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BEEES. px4_task_spawn_cmd()BFBohHIIFIAR (R) ESETHHES  (NuttX)
£%#2 (POSIX - Linux/macOS)

independent_task = px4_task_spawn_cmd( "commander", // Process name SCHED_DEFAULT, // Scheduling type (RR or
FIFO) SCHED_PRIORITY_DEFAULT + 40, // Scheduling priority 3600, // Stack size of the new task or thread
commander_thread_main, // Task (or thread) main function (char * const *)&argv[0] // Void pointer to pass to the new
task // (here the commandline arguments). );
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RflySimT & 2 IF—REBBEPXARMIFE, HIIFABEMPixhawkE D RTIHTES, FHERENTET, °BEXEFERRN TR ED
LHMPXAEHIRES, RflySImEREEERIPX4
Firmware/RURBEIBEIRENTEREZ L, REIRRP, TASBRAIFEENEGFRE, H# TS,

o sgwa _Step‘l: run the script
T f...;. PR iETRIA

RflySimTFERERIGE, AIEWindows FEIAERH#IT HEEMHREE, —MRREMNARZEWindowsTRPX4EHRIFMENTARE,
EPX4AEMIRM=MTA%%552: Windows

Cygwin TAgE. Virtual Machine TEFELIXzBash on

Windows T A5, RflySimF&FrRABIARABash on

WindowsTA#NA R, HFAREN, RIAWINWSLFRS, TERFAHITEITRE, RETHZE, AREERN " \KE
\RflyTools\WinWSL.Ink" S &HEIEIFTAWINWSLF RS, MAMNA ©izdmiEan SENaI5em HEEHmIF. 10:

HETRGNRERAEFSEHLTEERT, FHA:
cd /mnt/c/PX4PSP/Firmware

make droneyee_zyfc-h7_default



root@RFLYSIM: /mnt/c/PX4Ps X + o~

Detecting CXX compile features - done
Check for working C compiler: /root/gcc-arm-none-eabi-7-2017-qu-major/bin/arm-none-eabi-gcc
Check for working C compiler: /root/gcc-arm-none-eabi-7-2017-qud-major/bin/arm-none-eabi-gcec -- works
Detecting C compiler ABI info
Detecting € compiler ABI info - done
Detecting C compile features
Detecting C compile features - done
Found PythonInterp: /usr/bin/python3 (found suitable version "3.6.9", minimum required is "3")
build type is MinSizeRel
PX4 ECL: Very lightweight Estimation & Control Library v1.9.8-rcl-591-gb3fedes
Configuring done
Generating done
—— Build files have been written to: /mnt/c/PXUPSP/Firmware/build/pxi_fmu-v5_default/external/Build/pxio_firmware
[3308/1374] Performing build step for 'pxtio_firmware'
[1/247] git submodule platforms/nuttx/NuttX/nuttx 3
[9/2u7] git submodule platforms/nuttx/NuttX/apps
[2u5/2u7] Linking CXX executable pxd_io-v2_default.elf
Memory region Used Size Region Size %age Used
flash: 68436 B 68 KB 98.37%
sTam: 3856 B 8 KB 07.07%
[2u7/2u7] Creating /mnt/c/PXuPSP/Firmware/build/px4_fmu-v5...efault/external/Build/pxtio_firmware/pxu_io-v2_default.pxu
[1372/1374] Linking CXX executable pxu_fmu-v5_default.elf
Memory region Used Size Region Size %age Used
FLASH_ITCHM: 6 GB 2016 KB B.00%
FLASH_AXIM: 1913417 B 2016 KB 92
ITCM_RAM: 8 GB 16
DTCM_RAM: 8 GB 128
SRAM1: us7us B 368
SRAM2: 8 GB 16
[137u4/1374] Creating /mnt/c/PXUPSP/Firmware/build/pxd_fmu-v5_default/pxd_fmu-v5_default.pxd
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*/PX4PSP/Firmware  build FERRI

RFISXMHR,
systememds R ¥IEKinLIFNG IR, dto)
reboot® <%,

templates FRINEERSRM IR, FIURATS

—&£TH, WITHIA.
HFEFRSE,

Tools
srcxXfEEAmodules: B & EENBREREH, S MERESA—MERMINETT, PXM4N EEEFHE2ETERNERIET M
FROSEEMTR), §—MEHITHMEZIRUORBER. BREBLESHE. ZEEH. MEEH. HRE (commander) %, fli:
attitude_estimator_ekf: REEKFEALIMPZEMEIT
attitude_estimator_q: A mahonyM E#MERE AL B SHE,

mc_att_control: BPmulti-copter attitude
control, ZH¥ITERMNZSERIE AL, FEMBZSHAIMNAPIDIESI, INFRERH], NFBREZEH,

mc_pos_control: multi-copter position
control, ZH¥TRNMABEHIE LRI, FTERMUBEMNAINFPIDIES], INFRERH], RIFMRERH,

commander: BN EAGNESEE, SiEmSR0E. SHAE,. HWTRKNSE,

land_detector:
KTERERER landiR TR R E R M AERIENE S, RIS ENZiHRENINRES.

local_position_estimator: it FILPEE AL B A,

mavlink:
MtEILBEREEDIN, SEatmEMQGCEIEALEE, WEMNUARmavlinkAZRIAPIEZO, EIAEETEE SR ERERTE
HEILQGC L, It/ 7ER—FhSCaT b B ARSI /574,

logger: X FlogAERIRE Ko

| PX4Z he B IRbD A

ZHERAEXFRMETE “*:\PX4PSP\Firmware\src\modules” BRT, HI “‘mc” Fkind,
“mc_att_control” Xk, FHRHEESIFZRIEXRILE,
“mc_hover_thrust_estimator” Xk, FHREIZEEHEIGIT2EXHIRED.
“mc_pos_control” X#¥rh, EFEHRHEUEWTTHIERNAIE,

“mc_rate_control” Xk, FHAIBEERTHIERAIAID,



modules *® a
= [ D > IWeEE& > Windows(C) > PX4PSP > Firmware > src > modules > 7 modules thigsR Q
® sz - === (B #8EE
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local_position_estimator f
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logger
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mavlink
me_att_control 2024/8/4 1:11
- ) » me_hover_thrust_estimator 2024/8/4 1:11
A~ + me_pos_control 2024/8/4 1:11 !
= = me_rate_control 2024/8/4 1:11 =
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N ER
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o 5% .
navigator 2024/8/4 1:11 it=
a pxd_simulink_app 2024/8/4 1:14 ITig=
= ~t=R pxdiofirmware pra!
QGroundContr rc_update it
3DDisplay replay
CopterSim rover_pos_control 2024/8/4 1:11
& sensors 2024/8/4 1:11
43 M =0
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[mc_att_control_params.c]

PX4 {3 param

FESK MENFER) IXAXHG (BTEhHZE) REEELRE. SEEXEER NS SHTBEEEHPES M SHNERINME,
DU B F R EEH A X R 2R (N4RE) SEHIEMTidE, C/C+

X85, 1RAEM PX4 HRIRFIREHZ R HRIRENA] /31T IR S EUERI IS AR

SHETFREET 16 1 ASCI
Fi. RRIGG, APNSISEHUHEER (BEXH) FAHFEK, FERTIL, HERTESZRENEERRZFEXNSH.
LI EFEFINIT. BB SETEIET AL, FRERMSHSETHE (EEHFIRINME XK,

PX4

ERAMZHNSHTIBRRARERDERAFANSHEN, HABRGTRNENSEISERIAME. SEHTTEIBRTLUER
.C B .yam| B¥E XFEEENPRERGCE (YAML

EXEMEERE) . BE, ES5XBRIVER—EEFE.

