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JZM1 main.chS5kBLAEYV—ZO—F
1 /** 376 // Get target euler angle from remote control
2 ™™ 377 GetTargetEulerAngle (seuler rc, &euler ahrs);
3 * File Name : main.c 378 ‘T
4 * Description Main program bod:; 379 = =)~
PR T UL S s S 380 if(gTHRMIN THR) ] (S00T18) ) [5Y3Y - TO
. * 381 - ZRRFIHO%ESR) | NRHHRRES
7 * COPYRIGHT (c) 2017 STMicroelectronics 382 euler ahrs offset.thx = 0; % IR RBABE
: 383 euler ahrs offset.thy = 0; DIEV:IERN S
158 int main(void) 384 }
159 { 385
160 386 Fly origin.X Degree = (intlé6_t)
16l /* USER CODE BEGIN 1 */ (euler_ahrs.thx * 5730);
162 intl6_t pid_interval, i; 387 Fly origin.Y Degree = (intlé6_t)
163 (euler_ahrs.thy * 5730);
164 int mytiment = 0; 388 Fly origin.Z_Degree = (intlé6_t)
165 acc_fil.AXIS X = 0; (euler_ahrs.thz * 5730);
: 389
Bl /* Start timer */ 390
314 StartTimer (&tim) ; 391 if (JTHR<MIN_THR)
315 ch = 0; 392
316 ch_flag = 0; 393 euler_rc.thz = 0;
317 394 euler_ahrs.thz = 0;
318 /* USER CODE END 2 */ 395 }
319 396
320 397 euler rc_fil.thx = euler_rc.thx;
321 398 euler rc_fil.thy = euler rc.thy;
322 /* Infinite loop */ 399 euler rc_fil.thz = euler_rc.thz;
323 /* USER CODE BEGIN WHILE */ 400
324 while (1) ZIHBI—TNIB 401 FlightControlPID OuterLoop (&euler_rc_fil,
325 { &euler_ahrs, &ahrs, &pid);
326 * USER CODE END WHILE * = 402
N ! (33678~ 203}
328 /* USER CODE BEGIN 3 */ BES T TILHD :
329 BENLI% & 430 /* Added for debug on UART*/
330 if (tim9_event flag == 1) 431 /* Remocon ELE, AIL, RUD, THR, Motorl_pwm,
331 { // Timer9 event: frequency 50Hz AHRS Euler angle x and y axis */
332 tim9_event_flag = 0; = 432 PRINTF ("$d\t%d\tsd\tsd\tsE\tsE\esf\tsE\t3f\n",
333 N N g$@ﬁﬁ@5ﬁ%@%,ﬁﬁ gELE, gAIL, gRUD, gTHR, motor pwm.motorl_ pwm,
334 countl++; <619 ms, ,5&’\]160HZ) euler ahrs.thx * 57.3, euler ahrs.thy * 57.3,
335 T‘&ﬂ&@%%?ﬁ euIerfrc.thx * 57.3, eule;irc.thy * 57.3);
336 acc_ahrs.AXIS X = 0; (BOHz (358U ?) 8
337 acc_ahrs.AXIS Y = 0; (~40378) 455 UARTAD 298 HhH
338 acc_ahrs.AXIS Z = 0; 456 /* USER CODE END 3 */
339 gyro_ahrs.AXIS X = 0; 457
340 gyro_ahrs.AXIS Y = 0; 458 }
341 gyro_ahrs.AXIS Z = 0; B
342 >_‘_ 665 /* TIM9 init function */
343 for (i=0;1<FIFO_Order;i++) 666 void MX_TIM9_Init (void)
344 { 667
345 acc_ahrs.AXIS_X += acc_ahrs_FIFO[i] .AXIS_X; 668
346 acc_ahrs.AXIS_ Y += acc_ahrs_FIFO[i] .AXIS_Y; 669 TIM ClockConfigTypeDef sClockSourceConfig;
347 acc_ahrs.AXIS_Z += acc_ahrs_FIFO[i] .AXIS_%; 670
348 gyro_ahrs.AXIS_X += gyro_ahrs_ FIFO[i] .AXIS_X; 671 htim9.Instance = TIM9;
349 gyro_ahrs.AXIS_ Y += gyro_ahrs_ FIFO[i] .AXIS_Y; 672 htim9.Init.Prescaler = 51;
350 gyro_ahrs.AXIS Z += gyro ahrs FIFO[i] .AXIS Z; 673 htim9.Init.CounterMode = TIM COUNTERMODE_UP;
GI5H } 674 htim9.Init.Period = 1999;
BI52) 675 htim9.Init.ClockDivision =
853 acc_ahrs.AXIS_X *=FIFO_Order_Recip; TIM CLOCKDIVISION_DIV1;
354 acc_ahrs.BAXIS Y *=FIFO Order_ Recip; 676 HAL_TIM Base_Init (&htim9) ;
355 acc_ahrs.AXIS_Z *=FIFO_Order_Recip; 677
356 gyro_ahrs.AXIS_X *=FIFO_Order_ Recip; 678 sClockSourceConfig.ClockSource =
357 gyro_ahrs.AXIS_Y *=FIFO_Order Recip; TIM_CLOCKSOURCE_INTERNAL;
358 gyro_ahrs.AXIS_Z *=FIFO_Order_ Recip; 679 HAL_TIM ConfigClockSource (&htim9,
359 &sClockSourceConfig) ;
360 acc_fil int.AXIS_X = acc_ahrs.AXIS_X; 680 = Sk —r—
361 acc_fil_int.AXIS_Y = acc_ahrs.AXIS_Y; 681 } [TIMQ(D%ZKH’&;W ) %’KH(DERIE}/
362 acc fil int.AXIS Z = acc ahrs.AXIS Z; 8 5
363 gyro_fil int.AXIS X = gyro_ahrs.AXIS X; 726 /* USER CODE BEGIN 4 */ E%&Ug—iﬁg’c
364 gyro_fil int.AXIS_ Y = gyro_ahrs.AXIS_Y; 727 /*
365 gyro_fil int.AXIS_Z = gyro_ahrs.AXIS Z; 728 * Handle Timer9 interrupt @ 800Hz
> = * i i i
;23 (AHRS (%M&’ﬁzg}')@ﬁ‘% ;gg - Set the event flag and increase time index
368 //PRINTF ("$f %f %f %f\n", acc_ahrs.AXIS X, 731 void HAL_TIM PeriodElapsedCallback
acc_ahrs.AXIS Y, gyro_ahrs.AXIS X, (TIM HandleTypeDef *htim)<—/
gyro_ahrs.AXIS Y); 732
369 - B 733 { if (sensor_init_cali == 0) t\/ﬂ%ﬂﬁg{tb\‘%@@j
370 // BHRS update, quaternion & true gyro data are 734 { TORWBEIZRT
stored in ahrs 35 sensor_init_cali_count++;
371 ahrs_fusion_ ag(&acc_ahrs, &gyro_ahrs, &ahrs); 736
372 737 if (sensor_init_cali_count > 800)
373 // Calculate euler angle drone 738
374 QuaternionToEuler (&ahrs.q, &eulerﬁahrs);ﬁ 739 // Read sensor data and prepare for specific
375 [bj__&:j.\/b\%‘j,,ra_%,\@g}@) coodinate system
(R4 DA RBHLTH 158D BET)
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740

741
742
743
744
745
746
747
748
749
750
751
752

753

754

755
756

757

758

780

829

830

831

ReadSensorRawData (LSM6DSL_X 0_handle,

LSM6DSL G 0 handle, LIS2MDL M 0 handle,

LP822HE_P_0_h;nalg, &acc, &gyro, Zm;gT &pre) ; <—

acc_off calc.AXIS X += acc.AXIS X; Y-
acc_off calc.AXIS Y += acc.AXIS Y;
acc_off calc.AXIS Z += acc.AXIS_Z;

T—RD
FLAHASH

gyro_off calc.AXIS X += gyro.AXIS X;
gyro_off calc.AXIS Y += gyro.AXIS Y;
gyro_off calc.AXIS Z += gyro.AXIS Z;

if (sensor_init_cali_count >= 1600)

