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Firmware/src/drivers/mpu6000/ mpu6000.cpp H
extern "C" { __EXPORT int mpu6000_main(int argc, char *argv[]); }

int mpu6000_main(int argc, char *argv(])

{
if (Istrcmp(verb, "start")) {
mpu6000::start(external_bus, rotation, accel_range, device_type);
}
}
void

start(bool external_bus, enum Rotation rotation, int range, int device_type)
{
/845
int fd;
MPUG6000 **g_dev_ptr = external_bus ? &g dev_ext : &g_dev_int;
const char *path_accel = external_bus ? MPU_DEVICE_PATH_ACCEL_EXT : MPU_DEVICE_PATH_ACCEL;
const char *path_gyro =external_bus ? MPU_DEVICE_PATH_GYRO_EXT : MPU_DEVICE_PATH_GYRO;

if (*g_dev_ptr != nullptr)
/* if already started, the still command succeeded */

errx(0, "already started");

/* create the driver */
if (external_bus) {
#ifdef PX4_SPI_BUS_EXT
# if defined(PX4_SPIDEV_EXT_ICM)
spi_dev_e cs = (spi_dev_e)(device_type == 6000 ? PX4_SPIDEV_EXT_MPU : PX4_SPIDEV_EXT_ICM);
# else
spi_dev_e cs = (spi_dev_e) PX4_SPIDEV_EXT_MPU;
# endif
*g dev_ptr = new MPU6000(PX4_SPI_BUS_EXT, path_accel, path_gyro, cs, rotation, device_type);
#else
errx(0, "External SPI not available");
#endif

}else {
#if defined(PX4_SPIDEV_ICM)
spi_dev_e cs = (spi_dev_e)(device_type == 6000 ? PX4_SPIDEV_MPU : PX4_SPIDEV_ICM);
#else



spi_dev_e cs = (spi_dev_e) PX4_SPIDEV_MPU;
#endif
*g dev_ptr = new MPUB6000(PX4_SPI_BUS_SENSORS, path_accel, path_gyro, cs, rotation, device_type);

}

if (*g_dev_ptr == nullptr) {
goto fail;

}

/1 EM %

if (OK 1= (*g_dev_ptr)->init()) {
goto fail;

}

[/FT A&
/* set the poll rate to default, starts automatic data collection */
fd = open(path_accel, O_RDONLY);

if (fd < 0) {
goto fail;

}
/3% PR AL KSR
if (ioctl(fd, SENSORIOCSPOLLRATE, SENSOR_POLLRATE_DEFAULT) < 0) {
goto fail;

if (ioctl(fd, ACCELIOCSRANGE, range) < 0) {

goto fail;
}
close(fd);
exit(0);
fail:
if (*g_dev_ptr != nullptr) {
delete(*g_dev_ptr);
*g_dev_ptr = nullptr;
}
errx(1, "no device on this bus");
1
B2 init()
int
MPU6000::init()
{

int ret;

/* do SPl init (and probe) first */
ret = SPI::init();

/* if probe/setup failed, bail now */
if (ret 1= OK) {



DEVICE_DEBUG("SPI setup failed");
return ret;

/* allocate basic report buffers */
_accel_reports = new ringbuffer::RingBuffer(2, sizeof(accel_report));

if (_accel_reports == nullptr) {
goto out;

_gyro_reports = new ringbuffer::RingBuffer(2, sizeof(gyro_report));

if (_gyro_reports == nullptr) {
goto out;

if (reset() != OK) {
goto out;

/* Initialize offsets and scales */
_accel_scale.x_offset = 0;
_accel_scale.x_scale =1.0f;
_accel_scale.y_offset =0;
_accel_scale.y_scale =1.0f;
_accel_scale.z_offset = 0;
_accel_scale.z_scale =1.0f;

_gyro_scale.x_offset =0;
_gyro_scale.x_scale =1.0f;
_gyro_scale.y_offset =0;
_gyro_scale.y_scale =1.0f;
_gyro_scale.z_offset =0;
_gyro_scale.z_scale =1.0f;

