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ESP-Drone

3.1 REAIT]

[English]

3.1.1 HEEST

ESP-Drone 255 5 #2 ESP32/ESP32-S2/ESP32-S3 J % [t /INR Jg AU ek 528, W] fifi il AL APP itk F-A7
it Wi-Fi I TR . %07 SRECFE R R, AARDZEAL VT, SCRRDIREY e, WIHIT STEAM #{
BT, WHMEK H Crazyflie FFF THE, 4k& GPL3.0 FFREIML.

¥ 1: ESP-Drone 7¢c A ¥

FEHM

ESP-Drone L4 DA 454 :
« SO BERE (Stabilize mode): FIBIFBINLEKT, TR KT
« SCHRE R (Height-hold mode): [ I3 T4 th, (LI 7 12
« SO AU (Position-hold mode): [ SR RIALER i, (L3RRIl 25 ] o .
o 45 PC _EGHUB: B cfclient |- HLHEFT /305 Tt
« SCH APP Bl (I TFHL APP il WicFi FEpAf .
o Y HHIE T (amepad) Bl 3T cclient f R AR HA RS .
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FEAH

ESP-Drone 2.0 il IR HALAY BTG, il B4R R e 2l
o LPEHIBR: H#52 ESP32-S2 MU AN S ALl RATHOMLEAL S, RO e 1
o YR RIS, WOUHE BRI R O, SRR /AT IR

F | ERE FErEN IngE 0O RERUE

=

1 F ¥ il Mt - | ESP32-S2-WROVER  + | JLffi %47 #24E12C SPIGPIO ¥
ESP32-S2 MPU6050 JERE N

2 PR - B | PMW3901 + VLS3LIX | EPHEA T | SPI+12C TS, TH )
e HbTH]

3 PR - e | MS5611 S & SHEE R 12C 5{ MPU6050 M | THF#PElIKHK
B .

4 P - FRrEl | HMCS883 B 4% T3k B4 R | 12C 5 MPU6050 M | TiFREJEHS
Bibk A Bl

AR 2%,

3.1.2 ESP-IDF &4

ESP-IDF 2 42}y ESP32/ESP32-S2/ESP32-S3 H At ity 4y Bt j 71 & HE L.,

* ESP-IDF {0 — R 5 30, $#248 7 BT ESP32/ESP32-S2/ESP32-S3 @ i fH 1 H frifs 1% L4l
.

* ESP-IDF 4R AL T Sofi st =i f i e A L R e hhg, Bildn: Mg, pesk. ulR &%,

PEISATA Y ESP-IDF 4ifid5 .

3.1.3 Crazyflie &4y

Crazyflie Jg 5% H Bitcraze JFE TAERYPUER ®ATay, HAADATRRE:
o IR MGG, WLARIASCIUE R, 8 R R g AT
© BT FreeRTOS 45, FEIMTEANARL, HENE - EANFESCRA AL -
o Wit THIRBSERY cfclient FAZHLAN CRTP @E ML, EFSZBLEIR. IR

PRI A A 5] Crazyflie 19 o

3.1, BRI 9


./hardware.rst
https://docs.espressif.com/projects/esp-idf/en/release-v4.4/esp32s2/get-started/index.html
https://www.bitcraze.io/

ESP-Drone

Bl 20 ZZTC AL IR SR PGS, RAEEETTRERTY) , (RIS #ET HE JE ML A swarm of drones exploring the

environment, avoiding obstacles and each other. (Guus Schoonewille, TU Delft)

314 A& T

@R

T4 IR A 4 TR 4 25 ESP32-S2-Drone V1.2:

1R 12 A

FIIAES

& 3: ESP32-S2-Drone V1.2 ZH 3 2

REPEA SRS TR B A5 REF 2%
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./hardware.rst

ESP-Drone

%% ESP-Drone APP

ESP-Drone APP [G]i} 373 Android 241 10S &5¢ .

T )7 —4im, F# Android APP:

F#; iOS APP:
Tr App Store H1382% ESP-Drone, 55 8 %e%k,
iOS APP J5i{thY: ESP-Drone-iOS

Android APP J5{th%: ESP-Drone-Android

%24 cfclient

2% cfclient e IR, LB, ARLAHE] .

pitch
Roll #F FF 33

& 4: cfclient | (v HL AT

3.1, BREA] 11
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https://github.com/EspressifApps/ESP-Drone-Android

ESP-Drone

L. 2% CRTP Pl ¢
L1 JEACRD

git clone -b esp-drone https://github.com/qljz1993/crazyflie-lib-python.git

L2 FEAYER H 5%, 2

pip3 install -r requirements.txt

1.3 %7 CRTP 41

pip3 install -e .

2. ‘23 cfclient

2.1 PR

git clone -b esp-drone https://github.com/gljz1993/crazyflie-clients-python.git

22 PEAPER H SR, LR

sudo apt-get install python3 python3-pip python3-pygt5 python3-pygt5.gtsvg

2.3 423k cfclient 2% i

pip3 install -e .

2.4 RAENK P

python3 ./bin/cfclient

3. BCELE Ay
3.1 FRE 4 EHIR: Roll . Pitch, Yaw, Thrust,

32 E— ¥ N Assisted control, T RATRETk,

3.1.5 F4{l APP {EFHi5™

Wi-Fi ZE$E

o FHLHHG Wi-Fi AP, ESP-Drone %% f1E AP, H SSID %5040 -

SSID: ESP-DRONE_XXXX (XXXX M#F MAC % E) PASSWORD: 12345678

o M AP, FAHL5 ESP-Drone %75 57 Wi-Fi 4% .

12 Chapter 3. {RiEA|T]



ESP-Drone

Input device configuration

Configure input device
Input device HJC Game BETOP BFM GAMEPAD * | | Configure
Input response
Roll o— Detect Yaw — Detect
Pitch Detect Thrust Detect
Detect Detect
Detect
Detect Detect Detect
Detect
_ Detect Detect
Detect
Profile name | beitong_esplane v Delete Load Cancel Save

Bl 5: IS A E

MELIRE

ez, T AR BRI B S st AT M BC L, s R e

BAEE

Flight control settings
1. Mode: Mode2
2. Deadzone: 0.2
3. Roll trim: 0.0
4. Pitch trim: 0.0
5. Advanced flight control : true
6. Advanced flight control preferences
1. max roll/pitch angle: 15
2. max yaw angle: 90
3. max thrust: 90
4. min thrust: 25
5. X-Mode: true
Controller settings
1. use full travel for thrust: false
2. virtual joystick size: 100

App settings

(R4

3.1, BREA] 13




ESP-Drone

(£ 50

1. Screen rotation lock: true
2. full screen mode:true

3. show console: true

= RAT

* 11JF APP, xiidli Connect ¥itfll, ¥EH/N WML EHAID, /N CHLERKT AR .
o BRAEMTT, NEHLE K.
* fE APP B3y, FEHl/N O I

ol L‘”E‘u;;:@ g@
(@ICIO) suigE

TJ:HBF'L' ] I r,.u—;."‘\._

[ #w £i5t | [ A%

& 6: Android APP [ ;&L

3.1.6 PC cfclient {EHiEr
cfclient )& Crazeflie Y TAEM FAHL, SEaSLB T CRTP thisl b CRYZhRE, W] DA RALA IH it A
ESP-Drone 7 FI X% I GHLIE A0 RIS, LA B3 oK
T H AR AH R ST, BTG E SR e S, Her JSON S I RFEREICEAR B . X TR EFE T
WNARIREE, 2% User Configuration File,
KITRE
EAXTKI{TIRE (Basic Flight Control)
1. &AL (Flight mode):  BL AR = it
o FABIA (Normal mode): HJ24# (4 o
o M (Advanced mode): BEE RS IR KT, BEEHRIHIT.
2. Hahz (Assisted mode)