BXHR, el “C XHFENSEEESIERSES N RXHPHRBRHBEUTHRARS, BAR—LERER, HPEXT L&
RMEMRAES. IR TEREBEANES . SHOLE. SHNBT

(BRSSP EARYEFRLED)

UKREHHRERIAME, TEE—THABNERRENXT —MFLOATEAN S, HAMAMC_ROLL_P, ERIAEN6.5

[** * Roll P gain * * Roll proportional gain, i.e. desired angular speed in rad/s for error 1 rad. * * @min 0.0 * @max 12 *
@decimal 2 * @increment 0.1 * @group Multicopter Attitude Control */ PARAM_DEFINE_FLOAT(MC_ROLL_P, 6.5f);
PARAM_DEFINE_FLOAT(MC_PITCH_P, 6.5f); PARAM_DEFINE_FLOAT(MC_YAW_P, 2.8f);
PARAM_DEFINE_FLOAT(MC_YAW_WEIGHT, 0.4f); PARAM_DEFINE_FLOAT(MC_ROLLRATE_MAX, 220.0f);
PARAM_DEFINE_FLOAT(MC_PITCHRATE_MAX, 220.0f); PARAM_DEFINE_FLOAT(MC_YAWRATE_MAX, 200.0f);
PARAM_DEFINE_FLOAT(MC_MAN_TILT_TAU, 0.0f);

[mc_att_control.hpp]

ZXHRCHAXMY, TEFEAT ZRE VTRESIEFIN AR B5/F LR EDEE K MulticopterAttitudeControl3s, ZIEU4KA T
ModuleBase<MulticopterAttitudeControl>. ModuleParamsFlpx4::Workltem£,

extern "C" __EXPORT int mc_att_control_main(int argc, char *argv[]); class MulticopterAttitudeControl : public
ModuleBase<MulticopterAttitudeControl>, public ModuleParams, public px4::Workltem {...... b



[mc_att_control_main.cpp]
ZX R LZIERESERIBRNEGLIL, UTEEFRIIMAIEE,

MulticopterAttitudeControl::MulticopterAttitudeControl(bool vtol)
MulticopterAttitudeControl::~MulticopterAttitudeControl() bool MulticopterAttitudeControl::init() void
MulticopterAttitudeControl::parameters_updated() float MulticopterAttitudeControl::throttle_curve(float
throttle_stick_input) void MulticopterAttitudeControl::generate_attitude_setpoint(const Quatf &q, float dt, bool
reset_yaw_sp) void MulticopterAttitudeControl::Run() int MulticopterAttitudeControl::task_spawn(int argc, char *argv[])
int MulticopterAttitudeControl::custom_command(int argc, char *argv[]) int
MulticopterAttitudeControl::print_usage(const char *reason) int mc_att_control_main(int argc, char *argv[])

[AttitudeControl/AttitudeControl.hpp]

ZXHBZCHAX M, BT ETETHNESIEREEE, MERx,
class AttitudeControl{ ...... b

[AttitudeControl/AttitudeControl.cpp]
Z X B E T I B IT I 2 B (R SC T,

void AttitudeControl::setProportionalGain(const matrix::Vector3f &proportional_gain, const float yaw_weight)
matrix::Vector3f AttitudeControl::update(const Quatf &q) const

[AttitudeControl/ AttitudeControlTest.cpp]

BZXHR— NIRRT, ARERESIERSR T Wit

TEST(AttitudeControlTest, AllZeroCase) { AttitudeControl attitude_control; Vector3f rate_setpoint =
attitude_control.update(Quatf()); EXPECT_EQ(rate_setpoint, Vector3f()); } class AttitudeControlConvergenceTest : public
::testing::Test { public: AttitudeControlConvergenceTest() { _attitude_control.setProportionalGain(Vector3f(.5f, .6f, .3f),
.4f); _attitude_control.setRateLimit(Vector3f(100.f, 100.f, 100.f)); } void checkConvergence() { int i; // need function scope
to check how many steps Vector3f rate_setpoint(1000.f, 1000.f, 1000.f);
_attitude_control.setAttitudeSetpoint(_quat_goal, 0.f); for (i = 100; i > 0; i--) { const Vector3f rate_setpoint_new =
_attitude_control.update(_quat_state); _quat_state = _quat_state * Quatf(AxisAnglef(rate_setpoint_new)); _quat_state =
-_quat_state; if (rate_setpoint_new.norm() >= rate_setpoint.norm()) { break; } rate_setpoint = rate_setpoint_new; }
EXPECT_EQ(_quat_state.canonical(), _quat_goal.canonical()); EXPECT_GT(i, 0); } AttitudeControl _attitude_control; Quatf
_quat_state; Quatf _quat_goal; }; TEST_F(AttitudeControlConvergenceTest, AttitudeControlConvergence) { const int
inputs = 8; const Quatf QArray[inputs] = { Quatf(), Quatf(0, 1, 0, 0), Quatf(0, 0, 1, 0), Quatf(0, 0, 0, 1), Quatf(0.698f, 0.024f,
-0.681f, -0.220f), Quatf(-0.820f, -0.313f, 0.225f, -0.423f), Quatf(0.599f, -0.172f, 0.755f, -0.204f), Quatf(0.216f, -0.662f,
0.290f, -0.656f) }; for (inti = 0; i < inputs; i++) { for (int j = 0; j < inputs; j++) { printf("--- Input combination: %d %d\n'", i, j);
_quat_state = QArray[i]; _quat_goal = QArray[j]; _quat_state.normalize(); _quat_goal.normalize(); checkConvergence(); }
} } TEST(AttitudeControlTest, YawWeightScaling) { AttitudeControl attitude_control; const float yaw_gain = 2.8f; const
float yaw_sp =.1f; Quatf pure_yaw_attitude(cosf(yaw_sp / 2.f), 0, 0, sinf(yaw_sp / 2.f));
attitude_control.setProportionalGain(Vector3f(6.5f, 6.5f, yaw_gain), .4f); attitude_control.setRateLimit(Vector3f(1000.f,
1000.f, 1000.f)); attitude_control.setAttitudeSetpoint(pure_yaw_attitude, 0.f); Vector3f rate_setpoint =
attitude_control.update(Quatf()); EXPECT_EQ(Vector2f(rate_setpoint), Vector2f()); EXPECT_NEAR(rate_setpoint(2),
yaw_sp * yaw_gain, le-4f); attitude_control.setProportionalGain(Vector3f(6.5f, 6.5f, yaw_gain), 0.f); rate_setpoint =
attitude_control.update(Quatf()); EXPECT_EQ(rate_setpoint, Vector3f()); }

2FHNE TR

[hover_thrust_estimator_params.c]

REEEAGEITSEERNSH.

