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https://www.youtube.com/watch?v=Pv4x9cyzTuU

Part I: Hardware



Part |: Hardware
Firmware



» ArduPilot: ~2.3x10° lines of code

» Cleanflight: ~8.5x10" lines of code

il 7T A

‘]c ‘lfnj]_ :

@ ‘, T ‘:u...,.ya ;ﬁs‘,?" |0 @ @
ot ol e il R oo o
® - i Te e ®|
;::fﬂmwm"gg%w
00|02 - 0540 0 ®
w,..,ao,"’ ‘ [Esof*))\
*-.’o[?:,,?, Eezz = Al{o 0 ®
®'® Oike it ¥ Rt
..0.51( G FR S

s or 80

!ﬁlfm - j.:, ',; TR
1 )@

=
—=



Firmware Genealogy

Multiwii
|

Baseflight (-1.4x10t 1.0.c)

Hackflight Cleanflight

(~4.3x10° l.o.c.) /\

Raceflight Betaflight



Principle #1.
[t Always Has to Fly
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https://online.husson.edu/software-development-cycle/
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Principle #2:
Bottom-Up / OOP Design

hf::Hackflight h;
hf::DSMX_Receiver rc = hf::DSMX_Receiver (CHANNEL_MAP);
hf::MixerQuadX mixer;

hf::Rate ratePid = hf::

hf::Level level = hf::Level(0.20f);
setup(void)

/ Add Level PID for ¢ witch position 1
h.addPidController(&level, 1);

/ Initialize flight firm

h.init(new hf::Ladybug(), &rc, &mixer, &ratePid);

void loop(void)

{

h.update(),;

https://github.com/simondlevy/Hackflight/blob/master/examples/Ladybug/LadybugDSMX/LadybugDSMX.ino



F USE_SERVOS
(currentMixerMode == MIXER_TRI || currentMixerMode == MIXER_CUSTOM_TRI)

false;

errorRate)

f USE_SERWOS
(axis == FD_YAW && mixerIsTricopter()) {
mixerTricopter rvoSaturated(errorRate);

UNUSED{ax1is);

UNUSED{errorRate);

motorMixRange == 1.0f;

(motorconfig( )-=dev.motorPwmProtocol) {
f USE_DSHOT
FWM_TYPE_PROSHOT1000:
FWM_TYPE_DSHOT12880:
FWM_TYPE_DSHOTGEE :
FWM_TYPE_DSHOT308:
FWM_TYPE_DSHOT158:
disarmMotorOutput = DSHOT_DISARM_COMMAMND;
(feature(FEATURE_3D)) {
motoroutputlow = DSHOT_MIN_THROTTLE + ((DSHOT_30_DEADBAND_LOW - DSHOT_MIN_THROTTLE) ./
motoroutputlow = DSHOT_MIN_THROTTLE + ({DSHOT_MAX_THROTTLE - DSHOT_MIN_THROTTLE) / 1og@.ef) * CONVERT_PARAMETER_TO_PE
1
motoroutputHigh = DSHOT_MAX_THROTTLE;
deadbandMotor3dHigh = DSHOT_3D_DEADBAND_HIGH + ((DSHOT_MAX_THROTTLE - DSHOT_3D_DEADEAND_HIGH) / 188.8f) CONVERT_PARAME
deadbandMotor3dlow = DSHOT_3D_DEADBAND_LOMW;



https://github.com/cleanflight/cleanflight/blob/master/src/main/flight/mixer.c

Principle #3:
Separate the Drivers from the Algorithms

Core functionality
bhool getQuaternion(float quat[4]) = 0O;
hool getGyrometer(float gyroRates[3]) = O;
void writeMotor(uint8_t index, float value) = 0;
getTime(void) = O;

Support for additional surface-mount sensors
getAccelerometer(float accelGs[3]) { (void)accelGs; return false;
getMagnetometer(float uTs[3]) { (void)uTs; return false; }
getBarometer(float & pressure) { (void)pressure; return fTalse; }

Serial communications via MSP
uint8_t serialAvailableBytes(void) { return 0; }
uint8_t serialReadByte(void) { return 1; }
volid serialwWriteByte(uint8_t c) { (void)c; }

Reboot for non-Arduino boards

void showArmedStatus(bool armed) { (void)armed; }
void flashLed(bool shouldflash) { (void)shouldflash; }
bool isBatteryLow(void) { return false; }

https://github.com/simondlevy/Hackflight/blob/master/src/board.hpp



https://github.com/simondlevy/Hackflight/blob/master/src/board.hpp

static vold scalarUpdate(kalmanCoreData_t* this, arm_matrix_instance_f32 *Hm, float error, float stdMeasNoise)
{

// The Kalman gain as a column vector

static float K[KC_STATE_DIM];

static arm_matrix_instance_f32 Km = {KC_STATE_DIM, 1, (float *)K};

// Temporary matrices for the covariance updates
static float tmpNN1ld[KC_STATE DIM * KC_STATE_DIM],;
static arm_matrix_instance_f32 tmpNNim = {KC_STATE_DIM, KC_STATE_DIM, tmpNN1d};

static float tmpNN2d[KC_STATE_DIM * KC_STATE_DIM],
static arm_matrix_instance_f32 tmpNN2m = {KC_STATE_DIM, KC_STATE_DIM, tmpNN2d};

static float tmpNN3d[KC_STATE DIM * KC_STATE_DIM];
static arm_matrix_instance_f32 tmpNN3m = {KC_STATE_DIM, KC_STATE_DIM, tmpNN3d},

static float HTd[KC_STATE_DIM * 1];
static arm_matrix_instance_f32 HTm = {KC_STATE_DIM, 1, HTd};

static float PHTA[KC_STATE_DIM * 1];
static arm_matrix_instance_f32 PHTm = {KC_STATE_DIM, 1, PHTd};

https://github.com/bitcraze/crazyflie-firmware/blob/master/src/modules/src/kalman_core.c



https://github.com/bitcraze/crazyflie-firmware/blob/master/src/modules/src/kalman_core.c

Part II: Simulation



juaternion(float quat[4]) = ©;

jetGyrometer(float gyroRates[3]) = ©;

writeMotor(uint8_t index, float value)

STM32 drivers Firmware V-REP Plugin

2016



Hackflight firmware on Windows

sytelus opened this issue on Mar 1, 2017 - 6 comments

ﬂ sytelus commented on Mar 1, 2017 Collaborator

I'm looking for firmware code that | can put in AirSim. Basically, this firmware would a simple cross platform
library that takes in sensor inputs from the simulator and outputs rotor controls.

Is this possible to do with hackflight firmware?




Arduino drivers Firmware UnrealEngine4



https://www.youtube.com/watch?v=mobemDcX9ew
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https://www.youtube.com/watch?v=p_jRptn6hfg
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https://www.youtube.com/watch?v=Pv4x9cyzTuU
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https://www.youtube.com/watch?v=MaLb52PS48A

Part Ill: Current Work
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Lin & Leonardo (2017)


https://www.semanticscholar.org/paper/Heuristic-Rules-Underlying-Dragonfly-Prey-Selection-Lin-Leonardo/6b9497f25240c623990dbbfe0047e71360ee56b8
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