/* do CDev init for the gyro device node, keep it optional */
ret = _gyro->init();
/* if probe/setup failed, bail now */
if (ret 1= OK) {
DEVICE_DEBUG("gyro init failed");
return ret;

_accel_class_instance = register_class_devname(ACCEL_BASE_DEVICE_PATH);

measure();



/* advertise sensor topic, measure manually to initialize valid report */
struct accel_report arp;
_accel_reports->get(&arp);

/* measurement will have generated a report, publish */
_accel_topic = orb_advertise_multi(ORB_ID(sensor_accel), &arp,
& accel_orb_class_instance, (is_external()) ? ORB_PRIO_MAX : ORB_PRIO_HIGH);

if (_accel_topic == nullptr) {
warnx("ADVERT FAIL");

/* advertise sensor topic, measure manually to initialize valid report */
struct gyro_report grp;
_gyro_reports->get(&grp);

_gyro->_gyro_topic = orb_advertise_multi(ORB_ID(sensor_gyro), &grp,
& _gyro-> gyro_orb_class_instance, (is_external()) ? ORB_PRIO_MAX : ORB_PRIO_HIGH);

if (_gyro->_gyro_topic == nullptr) {
warnx("ADVERT FAIL");

}
out:
return ret;
}
5 init()F£F11 ioctl()
int

MPUG6000::ioctl(struct file *filp, int cmd, unsigned long arg)

{
switch (cmd) {

case SENSORIOCRESET:
return reset();

case SENSORIOCSPOLLRATE: {
switch (arg) {

/* switching to manual polling */
case SENSOR_POLLRATE_MANUAL:
stop();
_call_interval = 0;
return OK;

/* external signalling not supported */
case SENSOR_POLLRATE_EXTERNAL:



/* zero would be bad */
case O:
return -EINVAL;

/* set default/max polling rate */
case SENSOR_POLLRATE_MAX:
return ioctl(filp, SENSORIOCSPOLLRATE, 1000);

case SENSOR_POLLRATE_DEFAULT:
return ioctl(filp, SENSORIOCSPOLLRATE, MPU6000_ACCEL_DEFAULT_RATE);

/* adjust to a legal polling interval in Hz */

/* W E measure [P */

default: {
/* do we need to start internal polling? */
bool want_start = (_call_interval == 0);

/* convert hz to hrt interval via microseconds */
unsigned ticks = 1000000 / arg;

/* check against maximum sane rate */
if (ticks < 1000) {
return -EINVAL;

// adjust filters

float cutoff_freq_hz = _accel_filter_x.get_cutoff_freq();

float sample_rate = 1.0e6f / ticks;

_set_dlpf_filter(cutoff_freq_hz);
_accel_filter_x.set_cutoff_frequency(sample_rate, cutoff freq_hz);
_accel_filter_y.set_cutoff_frequency(sample_rate, cutoff_freq_hz);
_accel_filter_z.set_cutoff_frequency(sample_rate, cutoff_freq_hz);

float cutoff_freq_hz_gyro = _gyro_filter_x.get_cutoff_freq();
_set_dlpf_filter(cutoff_freq_hz_gyro);
_gyro_filter_x.set_cutoff_frequency(sample_rate, cutoff_freq_hz_gyro);
_gyro_filter_y.set_cutoff frequency(sample_rate, cutoff_freq_hz_gyro);
_gyro_filter_z.set_cutoff_frequency(sample_rate, cutoff freq_hz_gyro);

/* update interval for next measurement */
/* XXX this is a bit shady, but no other way to adjust... */
_call_interval = ticks;

/*
set call interval faster then the sample time. We
then detect when we have duplicate samples and reject
them. This prevents aliasing due to a beat between the
stm32 clock and the mpu6000 clock



*/
_call.period = _call_interval - MPU6000_TIMER_REDUCTION;