{

acc_offset .AXIS X = acc_off_ calc.AXIS X *

0.00125;
acc_offset .AXIS_ Y = acc_off calc.AXIS_ Y *

0.00125;
acc_offset .AXIS 7 = acc_off calc.AXIS_ 7 *

0.00125;

gyro_offset.AXIS X = gyro off calc.AXIS X *

0.00125;
gyro_offset .AXIS Y = gyro off calc.AXIS Y *

0.00125;
gyro_offset .AXIS Z = gyro off calc.AXIS Z *

0.00125;

acc_off_calc.AXIS_X

1}
o

ff calc.AXIS Y = 0; <

:zz_gff_calc.AXIs_z - o 800 ﬁ/jib

gyrg_ofg_calc AAXIE_X = 0; #01s@D(C

gyro_off_calc.AXIS Y = 0; DIZBEED

gyro_off calc.AXIS_Z = 0; RE & AR

- EDT— 4%

e initeali o a, O |HEL AT
) —indt ’ v F(O0RT
) M EBHTS

}

if (sensor_init_cali == 1)
tim9_cnt++;
tim9_cnt2++;

// Read sensor data and prepare for specific
coodinate system
ReadSensorRawData (LSM6DSL_X_0_handle,
LSM6DSL_G_0_handle, LIS2MDL_M 0 handle,
LPS22HB_P 0_handle, &acc, &gyro, &mag, &pre);

if (rc_cal_flag == 1)

{ e—— : -
: (10ET— 2% FIFONY 7 7(C15#)

} (tY - F—ED0RTNAERE

acc.AXIS_X -= acc_offset.AXIS X;

acc.AXIS_ Y -= acc_offset.AXIS Y;

acc.AXIS_Z -= (acc_offset.AXIS Z - 1000);

gyro.AXIS X -= gyro_offset.AXIS X;

gyro.AXIS Y -= gyro_offset.AXIS Y;
gyro.AXIS_Z -= gyro_offset.AXIS Z;

// Save filtered data to acc_FIFO
acc_FIFO[tim9 cnt2-1].AXIS X = acc.AXIS X;
acc_FIFO[tim9 cnt2-1] .AXIS Y = acc.AXIS_Y; p=
acc_FIFO[tim9 cnt2-1].AXIS_Z = acc.AXIS_Z;

// IIR Filtering on gyro
gyro_fil.AXIS_X = gyro_fil coeff.bO*gyro.
AXIS X + gyro_fil coeff.bl*gyro x pre[0] .AXIS X
+ gyro_fil coeff.b2*gyro x pre[l] .AXIS X
+ gyro_fil coeff.al*
gyro_y pre[0] .AXIS X
+ gyro_fil coeff.a2*gyro_y prel[l] .AXIS X;
gyro fil.AXIS Y = gyro fil coeff.bO*gyro.
AXIS_Y + gyro_fil coeff.bl*gyro x pre[0] .AXIS Y
+ gyro_fil coeff.b2*gyro_x pre[l] .AXIS_Y
+ gyro_fil coeff.al*
gyro_y pre[0] .AXIS_ Y Y
+ gyro_fil coeff.a2*gyro_y pre[l] .AXIS_Y;

832

B33

834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852

853

889
890
891
892
893

895
896
897
898
899
900
901

902
903 }

gyro fil.AXIS Z = gyro_fil coeff.bO*gyro.
AXIS_Z + gyro_fil coeff.bl*gyro x pre[0] .AXIS Z
+ gyro_fil coeff.b2*gyro_x pre[l] .AXIS 2
+ gyro_fil coeff.al*
gyro_y pre[0] .AXIS_Z + gyro_ fil coeff.a2*
gyro_y_prell] .AXIS Z;
// Shift IIR filter state
for(int i=1;i>0;i--)

{

gyro_x pre[i] .AXIS_X = gyro_x_pre[i-1].AXIS_X;
gyro_x pre[i] .AXIS_Y = gyro_x pre[i-1].AXIS_Y;
gyro_x pre[i] .AXIS_2Z = gyro_x_pre[i-1].AXIS_Z;
gyro_y pre[i] .AXIS_X = gyro_y pre[i-1].AXIS_X;
gyro_y prel[i] .AXIS_Y = gyro_y_ pre[i-1].AXIS_Y;

.AXIS_Z = gyro_y_prel[i-1] .AXIS_Z;

gyro_y preli]
}

gyro_x_pre[0]
gyro_x_pre[0]
gyro_x_pre[0]

.AXIS X = gyro.AXIS X;
AXIS_ Y gyro.AXIS_Y;
.AXIS Z = gyro.AXIS_Z;

gyro_y pre[0] .AXIS X = gyro_ fil.AXIS X;
gyro_y pre[0] .AXIS Y = gyro fil.AXIS Y;
gyro_y pre[0] .AXIS Z = gyro fil.AXIS Z;

// Save filtered data to gyro_FIFO

gyro_FIFO[tim9_cnt2-1] .AXIS X =
gyro_fil.AXIS X;
gyro_FIFO[tim9_cnt2-1] .AXIS Y =
gyro_fil.AXIS_Y;
gyro FIFO[tim9 cnt2-1].AXIS Z =

gyro_fil.AXIS 2z;

(T — 2% FIFONY 7 7 (1840

if (tim9_cnt2 == FIFO_Order)

tim9_cnt2 = 0;
tim9_event_flag = 1;
for (int i=0;i<FIFO_Order;i++)
{
acc_ahrs_FIFO[i] .AXIS X
acc_ahrs_FIFO[i] .AXIS_ Y
acc_ahrs_FIFO[i] .AXIS_Z
gyro_ahrs_FIFO[i] .AXIS_X
gyro_ahrs_FIFO[i] .AXIS_Y
gyro_ahrs_FIFO[i] .AXIS_Z =

} AHRSEt& (main () BEEOIL—THS
OB ITET DT —H A 1ER
gyro_f£il.AXIS_X*COE_MDPS_TO_RADPS;

gyro_f£il.AXIS_Y*COE_MDPS_TO_ RADPS;
gyro_f£il.AXIS_Z*COE_MDPS_TO_ RADPS;

acc_FIFO[i] .AXIS_X;
acc_FIFO[i] .AXIS_Y;
acc_FIFO[i]. _
gyro_FIFO[i] .AXIS X;
gyro_FIFO[i] .AXIS_Y;
gyro_FIFO[i] .AXIS_Z;

}

gyro_rad.gx =
gyro_rad.gy =
gyro_rad.gz =

euler_ahrs.thz += gyro_rad.gz*PID_SAMPLING_ TIME;

— BEHEOA 1 S —BEEY
{f (9THR<MIN_THR) E(Z@m;yg%ﬁﬁ)
euler rc.thz = 0;
euler:ahrs.thz =

0;
J (rEOS% (rad/s] NE#

o

if (rc_connection flag && rc_enable motor)
{ // Do PID Control
FlightControlPID_innerLoop (&euler rc_fil,

&gyro_rad, &ahrs, &pid, &motor pwm) ;
}
else S>Y0Y- JaR

{ RSBV ESEE
// set motor output zero L. ADOE—4H
) set_motor_pwm_zero (&motor_ pwm) ; EETAEREE T

g, 4> F b—
if (QTHR<MIN THR) TEREREO
{ B 21T

set_motor_pwm_zero (&motor_pwm) ;
J E—BAPWMESEEN

set_motor_pwm (&motor_pwm) ;
/* To comment ifwant to debug remocon
calibrationswitching off the motors */

}

(gEn /A2 - T4 VAR T4 LA ICET )
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BRI T
PILAN—% .

T L ~—% (ELE : Elevator, &R o 5 IC
Hsk) &, BERORE BE LT T, €y ) o
MBS 2 R OIF U T
»TH—

5 #— (RUD : Rudder, %3 %o eI HR)
1, WO BEEomE, 3—) oZ LI BEES
5 BB OO T,
20Oy kL

Za v bV (THR : Throttle) (&, £— % I
WM LR OO T

©® JORDIRIERECAY v—HK[E—R 1]
Iyay, TLR=% S¥%— 2Z2uav bILOitd
DOFNFRNRAT A v 7 DADDFEIZED X ) IHS
OH 2L, 7oXoficky 4. ARENTS
CHOWONB[E—F1]EIFIER 2 7uRogE3,
FEDAT 4 v 7D ETFTHRILN=%, KBTI 5 —,
FDOATF 4y 7D LETFHRATy by, EABTra
CEID B THRTWET (K1, R4).