PARAM_DEFINE_FLOAT(HTE_HT_NOISE, 0.0036); PARAM_DEFINE_FLOAT(HTE_ACC_GATE, 3.0);
PARAM_DEFINE_FLOAT(HTE_HT_ERR_INIT, 0.1);

[MulticopterHoverThrustEstimator.hpp]



RIFHES G 2R

class MulticopterHoverThrustEstimator : public ModuleBase<MulticopterHoverThrustEstimator>, public ModuleParams,
public px4::Workltem {....... b

[MulticopterHoverThrustEstimator.cpp]

RIS EOETI,

MulticopterHoverThrustEstimator::MulticopterHoverThrustEstimator() :
MulticopterHoverThrustEstimator::~MulticopterHoverThrustEstimator() bool MulticopterHoverThrustEstimator::init()
void MulticopterHoverThrustEstimator::reset() void MulticopterHoverThrustEstimator::updateParams() void
MulticopterHoverThrustEstimator::Run() void MulticopterHoverThrustEstimator::publishStatus(const hrt_abstime
&timestamp_sample) void MulticopterHoverThrustEstimator::publishinvalidStatus() int
MulticopterHoverThrustEstimator::task_spawn(int argc, char *argv[]) int
MulticopterHoverThrustEstimator::custom_command(int argc, char *argv(]) int
MulticopterHoverThrustEstimator::print_status() int MulticopterHoverThrustEstimator::print_usage(const char *reason)
extern "C" __EXPORT int mc_hover_thrust_estimator_main(int argc, char *argv[])

[zero_order_hover_thrust_ekf.hpp]

BRTEEEHGITRNEOL,
class ZeroOrderHoverThrustEkf{ ...... b

[zero_order_hover_thrust_ekf.cpp]
PREEFEENEITSEO RN,

void ZeroOrderHoverThrustEkf::predict(const float dt) void ZeroOrderHoverThrustEkf::fuseAccZ(const float acc_z, const
float thrust) inline float ZeroOrderHoverThrustEkf::computeH(const float thrust) const inline float
ZeroOrderHoverThrustEkf::computelnnovVar(const float H) const float ZeroOrderHoverThrustEkf::computelnnov(const
float acc_z, const float thrust) const float ZeroOrderHoverThrustEkf::computePredictedAccZ(const float thrust) const
inline float ZeroOrderHoverThrustEkf::computeKalmanGain(const float H, const float innov_var) const inline float
ZeroOrderHoverThrustEkf::computelnnovTestRatio(const float innov, const float innov_var) const inline bool
ZeroOrderHoverThrustEkf::isTestRatioPassing(const float innov_test_ratio) const inline void
ZeroOrderHoverThrustEkf::updateState(const float K, const float innov) inline void
ZeroOrderHoverThrustEkf::updateStateCovariance(const float K, const float H) inline bool
ZeroOrderHoverThrustEkf::isLargeOffsetDetected() const inline void ZeroOrderHoverThrustEkf::bumpStateVariance()
inline void ZeroOrderHoverThrustEkf::updateLpf(const float residual, const float signed_innov_test_ratio) inline void
ZeroOrderHoverThrustEkf::updateMeasurementNoise(const float residual, const float H)

[zero_order_hover_thrust_ekf_test.cpp]
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class ZeroOrderHoverThrustEkfTest : public ::testing::Test { public: struct Status { float hover_thrust; float
hover_thrust_var; float innov; float innov_var; float innov_test_ratio; float accel_noise_var; };
ZeroOrderHoverThrustEkfTest() { _random_generator.seed(42); } float computeAccelFromThrustAndHoverThrust(float
thrust, float hover_thrust); Status runEkf(float hover_thrust_true, float thrust, float time, float accel_noise = 0.f, float
thr_noise = 0.f); private: ZeroOrderHoverThrustEkf _ekf{}; static constexpr float _dt = 0.02f;
std::normal_distribution<float> _standard_normal_distribution; std::default_random_engine _random_generator; //
Pseudo-random generator with constant seed protected: static constexpr float _accel_noise_var_min = 1.f; // Constrained
in the implementation }; float ZeroOrderHoverThrustEkfTest::computeAccelFromThrustAndHoverThrust(float thrust,
float hover_thrust) { return CONSTANTS_ONE_G * thrust / hover_thrust - CONSTANTS_ONE_G; }
ZeroOrderHoverThrustEkfTest::Status ZeroOrderHoverThrustEkfTest::runEkf(float hover_thrust_true, float thrust, float
time, float accel_noise, float thr_noise) { Status status{}; for (float t = 0.f; t <= time; t += _dt) { _ekf.predict(_dt); float
noisy_thrust = thrust + thr_noise * _standard_normal_distribution(_random_generator); float accel_theory =
computeAccelFromThrustAndHoverThrust(thrust, hover_thrust_true); float noisy_accel = accel_theory + accel_noise *
_standard_normal_distribution(_random_generator); _ekf.fuseAccZ(noisy_accel, noisy_thrust); } status.hover_thrust =
_ekf.getHoverThrustEstimate(); status.hover_thrust_var = _ekf.getHoverThrustEstimateVar(); status.innov =
_ekf.getInnovation(); status.innov_var = _ekf.getInnovationVar(); status.innov_test_ratio = _ekf.getInnovationTestRatio();
status.accel_noise_var = _ekf.getAccelNoiseVar(); return status; } TEST_F(ZeroOrderHoverThrustEkfTest, testStaticCase) {
const float thrust = 0.5f; const float hover_thrust_true = 0.5f; ZeroOrderHoverThrustEkfTest::Status status =
runEkf(hover_thrust_true, thrust, 2.f); EXPECT_NEAR(status.hover_thrust, hover_thrust_true, 1e-4f);
EXPECT_NEAR(status.hover_thrust_var, 0.f, 1e-3f); EXPECT_NEAR(status.accel_noise_var, _accel_noise_var_min, 1.f); }
TEST_F(ZeroOrderHoverThrustEkfTest, testStaticConvergence) { const float thrust = 0.72f; const float hover_thrust_true =
0.72f; ZeroOrderHoverThrustEkfTest::Status status = runEkf(hover_thrust_true, thrust, 2.f);
EXPECT_NEAR(status.hover_thrust, hover_thrust_true, 1e-2f); EXPECT_NEAR(status.hover_thrust_var, 0.f, 1e-3f);
EXPECT_NEAR(status.accel_noise_var, _accel_noise_var_min, 1.f); // The noise learning is slow and takes more time to go
to zero } TEST_F(ZeroOrderHoverThrustEkfTest, testStaticConvergenceWithNoise) { const float sigma_noise = 3.f; const
float noise_var = sigma_noise * sigma_noise; const float thrust = 0.72f; const float hover_thrust_true = 0.72f; const float
t_sim = 10.f; ZeroOrderHoverThrustEkfTest::Status status = runEkf(hover_thrust_true, thrust, t_sim, sigma_noise);
EXPECT_NEAR(status.hover_thrust, hover_thrust_true, 5e-2f); EXPECT_NEAR(status.hover_thrust_var, 0.f, 1e-3f);
EXPECT_NEAR(status.accel_noise_var, noise_var, 0.2f * noise_var); } TEST_F(ZeroOrderHoverThrustEkfTest,
testLargeAccelNoiseAndBias) { const float sigma_noise = 7.f; const float noise_var = sigma_noise * sigma_noise; const
float thrust = 0.4f; // Below hover thrust const float hover_thrust_true = 0.72f; const float t_sim = 15.f;
ZeroOrderHoverThrustEkfTest::Status status = runEkf(hover_thrust_true, thrust, t_sim, sigma_noise);
EXPECT_NEAR(status.hover_thrust, hover_thrust_true, 7e-2); EXPECT_NEAR(status.hover_thrust_var, 0.f, 1e-3f);
EXPECT_NEAR(status.accel_noise_var, noise_var, 0.2f * noise_var); } TEST_F(ZeroOrderHoverThrustEkfTest,
testThrustAndAccelNoise) { const float accel_noise = 2.f; const float accel_var = accel_noise * accel_noise; const float
thr_noise = 0.01f; const float thrust = 0.72f; // Above hover thrust const float hover_thrust_true = 0.6f; const float t_sim =
15.f; ZeroOrderHoverThrustEkfTest::Status status = runEkf(hover_thrust_true, thrust, t_sim, accel_noise, thr_noise);
EXPECT_NEAR(status.hover_thrust, hover_thrust_true, 5e-2f); EXPECT_NEAR(status.hover_thrust_var, 0.f, 1e-3f);
EXPECT_NEAR(status.accel_noise_var, accel_var, 0.4f * accel_var); } TEST_F(ZeroOrderHoverThrustEkfTest,
testHoverThrustJump) { const float accel_noise = 2.f; const float accel_var = accel_noise * accel_noise; const float
thr_noise = 0.01f; float thrust = 0.8; // At hover float hover_thrust_true = 0.8f; float t_sim = 10.f;
ZeroOrderHoverThrustEkfTest::Status status = runEkf(hover_thrust_true, thrust, t_sim, accel_noise, thr_noise); thrust =
0.3; hover_thrust_true = 0.3f; t_sim = 10.f; status = runEkf(hover_thrust_true, thrust, t_sim, accel_noise, thr_noise);
EXPECT_NEAR(status.hover_thrust, hover_thrust_true, 5e-2f); EXPECT_NEAR(status.hover_thrust_var, 0.f, 1e-3f);
EXPECT_NEAR(status.accel_noise_var, accel_var, 2.f * accel_var); }