/* if we need to start the poll state machine, do it */
/* X BT measure */
if (want_start) {

start();

return OK;

case SENSORIOCGPOLLRATE:
if (_call_interval == 0) {
return SENSOR_POLLRATE_MANUAL;

return 1000000 / _call_interval;

case SENSORIOCSQUEUEDEPTH: {
/* lower bound is mandatory, upper bound is a sanity check */
if ((arg< 1) || (arg>100)) {
return -EINVAL;

irgstate_t flags = px4_enter_critical_section();
if (I_accel_reports->resize(arg)) {

px4_leave_critical_section(flags);
return -ENOMEM;

px4_leave_critical_section(flags);

return OK;

case SENSORIOCGQUEUEDEPTH:
return _accel_reports->size();

case ACCELIOCGSAMPLERATE:
return _sample_rate;

case ACCELIOCSSAMPLERATE:
_set_sample_rate(arg);
return OK;



case ACCELIOCGLOWPASS:

return _accel_filter_x.get_cutoff freq();

case ACCELIOCSLOWPASS:
// set hardware filtering
_set_dlpf_filter(arg);
// set software filtering
_accel_filter_x.set_cutoff_frequency(1.0e6f/ call_interval, arg);
_accel_filter_y.set_cutoff frequency(1.0e6f/ call_interval, arg);
_accel_filter_z.set_cutoff frequency(1.0e6f/ call_interval, arg);

return OK;

case ACCELIOCSSCALE: {
/* copy scale, but only if off by a few percent */
struct accel_calibration_s *s = (struct accel_calibration_s *) arg;
float sum = s->x_scale + s->y_scale + s->z_scale;

if (sum > 2.0f && sum < 4.0f) {
memcpy(&_accel_scale, s, sizeof(_accel_scale));

return OK;

} else {
return -EINVAL;

case ACCELIOCGSCALE:
/* copy scale out */
memcpy((struct accel_calibration_s *) arg, & accel_scale, sizeof(_accel_scale));

return OK;

case ACCELIOCSRANGE:

return set_accel_range(arg);

case ACCELIOCGRANGE:
return (unsigned long)((_accel_range_m_s2) / MPU6000_ONE_G + 0.5f);

case ACCELIOCSELFTEST:

return accel_self_test();

default:
/* give it to the superclass */
return SPI::ioctl(filp, cmd, arg);

}

HEN start()

void
MPUG6000::start()
{



/* make sure we are stopped first */
stop();

/* discard any stale data in the buffers */
_accel_reports->flush();
_gyro_reports->flush();

/* start polling at the specified rate */
hrt_call_every(&_call,
1000,
_call_interval - MPU6000_TIMER_REDUCTION,
(hrt_callout)&MPU6000::measure_trampoline, this);
}
HE measure_trampoline()
void
MPUG6000::measure_trampoline(void *arg)

{
MPUG6000 *dev = reinterpret_cast<MPU6000 *>(arg);
/* make another measurement */
dev->measure();

1

ZEREFECI B EAZERYT 100ms [FLA call interval iXANEEBJER MPU6000::measure trampoline IX/NREL,
measure_trampoline XiEA measure, NTISLIl—EIEEERERRYEE. BIEATATLABEE AR MPU6000::ioctl

&EF3 measure RE],

#E measure()
IMU380::measure()

{

R AR B A
/*
* Fetch the full set of measurements from the MPU6000 in one pass.
*/
mpu_report.cmd = DIR_READ | MPUREG_INT_STATUS;

// sensor transfer at high clock speed

LnRE DT ES

set_frequency(MPU6000_HIGH_BUS_SPEED);

/AR S

if (OK !=transfer((uint8_t *)&mpu_report, ((uint8_t *)&mpu_report), sizeof(mpu_report))) {

return;

check_registers();
[P FE T B R A I3 5L m/sh2.
_accel_range_scale = 1.0f / 4000.0f;



float x_in_new = ((xraw_f * _accel_range_scale) - _accel scale.x_offset) * _accel_scale.x_scale;
floaty_in_new = ((yraw_f * _accel_range_scale) - _accel_scale.y_offset) * _accel_scale.y_scale;
float z_in_new = ((zraw_f * _accel_range_scale) - _accel_scale.z_offset) * _accel_scale.z_scale;

1€
arb.x = _accel_filter_x.apply(x_in_new);
arb.y = _accel_filter_y.apply(y_in_new);
arb.z = _accel_filter_z.apply(z_in_new);