@ A5« v IRIEEFPWM/ LR ES OISR
& [ X it
AT 4 v 7 OEERIE, ZEHED?SPWM/ OV AR
CZya—FEINTEF RNV EnhES. oF

20V RV (THR)
- HENDIBH,

TUN—%(ELE)
By FOEBEL

D, 79V ZDONDRIEAA T 4 v 7 OBERITHT
B LET. EEVESRMHT S 7R/ ZERO%LE
B R BB AR T UL, F v A VE S L IRNHRE
ORISR, 125 gy, 28T L R—%, 325
Ty b, 4255 % —T, PWM2SV ZARIZWThd
AT 4y 7R ROE X8 1520us, AT 4 v 7%
LETFHr0EAICRRICIES L EICZ2I 0N
*420us DEALE 2B L9 TT.

AT 4 v 7 DBIEFIE SV RMENEL /85
Hox kb £z, HT2 70K/ ZEKICK
DEZYET. EFMFESNMEHT S 70 R/ ZEHRO
WA, BICBE L7z —FK - UN—ZADREEIT)
L, AT A4 v 7 R T EGAANREET 5 L0V AEDS
W (=), AF4 v 7% EFREENEET S
LIV AMEHREL Y F5 (+).

O \YH - T7A)brc. hTERENTWVDEL

TaREZEEOT— 5 BRI 5 I,
rc.h(UXF2) trc.c(UX MY IHBENTY
F9. F3, re.h (VX BM2) TEFRSI NS EHIC
DWW L E 7.

» 13 ~4147H

HHT2 78R/ ZEBCIGCTHRET D2 EHT
T, IVAVERErSB SNV R, AV
Ty b Fr T FBBEEHCTYA T AF
NET. WHRFN7 800 AR, 025us% 1LSB &
THERMELTLIYAZICAD 9. AIL ELE,
THR, RUD ® 45 x £ VO K, Hyefi (THR % B
<), w/MEB X OHRIG OriRig) 23 LE3. &M
T 2 7aRICEDLETEEIRE LfildR21C
R TY.

» 47 ~ 481TH

PITCH MAX DEG& ROLL MAX DEGIX, % h
FRILNR—%, TV YDAT 4 v 7 BERIIE
T B LEEBMEORNEEFET 2 ERT, 77+ b
fli1Z20° T, X7 7Ly v TICEEEE LY
BEIIoMERESLET.

» 547TH

YAW _MAX DEGIX, 7% — - A7 1 v 7 BlERD
B ORI OZbmT, ZoEKRELTS
EERAOMERAHLS 2D 5. 7740 M

%2 rc.hRICEBRENTOIERDHRE

>4&—(RUD)
- 3— (IA) Z1E

4 E-RF1TERT1 v VREDPHSPUHENH TSN TS

60

R fil
AIL_LEFT, ELE_TOP, THR_TOP, RUD_LEFT | 7760
AIL_MIDDLE, ELE_MIDDLE, RUD_MIDDLE 6080

IO (AL AIL_RIGHT, ELE_BOTTOM, THR_BOTTOM,
- O—JVDEBEE RUD RIGHT B 400
RC_FULLSCALE 1680
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.- e P b BE EEF:R
£58 FFETTHS-PIDHERITIOISL

UZh2 FTORERERDOT—4REBICHET 208 rc . hASHZRLAEY—ZXT—F
1 #ifndef RC H I{DD/(A|L> DAT 4y oUEE 32 // Definition for RUD(Yaw) Channel
2 #define RC H_ /(\/7’\\/ b FrIFrend o 33 #define RUD_LEFT 8088
. - = LY2L1E [LSB] DRIGBEROERE
10 /* Definition for R/C Timing (1 LSB = 250us) */ 36 #deflne RUD_MIDDLE 6397
11 /* Calibrated Devo7E remocon */
12 // Definition for AIL(Roll) Channel § SA— (RUD)IC
13 #define AIL LEFT 8088 38 #define RUD RIGHT 4216 BT 3E FOEE
: 39
16 #define ATL MIDDLE 5862 40 #define RC_FULLSCALE 1800 #=0E [LSB]

/* Calibrated Devo7E remocon */ 41 #define RC_CAL_THRESHOLD 1200

: 8 . N
18 #define AIL_RIGHT 4126 46 // Maximum roll/pitch 35deg ILE//\ EQEI_}IJD/
19 // Definition for ELE(Pitch) Channel 47 #define PITCH_MAX DEG 20} OEARESICHT S

20 #define ELE BOTTOM 4472 . — 48 #define ROLL MAX DEG 20 E‘y;/D_)UGD
E = ILN—%& (EHEE) I : - ZBAEERE (]
23 #define ELE_MIDDLE 6151 &ﬁ@'%ﬁli@m%
/* Calibrated Devo7E remocon */

54 #define YAW_MAX_DEG (120.0%*
SENSOR_SAMPLING_TIME)

: 55 #define YAW MIN RAD 0.0872
25 #define ELE_TOP 8088 56 =
SH—

26 // Deflnltlon for THR Channel| X0Ow kJU(ELE) (Z 57 #define EULER _Z TH 600 fily ‘DZ;/(_‘Vb
: - BRBRIESICNTS
M BELOER : () e
29 #deflne THR_BOTTOM 4450 83 #endif /* _RC H_ */ 2% 0E

/* Calibrated Devo7E remocon */

31 #define THR_TOP 8080

DZ b3 TOREREROT - IMBICHET 2B rc.c P SHERLLY-ZO-F
1 /* Introduction for remote control module: 214 void GetTargetEulerAngle (EulerAngleTypeDef
2 This module provide interface to work with *euler_rc, EulerAngleTypeDef *euler_ahrs)
remote control receiver signals 215 { y =
. TLAN—%A - N
: ILR—% 27495 oan it (oo o BENLL SR
72 /* Global R/C data */ N 7 217 if (tl > RC_FULLSCALE) B%
73 intl6_t gATL, gELE, gTHR, gRUD; BREENDE Y FLH 218 tl1 = RC_FULLSCALE; EEREEED
AEBREEES 219 else if (tl < -RC_FULLSCALE) - |
113 void HAL_TIM_IC_CaptureCallback 220 tl = - RC_FULLSCALE;
(TIM_HandleTypeDef *htim) 221 euler_rc->thx = -tl * max pitch rad /
e | (SOOI FTFosRANToY | RC_FULLSCALE;
1 ) DVBRESBDSRITCPWMESONVRBZSAT | 250 GATL; oY - RF4vH
v % N = i SUEE= A\ = >
% (BPTEHupdate rc data () ZFOLL) ; BIEEHNHO—IVEH
8 = T 224 if (tl > RC_FULLSCALE) %FEF{E%VF%
187 /* Update global variables of R/C data */ 225 tl = RC_FULLSCALE; = B8
188 void update_rc_data(int32_t idx) 226 else if (tl < -RC_FULLSCALE) =
1 = - RC _FULLSCALE;
Lo . gAIL, gELE. gTHR, gRUDI(C 227 ¢ C_FULLSCALE;
190 switch (idx) ?ﬁkﬂz [LSB] &4 A 228 euler_rc->thy = -tl * max_roll_rad /
191 | = RC_FULLSCALE;
192 case 0: gAIL = rc_t[0] - ail center; break; 229
193 case 1: gELE = rc_t[1l] - ele_center; break; 230 tl1 = gRUD;
194 case 2: gTHR = (rc_t[2] > THR_BOTTOM) ? 231 if (tl > RC_FULLSCALE)
(rc_t[2] - THR_BOTTOM) : 0; break; = 232 tl = RC_FULLSCALE;
195 case 3: gRUD = rc_t[3] - rud center; break; 233 else if (tl < -RC_FULLSCALE)
196 default: break; 234 tl = - RC_FULLSCALE;
197 |} 235
198 236 if(rc_z_control_flag == 1)
199 if ( (gTHR == 0) && (9ELE < - RC_CAL_THRESHOLD) 237 {
&& (gAIL > RC_CAL_THRESHOLD) && 238 if (t1 > EULER_Z_TH)
(QRUD < - RC_CAL THRESHOLD)) S| 239 {
200 { 240 euler rc->thz = euler_rc->thz + max_yaw rad;
201 rc_cal_flag = 1; 241 }
202} 242 else if (t1l < -EULER_Z_TH) Bl
203 243 {
204 if ( (gTHR == 0) && (gELE < - RC_CAL_THRESHOLD) 244 euler_rc->thz = euler_rc->thz - max_yaw_rad;
&& (gAIL < - RC_CAL_THRESHOLD) 245 }
&& (gRUD > RC_CAL_THRESHOLD) ) 246 |}
205 { 247 else
206 rc_enable_motor = 1; HBEDRT 1w oiefE (ELE 248
207 fly ready = 1; & THRAREE, AlL A6, 249 if (t1 > -EULER Z TH&&tl < EULER Z TH)
N RUD i) Nd > & &, . ot f1ae 1
2y rc_z_contro ag = 1;
E-RZHFYEREETD == —r-as
210 252 }
211 /* 253 }
212 * Convert RC received gAIL, gELE, gRUD 254 }
213

5/
BEDRT 1 v oR{E(ELEE THRA RIS, AL A%, RUD DGR A SH— AT 4 VORISR
HOfcEE, Y - TROF TV b BEIST 2R RET B NoHBEREEED

Interface 20204E3 A% 61




18R RO—> &ORHH

120°/sT¥. WEAFMOMEELE, F5— - AT 4 v
7 QL b OAERH5717T H O EULER_Z_THT
WA LA ER B 72 GAORE L, g T —
TY.