(i BIFfEHIERS
[mc_pos_control_params.c]
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PARAM_DEFINE_FLOAT(MPC_THR_MIN, 0.12f); PARAM_DEFINE_FLOAT(MPC_THR_HOVER, 0.5f);
PARAM_DEFINE_INT32(MPC_USE_HTE, 1); PARAM_DEFINE_INT32(MPC_THR_CURVE, 0);
PARAM_DEFINE_FLOAT(MPC_THR_MAX, 1.0f); PARAM_DEFINE_FLOAT(MPC_MANTHR_MIN, 0.08f);
PARAM_DEFINE_FLOAT(MPC_Z_P, 1.0f); PARAM_DEFINE_FLOAT(MPC_Z_VEL_P_ACC, 4.0f);
PARAM_DEFINE_FLOAT(MPC_Z_VEL_I_ACC, 2.0f); PARAM_DEFINE_FLOAT(MPC_Z_VEL_D_ACC, 0.0f);
PARAM_DEFINE_FLOAT(MPC_Z_VEL_MAX_UP, 3.0f); PARAM_DEFINE_FLOAT(MPC_Z_VEL_MAX_DN, 1.0f);
PARAM_DEFINE_FLOAT(MPC_XY_P, 0.95f); PARAM_DEFINE_FLOAT(MPC_XY_VEL_P_ACC, 1.8f);
PARAM_DEFINE_FLOAT(MPC_XY_VEL_I_ACC, 0.4f); PARAM_DEFINE_FLOAT(MPC_XY_VEL_D_ACC, 0.2f);
PARAM_DEFINE_FLOAT(MPC_XY_CRUISE, 5.0f); PARAM_DEFINE_FLOAT(MPC_XY_TRAJ_P, 0.5f);
PARAM_DEFINE_FLOAT(MPC_XY_ERR_MAX, 2.0f); PARAM_DEFINE_FLOAT(MPC_VEL_MANUAL, 10.0f);
PARAM_DEFINE_FLOAT(MPC_XY_VEL_MAX, 12.0f); PARAM_DEFINE_FLOAT(MPC_TILTMAX_AIR, 45.0f);
PARAM_DEFINE_FLOAT(MPC_TILTMAX_LND, 12.0f); PARAM_DEFINE_FLOAT(MPC_LAND_SPEED, 0.7f);
PARAM_DEFINE_INT32(MPC_LAND_RC_HELP, 0); PARAM_DEFINE_FLOAT(MPC_TKO_SPEED, 1.5f);
PARAM_DEFINE_FLOAT(MPC_MAN_TILT_MAX, 35.0f); PARAM_DEFINE_FLOAT(MPC_MAN_Y_MAX, 150.0f);
PARAM_DEFINE_FLOAT(MPC_MAN_Y_TAU, 0.08f); PARAM_DEFINE_FLOAT(MPC_HOLD_DZ, 0.1f);
PARAM_DEFINE_FLOAT(MPC_HOLD_MAX_XY, 0.8f); PARAM_DEFINE_FLOAT(MPC_HOLD_MAX_Z, 0.6f);
PARAM_DEFINE_FLOAT(MPC_VELD_LP, 5.0f); PARAM_DEFINE_FLOAT(MPC_ACC_HOR_MAX, 5.0f);
PARAM_DEFINE_FLOAT(MPC_ACC_HOR, 3.0f); PARAM_DEFINE_FLOAT(MPC_ACC_UP_MAX, 4.0f);
PARAM_DEFINE_FLOAT(MPC_ACC_DOWN_MAX, 3.0f); PARAM_DEFINE_FLOAT(MPC_JERK_MAX, 8.0f);
PARAM_DEFINE_FLOAT(MPC_JERK_AUTO, 4.0f); PARAM_DEFINE_INT32(MPC_ALT_MODE, 0);
PARAM_DEFINE_FLOAT(MPC_XY_MAN_EXPO, 0.6f); PARAM_DEFINE_FLOAT(MPC_Z_MAN_EXPO, 0.6f);
PARAM_DEFINE_FLOAT(MPC_YAW_EXPO, 0.6f); PARAM_DEFINE_FLOAT(MPC_YAWRAUTO_MAX, 45.0f);
PARAM_DEFINE_FLOAT(MPC_LAND_ALT1, 10.0f); PARAM_DEFINE_FLOAT(MPC_LAND_ALT2, 5.0f);
PARAM_DEFINE_FLOAT(MPC_TKO_RAMP_T, 3.0f); PARAM_DEFINE_INT32(MPC_POS_MODE, 4);
PARAM_DEFINE_FLOAT(MPC_SPOOLUP_TIME, 1.0f); PARAM_DEFINE_INT32(MPC_YAW_MODE, 0);
PARAM_DEFINE_FLOAT(SYS_VEHICLE_RESP, -0.4f); PARAM_DEFINE_FLOAT(MPC_XY_VEL_ALL, -10.0f);
PARAM_DEFINE_FLOAT(MPC_Z_VEL_ALL, -3.0f);

[MulticopterPositionControl.hpp]
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class MulticopterPositionControl : public ModuleBase<MulticopterPositionControl>, public control::SuperBlock, public
ModuleParams, public px4::ScheduledWorkitem{...... I

[MulticopterPositionControl.cpp]
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MulticopterPositionControl::MulticopterPositionControl(bool vtol) :
MulticopterPositionControl::~MulticopterPositionControl() bool MulticopterPositionControl::init() int
MulticopterPositionControl::parameters_update(bool force) PositionControlStates
MulticopterPositionControl::set_vehicle_states(const vehicle_local_position_s &local_pos) void
MulticopterPositionControl::Run() void MulticopterPositionControl::failsafe(const hrt_abstime &now,
vehicle_local_position_setpoint_s &setpoint, const PositionControlStates &states, bool warn) void
MulticopterPositionControl::reset_setpoint_to_nan(vehicle_local_position_setpoint_s &setpoint) int
MulticopterPositionControl::task_spawn(int argc, char *argv[]) int MulticopterPositionControl::custom_command(int
argc, char *argv[]) int MulticopterPositionControl::print_usage(const char *reason) extern "C" __EXPORT int
mc_pos_control_main(int argc, char *argv[])

[Takeoff/Takeoff.hpp]
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enum class TakeoffState { disarmed = takeoff_status_s:: TAKEOFF_STATE_DISARMED, spoolup =
takeoff_status_s::TAKEOFF_STATE_SPOOLUP, ready_for_takeoff =
takeoff_status_s::TAKEOFF_STATE_READY_FOR_TAKEOFF, rampup = takeoff_status_s::TAKEOFF_STATE_RAMPUP, flight =
takeoff_status_s::TAKEOFF_STATE_FLIGHT }; class Takeoff{...... b

