alpha) * _base_val:
_base_value = _base_value + _alpha * ((float)sanple - _base_value)

4/ return the value. Should be no need to check limits
retumn (T)_base_value
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Elint32 t ACPID: :get p(imt32 t error)
i

return (float)error * _kpi|
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Blint32 t AC_PID::get_i(int32 t error, float dt)
i
LE((ki 1= 0) bk (@t 1= 0)) {
_integrator 4= ((float)error * ki) ¥ dt
if (_integrator < —_imax) {//#{THEAEEIRE

_integrator = —inax
} else if (integrator > _inax) {
_integrator = _inax

1
retumn _integrator
1

retumn 0
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©int32.t AC_PID: EeE TeaRy d(int32 & ervor, flost dr, float leal_rate)
{
Af(( ki 1= 0) &k (dt = 0)){
_integrator —= (float)_integrator * leak rate
_integrator += ((float)error * _ki) * dt
if (_integrator < —_imax) {

_integrator = —inax
} else if (integrator > _inax) {
_integrator = _inax

1

retumn _integrator
1

retumn 0
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Blint32 t AC_PID::get_d(int32 t input, float dt)

i

if ((kd 1= 0) &b (3t 1= 0)) {

tloat derivative://S#1

if (isnan(last_derivative)) {
Jf we've just dome a resst, suppress the first derivative
7/ term as we don’t want a sudden change in input to cause
// a large D output change HMRIRIK T Efi. 08— SHE
derivative = 0
_last_derivative = 0

}oelse {
/f caloulate instantaneous derivative i HIFRI {4
derivative = (input - _last_input) / dt.//FEMMEIHNE

1
SAERRARE E—REEA LSHEENR,
/f discrete low pass filter, cuts out the
// high frequency noise that can drive the controller crazy 4 AR
derivative = _last_derivative +
(gt / ( _filter + dt)) * (derivative - _last_derivative)

S EEERE

// update state B

_last_input. = input.

_last_derivative = derivative://# {75, L@

// add in derivative component MRS HE
return _kd * derivative
1

retumn 0
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Output = K1)+ K, [el0)dt + K o0
Where : e=Setpoint - Input
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wvoid
F_qun,mte,cantm]]exs() Vs
{
El#if FRAME_CONFIG == HELI_FRAME // helicopters only use rate controlle
if (!motors. ext_gyro_enabled) { //#1% 27 A SR
g.rc_l.servo_out = get_heli rate roll(roll_rate target bf): //FH1id
g.rc_d.servo_out = get_heli_rate_yaw(yaw_rate_target_bt), // % B1THiAIE
H
Gltelse //RAEEEH

// call rate controllers
g.xc_l.servo_out = get_rate roll(roll rate_target bf)
€. rc_2.servo_out = get_rate_pitch(pitch_rate_target_bf)
4. rc_d.servo_out = get_rate_yav(yaw_rate_target bf)

Hendif

B /oERER RS
// run throttle controller if accel based throttle controller is enabled a
4£( g.throttle_accel enabled & throttle accel controller active ) { //3

set_throttle_out (zet_throttle accel (throttle_accel target ef), truc)

R

1
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static intl6t
Eget_heli_rate_roll (int32 ¢ target_rate) //RM VHAXBHEE

/AT M RPIDE

int32  p.id f // used to capture pid values for logging

int32 % current_rate // this iteration’s rate

int32 % rate_error J/ sinply target_rate - current_rate
oty /1 output. tron pid controller

JIERSREE

1 get current rate

current_rate = (omega.x * DEGKIOD): //FEI%Ni#[E

// tilter input

current_rate = rate_roll_filter. apply(current_rate) : //ERF i
//AAPDIZH]

7/ call pid controller

rate_error = target_rate - current_rate://EFERMELNEEFTSROEE . AR E)

= g.pidrate_roll. get_p(rate_exror) i/ /% bl — 1 i1
if (notors. flybar_node == 1) { J// Mechanical FI
it (target_rate > -60 &k target_rate < 50) 71 Frozen st his
i = 5.pid rate_roll. got i (rate_error, GDY): /(T4 0.02
}else {
i - .pid_rate_roll. get_integrator ()
)
}else {
i = e.pid rate_roll. get_leaky i (rate_error, G_Dt, RATE_INTEGRATOR LEAK RATE):
i
d = g.pid_rate_rolL. get_d(rate_error, G_Dt)

£ = g.held_roll £f * target_rate://WMAMIRLE

output = p + 1 +d + £