@ ALY+ T7A)rc.cliEiENTLSUL

BAE

KIS, A4 ORI EFF>TWhre.c(UXBR3)
ERTVWEFT
» 731TH

Z 2T #H SN b % MIAIL, gELE, gTHR,
gRUDIZ AT 4 v 7 BIFEEEZHKMT HEHKTT.
gAIL, gELE, gRUDIX, A F 4 v 27 it %0,
gTHRIEAT A v 7 3—F Pt &zokl, wih
b, PWM SV ZME025us 2472 1) 1LSB & 72 2 HASA
D ET.
» 113 ~ 17117H

NNV AMEZEETMT 24Ty b - F v 7F v i3,
113 ~ 17117 H ® B #HAL TIM IC Cauture
Callback () ¥ TIiToTWwT, ZOHT, 188 ~
20917 H ®update rc_data () B EZIFOH L,
TN LRI L2420 EH (GQAIL 2 &) IZfixHE A
ATWET. F72, update rc data() BEICE
WT, WEDAT 4 v 7 Ble e i § 202175 T
WET
» 199 ~ 2021TH

28y PVEZLR=FRLHI—FKTF, =rar
W=, FTY—DN—FLHELDEIAT 4 v 7 &
fEL7zL &, 2vH - 7=t 71y FEHIUTT
MM EFEITTH L9 7T 7 re_cal flagk 1l
LET.
» 204 ~ 2081TH

ATy PLETLR=FPREHIIFF, Ty
=%, TY—D—FLLLDIIAT A v I &R
L7z &, E— 2@fETRRIRELE T2 X9, 75
7 rc_enable motorZ 1IZLEYT. TOATA v
IEEERAT) ETCIEE—FZNAEL LA, FCUD
HREHRALT, $ICE—7 250 L CTfabzIr
B2 22 CREFBOBRALRI LTS
» 214 ~ 25417H

Z ZIZH B GetTargetEulerAngle () B,
AT A v 7 B O Y TR S S B % 1
DEY. ZTTEbh/zHEMEIZ flight_control
e O %M % 47 ) FlightControlPID
OuterLoop () B THHINET.
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AHRSIE, AMEZFHITLY v M0 - vV HEE
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T, MO ERLHMERHETLEHEELITIDDOT
Kl

FARMZEE L, Yy A0 vy TESNS
AAPEEZH L CTAEZEIR T 20 ) O TTD,
x4 -y OMAHERIHEICIES F S F RRE
BHY, B THE—MRITITHEEICE - THRHE &
R L T E E T,

T2 > 3 O1EHRH O E S H NI 025 DT, Z
Nz LT, Yx 40 - o YomdiEofmb
ERHHLEWEICHIELE Y. 2720, gt~
XTI O BRAR O EEYIZ X > TH U 2 Nk
JELEL DT, FICIEMEZRE AN S DI TIX
HYFHEA.

@ EHOEVY - T—IDSHIFHTEEZS

[ty --7Ja—v3av]

LERoEy, Yy fw -k emEEL ron
FTNH, BEFHNCBWTHEHTE 2VEEZHOD
T, LVOREFT o TLEEEZ[HE]ITHI LTk
DFET. TDLHIT, 220U O VI OlERA RS
BT, B0t v TIIIHFAN R EE 2 15 A L
gz iss ity 72—V v eIFUE
Kl

AHRSO 121, Bkt v ¥ 2 H v CTHima % il
D, BHMZ —#HICHEETH2D00HY T4, ST-
DRONE O FCU IZIZfA L ¥ Fidff T wnas b oo,
V— 23— FHRTIR#ELAE Y FEHTWEREA.
MWL YTl 2 F A AICET AR A E
W T, ST-DRONE ® AHRS T1% % . (B4 D
H kv x4 -t o3 THE5N 5 MHEOR R
BOHRTHEE L TWET.

@ :tE 75L& Complementary filter)

AHRS O LHHEE IO 0O R END Y £
$. ST-DRONEDOFCU®DY —Z a2 — KTlx, ZDip
T LN >~ 7V 7% Complementary filter & I-E L
LHZFEEHCTCVET. BEOBHO I b, KEKEK
W2 MEE L T, \EERE SR Yy A e - &
VHTENENREET L LV HDOTT.

BARW R EHBE LT, IEEE Ik g
SNDNMMED RN SFHE L7 AL & A7) %3
ZHEfME LT, Yy A - krYoAaREORST
BONLLENZOHEMICERTSEIIICT—F
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F£58 FFRIIIHS---PIDHIERITIOITS A

Ny BB ET. ATHEORAE, AT TR
BERAUNS WS L TY, 70y 2 RETRT LE5
DEHTHoTVET.

@ HEMICIXATEH (74— =F V) TRIRTD
BEUL, AT (U, 724 —F=F V) LIFEh 5
HETHEFMICER LTS, BRI OOMETHET
ZLEDNTEFTN, DA TEREZLADIIHMRT LT
FREE DR X o TR Z D BUTAE U 24557208
WENBESLZENTE, AHRSTIR IS flibhEd
> EH

Fo— 25 B LT 2 REE C o B A 3
ZIHEPRR L L, FNEIROHMANZ MV m n]T
T b YIS T L S & TRATH ORISR &
FHOMER—FH LI TDE, 7r—F=Fqik

KA TRENFET.
i cosi_
2
9o i 7
sin —
a1 | = 2 o)
1 msini
q3 2
nsinE
2

F72, Jvaidllgll=1&%0 5.

@ ZFHTEDUIEZ{TO> TV D ahrs_
fusion ag () E9%1
K5& ahrs.c (U X M) OBFH» S E 5
ahrs fusion_ag () MEONEZHETHTVE
ESc

PIMEEE> Y

TGRS & > i3, Bk 3 2 2 o E &
HTENTED L YT, FHIMEIIZEINEE S &
FNFET. BSTIENRYZ MG BERICNY, v—
A3— FfiCldaxf, ayf, azflZxhnL 9. £
7z, MEENRZ PVIZES LIIEBYLL T E 5

[ R A=

D2 = S N o O YN R R (b (g [ R
Lo EEZHY 3. R5TlRwsl W) Xs b
WRENIZH2), vV —AT— FfTldgxE, gyf,
gz B L E . Hifiid [rad/s] T

» 73 ~ 751TH

yr—F=FvEM0LE, ESLCEHELE
JIMEEERZ P VIE, V—AI— FDT73~T5{7H®D
vx, vy, vZIiEL, RS TERE—F T Dg =
D7y 7 HNOXTEL ZLPTEFT.

» 77 ~791TH

KIS, T 28 DRERY ek RO FT.
V—Aa—FfTiE, 77~791THDex, ey, ez T
3. R5TIE, HMATIEREEZLTVWEL)ICHLE
T, EBICIEZ ) TERL, 220X 7 MLosME
TXgERLESTVWET, Tt A HEMTHLS
WBHE (—3%) &8 5720 D NiEH 2 55 2 LI
LET.