[Takeoff/Takeoff.cpp]
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void Takeoff::generatelnitialRampValue(float velocity_p_gain) void Takeoff::updateTakeoffState(const bool armed, const
bool landed, const bool want_takeoff, const float takeoff_desired_vz, const bool skip_takeoff, const hrt_abstime
&now_us) float Takeoff::updateRamp(const float dt, const float takeoff_desired_vz)

[Takeoff/TakeoffTest.cpp]

[N ER RN

TEST(TakeoffTest, Initialization) { Takeoff takeoff; EXPECT_EQ(takeoff.getTakeoffState(), TakeoffState::disarmed); }
TEST(TakeoffTest, RegularTakeoffRamp) { Takeoff takeoff; takeoff.setSpoolupTime(1.f);
takeoff.setTakeoffRampTime(2.0); takeoff.generatelnitialRampValue(CONSTANTS_ONE_G / 0.5f);
takeoff.updateTakeoffState(false, true, false, 1.f, false, 0); EXPECT_EQ(takeoff.getTakeoffState(), TakeoffState::disarmed);
takeoff.updateTakeoffState(true, false, false, 1.f, false, 500_ms); EXPECT_EQ(takeoff.getTakeoffState(),
TakeoffState::spoolup); takeoff.updateTakeoffState(true, false, false, 1.f, false, 2_s);
EXPECT_EQ(takeoff.getTakeoffState(), TakeoffState::ready_for_takeoff); takeoff.updateTakeoffState(true, false, true, 1.f,
false, 3_s); EXPECT_EQ(takeoff.getTakeoffState(), TakeoffState::rampup); takeoff.updateTakeoffState(true, false, true, 1.f,
false, 4_s); EXPECT_FLOAT_EQ(takeoff.updateRamp(.5f, 1.5f), 0.f); EXPECT_FLOAT_EQ(takeoff.updateRamp(.5f, 1.5f), .5f);
EXPECT_FLOAT_EQ(takeoff.updateRamp(.5f, 1.5f), 1.f); EXPECT_FLOAT_EQ(takeoff.updateRamp(.5f, 1.5f), 1.5f);
EXPECT_FLOAT_EQ(takeoff.updateRamp(.5f, 1.5f), 1.5f); takeoff.updateTakeoffState(true, false, true, 1.f, false, 6500_ms);
EXPECT_EQ(takeoff.getTakeoffState(), TakeoffState::flight); }

[PositionControl/ControlMath.hpp]
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namespace ControlMath{...... }

[PositionControl/ControlMath.cpp]
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namespace ControlMath { void thrustToAttitude(const Vector3f &thr_sp, const float yaw_sp, vehicle_attitude_setpoint_s
&att_sp) void limitTilt(Vector3f &body_unit, const Vector3f &world_unit, const float max_angle) void
bodyzToAttitude(Vector3f body_z, const float yaw_sp, vehicle_attitude_setpoint_s &att_sp) Vector2f constrainXY(const
Vector2f &v0, const Vector2f &v1, const float &max) bool cross_sphere_line(const Vector3f &sphere_c, const float
sphere_r, const Vector3f &line_a, const Vector3f &line_b, Vector3f &res) void addIfNotNan(float &setpoint, const float
addition) void addIfNotNanVector3f(Vector3f &setpoint, const Vector3f &addition) void setZerolfNanVector3f(Vector3f
&vector) }

[PositionControl/ControlMathTest.cpp]