14 Chapter 3. EA|]
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ESP-Drone

Mapped
full-scale

& 7: cfclient ZE#E

wopif192168.4341 | connest | |_scam satery: [0 vos nkouater [

Addvess: | OxETETETETET . Auto Recannect

Flight Control | Log Blocks Log TOC Parameters Plotber Loco Positioning  Qualisys  Console

Basic Flight Control Flight Data
Flight mode Advanced
Assist mode
Roll Te 0.00

Piteh Trim .00

Advanced Flight Contral

Max angle/rate ]
Ma Yaw anglerate 100

Max thrust (%) a1.00
Min theust (%) 15.00
Slewiimit (%) as.00

Thust lowering slewrate
(%/5ec) anon

Expansion boards
LED-ring effect

Target Actual Thrust M1 MZ M3 M4
Thiust
Pitch
Roll 2 FFFF
Yaw
Height

& 8: cfclient #£ il & FLm

3.1, BREA] 15



ESP-Drone

L]

SEMHRAREA (Altitude-hold mode): PRAF KATIA , 7B THIT SCHF .
* MM (Position-hold mode): fRIFMFIME, FEIGHA TOF 3Hf,
SE R (Height-hold mode) : PREFAHXT R EE, Ml P PRA e T-HUT 40 em, 75 %2 TOF 3CHf.
LA (Hover mode) it & P PR i T HUTT 40 em, HEASTER C, FTEOLHIA TOF 3.
3. fEBIE (Trim)
* BIRMZIE (Roll Trim): J T HRkMEe B K V44122 .
o MHIAEIE (Pitch Trim): J T IRAME G K TR 22
R, FEASEER, WA A B AT

L]

=% ¢{TiRE (Advanced Flight Control)

1. f R (Max angle): 4B A AL VRN AI B F B8 roll/pitch.,

2. KA BEGEE (Max yaw rate): BE AVFHIATEL : yaw,

3. AT (Max thrust): BCERAMT .

4. f/MITT (Min thrust) s BB SR/

5. FEAEAKR (Slew limit): By ki J9RME , T VIR T ER, TREE BRI E .
6. A4 (Slew rate): {iI) B AN B2 )5 R 5K R4

EIE2Ri% E (Configure Input Device)

PR IR B A AT 5 A i

KITEIR (Flight Data)

BHOTAEF M HT CHLERS, AR s B RO .
1. HARFAE (Target)
2. AR (Actual)
3. 4TI E (Thrust)
4. HLHLSER T (M1/M2/M3/M4)

16 Chapter 3. {RiEA|T]



ESP-Drone

Input device configuration

Configure input device

Input device HJC Game BETOP BFM GAMEPAD | | Configure

Input response

Roll =— Detect Yaw - =—— Detect

Pitch Detect Thrust Detect

H

Detect
Detect

Detect

Detect Detect Detect
Detect

_ Detect Detect

Detect

Profile name | esplane v Deleke Load Cancel || . Save

HE ey

FEL i PID S %
L BB ROEM AR, B TSk
2. AIAEACHS Pl 2 S, ECEMREE S HOT R L AL B
3. {E, SEELBUIUN T, SRR

TITRIEEE

P B S P B 5
S T 22
PRSI BE 152 e e ) -

3.1, BREA] 17



ESP-Drone

x Connected on udp://192.168.43.42

Disconnect Scan Battery: -:l 0.284 | volts Link Quality: l:l

Address:

Flight Control | Log Blocks

Name
disable
¥ motorPowerSet
enable
m1
m2
m3
m4
¥ pid_attitude
pitch_kd
pitch_ki
pitch_kp
roll_kd
roll_ki
roll_kp
yaw_kd
yaw_ki
yaw_kp
¥ pid_rate
pitch_kd
pitch_ki
pitch_kp
roll_kd
roll_ki
roll_kp
yaw_kd
yaw_ki
yaw_kp
¥ posctlpid
rpLimit
thrustBase
thrustMin
xKd
xKi
XKp
xyVelMax
yKd
yKi
yKp
zKd
zKi
zKp
zVelMax

Using Normal mux with HJC Game BETOP BFM GAMEPAD (esplane)

[ Auto Reconnect

Log TOC | Parameters | Plotter Loco Positioning | Qualisys Console

Type Access Value

uints_t RW 0

uints_t RW 0

uink16_t RW ]

uint16_t RW [}

uint16_t RW o

uint16_t RW 0

float RW 0.0

Float RW 2.9000000953674316
float RW 5.900000095367432
float RW 0.0

float RW 2.9000000953674316
float RW 5.900000095367432
float RW 0.3499999940395355
float RW 1.0

float RW 6.0

float RW 2.5

float RW 500.0 TELRFZEPIDESE
float RW 250.0

float RW 2.5

Float RW 500.0

Float RW 250.0

float RW 0.0

Float RW 16.700000762939453
float RW 120.0

float RW 20.0

uint16_t RW 36000

uint16_t RW 20000

float RW 0.0

Float RW 0.10000000149011612
float RW 1.899999976158142
float RW 1.0

float RW 0.0

float RW 0.10000000149011612
Float RW 1.899999976158142
float RW 0.0

float RW 0.5

Float RW 1.600000023841858
float RW 1.0 -

& 9: cfclient PID S 415 #&

18
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ESP-Drone

Log configuration

Create and modify log configurations

Name ID Unpack Storage = Name ID Unpack Storage
¥ baro ¥ acc
asl 38 <f float X M <f float
press... 40 <f float y 42 <f float
temp 39 <f float z 43 <f float
¥ controller ¥ gyro
actua... 134 <f float X 35 <f float
ckr_yaw 31 <h int16_t v 36 <f float
pitch 136 <f float z 37 <f float
pitch... 139 <f float ===
roll 135 <f Float
rollR... 138 <f Float
yaw 137 <f float
yawR... 140 <f float AoE LN =F0 R Fronse
¥ crtp
rxRate 122 <H uint16_t
txRate 123 <H uint16_t
¥ ctrimel
i_err_ x 144 <f float
i_erry 145 <f float | S J
i_err_z 146 <f float
zdx 141 <f float
zdy 142 <f float
zdz 143 <f float
¥ ctrltarget
ax 63 <f float
ay 64 <f Float
az 65 <F Float =
[4 T
Logging period [50 | ms
Config name | acc | v|| Delete || Load || Cancel ||  Save

K 10: M S E

3.1, BRI
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ESP-Drone

Connected on udp://192.168.43.42
Disconnect Scan Battery: -:

Address:  OxE7ETETETE7 [} Auto Reconnect

Flight Control | Log Blocks | Log TOC Parameters Plotter Loco Positioning | Qualisys = Console

Id + Name Period (ms)  Start Write to file  Contents

L8] Battery 1000 O pm.vbat/pm.state

B2 acc 50 O O acc.x/acc.yfacc.zfgyro.x/gyro.y/gyro.z

B3 motion 100 ] ] motion.deltaX/motion.deltay

b 4 pwm 200 [l [l pwm.m1_pwm/pwm.m2_pwm/pwm.m3_pwm/pwm.m4_pwm
b5 Stabilizer 20 [l [l stabilizer.roll/stabilizer.pitch/stabilizer.yaw

b6 Stabilizer 100 % [l stabilizer.roll/stabilizer.pitch/stabilizer.yaw/stabilizer.thrust
b7 Motors 100 [l motor.m1/motor.m2/motor.m3/motor.m4

> 8 Baro 200 (] stateEstimate.z

Bl 11 SRR X

3.1.7 1RKEdR A

o MNEPTRALE, AL BIRER.
o AT L AR, REAEIRRER A 2 IR

3.1.8 E£kmEE

o RN RHUKHREIRTICE:, RARLHI AT

o RN RHLETKFE L, Rl S A B

o B BN 7

© MEBFREVLAG, /N CHURRSAT 2 15 PO AL
o ME/NHELRLAT R ARIEK, e AREREA L
BAEAT/NTT, KA KL RE PN Y ;

o BREA T, AT [ R IR

* ETRIE!