LA
math::Vector<3> aval(x_in_new, y_in_new, z_in_new);
math::Vector<3> aval_integrated;

bool accel_notify = _accel_int.put(arb.timestamp, aval, aval_integrated, arb.integral_dt);
arb.x_integral = aval_integrated(0);
arb.y_integral = aval_integrated(1);
arb.z_integral = aval_integrated(2);

/1AL BERRA A

/8% JE BT B R A %
if (accel_notify && !(_pub_blocked)) {
/* publish it */
orb_publish(ORB_ID(sensor_accel), _accel_topic, &arb);

if (gyro_notify && !(_pub_blocked)) {
/* publish it */
orb_publish(ORB_ID(sensor_gyro), _gyro->_gyro_topic, &grb);

HULR LA s a5
AL J2S 1 I A4 R set_frequency(MPU6000_HIGH_BUS_SPEED);
FL A KAFE R B ioctl()HH ) default LAY _call_interval {H
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#E N if (OK != transfer((uint8_t *)&mpu_report, ((uint8_t *)&mpu_report), sizeof(mpu_report)))ix B[] transfer()
int
SPI::transfer(uint8_t *send, uint8_t *recv, unsigned len)

{

int result;

if ((send == nullptr) && (recv == nullptr)) {
return -EINVAL;

LockMode mode = up_interrupt_context() ? LOCK_NONE : locking_mode;

/* lock the bus as required */

switch (mode) {

default:

case LOCK_PREEMPTION: {
irgstate_t state = px4_enter_critical_section();
result = _transfer(send, recy, len);//2HX
px4_leave_critical_section(state);

}

break;

case LOCK_THREADS:
SPI_LOCK(_dev, true);
result = _transfer(send, recy, len); //12HX
SPI_LOCK(_dev, false);
break;

case LOCK_NONE:
result = _transfer(send, recy, len); //12HX
break;

return result;
1
#t A\ _transfer(send, recy, len)
int
SPI::_transfer(uint8_t *send, uint8_t *recy, unsigned len)
{
SPI_SETFREQUENCY(_dev, _frequency);
SPI_SETMODE(_dev, _mode);
SPI_SETBITS(_dev, 8);
SPI_SELECT(_dev, _device, true);

/* do the transfer */



SPI_EXCHANGE(_deyv, send, recy, len);

/* and clean up */
SPI_SELECT(_dev, _device, false);

return OK;
}
XA LTI ek B APk — S N2 R 2]
Fiemware/build_px4fmu-v2_default/px4fmu-v2/Nuttx/nuttx/include/nuttx/spi.h H [k
Ebanidk N SPI_SETFREQUENCY(_dev, _frequency);
ER 3 T #define SPI_SETFREQUENCY(d,f) ((d)->ops->setfrequency(d,f))
F3E N ((d)->ops->setfrequency(d,f))
R3] T uint32_t (*setfrequency)(FAR struct spi_dev_s *dev, uint32_t frequency);
struct spi_ops_s

{
#ifndef CONFIG_SPI_OWNBUS
int (*lock)(FAR struct spi_dev_s *dev, bool lock);
#endif
void (*select)(FAR struct spi_dev_s *dev, enum spi_dev_e devid,

bool selected);

uint32_t (*setfrequency)(FAR struct spi_dev_s *dev, uint32_t frequency);

void (*setmode)(FAR struct spi_dev_s *dev, enum spi_mode_e mode);

void (*setbits)(FAR struct spi_dev_s *dev, int nbits);

uint8_t (*status)(FAR struct spi_dev_s *dev, enum spi_dev_e devid);
#ifdef CONFIG_SPI_CMDDATA

int (*cmddata)(FAR struct spi_dev_s *dev, enum spi_dev_e devid, bool cmd);
#endif

uintl6_t (*send)(FAR struct spi_dev_s *dev, uintl6_t wd);
#ifdef CONFIG_SPI_EXCHANGE

void (*exchange)(FAR struct spi_dev_s *dev, FAR const void *txbuffer,

FAR void *rxbuffer, size_t nwords);