&AM ERR BRI E SR,



TEST(ControlMathTest, LimitTiltUnchanged) { Vector3f body = Vector3f(0.f, 0.f, 1.f).normalized(); Vector3f body_before =
body; limitTilt(body, Vector3f(0.f, 0.f, 1.f), M_DEG_TO_RAD_F * 45.f); EXPECT_EQ(body, body_before); body = Vector3f(0.f,
.1f, 1.f).normalized(); body_before = body; limitTilt(body, Vector3f(0.f, 0.f, 1.f), M_DEG_TO_RAD_F * 45.f);
EXPECT_EQ(body, body_before); } TEST(ControlMathTest, LimitTiltOpposite) { Vector3f body = Vector3f(0.f, 0.f,
-1.f).normalized(); limitTilt(body, Vector3f(0.f, 0.f, 1.f), M_DEG_TO_RAD_F * 45.f); float angle =
acosf(body.dot(Vector3f(0.f, 0.f, 1.f))); EXPECT_NEAR(angle * M_RAD_TO_DEG_F, 45.f, 1e-4f);
EXPECT_FLOAT_EQ(body.length(), 1.f); } TEST(ControlMathTest, LimitTiltAlmostOpposite) { // This case doesn't trigger
corner case handling but is very close to it Vector3f body = Vector3f(0.001f, 0.f, -1.f).normalized(); limitTilt(body,
Vector3f(0.f, 0.f, 1.f), M_DEG_TO_RAD_F * 45.f); float angle = acosf(body.dot(Vector3f(0.f, 0.f, 1.f))); EXPECT_NEAR(angle *
M_RAD_TO_DEG_F, 45.f, 1e-4f); EXPECT_FLOAT_EQ(body.length(), 1.f); } TEST(ControlMathTest, LimitTilt45degree) {
Vector3f body = Vector3f(1.f, 0.f, 0.f); limitTilt(body, Vector3f(0.f, 0.f, 1.f), M_DEG_TO_RAD_F * 45.f); EXPECT_EQ(body,
Vector3f(M_SQRT1_2_F, 0, M_SQRT1_2_F)); body = Vector3f(0.f, 1.f, 0.f); limitTilt(body, Vector3f(0.f, 0.f, 1.f),
M_DEG_TO_RAD_F * 45.f); EXPECT_EQ(body, Vector3f(0.f, M_SQRT1_2_F, M_SQRT1_2_F)); } TEST(ControlMathTest,
LimitTilt10degree) { Vector3f body = Vector3f(1.f, 1.f, .1f).normalized(); limitTilt(body, Vector3f(0.f, 0.f, 1.f),
M_DEG_TO_RAD_F * 10.f); float angle = acosf(body.dot(Vector3f(0.f, 0.f, 1.f))); EXPECT_NEAR(angle * M_RAD_TO_DEG_F,
10.f, 1e-4f); EXPECT_FLOAT_EQ(body.length(), 1.f); EXPECT_FLOAT_EQ(body(0), body(1)); body = Vector3f(1, 2, .2f);
limitTilt(body, Vector3f(0.f, 0.f, 1.f), M_DEG_TO_RAD_F * 10.f); angle = acosf(body.dot(Vector3f(0.f, 0.f, 1.f)));
EXPECT_NEAR(angle * M_RAD_TO_DEG_F, 10.f, 1e-4f); EXPECT_FLOAT_EQ(body.length(), 1.f); EXPECT_FLOAT_EQ(2.f *
body(0), body(1)); } TEST(ControlMathTest, ThrottleAttitudeMapping) { /* expected: zero roll, zero pitch, zero yaw, full thr
mag * reason: thrust pointing full upward */ Vector3f thr{0.f, 0.f, -1.f}; float yaw = 0.f; vehicle_attitude_setpoint_s att{};
thrustToAttitude(thr, yaw, att); EXPECT_FLOAT_EQ(att.roll_body, 0.f); EXPECT_FLOAT_EQ(att.pitch_body, 0.f);
EXPECT_FLOAT_EQ(att.yaw_body, 0.f); EXPECT_FLOAT_EQ(att.thrust_body[2], -1.f); /* expected: same as before but with
90 yaw * reason: only yaw changed */ yaw = M_PI_2_F; thrustToAttitude(thr, yaw, att); EXPECT_FLOAT_EQ(att.roll_body,
0.f); EXPECT_FLOAT_EQ(att.pitch_body, 0.f); EXPECT_FLOAT_EQ(att.yaw_body, M_PI_2_F);
EXPECT_FLOAT_EQ(att.thrust_body[2], -1.f); /* expected: same as before but roll 180 * reason: thrust points straight
down and order Euler * order is: 1. roll, 2. pitch, 3. yaw */ thr = Vector3f(0.f, 0.f, 1.f); thrustToAttitude(thr, yaw, att);
EXPECT_FLOAT_EQ(att.roll_body, -M_PI_F); EXPECT_FLOAT_EQ(att.pitch_body, 0.f); EXPECT_FLOAT_EQ(att.yaw_body,
M_PI_2_F); EXPECT_FLOAT_EQ(att.thrust_body[2], -1.f); } TEST(ControlMathTest, ConstrainXYPriorities) { const float max
=5.f; // v0 already at max Vector2f vO(max, 0.f); Vector2f vi(v0(1), -v0(0)); Vector2f v_r = constrainXY(v0, v1, max);
EXPECT_FLOAT_EQ(v_r(0), max); EXPECT_FLOAT_EQ(v_r(1), 0.f); // norm of v1 exceeds max but v0 is zero v0.zero(); v_r =
constrainXY(v0, vl, max); EXPECT_FLOAT_EQ(v_r(1), -max); EXPECT_FLOAT_EQ(v_r(0), 0.f); vO = Vector2f(.5f, .5f); vl =
Vector2f(.5f, -.5f); v_r = constrainXY(v0, v1, max); const float diff = Vector2f(v_r - (v0 + v1)).length();
EXPECT_FLOAT_EQ(diff, 0.f); // vO and v1 exceed max and are perpendicular v0 = Vector2f(4.f, 0.f); vl = Vector2f(0.f, -4.f);
v_r = constrainXY(v0, v1, max); EXPECT_FLOAT_EQ(v_r(0), v0(0)); EXPECT_GT(v_r(0), 0.f); const float remaining =
sqrtf(max * max - (v0(0) * v0(0))); EXPECT_FLOAT_EQ(v_r(1), -remaining); } TEST(ControlMathTest, CrossSphereLine) {
const Vector3f prev = Vector3f(0.f, 0.f, 0.f); const Vector3f curr = Vector3f(0.f, 0.f, 2.f); Vector3f res; bool retval = false; // on
line, near, before previous waypoint retval = cross_sphere_line(Vector3f(0.f, 0.f, -.5f), 1.f, prev, curr, res);
EXPECT_TRUE(retval); EXPECT_EQ(res, Vector3f(0.f, 0.f, 0.5f)); // on line, near, before target waypoint retval =
cross_sphere_line(Vector3f(0.f, 0.f, 1.f), 1.f, prev, curr, res); EXPECT_TRUE(retval); EXPECT_EQ(res, Vector3f(0.f, 0.f, 2.f));
// on line, near, after target waypoint retval = cross_sphere_line(Vector3f(0.f, 0.f, 2.5f), 1.f, prev, curr, res);
EXPECT_TRUE(retval); EXPECT_EQ(res, Vector3f(0.f, 0.f, 2.f)); // near, before previous waypoint retval =
cross_sphere_line(Vector3f(0.f, .5f, -.5f), 1.f, prev, curr, res); EXPECT_TRUE(retval); EXPECT_EQ(res, Vector3f(0.f, 0.f,
.366025388f)); // near, before target waypoint retval = cross_sphere_line(Vector3f(0.f, .5f, 1.f), 1.f, prev, curr, res);
EXPECT_TRUE(retval); EXPECT_EQ(res, Vector3f(0.f, 0.f, 1.866025448f)); // near, after target waypoint retval =
ControlMath::cross_sphere_line(matrix::Vector3f(0.f, .5f, 2.5f), 1.f, prev, curr, res); EXPECT_TRUE(retval); EXPECT_EQ(res,
Vector3f(0.f, 0.f, 2.f)); // far, before previous waypoint retval = ControlMath::cross_sphere_line(matrix::Vector3f(0.f, 2.f,
-.5f), 1.f, prev, curr, res); EXPECT_FALSE(retval); EXPECT_EQ(res, Vector3f()); // far, before target waypoint retval =
ControlMath::cross_sphere_line(matrix::Vector3f(0.f, 2.f, 1.f), 1.f, prev, curr, res); EXPECT_FALSE(retval); EXPECT_EQ(res,
Vector3f(0.f, 0.f, 1.f)); // far, after target waypoint retval = ControlMath::cross_sphere_line(matrix::Vector3f(0.f, 2.f, 2.5f),
1.f, prev, curr, res); EXPECT_FALSE(retval); EXPECT_EQ(res, Vector3f(0.f, 0.f, 2.f)); } TEST(ControlMathTest, addIfNotNan) {
float v = 1.f; // regular addition ControlMath::addIfNotNan(v, 2.f); EXPECT_EQ(v, 3.f); // addition is NAN and has no
influence ControlMath::addIfNotNan(v, NAN); EXPECT_EQ(v, 3.f); v = NAN; // both summands are NAN
ControlMath::addIfNotNan(v, NAN); EXPECT_TRUE(isnan(v)); // regular value gets added to NAN and overwrites it
ControlMath::addIfNotNan(v, 3.f); EXPECT_EQ(v, 3.f); }

[PositionControl/PositionControl.hpp]
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class PositionControl{...... b

[PositionControl/PositionControl.cpp]
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void PositionControl::setVelocityGains(const Vector3f &P, const Vector3f &I, const Vector3f &D) void
PositionControl::setVelocityLimits(const float vel_horizontal, const float vel_up, const float vel_down) void
PositionControl::setThrustLimits(const float min, const float max) void PositionControl::updateHoverThrust(const float
hover_thrust_new) void PositionControl::setState(const PositionControlStates &states) void
PositionControl::setinputSetpoint(const vehicle_local_position_setpoint_s &setpoint) bool
PositionControl::update(const float dt) void PositionControl::_positionControl() void
PositionControl::_velocityControl(const float dt) void PositionControl::_accelerationControl() bool
PositionControl::_updateSuccessful() void PositionControl::getLocalPositionSetpoint(vehicle_local_position_setpoint_s
&local_position_setpoint) const void PositionControl::getAttitudeSetpoint(vehicle_attitude_setpoint_s
&attitude_setpoint) const