20 Chapter 3. EAI]



ESP-Drone

udp: 13.4: - | | Disconnect | Scan Battery: -:l [3.874| volts Link Quality: l:l
Address: | OxETE7ETETE7 [_] Auto Reconnect
Flight Control | LogBlocks Log TOC Parameters | Plotter | Loco Positioning Qualisys Console
| ace =
acc
= , N
25 WAUIEE T
400 acex
accy
300 accz
/gyrox
200 gyro.y
gyro.z
100
0
-100
-200
| . .
296 298 300 302 304 306 308 310 312 314 316 318 320
Time (kms)
Y Axis
0 - | 1000
@ Auto
@® samples 500 -
) Range -1.00 - | 1.00

Using Normal mux with HJC Game BETOP BFM GAMEPAD (esplane)

[ Auto update graph

P 12 PRSI 58 4080 s

3.1, BRI
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ESP-Drone

Front
diretion

Bl 13: SRR T 1 7R P

22
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ESP-Drone

3.2 BEFARINE

[English]

3.2.1 ESP-IDF IpigigiE

1§28 ESP-IDF 4iftd5 i, % B PR E ESP-IDF,
R
o JfE4F 4 SE ESP-IDF release/v4.4 4y 375
* 56 ESP-IDF T A 44 0 s
o JEBCESEGE—A> ESP-IDF /RBIRRSY, JH DAK A 22 i) e B Pk

3.2.2 FKEUNHEKE

AR AARES, HniofE GitHub €)%, nfiH] git TILRIN:

// . / / -

D HARPE B Sh R, PRI ERR SR :
o KIENEKRE Crazyflie THE TR, FRAFHMIFMRZEM ERT .
o WECFUKEh i BORE (R VB AT 7 SCREE R 23 A4 12C Bl SPT isE# <
o JOBURE G 45 ESP-IDF 42 (i Bk 4L, PAROR B 55 =7 1) DSP 4.

fRRY ORGSR T B :

— components | TEAHE X

| — config | Z4 task BE

| | L— include

| F— core | ZEWNZEE

| | L— crazyflie | crazyflie WA#

| | F— hal | BHHERG

| | L— modules | TRATER R

| F— drivers | I s B K

| | F— deck | Y REORY

| | — general | —RBEEF

| | \ F— adc | aDpcC Kz, T eEEN
| | \ — buzzer | g BRI, ATRARG

| | | b led | LED Iz, ATRASRK
| | \ — motors | LIRS, AT A

(Rt

32. BERARTE 23



../../en/latest/getespidf.html
https://docs.espressif.com/projects/esp-idf/en/release-v4.4/esp32s2/get-started/index.html

ESP-Drone

sdkconfig.defaults =+
README cn.md=+ |
README.md= -(ESP-Drone):
LICENSE= |
CMakelLists.txt=>

|
|
|

=+ components

=+ utils

-+ confi\g R

| =*lib_

| = platform

| =+core —*crazyflie ~

=+ general

\_=drivers

= modules
= hal

=+ motors _

s

[ = led .
/s wifi

=+ i2c_bus
=+ deck _

\_=*i2c devices |-
_— ¢

| =+adc_

\_ =+ buzzer

=+ eeprom _
[ =vis3l0
=+ hmc58831
| =vis31L

| = spi_devices = pmw3901

=* main.c
=+ CMakelLists.txt
— "\ =*Kconfig.projbuild
= component.mk

24
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ESP-Drone

(8 E70)
|| | “— wifi | wi-Fi Bz, AFERE
| | b— i2c_bus | 12C
| | F— i2c_devices | I2C #&HEX
| | | — eeprom | eeprom ¥, FT5HA M
| | | — hmc58831 | hmc58831 # % #{t A&
| | | b mpu6050 | mpu6050 [ 824 hn ik & i 5 R
| | \ — ms5611 | ms5611 REHRE
| | | F— v15310 | V15310 #MAEERE (ZRAME 2 m)
| | | L— v15311 | V15311 BMAERE (ZAME 4 m)
| | L— spi_devices | SPI &&HX
| | L— pmw3901 | pmw3901 ML R%E
| b 1ib | ShEREE X
| | “— dsp_lib | dsp #
| — platform | ATXHLZFE
| L— utils | TE®HEX
— CMakeLists.txt | TE®R#K
— LICENSE | IR
— main | ANHERH
— README.md | I B 9
L— sdkconfig.defaults | BRASH

PRI WA Be - espdrone_file_structure

3.2.3 IRRIBRE

Wil )5 AKX (union)
TP AR NI, DA

typedef union {
struct {
float x;
float y;
float z;
i
float axis[3];

} Axis3f;
BRI 5

PATF B2 S8 51 Sensorlmplementation COUNT, 452 n] AR FRAGZE AL i 53 N4 T b T A2 26
B — A ERIAR O B AL

32. BERARTE 25




ESP-Drone

typedef enum {
#ifdef SENSOR_INCLUDED_BMI088_BMP388
SensorImplementation_bmi088_bmp388,
#endif

#ifdef SENSOR_INCLUDED_BMIO88_SPI_BMP388
SensorImplementation_lbmi088_spi_bmp388,
#endif

#ifdef SENSOR_INCLUDED_MPU9250_LPS25H
SensorImplementation_mpu9250_1ps25h,
#endif

#ifdef SENSOR_INCLUDED_MPU6050_HMC5883L_MS5611
SensorImplementation_mpu6050_HMC5883L_MS5611,
#endif

#ifdef SENSOR_INCLUDED_BOSCH
SensorImplementation_bosch,

#endif

SensorImplementation_COUNT,

} SensorImplementation_t;

ERINEAE il

struct cppmEmuPacket_s {
struct {
uint8_t numAuxChannels : 4; // Set to 0 through MAX_AUX_RC_CHANNELS
uint8_t reserved : 4;
} hdr;
uintl6_t channelRoll;
uintl1l6_t channelPitch;
uintl6_t channelYaw;
uintl6_t channelThrust;
uintl1l6_t channelAux [MAX_ AUX_RC_CHANNELS];
} __attribute__ ((packed));

__attribute_ ((packed)) WMEILE: [k BONATMTES R AL P OL AL 5F, 5 BB o 5
TR . X2 GCCRPAMTETR, SHMERGTIL R, SoiFdA K. GCCHI VC (7E Windows ) H)%
B AR RN, TC Mgt as SR, pidn:

FE TC T: struct my{ char ch; int a;} sizeof (int)=2;sizeof (my)=3; (Z&EHER)
F GCC T: struct my{ char ch; int a;} sizeof (int)=4;sizeof (my)=8; (ﬁﬁ%é%i%ﬁﬂ

(Fgksn)

26 Chapter 3. {RiEA|T]



ESP-Drone

(£ 50

A GCC T: struct my{ char ch; int a;}__attrubte__ ((packed)) sizeof (int)=4;sizeof (my)=>5

3.3 F4IE5]

[English]

3.3.1 BEE=E

[English]

B FEN

EXFEGTE
FRERA FTERE #iF
ESP32-S2-Drone V1.2 | ESP32-S2-WROVER + MPU6050 | —{&{k
ESPlane-V2-S2 ESP32-S2-WROVER + MPU6050 | 54755 e
ESPlane-FC-V1 ESP32-WROOM-32D + MPU6050 | FF4-3E41242

WA E

* esp_drone GFEMRE SR ZFE(:, vl menuconfig #47YH, WK,

(Top) - ESPDrone Config - ESP Drone hardware version

( ) esplane with esp32 onboard(old version )
( ) esplane with esp32-s2 onboard

(X) esp-drone with esp32-s2 onboard

o BUAEUL R, set-target 4 esp32s2 J5, fliffHEIYI N ESP32_S2_Drone_vi_2.
o BN, set-target % H esp32 g, HfFHBIYH N ESPlane_FC_V1,
1. ESPlane-FC-V1 ¥ HUAH {4