#else

void (*sndblock)(FAR struct spi_dev_s *dev, FAR const void *buffer,

size_t nwords);
void (*recvblock)(FAR struct spi_dev_s *dev, FAR void *buffer,
size_t nwords);

#endif

int (*registercallback)(FAR struct spi_dev_s *dev, spi_mediachange_t callback,

void *arg);

b

struct spi_dev_s
{

const struct spi_ops_s *ops;
b
build_px4fmu-v2_default IX/™ H 5 #82& 4 PRI H 2h$5 DRGSR, Hsk
build_px4fmu-v2_default/px4fmu-v2/Nuttx/nuttx/include/nuttx/spi.h >k EH T Fiemware/Nuttx/nuttx/include/nuttx/spi.h
XSE nuttx 1T spi AR, & LT spi BRAEM A SR RTD APL. 25X spi X R s R HE il R K 1



HJLAEL | spi_ops_s B—MREMIEEMK , HiFRXLHEHNGSBABARKE stm32_spi.c FENHIFEEKRER
12(E. WA exchange HRENSER stm32_spi.c Y spi_exchange &HEY,

9 spi_ops_s &tk E S, Bl LEARIEE stm32 spi.c, g8 stm32f4 fI5EFET
HIt , F SPI ROEENEERYEEMESR I ER ST T !
SPI1 5 pix BIHIRE . nuttx RPMSREISHZENE | stm32 RIIEEhE

T REMIRCRIESR

px4fmu-v2 RAZEI T =5/ SPI , —45 SPI1 , —%& SPI2 f1—%& SPI4 , H SPI1 FfF{ER=ES , SPI2 FBfF RAM ,

SPI4 {EA5MNERE 1. BfREN1E Firmwar/src/driver/boards/px4fmu-v2/board config.h /H

ftdefine PX4 SPI BUS SENSORS 1

ftdefine PX4 SPI BUS RAMTRON 2

ftdefine PX4 SPI BUS EXT 4

#tdefine PX4 SPI BUS BARO PX4 SPI BUS SENSORS
1E Firmware/src/drivers/mpu6000/mpu6000. cpp H
void

start (bool external bus, enum Rotation rotation, int range, int device type)

A LLE 3] mpu6000 FH 2456 SPT

start (bool external bus, enum Rotation rotation, int range, int device type)

*g dev ptr = new MPU6000 (PX4 SPI BUS SENSORS, path accel, path gyro, cs, rotation, device type):

start EREUHZ A H new MPU6000 (PX4 SPI BUS SENSORS, path accel, path gyro, cs, rotation, device type);
R IE R AL, TR TER IE B B R A
MPU6000: :MPU6000 (int bus, const char *path accel, const char *path gyro, spi dev e device, enum Rotation
rotation, int device type) :
SPI ("MPU6000”, path accel, bus, device, SPIDEV MODE3, MPU6000 LOW BUS SPEED),
W 1 FH MPU6000 H413& R 2 ) IS fige 23 1 F SPT A4 3E PR 2
BEE N (kg dev _ptr)—>init()
Int MPU6000: :init ()
{

int ret;



/% do SPI init (and probe) first */
ret = SPT::init();

FHEN SPT::init ()
int SPI::init()

{
if (_dev == nullptr) {
~dev = px4 spibus initialize( bus);
}
/* do base class init, which will create the device node, etc. */
ret = CDev::init();
}

1ZEREY_dev = px4_spibus_initialize(_bus);#£ src/platforms/px4 micro hal.h HREXAYI

# define px4_spibus_initialize(port_1lbased) up_spiinitialize(port_1based)
up spiinitialize ) fF Firmware/Nuttx/nuttx/include/nuttx/spi.h A, BRESLILAE
Firmware/Nuttx/nuttx/arch/arm/src/stm32/stm32 spi.c

FAR struct spi dev s *up spiinitialize(int port)

{
FAR struct stm32_spidev_s s*priv = NULL;

irgstate t flags = irgsave();
#ifdef CONFIG_STM32 SPI1
if (port == 1)