[PositionControl/PositionControlTest.cpp]
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TEST(PositionControlTest, EmptySetpoint) { PositionControl position_control; vehicle_local_position_setpoint_s
output_setpoint{}; position_control.getLocalPositionSetpoint(output_setpoint); EXPECT_FLOAT_EQ(output_setpoint.x,
0.f); EXPECT_FLOAT_EQ(output_setpoint.y, 0.f); EXPECT_FLOAT_EQ(output_setpoint.z, 0.f);
EXPECT_FLOAT_EQ(output_setpoint.yaw, 0.f); EXPECT_FLOAT_EQ(output_setpoint.yawspeed, 0.f);
EXPECT_FLOAT_EQ(output_setpoint.vx, 0.f); EXPECT_FLOAT_EQ(output_setpoint.vy, 0.f);
EXPECT_FLOAT_EQ(output_setpoint.vz, 0.f); EXPECT_EQ(Vector3f(output_setpoint.acceleration), Vector3f(0.f, 0.f, 0.f));
EXPECT_EQ(Vector3f(output_setpoint.jerk), Vector3f(0.f, 0.f, 0.f)); EXPECT_EQ(Vector3f(output_setpoint.thrust),
Vector3f(0, 0, 0)); vehicle_attitude_setpoint_s attitude{}; position_control.getAttitudeSetpoint(attitude);
EXPECT_FLOAT_EQ(attitude.roll_body, 0.f); EXPECT_FLOAT_EQ(attitude.pitch_body, 0.f);
EXPECT_FLOAT_EQ(attitude.yaw_body, 0.f); EXPECT_FLOAT_EQ(attitude.yaw_sp_move_rate, 0.f);
EXPECT_EQ(Quatf(attitude.q_d), Quatf(1.f, 0.f, 0.f, 0.f)); EXPECT_EQ(Vector3f(attitude.thrust_body), Vector3f(0.f, 0.f,
0.f)); EXPECT_EQ(attitude.roll_reset_integral, false); EXPECT_EQ(attitude.pitch_reset_integral, false);
EXPECT_EQ(attitude.yaw_reset_integral, false); EXPECT_EQ(attitude.fw_control_yaw, false);
EXPECT_FLOAT_EQ(attitude.apply_flaps, 0.f);//vehicle_attitude_setpoint_s::FLAPS_OFF); // TODO why no reference? }
class PositionControlBasicTest : public ::testing::Test { ...... }; class PositionControlBasicDirectionTest : public
PositionControlBasicTest{...... }; TEST_F(PositionControlBasicDirectionTest, PositionDirection) { _input_setpoint.x = .1f;
_input_setpoint.y =.1f; _input_setpoint.z = -.1f; EXPECT_TRUE(runController()); checkDirection(); }
TEST_F(PositionControlBasicDirectionTest, VelocityDirection) { _input_setpoint.vx =.1f; _input_setpoint.vy = .1f;
_input_setpoint.vz = -.1f; EXPECT_TRUE(runController()); checkDirection(); } TEST_F(PositionControlBasicTest, TiltLimit)
{ _input_setpoint.x = 10.f; _input_setpoint.y = 10.f; _input_setpoint.z =-0.f; EXPECT_TRUE(runController()); Vector3f
body_z = Quatf(_attitude.q_d).dcm_z(); float angle = acosf(body_z.dot(Vector3f(0.f, 0.f, 1.f))); EXPECT_GT(angle, 0.f);
EXPECT_LE(angle, 1.f); _position_control.setTiltLimit(0.5f); EXPECT_TRUE(runController()); body_z =
Quatf(_attitude.q_d).dcm_z(); angle = acosf(body_z.dot(Vector3f(0.f, 0.f, 1.f))); EXPECT_GT(angle, 0.f); EXPECT_LE(angle,
.50001f); _position_control.setTiltLimit(1.f); // restore original } TEST_F(PositionControlBasicTest, VelocityLimit) {
_input_setpoint.x = 10.f; _input_setpoint.y = 10.f; _input_setpoint.z=-10.f; EXPECT_TRUE(runController()); Vector2f
velocity_xy(_output_setpoint.vx, _output_setpoint.vy); EXPECT_LE(velocity_xy.norm(), 1.f);
EXPECT_LE(abs(_output_setpoint.vz), 1.f); } TEST_F(PositionControlBasicTest, PositionControlMaxThrustLimit) {
_input_setpoint.x = 10.f; _input_setpoint.y = 10.f; _input_setpoint.z = -10.f; runController(); Vector3f
thrust(_output_setpoint.thrust); EXPECT_FLOAT_EQ(thrust(0), 0.f); EXPECT_FLOAT_EQ(thrust(1), 0.f);
EXPECT_FLOAT_EQ(thrust(2), -0.9f); EXPECT_EQ(_attitude.thrust_body[0], 0.f); EXPECT_EQ(_attitude.thrust_body[1],
0.f); EXPECT_FLOAT_EQ(_attitude.thrust_body[2], -0.9f); EXPECT_FLOAT_EQ(_attitude.roll_body, 0.f);
EXPECT_FLOAT_EQ(_attitude.pitch_body, 0.f); } TEST_F(PositionControlBasicTest, PositionControlMinThrustLimit) {
_input_setpoint.x = 10.f; _input_setpoint.y = 0.f; _input_setpoint.z = 10.f; runController(); Vector3f
thrust(_output_setpoint.thrust); EXPECT_FLOAT_EQ(thrust.length(), 0.1f); EXPECT_FLOAT_EQ(_attitude.thrust_body[2],
-0.1f); EXPECT_FLOAT_EQ(_attitude.roll_body, 0.f); EXPECT_FLOAT_EQ(_attitude.pitch_body, -1.f); }
TEST_F(PositionControlBasicTest, Failsafelnput) { _input_setpoint.vz =.1f; _input_setpoint.thrust[0] =
_input_setpoint.thrust[1] = 0.f; _input_setpoint.acceleration[0] = _input_setpoint.acceleration[1] = 0.f;
EXPECT_TRUE(runController()); EXPECT_FLOAT_EQ(_attitude.thrust_body[0], 0.f);
EXPECT_FLOAT_EQ(_attitude.thrust_body[1], 0.f); EXPECT_LT(_output_setpoint.thrust[2], -.1f);
EXPECT_GT(_output_setpoint.thrust[2], -.5f); EXPECT_GT(_attitude.thrust_body[2], -.5f);
EXPECT_LE(_attitude.thrust_body[2], -.1f); } TEST_F(PositionControlBasicTest, IdleThrustinput) { // High downwards
acceleration to make sure there's no thrust Vector3f(0.f, 0.f, 100.f).copyTo(_input_setpoint.acceleration);
EXPECT_TRUE(runController()); EXPECT_FLOAT_EQ(_output_setpoint.thrust[0], 0.f);
EXPECT_FLOAT_EQ(_output_setpoint.thrust[1], 0.f); EXPECT_FLOAT_EQ(_output_setpoint.thrust[2], -.1f); }
TEST_F(PositionControlBasicTest, InputCombinationsPosition) { _input_setpoint.x =.1f; _input_setpoint.y = .2f;
_input_setpoint.z = .3f; EXPECT_TRUE(runController()); EXPECT_FLOAT_EQ(_output_setpoint.x, .1f);
EXPECT_FLOAT_EQ(_output_setpoint.y, .2f); EXPECT_FLOAT_EQ(_output_setpoint.z, .3f);
EXPECT_FALSE(isnan(_output_setpoint.vx)); EXPECT_FALSE(isnan(_output_setpoint.vy));
EXPECT_FALSE(isnan(_output_setpoint.vz)); EXPECT_FALSE(isnan(_output_setpoint.thrust[0]));
EXPECT_FALSE(isnan(_output_setpoint.thrust[1])); EXPECT_FALSE(isnan(_output_setpoint.thrust[2])); }
TEST_F(PositionControlBasicTest, InputCombinationsPositionVelocity) { _input_setpoint.vx =.1f; _input_setpoint.vy =
.2f; _input_setpoint.z = .3f; // altitude EXPECT_TRUE(runController()); // EXPECT_TRUE(isnan(_output_setpoint.x)); //
EXPECT_TRUE(isnan(_output_setpoint.y)); EXPECT_FLOAT_EQ(_output_setpoint.z, .3f);
EXPECT_FLOAT_EQ(_output_setpoint.vx, .1f); EXPECT_FLOAT_EQ(_output_setpoint.vy, .2f);
EXPECT_FALSE(isnan(_output_setpoint.vz)); EXPECT_FALSE(isnan(_output_setpoint.thrust[0]));
EXPECT_FALSE(isnan(_output_setpoint.thrust[1])); EXPECT_FALSE(isnan(_output_setpoint.thrust[2])); }
TEST_F(PositionControlBasicTest, SetpointValiditySimple) { EXPECT_FALSE(runController()); _input_setpoint.x = .1f;
EXPECT_FALSE(runController()); _input_setpoint.y = .2f; EXPECT_FALSE(runController()); _input_setpoint.acceleration[2]