3.3. FA&ESI 27
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ESP-Drone

2. ESPlane-FC-V1 fif ff§ ESP-Drone i ACHS, T3 BXIME Ui Tokal, BB HBkE, ¥4 GPIO14 42
| MPUG6050 INT %5,

3. ESPlane-FC-V1 [J5 1 FHLE} TO12 fif % flash B3 B4, i espefuse.py ¥f flash B E[EE %] 3.3 V:
espefuse.py —--port /dev/ttyUSBO set_flash_voltage 3.3V

HE, QU — R RSB AT DARE ] CSO &

ESP32-S2-Drone V1.2

[ 14: ESP32-S2-Drone V1.2 #pii &

o FHUEHRE: SCH_Mainboard ESP32_S2 Drone V1 2
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e F 4t PCB: PCB_Mainboard_ESP32_S2_Drone_V1_2

EGhACE

EftEicEFE

[¥ 15: ESP32-S2-Drone V1.2 B Ailifc & & B

Bl Ei5e HeE &

F M 1 ESP32-S2-WROVER + MPU6050
716 AL 4 AJ e E 720 HAL

716 HIHLAR LI 4

46mm BRHER A 2 A fidE 55mm 2

46mm BRERK B 2

300mAh Is #Ht | 1 At 350mAh %R

Is PR SEFEA | 1

8-pin 25 mm HEEF | 2

3.3. FA&ESI
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R T 720 AL )5, 52 AF menuconfig->ESPDrone Config->motors configffmotor type
A brushed 720 motor,

FiEHI2E
HRES | HERS %iE
ESP32-S2 | ESP32-S2-WROVER | #5414 & 4 MB flash, 2 MB PSRAM
fER%es
B RREE 0O | &iF
MPU6050 | 12C0 | F:Hifs s
1BRET
RE LED BE
POWER_ON WHITE | =
SENSORS CALIBRATION | BLUE 458 5 DR e
SYSTEM READY BLUE TEH R
UDP_RX GREEN | [A4F
LOW_POWER RED e
R
g | 10 Ihge
SW1 | GPIO1 | Boot, Normal
SW2 | EN Reset
30 Chapter 3. {RiEA|T]
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F4R 10 EX

wm&kiEO

B ThgE &if
GPIO11 | I12C0_SDA MPU6050 & H
GPIO10 | 12C0_SCL MPU6050 £
GPIO37 | SPI_MISO MISO
GPIO35 | SPI_MOSI MOSI
GPIO36 | SPI_CLK SCLK
GPIO34 | SPI_CSO CSO*
GPIO40 | I2C1_SDA VL53L1X
GP1O41 | 12C1_SCL VL53L1X
GPIO12 | interrupt MPU6050 interrupt
GPIO39 | BUZ_1 BUZZ+
GPIO38 | BUZ_2 BUZZ-
GPIO8 | LED_RED LED_1
GPIO9 | LED_GREEN | LED_2
GPIO7 | LED_BLUE LED_3
GPIO5 | MOT_1
GPIO6 | MOT_2
GPIO3 | MOT_3
GPIO4 | MOT_4
GPIO2 | ADC_7_BAT | VBAT/2
GPIO1 | EXT_IO1
S IRE

GPIOI13 | CAM_VSYNC

GPIO14 | CAM_HREF

GPIO15 | CAM_Y9

GPIO16 | CAM_XCLK

GPIO17 | CAM_YS8

GPIO18 | CAM_RESET

GPIO19 | CAM_Y7

GPIO20 | CAM_PCLK

GPIO21 | CAM_Y6

GPIO33 | CAM_Y2

GPIO45 | CAM_Y4

GPIO46 | CAM_Y3

3.3. FA&ESI
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VREE
¥ RiR ERRER IhsE N BRME
PR A A PMW3901 FEE R T SPI +12C B, T [
VL53L1X i)
PEMR-TEE m B | MS5611 S & SIEES 12C 5, MPU6050 M | THFPEJIEH
He Bl
PR -FE RS | HMCS883 % %% TE3AR A SE R AR | 12C 5 MPU6050 M | THFPELJIGH
=X Ml

¥R 10 XL

EER 0] HEM 10

SPL_CSO | GPIO34 | VDD_33 10

SPI_MOSI | GPIO35 | 12C0_SDA | GPIO11

SPI_CLK | GPIO36 | I2C0_SCL | GPIO10

SPI_MISO | GPIO37 | GND

GND AUX_SCL

I2C1_SDA | GPIO40 | AUX_SDA

I2C1_SCL | GPIO41 | BUZ_2 GPIO38

EXT_IO1 | GPIO1 | BUZ_1 GPIO39

ESPlane-V2-S2

o FHEPE: SCH_ESPlane_V2_S2

e F 4t PCB: PCB_ESPlane_V2_S2

ESPlane-FC-V1

o FARJFPHEK : Schematic_ ESPlane_FC_V1

e Tt PCB: PCB_ESPlane_FC_V1

32
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| 16: ESPlane-V2-S2 #MILIE

3.3. FkiiESI
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3 T

& 17: ESPlane-FC-V1 4L
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S
ERHEEAS
FREFEA HeE #iE
F 1 ESP32-WROOM-32D + MPU6050
Gl 1
46 mm IRERK A 2
46 mm IEHEX B 2
300 mAh 1s £ H 1
I's 2 H b 78 HEL A 1
32373
fERkES O | &
MPU6050 | I12CO | 3
BRIT
#define LINK_LED LED_BLUE
//#define CHG_LED LED_RED
#define LOWBAT_LED LED_RED
//#define LINK_DOWN_LED LED_BLUE
#define SYS_LED LED_GREEN
#define ERR_LEDI LED_RED
#define ERR_LED2 LED_RED
RE LED hE
SENSORS READY | BLUE | #2:
SYSTEM READY BLUE B
UDP_RX GREEN | [Nk

3.3. FA&ESI
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F#HR 10 EX
=i Ihee &iE
GPIO21 | SDA 12CO %
GPIO22 | SCL 12CO B4
GPIO14 | SRV_2 MPU6050 117
GPIO16 | RX2
GPIO17 | TX2
GPIO27 | SRV_3 BUZZ+
GPIO26 | SRV_4 BUZZ-
GPIO23 | LED_RED LED_1
GPIO5 LED_GREEN | LED_2
GPIO18 | LED_BLUE LED_3
GPIO4 MOT_1
GPIO33 | MOT_2
GPIO32 | MOT_3
GPIO25 | MOT_4
TXDO
RXDO
GPIO35 | ADC_7_BAT | VBAT/2
VREcE
36 Chapter 3. {RiEA|T]
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ESPlane + PMW3901 &}t &

R Ihge #&iE
GPIO21 | SDA 12C0 %42
GPIO22 | SCL 12CO I
GPIO12 | MISO/SRV_1 | HSPI
GPIO13 | MOSI HSPI
GPIO14 | SCLK/SRV_2 | HSPI [STRIKEOUT:MPU6050 ' [#]
GPIO15 | CSO* HSPI
GPIO16 | RX2

GPIO17 | TX2

GPIO19 | interrupt MPU6050 H
GPIO27 | SRV_3 BUZZ+
GPIO26 | SRV_4 BUZZ-
GPIO23 | LED_RED LED_1
GPIOS LED_GREEN | LED_2
GPIO18 | LED_BLUE LED_3
GPI104 MOT_1

GPIO33 | MOT_2

GPIO32 | MOT_3

GPIO25 | MOT_4

TXDO

RXDO

GPIO35 | ADC_7_BAT | VBAT/2

3.3.2 BEhEER

[English]

AT A4 ESP-Drone H {1 1) 12C YKZh A1 SPT 35 .

12C % &Kz} (i2c_devices)

12C 3R 3hiAE MPU60SO f& &GRS A VLSSLXX 4 ARk sl . R SEifs - AL e 2R R B2 A7 2 Al

GREEE F AT

3.3. FA&ESI
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MPUG6050 {£ 2%

#BhR

MPU6050 @ — B A1 6 Mz s A BN (F, A 3 BHFEIRIL. 3 Hivhnid F2 4 s F 8z sl b #i4s (DMP:
Digital Motion Processor) .