» 82 ~ 841TH

ZOXHIZLTH e T, PLULHI/FE5) H
METVET. vV—2a2—FD82~ 84T H kel H
537 A ¥ ki (ARHRS_KI) Z 8N TEMERY L TWES
p 87 ~ 891TH

T OBAER L e lZ Bl 4 ~ K, (ahrs_kp)
ZEUMAERLT, ol LTHIEEE LT

_ATJr 10 £ Y TEBRENEER)

JrA0 - Y
Z (ESVCERIELIIREN S R L)
v
2 FIEBRDBRE
Z e
y + o [
& O~ 4=500 g
x , GRBET
R Ko EBLT 1 b
1 A~ 48y s Nolans
N N " 5 BRI _. | 2(g1a3—G0G2) 513
EE LT C g=| 2(qoq1+a293)
B D 7% 185

qo?—q12— g2 +q3?

RSIIERIELTC
ENNORENS BV

5 ZR#HF A Complementary filter DETE 3%
EEEEE D EMREL YT, SEAEEESED +10 (A3 €Y TEETS
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18R RO—> &ORHH

JZ b4 RBHEONEEIT> TV D ahrs.c PSEELEY—XO

—K

1

2 //#include "matrix.h"

3 #include "ahrs.h"

4 //#include "magnet_cal.h"

5 #include "basic_math.h"

6 #include "flight_control.h"

7

8

9 float offset[3];

10 float cor[3][3];

11 .
12 float g0 = 1, gl = 0, g2 = 0, g3 = 0;4_{’{%12$S§§§“§$\@j
13 float gx _off, gy off, gz off; OF—RZAY
14 float mx mag, my mag, mz_mag;

15 float wbx = 0, wby = 0, wbz = 0;

16 float by = 1, bz = 0;

17 float exInt = 0, eyInt = 0, ezInt = 0;

18

19 int count;

20 int ahrs_init_flag = 0;

21 int acc_over = 0;

22 extern intlé_t gTHR;

23 float ahrs_kp;

24

25 void ahrs_fusion_ag(AxesRaw_TypeDef_ Float *acc,

AxesRaw_TypeDef Float *gyro,
AHRS_State_TypeDef *ahrs)
26 |
27 float axf,ayf,azf,gxf,gyf,gzf;
28 float norm;
29 float vx, vy, vz;
30 float ex, ey, ez;

31 float g0g0, gO0gl, g0g2, g0g3, glgl, glg2,
qlg3, 9292, 9293, 9393;
32 float halfT;

33

34

B5] if(gTHR<MIN_THR)

36 {

37 ahrs_kp = AHRS_KP_BIG;

38 }

39 else

40 {

41 ahrs_kp = AHRS_KP_NORM;

42 }

43

44 axf = acc->AXIS_X;

45 ayf = acc->AXIS Y; 3§$0)ﬂUEEE§

46 azf = acc->AXIS 7Z; —
47 - (49?7@"’)
48 // mdps convert to rad/s SEWOINRE
49 gxf = gyro->AXIS X * COE_MDPS_TO RADPS;

50 gyf = gyro->AXIS_Y * COE_MDPS_TO_RADPS;

51 gzf = gyro->AXIS Z * COE_MDPS_TO RADPS;

52

53 // auxiliary variables to reduce number of

repeated operations

54 q0g0 = g0*g0;

25 q0ql = q0*ql; RBDWERZE, 985, [vx, vy,
56 q0a2 = a0*a2; || yy] % [axf, ayf, azf] \NEDHS

57 g0g3 = g0*g3; — — N S
s LT | HOBEBNS FLEFDS

60 qlg3 = gl*g3;

B9 gla2 = ql*q2; {?ﬁ@ﬁ%’(‘ﬁé’e%&b@ﬁ%ﬂ

< Sy E. N
B acaz - qoraes H5NLHFTEL TH<
— MRENRS FUDES%
9393 = g3*g3; =
= 1 ICERE
65 // normalise the accelerometer measurement
66 norm = invSqrt (axf*axf+ayf*ayf+azf*razf);
67
68 axf = axf * norm;
69 ayf = ayf * norm;
70 azf = azf * norm;
71
72 // estimated direction of gravity and flux
(v and w)
73 vx = 2*(glg3 - g0g2);
74 vy = 2*(3031 + 3233),. BBO+—N
5 vz = g0g0 - glgl - 9292 + g3g3; ::7T>/ODEU[]
76 Bh5, EN
77 ex = (ayfrvz - azf*vy); REAND
78 ey = (azf*vx - axf*vz); )U%}ﬁﬁ@’é
79 ez = (axf*vy - ayf*vx); 441
80
81 // integral error scaled integral gain
82 exInt = exInt + ex*AHRS KI*
SENSOR_SAMPLING_TIME;
83 eyInt = eyInt + ey*AHRS KI*
SENSOR_SAMPLING_TIME;
84 ezInt = ezInt + ez*AHRS KI*
SENSOR_SAMPLING_TIME; swi-
85
86 // adjusted gyroscope measurements
87 gxf = gxf + ahrs_kp*ex + exInt;
88 gyf = gyf + ahrs_kp*ey + eyInt; .
89 gzf = gzf + ahrs_kp*ez + ezInt; ég@bj‘—@
90 - A VEBH
91 // integrate quaternion rate and normalise
92 halfT = 0.5*SENSOR_SAMPLING_ TIME;
93 q0 = g0 + (-gl*gxf - g2*gyf - g3*gzf)*halfT;
94 gl = gl + (gO0*gxf + g2*gzf - g3*gyf) *halfT;
95 g2 = g2 + (gO0*gyf - gl*gzf + g3*gxf)*halfT;
96 g3 = g3 + (gO0*gzf + gl*gyf - g2*gxf)*halfT;
97
98 // normalise quaternion
99 norm = invSqrt (g0 * g0 + gl * gl + g2 * g2
+ a3 * g3);
100 g0 *= norm;
101 gl *= norm;
102 g2 *= norm;
By o 99778~
BHLICOF—RZFY

105 ahrs->g.q0 = g0;
106 ahrs->q.gl = gl;

[ZDWT, JIWAPMIZ

N = (T4
107 ahrs->g.q2 = q2; BBLDICEIETS
108 ahrs->g.g3 = g3;
109

110 }([vx, vy, vzl % [axf, ayf, azf] NEdFHic, ||
PIGIHOEB CHRE (gxf, gyf, gz£f] A#HIETS

L, ME#ROMEECEEET. AdEL 7 +—%
=% v ORI CRALRER Y 72 ) O ZbR) g OBk
i, 7ay 2RO H L g=-DT Y 7D
XTEENTT. B0 Lo My MIBM#S (d/
a2 ELEF. ¢=Woy. ®rvd Bhs v
HIAHY FIH, oo cRaEd ks
Y ET.

64

qy A 41 —4q; —q3
X
.1 . 1|4 A 1| 9 —45 4
== qRX0=" ® =0
7 20a:| || 2] a5 a0 -
wZ
d; -4, 4, 4y

I b, b, OFEThETh, VY —Aa2—Fo

87 ~8IMTHD LD gxE, gyf, gzf TT.
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BED LTS 2
ER:<R"

BEDHETT X
EvFE ¢

O—JuA 6

HAEDHTT ¥
K6 #17-—BOEREREOEFRICHESIES

» 92 ~ 961TH

#iZ, ¢RI TBMER S T RS g o
T. ZOHYDOEEIZY - A3 — FHhD92 ~ 9617
HiZHE2NTwES. BiEfiiciy, s34 FE
Y T35, ST-DRONEOFCUMDY — A2 — KT
X, mLHEMAEAA T—FEPH LN TwET. 1L
PR & EACHERIM S & T v TR B BT Al
ZMELTWL & v FETT.

» 99 ~ 1031TH

GBS L a2 Ba, lldl=12%567%
W EAHYFET. FNEBIET S 0OH99 ~ 10317
HoMRTY. Ulo7sat2ilckl, Eossdt
FED 1R OMESE T LET.