=.3f; EXPECT_TRUE(runController()); } TEST_F(PositionControlBasicTest, SetpointValidityAllCombinations) { float *const
setpoint_loop_access_mapl] = {&_input_setpoint.x, &_input_setpoint.vx, &_input_setpoint.acceleration[0],
&_input_setpoint.y, &_input_setpoint.vy, &_input_setpoint.acceleration[1], &_input_setpoint.z, &_input_setpoint.vz,
&_input_setpoint.acceleration[2] }; for (int combination = 0; combination < 512; combination++) { resetinputSetpoint();
for (int j=0; j <9; j++) { if (combination & (1 <<j)) { // Set arbitrary finite value, some values clearly hit the limits to check
these corner case combinations *(setpoint_loop_access_map[j]) = static_cast<float>(combination) / static_cast<float>(j +
1); } } const bool has_x_setpoint = ((combination & 7) !=0); const bool has_y_setpoint = (((combination >> 3) & 7) !=0);
const bool has_z_setpoint = (((combination >> 6) & 7) !=0); const bool has_xy_pairs = (combination & 7) == ((combination
>>3) & 7); const bool expected_result = has_x_setpoint && has_y_setpoint && has_z_setpoint && has_xy_pairs;
EXPECT_EQ(runController(), expected_result) << "combination " << combination << std::endl << "input" << std::endl <<
"position " << _input_setpoint.x <<", " << _input_setpoint.y << ", " << _input_setpoint.z << std::endl << "velocity " <<
_input_setpoint.vx <<'", " << _input_setpoint.vy << ", " << _input_setpoint.vz << std::endl << "acceleration " <<
_input_setpoint.acceleration[0] << ", " << _input_setpoint.acceleration[1] << ", " << _input_setpoint.acceleration[2] <<
std::endl << "output" << std::endl << "position " << _output_setpoint.x <<", " << _output_setpoint.y <<", " <<
_output_setpoint.z << std::endl << "velocity " << _output_setpoint.vx <<', " << _output_setpoint.vy << ", " <<
_output_setpoint.vz << std::endl << "acceleration " << _output_setpoint.acceleration[0] <<", " <<
_output_setpoint.acceleration[1] << ", " << _output_setpoint.acceleration[2] << std::endl; } }
TEST_F(PositionControlBasicTest, InvalidState) { _input_setpoint.x =.1f; _input_setpoint.y = .2f; _input_setpoint.z = .3f;
PositionControlStates states{}; states.position(0) = NAN; _position_control.setState(states);
EXPECT_FALSE(runController()); states.velocity(0) = NAN; _position_control.setState(states);
EXPECT_FALSE(runController()); states.position(0) = 0.f; _position_control.setState(states);
EXPECT_FALSE(runController()); states.velocity(0) = 0.f; states.acceleration(1) = NAN; _position_control.setState(states);
EXPECT_FALSE(runController()); } TEST_F(PositionControlBasicTest, UpdateHoverThrust) { const float hover_thrust =
0.6f; _position_control.setHoverThrust(hover_thrust); _input_setpoint.vx = 0.f; _input_setpoint.vy = 0.f;
_input_setpoint.vz = -0.f; EXPECT_TRUE(runController()); EXPECT_EQ(_output_setpoint.thrust[2], -hover_thrust); const
float hover_thrust_new = 0.7f; _position_control.updateHoverThrust(hover_thrust_new);
EXPECT_TRUE(runController()); EXPECT_EQ(_output_setpoint.thrust[2], -hover_thrust); }

X EIFEHRRS
[mc_rate_control_params.c]
LIERESERIRBE.

PARAM_DEFINE_FLOAT(MC_ROLLRATE_P, 0.15f); PARAM_DEFINE_FLOAT(MC_ROLLRATE_l, 0.2f);
PARAM_DEFINE_FLOAT(MC_RR_INT_LIM, 0.30f); PARAM_DEFINE_FLOAT(MC_ROLLRATE_D, 0.003f);
PARAM_DEFINE_FLOAT(MC_ROLLRATE_FF, 0.0f); PARAM_DEFINE_FLOAT(MC_ROLLRATE_K, 1.0f);
PARAM_DEFINE_FLOAT(MC_PITCHRATE_P, 0.15f); PARAM_DEFINE_FLOAT(MC_PITCHRATE_], 0.2f);
PARAM_DEFINE_FLOAT(MC_PR_INT_LIM, 0.30f); PARAM_DEFINE_FLOAT(MC_PITCHRATE_D, 0.003f);
PARAM_DEFINE_FLOAT(MC_PITCHRATE_FF, 0.0f); PARAM_DEFINE_FLOAT(MC_PITCHRATE_K, 1.0f);
PARAM_DEFINE_FLOAT(MC_YAWRATE_P, 0.2f); PARAM_DEFINE_FLOAT(MC_YAWRATE_]I, 0.1f);
PARAM_DEFINE_FLOAT(MC_YR_INT_LIM, 0.30f); PARAM_DEFINE_FLOAT(MC_YAWRATE_D, 0.0f);
PARAM_DEFINE_FLOAT(MC_YAWRATE_FF, 0.0f); PARAM_DEFINE_FLOAT(MC_YAWRATE_K, 1.0f);
PARAM_DEFINE_FLOAT(MC_ACRO_R_MAX, 720.0f); PARAM_DEFINE_FLOAT(MC_ACRO_P_MAX, 720.0f);
PARAM_DEFINE_FLOAT(MC_ACRO_Y_MAX, 540.0f); PARAM_DEFINE_FLOAT(MC_ACRO_EXPO, 0.69f);
PARAM_DEFINE_FLOAT(MC_ACRO_EXPO_Y, 0.69f); PARAM_DEFINE_FLOAT(MC_ACRO_SUPEXPO, 0.7f);
PARAM_DEFINE_FLOAT(MC_ACRO_SUPEXPOY, 0.7f); PARAM_DEFINE_INT32(MC_BAT_SCALE_EN, 0);

[MulticopterRateControl.hpp]
ZheEREEHBNZEOE,

class MulticopterRateControl : public ModuleBase<MulticopterRateControl>, public ModuleParams, public px4::Workltem

[MulticopterRateControl.cpp]

SRR EIT ISR ORI,



MulticopterRateControl::MulticopterRateControl(bool vtol) : MulticopterRateControl::~MulticopterRateControl() bool
MulticopterRateControl::init() void MulticopterRateControl::parameters_updated() void MulticopterRateControl::Run()
int MulticopterRateControl::task_spawn(int argc, char *argv[]) int MulticopterRateControl::custom_command(int argc,
char *argv[]) int MulticopterRateControl::print_usage(const char *reason) extern "C" __EXPORT int
mc_rate_control_main(int argc, char *argv([])

[RateControl/RateControl.hpp]
PID 3iMARE/AREREHINZEOZL,
class RateControl{...... I

[RateControl/RateControl.cpp]

PID 3%hARE /AR EITHlE O EAISEI S,

void RateControl::setGains(const Vector3f &P, const Vector3f &I, const Vector3f &D) void
RateControl::setSaturationStatus(const MultirotorMixer::saturation_status &status) Vector3f RateControl::update(const
Vector3f &rate, const Vector3f &rate_sp, const Vector3f &angular_accel, const float dt, const bool landed) void
RateControl::updatelntegral(Vector3f &rate_error, const float dt) void
RateControl::getRateControlStatus(rate_ctrl_status_s &rate_ctrl_status)

[RateControl/RateControlTest.cpp]
PID 3%hAIRE /AR EEFHEE O MR,

TEST(RateControlTest, AllZeroCase) { RateControl rate_control; Vector3f torque = rate_control.update(Vector3f(),
Vector3f(), Vector3f(), 0.f, false); EXPECT_EQ(torque, Vector3f()); }
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