BR(EEL

o PEIR{L: MFEIRIXE ST AR Aliesemt, TR RIRARY,, 74kl XARsI ] Agoi A%
RGN E], AT RIS RO, ARTRAREDE, A S A B L

o HLTINEREETE RIS AR AR LR I T i B, DN AR A SRS S T B L AR AR
I EEE |

o TTTCE PRI - 250 °/sec, £500 °/sec. £1000 °/sec. +2000 °/sec

o AIRECE AT R 12 g, t4 g, #8g, £l6g
AUX I2C #: 11

* MPU6050 HA—AMiilh 12C Sk, HIT-5 1 4h 3-MfCrm it s e 6 e AT IR .

o AUX 12C #: 1 SCRF PR AR - 12C Master X B Pass-Through #25.
MPUG6050 FIFO

MPU6050 £ 55—~ Al FpATH 15 R 1024 555 FIFO #5774 - FIFO it 27 174 ks Wb~ 4 5 A FIFO
04 PRRRICEC . T . TR B AR FSYNC #i A

B (Kihag ¥ 45 (DLPF)

MPU6050 [ ARl pEBeas , Pl B e 27 7as 26 FEhIRmE BB, W sl 0, (Bl LR @i A
AR, JTJ5 DLPF it 1 kHz, 5CH] DLPF ] A% i 8 kHz,

FSYNC i ] 35 R AE45 I
A7 4% 26 EXT_SYNC_SET, I He B /M Mile] 224 B RAE -
Brviaghibrigs (DMP)

« MPU6050 NHBAEAE— M Eia S AL L BA I (Digital Motion Processor, DMP), B DAV P o4&, Wit 3
CPU £ /7,

* DMP ]l iof 45 B e T -
MPU6050 Jj il X
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/ MPUB050 \

Moz &%

/ STM32 \

- /

400kHz B9 12C ¥#0O

Kl 18: MPU6050 DMP

Kl 19: MPU6050 X. Y. Z 7]

3.3. FEIESI
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MPU6050 #ia{t £

1. WREFELSEOME: XE PWR_MGMT_1 bit7 2 1, &E )5 bit7 5 0, bit6 HEE N 1, #EA sleep £
B

2. Pr'E PWR_MGMT_1 bit6 2 0, Wi f5 jsse ;

3. WE IR

4. WERAR: 4 RBCE FEIR ORI R A

5. BERFER;

6. WEECFIUENERAT (Wik).

MPU6050 xR e 7528

A AE N IR

Hies BRE | Thek

PWR_MGMT_1 | 0x00 1EH# B

SMPLRT_DIV 0x07 FEIR R AR 125 Hz

CONFIG 0x06 MG B 2845 % 0 5 Hz

GYRO_CONFIG | 0x18 FESROUON BAS, b AR L R £2000 ©/s
ACCEL_CONFIG | 0x01 PR B, i R AR £2 ¢

A%y 117 WHO_AMLI - 345 Ml
[6:1] A7 st BRIACH 0x68, A St ADO A .

Type: Read Only

Register Register
(Hex) (Decimal) Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit1 BitD
75 117 - WHO_AM_I[6:1]

A4S 107 PWR_MGMT_1 - lRJ5 AL 1

Type: Read/Write

Register Register
(Hex) | (Decimal) B Bit6 BitS Bit Bit3 Bit2 Bit1 Bito
6B 107 DHEE‘P'S%'% SLEEP CYCLE - TEMP_DIS CLKSEL[2:0]

* DEVICE_RESET: EAIHUAL, A7 ae 6 BIA(E .

* SLEEP: A7, W MPU6050 f T MERR A .

40 Chapter 3. HREA]
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« CYCLE: Hfitfi, H SLEEP B¥ AN, MPU6050 ik AfE#F K (CYCLE), fEfEEFIEIT,
MPU6050 £ AREMR, 5% LP_WAKE_CTRL (%3ff% 108) BUERINAIE , MAEARIASLEE, 52 M—k
XHE SR AR IRAE , SRJ5 FRE AN BERREL, HRRIEER.

Y1£7%% 26 CONFIG - it i B v G i i D% 73

Type: Read/Write

Register Register
(Hex) Docimell Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
1A 26 = = EXT_SYNC_SET[2:0) DLPF_CFG[2:0]

* BrARaE IR g (DLPF) BUH S ug BB A2 INF :

DLPF_CFG Accelerometer Gyroscope
(Fs = 1kHz)
Bandwidth Delay Bandwidth Delay Fs (kHz)
(Hz) (ms) (Hz) (ms)
0 260 0 256 0.98 8
1 184 2.0 188 1.9 1
2 94 3.0 98 2.8 1
3 44 49 42 4.8 1
4 21 8.5 20 8.3 1
5 10 13.8 10 134 1
6 5 19.0 5 18.6 1
7 RESERVED RESERVED 8
AES 27 - GYRO_CONFIG PSR S P ic
Type: Read/Write
R‘{’ﬂz“)‘“ ;‘:gii::::] Bit7 Bit6 Bits Bitd Bit3 Bit2 Bit1 Bit0
1B 27 XG_ST YG ST | zG st FS_SEL[1:0] =

* XG_ST: X HliFgig % H ks

 FS_SEL: JITRCEFEIR(CER, BAFRILTH:
473 28 ACCEL_CONFIG - i Bk v
{745 25 SMPRT_DIV - R AL & 50 il

AT RFE B PRI A W R A RS . F T MPUG050 A R BRI R, A& RS Z5 2L %y . FIFO %
H1 DMP SREEHAREHE T REER . PRI R FR DA (1 + SMPLRT_DIV) 82 R %, AxanF:

Sample Rate = Gyroscope Output Rate / (1 + SMPLRT_DIV)

3.3. FARiESI a
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+ 250 °/s 131 LSB/®/s
+ 500 °/s 65.5 LSB/°/s
+ 1000 °/s 32.8 LSB/°/s
+ 2000 °/s 16.4 LSB/°/s

FS_SEL Full Scale Range LSB Sensitivity
0
1
2
3

Type: Read/Write

R‘{’ﬁl‘;‘)‘" {E‘:g:::;] Bit7 Bit6 Bits Bita Bit3 Bit2 Bit1 Bit
1c 28 XA_ST | YAST | zAST AFS_SEL[1:0]
AFS_SEL Full Scale Range LSB Sensitivity
0 +2g 16384 LSB/g
1 t4g 8192 LSB/g
2 +8g 4096 LSB/g
3 +16g 2048 LSB/g

Type: Read/Write

Register Register . . . ] - ] - .
(Hex) (Decimal) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
19 25 SMPLRT_DIV[7:0]
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Jisft, 4 DLPF 58I, B} DLPF_CFG =05 7 i, FEMR{UA HI 50 § KHz; % DLPE (fhf, JLAFE2 26,
FESR I 4 | kHz, 3, #EAJFE DLPF (9500 T, 8 SMPLRT_DIV g 7 m AN 74 1kHz
IR

I_II-;|-.I-II:III_II_IJ-III:III_II_I- [ I B I A A I-II-IIIIII III-IIIIII.-I-II-IIIIII-.-III-IIIIII

sdn.net/qq

AFAFEN 59 ~ 64 - I 5 V-l Y

Type: Read Only

Rfﬂ:“f’ (:;:i:::::) Bit7 Bit6 BitS Bitd Bit3 Bit2 Bit1 Bit0
3B 59 ACCEL_XOUT[15:8]
3C 80 ACCEL_XOUT[7:0]
3D 61 ACCEL_YOUT[15:]
3E 62 ACCEL_YOUT[7:0]
F 63 ACCEL_ZOUT[158]
20 o4 ACCEL_ZOUT[70]

o KEnPAFRE: AR AR O, otk L7 OB R L
o AMEAE: WRESDHA TSR, PR A AME T XA
AFAFAT 65 ~ 66 - T LI

Type: Read Only

Register Register
(Hex) (Decimal) Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 Bit0
all 65 TEMP_OUT[15:8]
42 68 TEMP_OUT(7:0]