BERENICEAZEA A—ITDHD
Wk 71 5— AR
@ U4 —5FVIFERNTIEL

7ok =5 =k iE, BRSO R T E T
XLLVHMEDDHLILDOD, 4DDGOfi% BT
LEADLEEE 4 A=Y LIZWTY. £ TS
1, XD BRI O BB E L A—-DTED, A
5 —44 (Euler angles) &IN5 3D D TY#%
KLY

FF i ECEE S A R (o, v, 2)
ELET. Ihkz ihE b IRy AR S &7 HER
ROy, z,), yENED YIS0 AlE S 7 EEAE
Sk (x, vy, 27, xilE b )N ¢ [Mliix S 872 A
H%(x y, 2L, TN RE T L&,
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JZRS J4—BFhoFAT7—ANEHRT ZNEHEB
&hf-quaternion.c »S5HBLAV—XO—F

i, #include "quaternion.h"

2 #include <math.h>
: be—&:ﬁy%8v¥~a—w]

DFA S—AERT DEH

75 | /*

76 * Convert Quaternion to Euler Angle J

77 */

78 void QuaternionToEuler (QuaternionTypeDef *qgr,
EulerAngleTypeDef *ea)

79 {

80 float g0g0, glgl, 9292, g3g3;

81 float dg0, dgl, dg2;

82 float dqlg3, dg0g2, dglg2;

83 float dg0gl, dg2g3, dg0g3;

85 gq0g0 = gr->g0*qr->qgo0;
86 qlgl = gr->gl*qr->ql;
87 g2g2 = gr->g2*qr->q92;
88 g39g3 = gr->g3*qr->q3;
89 dg0 = 2*qr->qgo0;
90 dgl = 2*gr->ql;
91 dg2 = 2*qr->qg2;

92 dglg2 = dgl * gr->q92;

93 dglg3 = dgl * gr->g3;

94 dg0g2 = dg0 * gr->q2;

95 dg0g3 = dg0 * gr->g3;

96 dg0gl = dg0 * gr->ql;

97 dg2g3 = dg2 * gr->g3; T —

o8 (thx | EvFOLA5—F
99 ea->thx = atan2 (dg0gl+dg2q3, <J

g0g0+g3g3-qlgl-g2g2) ;

100 ea->thy = asin(quqZ—dqlq?,);44\1
. (thy : D—Mﬁt»ﬁ—@

3ODEMEMEE D, 0, wE[AAT—MILIFOET.

@ BIEDEERET A S—AZMNBMIITS
ST-DRONE I[ZFCU % #mFE&Em 2 R LTI f+f
F7eYG, yWlAKIR O, xiaSER RO T, il
PEAEOLEFERYET. ZoLE, xilEbyIcE
PERBEELEHEE Yy F 7 (EyF), ylliEh
DICKBEESE L ER 2 u—) 7 (a—)), z
il E b ICEE ) 2 b3 288 %E T — 1 ~
7 (d—=) LI, F4 7ML SET, px v
Ff, 0z a—)Vfy, yEI—M[LIFE T (X6).
V—A3d— FHTIE¢Athx, 02°thy, whithz
EVIHBRELTEENRTVET., 7+ —F=F &t
A T —Hp, ODBIIZTKROBIMZRAAWE D 2 H F 9.
20 +deds) (3)
@& -4 —d5+d;
@)= Sl Il T} oooscocesossoossossacossssasssase (4)

¢ =tan

@ VA—FFIUDSFAST—AEZIT D
QuaternionToEuler () BE9%%

13, quaternion.c»78 ~ 1164THD Quater
nionToEuler () BEIZHEEK SN TV T, ahrs_
fusion ag() B OIE OIS H b B T &I
main.c®3744TH T S, #REE, 7+ —% =
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18R RO—> &ORHH

ﬁﬁ@fg%fﬁx_s 1, y_s1, z_sl

LRBBED ARED E-H2DPWMES
EBitRE BitRE motorl pwm, -, motor4_ pwm
. BT S
QQQEE4MCEL’%§ﬁﬁ% L y pEe T rO—y (AHRS&Y)
(FOR&LY) _ _ ARE
1 -> ) JNTAN
iﬁx?rgfl;, thz FlightControlPID FlightControlPID v A0 22FLY)
OuterLoop () innerLoop () L 2DDI)—TH
- C— ANFIZB>TVD
(7o V=)

R7 A2F - W=FETIE - W—TTERBAEAREEHIMT S

F VoA T—ANOBEERDPTONE L)% ->T
WET (VR R5).

B, MERONFETIE, DA, yil
PR, 2RO T hHE R EHI1cLD,
o FACFEE T B HRME R D 2 MIAERIE T H & % 5
I3 E B ENBNTT. ZOBE, ¢hia— i
Oy FMELRY, F72, I — Ayl o EEE
AN ) 5.

LS

@ ARELZZART T «— RNy UHliEd 5

LG &%, BEROMEE L H P EABY 285
I, 4DDE-F IG5 ZH5PWMEES 2 d T
O TONEHE AT SRR Td. ST
DRONEDFCUDY — A 2 — FIZHEEINTVDLE
BRI, BBEMCHCEET7TOT Oy 7O
otk oTnE .

T Y% ETHONIREO A EERC LB MEL D
L2, HIMANTHBE— 7 DPWMIBS A EE &
M, EIUT XD BRI EEY U A U o LB B AL
T5, LWIBEV-TIHERINRTVwET. 2ok
I AT EE T 4= Ny ZHBEFES. 7
Oy Z7#EERLE, 200NV —THRANTIZHR T
WA ERGLEDET. 2oL, mEEEHET S
WHION—T% A4 v F - V=7, LEAEZHET S
MMUDINV—T% T8 - V=T EIFOTET.

® AL ARERIHIROLSE

> & AR

PRI L, R 0 HAME & BUE O S8
Mo, BARLSDHEIZBIET 2 720 1S f
BEEROET. WIZ, Ro-MAEL BEME LTH
IR AR L £ 5.

| @ Peded i

F R EER R, A BERIBIER D 5 2T W o 72 fiy s L
FEEAE & BUE DD S, B 7S HARE I8

66

T HEHIIDODE— ¥ ODPWMIEAHZ KD, %
E—y Gz ET.

O AEHIEHE L AREHIERR PID #I#H<TBiF

EESELS

RIS, AR & ISR FEIXPID
M LIRS P2 HOWTEESILTVEY. 2
i, HEMEZ Sl (AEEF 72 3ME) 25w
TR % R, OB 4 > &Rl L E
&, BRI  REREIRE A L 7o RE S 7 A v R a7
fE3 & OBHENR 7= & Ry U 72l i 7 A > &
GfEoRfIE LY, EnEHIEGORII LT L TE
T, Fuo—VIZBRSTHBHIHOBECL @ S h
TWVwE 9.

PID %, It#l (Proportional), F& % (Integral), %
55 (Differential) DXL ¥ % & 572D TY. Lpl/
o/ W o&7r 4 V3% L OREERT, HHRZE
FHCBIFBEEI ST A =% L0 E . oF ), &7
A v OMEREZD LT, REMESLHIEEEIZE D -
T&FET. 72 32054 D) b—H%2012T 5
e FET. HIZE, HyTrA rEOC LSS
X, DEALCPIHIMEIFENE Z 22D ) 7.

@ V—X1— RICHINT DUERE

DY — 23— Fflight control.c% i
TWw&E¥. ~v¥ - 774 )VElight control.h
WIEEE ST A= DR A>TVEDT, €bbdb
bbETHTLZEW(URRG, URRT).

154 ~ 19117 H @ FlightControlPID Outer
Loop () B¥uE, 774 - V— T MO
T9. 166 ~ 17247 HIZ ¥ v 7, 75 ~ 18117 H i
T —)Lfy, 184 ~ 19047 HiZ T — A DOl T 7.
> EY FAEOHERE

Ey Ff, u—)vff, I—-MORBAFIIITILAL
FL&DT, TITE ¥y FMoblzelicmsil
ESe
+ 16617 H
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UZ b6 ZRBHEETIVEIRBENS flight control . hA5HZPLAYV—ZXI—F

O—)L (Y8 ARE
HIEOH@ET 1>

1| #ifndef FLIGHT CONTROL H_
2  #define _FLIGHT CONTROL_H_

28 #define ROLL_PID_KP1 3} %F‘?%ﬁ%
29 #define ROLL_PID_KI1 0 *”%,7,{\/
31 #define ROLL_PID_KP2 100
/* test minidrone */
35 #define ROLL_PID_KI2 100
/* test minidrone */
38 #define ROLL_PID_KD2 10
// (x/PID_SAMPLING TIME)
40 #define ROLL_PID_I1_LIMIT 2.0 //5 degree
20.0