{
/% Select SPI1 */

priv = &g spildev;
/% Only configure if the port is not already configured */
if ((spi_getreg(priv, STM32 SPI CR1 OFFSET) & SPI CR1 SPE) == 0)
{
/% Configure SPI1 pins: SCK, MISO, and MOSI */
stm32 configgpio (GPIO SPI1 SCK);
stm32 configgpio (GPIO SPI1 MISO) ;
stm32 configgpio (GPIO SPI1 MOSI) ;

/* Set up default configuration: Master, 8-bit, etc. */

spi portinitialize(priv);



else
#endif
#ifdef CONFIG_STM32_ SPI2
if (port == 2)
{
/* Select SPI2 %/

priv = &g spiZdev;
/% Only configure if the port is not already configured */

if ((spi_getreg(priv, STM32 SPI CR1 OFFSET) & SPI CR1 SPE) == 0)
{
/* Configure SPI2 pins: SCK, MISO, and MOSI */

stm32 configgpio (GPIO SPI2 SCK);
stm32 configgpio (GPIO SPI2 MISO) ;
stm32 configgpio (GPIO SPI2 MOSI) ;

/* Set up default configuration: Master, 8-bit, etc. */

spi portinitialize (priv);

}

else
ftendif
#ifdef CONFIG_STM32 SPI3
if (port == 3)
{
/* Select SPI3 */

priv = &g spiddev;
/% Only configure if the port is not already configured */
if ((spi_getreg(priv, STM32 SPI CR1 OFFSET) & SPI CR1 SPE) == 0)
{
/* Configure SPI3 pins: SCK, MISO, and MOSI */
stm32 configgpio (GPIO SPI3 SCK) ;
stm32 configgpio (GPIO SPI3 MISO) ;
stm32 configgpio (GPIO SPI3 MOSI) ;

/* Set up default configuration: Master, 8-bit, etc. */

spi portinitialize(priv);

else



ftendif
#tifdef CONFIG STM32 SPI4
if (port == 4)
{
/* Select SPI4 %/

priv = &g spiddev;
/% Only configure if the port is not already configured */

if ((spi_getreg(priv, STM32 SPI CR1 OFFSET) & SPI CR1 SPE) == 0)
{
/* Configure SPI4 pins: SCK, MISO, and MOSI */

stm32 configgpio (GPIO SPI14 SCK);
stm32 configgpio (GPIO SPI4 MISO) ;
stm32 configgpio (GPIO SPI4 MOSI) ;

/* Set up default configuration: Master, 8-bit, etc. */

spi portinitialize (priv);

}

else
ftendif
#ifdef CONFIG_STM32 SPI5
if (port == 5)
{
/* Select SPI5 */

priv = &g spibdev;
/% Only configure if the port is not already configured */
if ((spi_getreg(priv, STM32 SPI CR1 OFFSET) & SPI CR1 SPE) == 0)
{
/% Configure SPI5 pins: SCK, MISO, and MOSI */
stm32 configgpio (GPIO SPI5 SCK) ;
stm32 configgpio (GPIO SPI5 MISO) ;
stm32 configgpio (GPIO SPI5 MOSI) ;
/* Set up default configuration: Master, 8-bit, etc. */
spi portinitialize(priv);
}

else
fendif



#tifdef CONFIG STM32 SPI6
if (port == 6)
{
/* Select SPI6 */

priv = &g spibdev;
/% Only configure if the port is not already configured */

if ((spi_getreg(priv, STM32 SPI CR1 OFFSET) & SPI CR1 SPE) == 0)
{
/* Configure SPI6 pins: SCK, MISO, and MOSI */

stm32 configgpio (GPIO SPI6 SCK);
stm32 configgpio (GPIO SPI6 MISO) ;
stm32 configgpio (GPIO SPI6 MOSI) ;

/* Set up default configuration: Master, 8-bit, etc. */

spi portinitialize (priv);

}

else
ftendif
{
spidbg ("ERROR: Unsupported SPI port: %d\n”, port);
return NULL;

irgrestore (flags) ;
return (FAR struct spi dev s *)priv;

HIX , WFHFETME cdev FFRY spi Kijt :