AAFEN 67 ~ 72 - PRUR{U I i (i
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Type: Read Only

Register Register
(Hex) (Decimal) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

43 67 GYRO_XOUT[15:8]
44 68 GYRO_XOUT[7:0]
45 69 GYRO_YOUT[15:8]
46 70 GYRO_YOUT[7:0]
47 71 GYRO_ZOUT[15:8]
48 72 GYRO_ZOUT[7:0]

VL53LXX {28

VLS3LIX & ST A F]HHER)— 3K ToF I B AN ZE A0 I 1 et o

T AR

VL53LOX/VLS3L1X 5t i PIFREE I T 306 & 481 SPAD L AMEIER o Aol s 4400 - & 6 R Bz s 1) 25
TROG T ATEE R, Rl B sl I WK, 3 A v R g e Y T

K 20: VL53LXX

X5 - ROI

VLS3LOX/VLS3L1X 5 E A I 5 DA i ) e 8, 0k DRI mT ARSI 6 11 3 S A T R s i s, R
ARR DI B PT RE 2 5 | R 00 (EL A e 3l

& DX ) T B2 L VILS3LX X Datasheet H 2.4 Ranging Description £ 2.8 Sensing Array Optical Center.
R

* VLS3LOX fZIRARFATE 3 ~ 4 em BYE X, AR EEE N 3 ~ 200 em, KE £3%.

e VL53L1X J2 VL53LOX ) FF A, HMER B AT 3k 400 cm.,

o VLS3LXX Il S HE 5T K, R i“T%“{D' PR AEESNRIETS, WOER BT RS %
BIRORH T, B0 SR FEEAR Ilﬂzﬁﬁ]\ L UEER .

Y
» VL53LOX M M SR fie R n] ik 50 Hz, I & iR2E £5% .
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2 2 2 2
X .".
| .
Pl |
-2. -2 2: 2
K 21: ROI
g A= 0 sk ] o B B BE $L AN
(ms) (m)
Rl 30 1.2 bR
e ki 200 1.2 FE<+3% s BN &
i ER 33 2 K, HEHT R
W26 (Toarsh 20
PR 20 1.2 KE +5% mE, FEEAML

Table 4. Maximum distance vs. Distance mode under ambient light

Distance Max. distance in Max. distance under strong
mode dark (cm) ambient light (cm)
Short 136 135

Medium 290 76
Long 360 73

Test conditions: timing budget = 100 ms, white target 88 %, dark = no IR ambient,
ambient light = 200 kcps/SPAD.

3.3. FA&ESI
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* VL53L1X 12C f i PR nl ik 400 kHz, 37 B PH T AR PR Fe R AL 2R R (B . ARG Bl 5%
VL53LXX Datasheet,

Capacitors as
| close as
4.7uF: possible to
******************** " VL53L1X

& 22: VL53L1X

* XSHUT M AEM, MTEECEsE (RIR), F5% BRI .
* GPIOL Jyhibirf thAS M, 1T il it dataready H11#7 .
BRI

i E XSHUT AZ IR -, T AT AL B JE A HW Standby #5505l SW Standby K, SCBUA A1 FE5E0,
PEARFFHLINAE. AR WU B R, nIoRF XSHUT A5 MIBGABEE Dl 4.

« HW Standby: XSHUT Fifik, 1% Eeass i H] .

« SW Standby: XSHUT #$i//%, #EA boot Fil SW Standby iz,

VL53LXX #Migit £},

L AR FRRE PRI AR AL SE G

2. Budne;

3. WSRIA e, HREEE;

4. BLEN I B

5. B BRI R B I SF R 1] 5
6. BE AR (IFE]EFE) ;
7. PR E X, ROL (W3 ) ;
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Figure 7. Power up and boot sequence

Power Supply

System State

Power Off

HW Standby

Boot

SW Standby

& 23: HW Standby

Figure 8. Power up and boot sequence with XSHUT not controlled

Power Supply
XShut /
System State Power Off Boot SW Standby
Note: Boot duration is 1.2 ms max.
Note: In all cases, XSHUT has to be raised only when the power supply is tied on.

& 24: SW Standby

3.3. FA&ESI

47



ESP-Drone

8.zl

/*init v15311 module*/
void v15311_init ()
{

Roi0O.TopLeftX

Il
o
~

//MEERFR (T#) & 4%4, KA 16*16,
Roi0.TopLeftY = 15;
Roi0.BotRightX

I
~J
~.

Roi0O.BotRightY

I
o
~

Roil.TopLeftX = 8;
Roil.TopLeftY = 15;
Roil.BotRightX
Roil.BotRightY =

| Il
o
~

~

int status = VL53L1_WaitDeviceBooted (Dev); //%4E AN %K

status = VL53L1_Datalnit (Dev); //#HAEATHMN, EoE AT,

status = VL53L1_StaticInit (Dev); //#HAWENL, EREHK.

status = VL53L1_SetDistanceMode (Dev, VL53L1_DISTANCEMODE_LONG);//#& Bl 24 =&,

status = VL53L1_SetMeasurementTimingBudgetMicroSeconds (Dev, 50000); //HBiENEHEXH
RRKERH I,

status = VL53L1_SetInterMeasurementPeriodMilliSeconds (Dev, 100); //%ENEZ[E.

status = VL53L1_SetUserROI (Dev, &Roi0); //%EN&EKH ROI
status = VL53L1_StartMeasurement (Dev); //B#HlE
if (status) {

printf ("VL53L1_StartMeasurement failed \n");

while (1);

W, FiRWIIEI A % VLS3L1_SetUserROI 4h, HAv B AR A /b,

VL53LXX e 18

I X
eI R

o WE, EM—WINEMZEG, FEif] VL53L1_ClearInterruptAndStartMeasurement &R

TR G IR .

o BIMEA MR, W EE PR —F2 L 2E75 3 (Drivers polling mode); —Ffii2 JEPH 275 =, (Host
polling mode). DA™ AT 4y FH ZE M 5y =X -
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r Key -I

Host action

Host calls driver

function

Data result
Driver internal
action

Host calls Optional

driver functions

L -

WaitDeviceBooted()

v

Datalnit()

v

Staticlnit()

A

Optional and/or SetCalibration

functions call

¥

StartMeasurement()

Host polling mode

¥

Driver polllng mode

GetMeasurementDataReady()

Checks
interrupt status

WaitMeasurem entDataRea dy()

Polls on
interrupt status

@—nterrum mode

b

r

Interrupt

received

I |

r

GetRanging MeasurementData()

Y

ClearinterruptAndStartMeasurement()

Clears Enables next
interrupt ranging

StopMeasurement()

CONTINUE

K 25: VL53LXX &7
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/* Autonomous ranging loop*/
static void
AutonomousLowPowerRangingTest (void)
{

printf ("Autonomous Ranging Test\n");

static VL53L1_RangingMeasurementData_t RangingData;
VL53L1_UserRoi_t Roil;
int roi = 0;
float left = 0, right = 0;
if (0/*isInterrupt*/) {
} else {
do // polling mode
{
int status = VL53L1_WaitMeasurementDataReady (Dev); //%#&NE84E
if (!status) {
status = VL53L1_GetRangingMeasurementData (Dev, &RangingData); //%
HEN/ SR & &
if (status==0) {
if (roi & 1) A
left = RangingData.RangeMilliMeter;
printf ("L %3.1f R %3.1f\n", right/10.0, left/10.0);
} else
right = RangingData.RangeMilliMeter;
}
if (++roi & 1) |
status = VL53L1_SetUserROI (Dev, &Roil);
} else {
status = VL53L1_SetUserROI (Dev, &Ro0i0);
}
status = VL53L1_ClearInterruptAndStartMeasurement (Dev) ; //*éﬁk#%ﬁ

}
while (1);
}

// return status;

QLT
TN A B T I GPIOL, FEXidis ready I, GPIOT A8 B REGHLAR , it 0 AL
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Figure 9. Autonomous sequence

Power Supply
XsShut o
GPIO1 (Interrupt)

S i EANES

System Stats | SW Standby - Rar;!;ai:ginm | Inter. Measurement :::;:?2 Inter. Measurement | SW Standby |
-4-Timing Budget-» -4 Timing Budgety»
4—————Inter Measurement Period ——————»

Note: Timing budget and inter measurement timings are the parameters set by the user, using a

dedicated driver function.