42 #define ROLL_PID I2 LIMIT

46 #define PITCH_PID_KP1
47 #define PITCH_PID_KI1
48 #define PITCH_PID_KP2

B ROLL_PID_KP1
49  #define PITCH_PID_KI2 ROLL_PID

ROLL_PID_KI1
ROLL_PID_KP2
_KI2
50 #define PITCH_PID_KD2 B
51 #define PITCH_PID_I1_LIMIT B
52  #define PITCH PID_I2 LIMIT B

ROLL_PID_KD2
ROLL_PID_I1 LIMIT
ROLL_PID I2_ LIMIT

3— (Z8) mRE
61 | #define YAW_PID KP1 4} S| ED SIS A
62 #define YAW_PID KI1 0

63 #define YAW PID_KP2 1000 | (3—mEsE
64 #define YAW_PID KI2 0 @%U’ﬁﬂ)f‘,{‘/ o
65 #define ] 0

YAW_PID_KD2
// (x/PID_SAMPLING_ TIME)

66 | #define YAW PID_I1_LIMIT 2.0 //5 degree

68 #define YAW_PID_I2_ LIMIT 2

69 N

70 #define PID_SAMPLING TIME  0.00125 /(/ﬂ‘\- —

7L 70)"3"/7')
0.025¢f >8R [s]

72 #define D_FILTER_COFF

88 #define FIFO_Order 5
89 f#define MID_FIFO (FIFO_Order>>1)
90 #define FIFO_Order_ Recip (1.0/FIFO_Order)

7] hendit [ﬁﬁgﬁﬁﬁ%mﬁﬁ@cﬁmaé}

AR A JAZ - 74 ARDFRK
EEHAOELE S—fus - AEEAIEOSH

REBAEBIH FERHEHT BHEE

—————(CvFAaE  ARENAOHES 1 REGO—LERL

I BHIRRIE

B, 2% TuROBMERIDED SN
FEHEflieuler rc->thx2 5 AHRS THEw S 7z
¥y Ffileuler ahrs->thx&5[Wi-flizRoOFF.
« 16747H

R HlE O HES & U-CaBAERA % BiERos L, iz
pid x integlIZ#&MIL 9. BUERIICHEAT %
7)) v I RHlpid->tsid, FlightControl
PID OuterLoop () FH O LA & &h
HRELDOT, IELLIZpid->ts D& 2 AHIT5 %4
JABIESLETY. 2720, Bk X5 IR
DrA4 Z0%0T, HEBEHY TEA
* 158 ~ 16317 H

Fisr i, 158 ~ 1631 THIZHE AN TV D L HITA
Oy PVIRERDL EWHEIIFIC A2 L0 s
nEy.

* 168 ~ 17117 H

RS £ pid->x i1 limit O %8 2 7%
WEIHIRZ T TVWET. 2ok RHlR)EEY
Iy S RMEFOET.

«17247H

W/ B fE ORI 247 - <, H#EEt I pid-
>x_sl&ROTwET. EBEIZIZ, BETr A V20
X725 TV 5O THEIHIEO R TY.

193 ~ 27347 H ® FlightControlPID_inner
Loop () BIEUE, A ¥ - v — 7 sl il 8 25 > 92
2TY. WP o0207 ~2201T HiZ ¥ v 7 A #
223 ~ 23647 Hid v — v, 239 ~ 25017HIZ 3 —
fREE DI
P EY FEREDHHAE

Yy FEEE, 0— Vg, 3 — O ML
RFIFEAERMLADOT, 22T}, Yy FAHED
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B Z BN L 9.

AR N E LCE, MERIELRE L AT, Euy
ELTRMOHMDGD B E AL, BIREOME
/A X T4V RBEHLTWEEZH, ZLT
PID HlHI O i 2 5t A RIS Y I v ¥ @A L T
Wi EZATY.

* 20747H

FREE OB R E RO TV E T,

* 20847 H

20747 H TRDO 72D 0% FHER S LTV E T
* 209 ~ 21241 H

By L7 fEicxt 5460 3 v 4 TF
+ 213 ~ 2144TH

JEHER 2 DBl T
« 215 ~ 2164TH

BAEM S Ofiliz /) A X - 74 VFIZHELTWET

IREBNEMFIINDE T4 VT 2 EELTVET. 2
DT 4NFIE, I bR TBYEREREGOES
DIRMEZ NS TLEEPHY £9. D FILTER
COFF I, T2 e T 2R TT. BBELA,
INE2rx Y27 M [s] TH o 7B
W [Hz] &) F5. WIHIE0025% DT, Hid
JE P B3 3.2Hz T
* 21747H

PIDHI#OFH R A 47w, HJipid->x s2A%hd
bNET.

+ 219 ~ 22017 H

WM RIC RO RVEIICTEY)IVvITYT. 2
551, BOMEICHTEY Iy 5 I 42 B
D, HEZEOEFASE KIS ) B O LI F TR
%5, LuvofElE#ETLHTANRTYT, H

/
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.- e P b BE EEF:R
18R RO—> &ORHH

UZ b7 RSBHEETINEPRBE N flight control.c A5HZPLAYV—ZXI—F

PIDHIHNDtE%TTD

BRIEEDHDEE
/AT 4 RITEY

1 #include "flight control.h" BRREOENEHBA 215 deriv = pid_x pre_deriv +

2 #include "rc.h" 2EBE0EDYIva (deriv - pid_x_pre_deriv)*D_FILTER_COFF; | |
— =
3 #include <math.h> N 216 pid_x_pre deriv = deriv; A (P) &7
X = - ' <
g ENTTEAISES 217 pid->x_s2 = "pid->x_kp2*error '+
154 void FlightControlPID_OuterLoop pid->x ki2*pid x integ2 + pid->x kd2*deriv; <1’
! - X \ - A
(EulerAngleTypeDef *euler_rc, EulerAngleTypeDef 218 B
*euler_ ahrs, AHRS_State_ TypeDef *ahrs, 219 if (pid->x_s2 >(MAX ADJ AMOUNT) pid->x_s2 =
P_PI_PIDControlTypeDef *pid) MAX_ADJ_AMOUNT; | _ |
155 { SRR 220 | if(pid->x_s2 <|-MAX ADJ AMOUNT) pid->x s2 =
156 float error; [7 W—=TZERBE J p p -MAX_ADJ_AMOUNT;
e o EDDEIE)  (#5 O)#E) AP

158  if (QTHR<MIN THR) [ﬁﬁﬁ%@%ﬁﬁ%ﬁ?@é) 222 //Y Axis

159 { . 223 error = pid->y sl - gyro rad->gy;
160 pid_x_integl = 0; (Zggcp';{ljg&—m?é—,(m_itg 224 pid_y_integ2 += error*pid->ts;
161 pid y integl = 0; Fh7e &) [FBIERED 225 if (pid y integ2 > pid->y i2 limit)
162 pid z integl = 0; BAEZ Y FTD 226 pid y integ2 = pid->y i2 limit;
163 } — 227 else if(pid_ y integ2 < -pid->y i2 limit)
164 (166 ~172738(& |(BWR=EE| | || 228  pidy incess - -pia-»y_iz Linit;
165 //x-axis pid Ew FRABOEIE ) RDB 229 deriv = (error - pidiygp;eigrrorz)*dtirecip;
166 error = euler rc->thx - euler_ahrs->thx; < 230 pid_y _pre_error2 = error;
167 pid_x integl += error*pid->ts; 231 deriv = pid_y pre_deriv + ]
168 if (pid_x_integl > pid->x il limit) (deriv - pid_y_pre_deriv)*D_FILTER_COFF;
169 pid_x_integl = pid->x_il_ limit; 232 pid_y pre_deriv = deriv;
170 else if (pid x integl < -pid->x_il limit) [ 233 pid->y s2 = pid->y kp2*error +
171 pid_x_integl = -pid->x_il_limit; pid->y ki2*pid_y integ2 + pid->y kd2*deriv;
172 pid->x sl = pid->x kpl*error + 234

id->x_kil*pid_x_integl; «— 235 if (pid->y s2 > MAX_ ADJ AMOUNT id->y_s2 =
1 EI (P i) BT R Aneeah T P o oo
174 //y-axis pid (78 (D) 236 if (pid->y s2 < -MAX_ADJ AMOUNT) pid->y s2 =
175 error = euler_rc->thy - euler_ ahrs->thy; -MAX_ ADJ_AMOUNT;
176 pid_y integl += error*pid->ts; 237 Y (0—)L)
177  if(pid y integl > pid->y il limit) 238 //z Axis AREOHE
178 pid_y_integl = pid->y_il_limit; 239 error = pid->z_sl - gyro_rad->gz;
179 else if (pid y integl < -pid->y_ il limit) 240 pid_z_integ2 += error*pid->ts;
180 pid_y_integl = -pid->y_ il limit; 2451 if (pid_z_integ2 > pid->z_i2_ limit)
181 pid->y sl = pid->y kpl*error + 242 pid_z_integ2 = pid->z_i2_ limit;

pid->y kil*pid y integl; 243 else if (pid_z_integ2 < -pid->z_i2 limit)
182 Z » 244 pid_z_integ2 = -pid->z_i2 limit;
183 //z-axis pid O—LZBAOHITE 245 deriv = (error - pid_z_pre_error2) *dt_recip;
184 error = euler rc->thz - euler_ahrs->thz; 246 pid_z pre_error2 = error; .
185 pid_z_integl += error*pid->ts; 247 pid->z_s2 = pid->z_kp2*error +
186 if (pid_z_integl > pid->z_il limit) pid->z_ki2*pid z_integ2 + pid->z_kd2*deriv;
187 pid_z_integl = pid->z_il_limit; 248
188 else if (pid z_integl < -pid->z_il_ limit) 249 if (pid->z_s2 > MAX ADJ_AMOUNT_YAW)
189 pid_z_integl = -pid->z_il_limit; pid->z_s2 = MAX_ADJ_AMOUNT_YAW;
190 pid->z_sl = pid->z_kpl*error + 250 if (pid->z_s2 < -MAX_ADJ_AMOUNT_YAW)

pid->z_s2 = -MAX ADJ_AMOUNT YAW;

pid->z_kil*pid_z_integl;
191 ) - 251
192 3—AOHIHE 252

78 (3 ) EREOHIE
) ) ) ) (~250178) YN
193 void FlightControlPID innerLoop 253 #ifdef MOTOR DC HHIsSE
(EulerAngleTypeDef *euler rc, Gyro Rad *gyro_rad, 254 7‘5_’3]?&35

AHRS_State TypeDef *ahrs, P_PI_PIDControlTypeDef 255 motor_thr = 0.33333f*gTHR + 633.333f;

*pid, MotorControlTypeDef *motor_pwm)ﬁ //Remocon Devo7E >> 630 to 1700
194 N < p 256 » N o = -
195 { float error, deriv; [/r/j_ : )Ij_jﬁ@gﬂﬁ@ 257 #endif HEBHIEKICE5BNED | |
196 258 Uy RENFTTRNSED
197 :Ef(gTHR<MIN_THR) [ﬁﬁﬁ%@%ﬁ%ﬁ@é) 259 #ifdef MOTOR_ESC
198 8
199 pid x_integ2 = 0; 20V R VAETHFTOWDEE 266 #endif
200 pid_y_integ2 = 0; = (BREPLE) (FBRBEED 267
201 pid_z_integ2 = 0; BoEE) Y hTD 268 motor pwm->motorl pwm = motor thr - pid->x_s2
202} - pid->y_s2 + pid->z_s2 + MOTOR_OFF1;

203 BitmEERDD

S0 TR T MRS 06220 B I X
206 //x Axis (EvF) mREOHEH

207 error = pid->x sl - gyro_rad->gx;
208 pid_x integ2 += error*pid->ts;

269 motor pwm->motor2_ pwm = motor thr + pid->x_s2
- pid->y_s2 - pid->z_s2 + MOTOR_OFF2;
270 motor pwm->motor3_pwm = motor thr + pid->x_s2
+ pid->y_s2 + pid->z_s2 + MOTOR_OFF3;
271 motor pwm->motor4 pwm = motor thr - pid->x_s2
+ pid->y s2 - pid->z_s2 + MOTOR_OFF4;

209 if (pid_x integ2 > pid->x_i2 limit) 272

210 pid x_integ2 = pid->x i2 limit; 273 } HNIEDSEBDLOBEREH HESD
211 else if(pid_x_integ2 < -pid->x_i2 limit) P hAaIYY RAEaIls&L T,
212 pid_x_integ2 = -pid->x_i2_ limit; PIEIAIC £ U R 4 DDE—A2DPWMEBAZIRYT D

213 deriv = (error - pid_x_pre_error2)*dt_recip;}

214 pid_x pre_error2 = error; BEZD
s - T — | #pERDD
Eﬁfiﬁﬁ%@%;ﬁ@b‘;@ik@b@bcﬁ97 PAREDS |

BiREERDS

UIwREDNTTRHNSES
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I ZAT ) BE— RIS L S flEibh .

@ FEAMEICY = v yHREIFIEMA- - BIEEEN
HOEEZREL
HIEERROFEMILE & 925, — BRI HENIR

% EO—EEOIEA D B BB T e — o 0

(A7 v 7HEMEEITR) 235 2 58412 BEE

WCEH R CBRESED DI K TT.
LH»L, ZO—FHTRO L) lELH Y 4.

GEBRERZEATO T IUEFICHIR T 5720, #BK

iz L DWEEEDH D 3. BRARLEHYHEEAE %

DL T (F— 8y 22— b EIER) BHERZE D5 A

Wiz L723401%, TEAUET CICHlfER o855

KizEE72nwe 2ATY. LaL, BitHEORGME

OISR EL B YT ED L, OO T AR

35 FTICHEBS 2> T L v, TR0

WG RS, HEMEEEZ B35 L

BHVIET. TOLHILHLEIA Y FT v T L

O, ROt EsEET2HBEICOL ) R LAVRE

HWEIICT VT - TIA VT v TOEREHDET

TWET. CCETOMHTBI2LYEZLEENET

B, FEAEIC) I vy ARTFOLNTWDEDE, 7

F e IAYRT Y TDIDTY.

@ HBEMDFSER ./ 1 ADEIEISEFEDNE

R EHMOBRREIIE, Vx4 7 Tilllo 22k
JEgyro rad->gxWdH Y, HEHEERSDO A X%
BATVWET., ZOX) REEEEMEMSTEE, /
A X% BEE U B o 25t L IRBy % 2 &
%Y, HETEOHILIZLbAATE—Y B L UM
[ DWBE D RA B Z DD T, T0D, B
PR AEDPMEM S OMt%, 74X - 74 VI L
I ARG RNELLTVET.

® 1 XENT 4 ILFEO—)\R4FHE
TRENRIE, L 72ES0MRIES07H (- 3dB)
& B R LT, SR LRV
WRUIIRIEAN T & A BT, BRI
L0 2 B T L AZHRIEAS0I M52 72 B & v ) ks
HVFET. 2F D, WHAEBRERITEETALS
DORENRL Y, "W THETANVIDOREDEF
nE9g.

722 LEMWER & LT, BRI T 5 & T W Rk
BIZBWTRESOMAICERIEL, AW ENE
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I AR ISR EE TR ST b 25
THEDH L O THEEILETT.

@ HlESEEAIIEFDIREICESDOET4D0D

E—I~NANTD

F BRI R ORI ED X HICE—F~AT)
FTIUEIWTL & 9%, ST-DRONEIZ, 4Bp 7o~
7 ZNENOHRHE DM A G DI LY LR T71H)
ZHET 20T, HEEEIEIs4o0TaxRT
DE—FITHENIGH L < TER D FEA.
BlziX, Aoy bvE EIFRGER4OETOE—
5 Ol RER EiF 5, D7z 0 k% 4126 2
R IFE2HFO TG HESEEE T, 3% L 47
FHEEREZ LTS, EwvozXdZLET. 1, o,
Ao AEERBSROL Ipid->x 52, vy _s2,
z 82, BXUAu Yy M VEBEMECHIET 2 HD
motor_thr (25597 H TRtH) & %€ — % O PWM i
motorl pwm, ‘-, motor4d pwmlIHE 3 2L
EHEcHEC sk e 2 9.

motorl_pwm motor_thr motor_OFF1
motorZ2_pwm —C. X_S2 N motor_OFF2
motor3_pwm | Oy s2 motor_OFF3
motor4d_pwm Z_S2 motor_OFF4
.......................... (5)
I1=1l=1 1
Cita= 1 1 11 11 ................................. (6)
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