Pl 26: VLS3LXX H L & e

VL53LXX {&@eskifE

QR AL B He G B 2 TR, SRR R A B AR G, T BRI, TR RS AT
R BRI DRI HE TR APT Z B ACHERE P, B AT AGE B 7 4R (1 GUI _EAHLE S & A A

N7 APL S5 R iR
FERAR 8 P2 5 e — 5

/*VL53L1 #IRARE */
static VL53L1_CalibrationData_t v15311_calibration (VL53L1_Dev_t *dev)
{

int status;

int32_t targetDistanceMilliMeter = 703;

VL53L1_CalibrationData_t calibrationData;

status = VL53L1_WaitDeviceBooted (dev) ;

status = VL53L1 _DatalInit (dev); / /& & R
status = VL53L1_StaticInit (dev); /] A E R,
mERERE.

status = VL53L1_SetPresetMode (dev, VL53L1_PRESETMODE_AUTONOMOUS) ;

status = VL53L1_PerformRefSpadManagement (dev) ;

status = VL53L1_PerformOffsetCalibration(dev,targetDistanceMilliMeter);

status = VL53L1_PerformSingleTargetXTalkCalibration (dev,targetDistanceMilliMeter);
status = VL53L1_GetCalibrationData (dev, &calibrationData) ;

if (status)
{
ESP_LOGE (TAG, "v15311 calibration failed \n");

(R gksh)
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WaitDeviceBooted()

v

Datalnit()

v

Staticlnit()

Key

Host calls driver function

v

PerformRefSpad Management()

v

PerformOffsetCalibration()

v

Host calls Optional driver function

PerformXtalkCalibration()

Host action

v

GetCalibrationData()

v

Save part calibration data

& 27: VL53LXX KA

52

Chapter 3. {RiEA|T]




ESP-Drone

[CAWY)
calibrationData.struct_version = 0;
return calibrationData;
telse
{
ESP_LOGI (TAG, "v15311_calibration done ! version = %u \n",calibrationData.

—struct_version);

return calibrationData;

7 GUI LA BUBHE 4 1% 2%

BT T RCEAROME s 19 GUL EAIHL, BCA ST BJ7 STM32F401RE nucleo JFAMIERL LK

i, SERBPERES B EEME S, WG RIW]

Start Stop Reset Sensor Selection | Center :]

’ 3 Ranging Rate{Hz: 30
300 —
Range{cm) Timing Budget{ms) [ | 33
250 ROI Left | 0
_ 200 ROI Right | 15
t —_ ROI Bottom | 0
S
T 150 ROI Top | 15
g
2
100
50
0
rTrr|rrrryrrrryrrrrTrrrryrrrry rrrryrrrrTrrrryrorrT
8802 8812 8823 8833 8843 8854 8864 8874 8884 8895 8905
\ -y
~ N
Range (cm): 1847 Signal Rate(mcps): 6.64 Signal Rate Axis Limit [ 100.00
L y Range Axis Upper Limit[ ] 300
. - ) Range Axis Lower Limit [ ] 0
B | —— signal Rate(meps) |
T o 2
3 :
.; 'E Range Correction 1.00
20
3
£ =
@, 3 Threshold Selection | NoFilter
. renri | rerveprreta rrrryprrerid | rerrprreta rrrrTrrrd | rrrT

[ VL53L1X - - P _!_ —— - — =
L v @ Ly
Low-Power Autonomous | Calibration | Data Log | About ie.augmented ||

Cr| A dp|dn 42

LR

P 28: STSW-IMGO008
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WEZ{FHE, A[&% STSW-IMG008: Windows Graphical User Interface (GUI) for VL53L1X Nucleo packs. Works
with P-NUCLEO-53L1A1,

VL53L1X f5|32

Bl

1 SEPiThfg: i VLS3LIX Rl B s B fl (Rpgk 1 8D), 204750 mBEEmOIERE (FFgt 1 #b), 4%
yApTy o

2. AALE S W make menuconfig ¥ 12C 5. UG5, LED iG55
3. BUREAEAT WACRS LR M0

TR
L Z IR H 3G AT VLS3LIX, VLS3LOX Mg A, A H A1 A

2. HJTRRAR 400 em R, A REEERE T G . ENIERATIEIAE, ATRAGRIE 10 ~ 260 em {5 Fl A 4%
ilE

3. WAL AL v15311\_init (VL53L1\_Dev\_t \*) RS, FEMRIELERME AR E, &
HAAR 4316 .

b B R S SRR I I
5. Wb FHUR E SRR E R R, IR A, HEEH LR RS
R Qo
Rt esp32-vIS3l x-test A HIRE, B git TH T bR

»

git clone https://github.com/qljz1993/esp32-v15311x-test.git

SPI & & IRz} (spi_devices)
PMW3901 {£R:zE
PMW3901 /& PixArt 23] Ff i mok BEARDIAR G B B, T EH2RER X-Y 7 iz s 2R R, SEBluT

B 8 em DAL #E AR & . PWM3901 TAEH /N 9mA, TAEREN VDD (1.8 ~2.1 V), VDDIO (1.8 ~
3.6 V), flif] 44 SPI#1E1E.

TEEBH
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S SHE
MR E (V) VDD: 1.8~2.1V; VDDIO: 1.8~3.6V
TAEJEFE (mm) | 80~ +o0

Ec | 4 4% SP1 @ 2 MHz
ER 28 & COB £}%, R-F: 6x6x2.28 mm

BRI AP
E Product Number & E
a Daie Code a

Pin1 4 O0O000O0Om
T (] [ Pin1
-/ ) 0
! - -
| (] (.
i ] J
| O O
— Pin 15 Pin15 | =
OUOD0O0ooO
& 29: PMW3901 #J3&

s TAEH AR, 5 3.3V Y ESP32i@{5, 75% VDD F1 VDDIO # AN [F] A HL

LHFEHRRE

LHR R

PMW3901MB 48 ATHT A 1L 52 {0, (EL3EAF K E I, % Power_Up_Reset 2725 AT HAE . B

PRI 4R

1. H 4%t VDDIO fikHs, #RJ5%T VDD firy, R ZER R Gt 100 ms. ERAA R E .
2. &%/ 40 ms,
3. Sehim, SREHHTNCS, PAKAL SPI [,

4.

5.

6.

7.

5 0x5A 3| Power_Up_Reset 231725, Bi1J#: % NRESET & .

SRR L ms,

Teitia s RS, —RIEEZF /74y 0x02, 0x03. 0x04. 0x05 F1 0x06,

11 £7% PWM3901MB Datasheet %5 8.2 PERE AL FF A R AL B TR AFAra% , PASEILE b i iR PERE .

L

3.3.

FARESI 55



ESP-Drone

Pin No. Signal Name Type Description
Functional Group: Power Supplies
2 VDD Power Input power supply
3 VDDIO Power I/O reference voltage
4 VREG Power Internal voltage output
1 GND Ground Ground
21 GND Ground Ground
Functional Group: Control Interface
16 MOSI Input Serial data input
17 SCLK Input Serial data clock
18 MISO Output Serial data output
19 NCS Input Chip select
Functional Group: Functional I/O
7 NRESET Input Hardware reset (Active low)
15 MOTION Output Motion interrupt (Active low)
20 LED_N Input External LED control pin (Active low) (Refer Appendix B for more details)
Functional Group: Special Function Pin
5-6 NC NC No connection (float)
8-14 NC NC No connection (float)
22-28 NC NC No connection (float)
29* GND PAD Ground Pad  |Bottom of COB package must be connected to circuit ground

7 30: PMW3901 4% it

i35 Shutdown ZE7E2%, T PMW3901MB % %% Shutdown #3¢. Shutdown izt F PMW3901MB H % |-
HEEN1E4 (5 0x5A B4R 0x3A) #EATmaRy, AN ey #fE. [A— SPI BL FHHER&EAZ
PMW3901MB Shutdown B A, 7 NCS EPBIR o 22 A5 T 7T DATE 51«

M Shutdown 5504 {17 :
L hiy, SREHEHAENCS, PAK AL SPT
2. 5 0x5A %] Power_Up_Reset 277745, 5 YJ#:% NRESET 45 #;
3. ZfEE /D 1 ms;
4. TACIZEE RS, — MBI A 0x02, 0x03, 0x04. 0x05 il 0x06;
5. %% PWM3901MB Datasheet #5747 8.2 PEREIL L AT fF R BCE TR I Arfras . PASEIUE A iy fe (R E

25 E W PixArt 1 mi B 7 IoT,
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LB R ) e

Ktahikatk

typedef struct opFlow_s

{

float
float
float
float
float
float
float
float

pixsum[2]; /* BERMEZE */

pixComp[2]; /* HEAME */
pixvalid[2]; /* H¥k#hE */
pixValidLast[2]; /* E—REMKEBEE */
deltaPos([2]; /*2 WZ MM HEfr: cn*/
deltavel([2]; /* #HE B cm/s*/
posSum[2]; /* BZRMEHK B cm*/
vellpf([2]; /* HEMHA B cm/s*/

bool isOpFlowOk; /* MWmIkA */
bool isDataValid; /* #HIEHZK */
} opFlow_t;

s FRRER: UTAE WURMREBBER;

o BEAE AMER T UATHR R TR BR R IRE

« ARBE: IRATAMEANEIRR R

2 Wi iR R AR R R I SE PR fiRs , BT em;

s

FORGENHEE , mOA AL RS, AL em/s;

FBUH: LPrfifg, L cm;

SRR : R BV, SR
* JEHURES: W AEDGRUE T IR TAE;

o BEARC e EEE N, Ba R

[ S e e

(Rt

3.3. FEIESI
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* motion: JZZNFE, WTDMRIEA RO ZFIWNEEE L, AFmWCHG ., B RaFE sh 5 BAG I 4 ;
* observation: T4l IC 275 H Bl EFT/B 5 ESD [F] @, (&8s iE# TAERS, 2B RIV(E A 0xBF;
o deltaX I deltaY : STk £ EIR X MY J5 iz shifE A

* squal: FRizaEhfE B, REsh(E ST EE;

» rawDataSum: JSUECHESRAN, W] TR — Wi kT4 ;

» maxRawData Fl minRawData: 5 K1/ NE IS ;

* shutter: 2—SEHF A SRREIE, BiPR-1- I8 S8R PRI IR F T SRR AN - shutter I FEL squal,
HARFIrz s (5 SR

iz EEEW

© WIRIESE |s FGUUECRARY O, U BUEE, R ACHRICTIE o A
R, RO Tt TR RIRIRNEDY, (ER R R R B EHLG
BEE TR
CERE, PUPHERBORIAEE , A RSB R ER., T R R
RIIRIRL 7
© FAMRBAGE, SO A G —EIIaNT, (B A
C AT ARG S R R I TSR SRR B . A ST A
- LW E = SEBR B - ERIFHEE:
- 2 W R = 2 M AR x FB. ARBIORE: BT 5 om, JBRHIEET
fE, BRARBLE ) O
- ALARGABYY, BRI R E A L ORS, TEIBER . SRR
IGTHECRI TR, AEBEIETRMALTL, IR 22
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o ERDEHRMS R T RIR AR B AEEE R, RE:
— A7 AR EAH AR SR A IEE T (state_estimator.c), B ATAT 2 A ] (57 B AHHE L ;

- fEIA B E S S PID Gz5, RIRTF/RFJ7 AL B . #52% position_pid.c, #A (L EIR
FIEEEEFR PID f 4 P AR

I b A R AT S K A

3.3.3 kKIERG

[English]

REEsRE

YESC{E, . start_from_app_main,

RGHESER

REESEN

ARGETIBITI, FH3IPAT TASK.
o,
« Load: CPU 5%
o Stack Left: |5k 25 H
« Name: TASK %5
« PRI: TASK ff5E4%
TASK H KA -
« PWRMGNT: Z4 % i
* CMDHL: ] J2-4b BEAR Y CRTP HsUH iy & 4 fin &
* CRTP-RX: {plJZ-CRTP “WATHML#S
* CRTP-TX: {#}JZ-CRTP &ATHMILfETS
* UDP-RX: f%jjjz-UDP fLHIL
* UDP-TX: f%#i)2-UDP td %1%
» WIFILINK: X% CRTP {#}i{/Z 1 UDP &4 2
* SENSORS: (&t BLIBRI AL 2]
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app_main()

platforminit

0

systemTask()

systemInit()

Trial Version
XMind:ZEN

wifilinkInit() _

sysLoadInit() getPreviousTaskData;

debuglnit()

crtplnit()

h

consolelnit()

configblockinit()
workerlnit()

adclnit()

pminit()

ledseq|nit()

buzzerlnit();

uartslkGetPacketBlocking(
SyslinkPacket*)

it() syslinkTask [

L SyslinkPacket*)

crtpRegisterPortCB(CRTP_PORT_LINK,

crtpservicelnit() crtpserviceHandler)

—' aunch() I

estimatorKalmanTasklInit()

crtpRegisterPortCB(CRTP_PORT_

platformservicelnit() PLATFORM, platformserviceHandler)

loglnit() _
paraminit() _.

crtpRegisterPortCB(CRTP_PORT_

commanderlnit()

locSrvinit() LOCALIZATION, locSrvCrtpCB)
crtplnit()
crtpRegisterPortCB(CRTP_PORT SETPOINT,
crtpCe Init() rtpCB)

crtpRegisterPortCB(CRTP_PORT_SETPOINT_
GENERIC, commanderCrtpCB)

plan_init(&planner)
crtpC HighLevellnit() [

stabilizerlnit(

StateEstimatorType)

sensorsini m

stateEstimatorlnit(
StateEstimatorType)

controllerinit(
ControllerType)

test

powerDistril

sitAwlnit()

systemStart()

60
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SYSLOAD: Task dump

SYSLOAD: Load Stack left MName PRI
SYSLOAD: 0.40 2192 Tmr Svc 1
SYSLOAD: 18.70 1608 KALMAN 1
SYSLOAD: 51.13 1212 IDLEO 0
SYSLOAD: 0.04 1512 PWRMGNT 0
SYSLOAD: 0.89 1564 CRTP-RX 2
SYSLOAD: 2.14 2520 tiT 18
SYSLOAD: 10.36 1420 SENSORS 4
SYSLOAD: 0.68 1428 UDP_TX 3
SYSLOAD: 0.0 592 CMDHL 2
SYSLOAD: 0.0 1152 sys_evt 20
SYSLOAD: 0.0 1632 PARAM 2
SYSLOAD: 0.14 1904 SYSTEM 2
SYSLOAD: 0.08 1656 CRTP-TX 2
SYSLOAD: 0.08 3560 esp_timer 22
SYSLOAD: 3.54 4528 wifi 23
SYSLOAD:0.13 632 WIFILINK 3
SYSLOAD: 1.43 1232 UDP RX 3
SYSLOAD: 10.17 1492 STABILIZER 5
SYSLOAD: 0.0 668 MEM .
I‘.SYS LOAD: 0.0 1684 LOG .

* KALMAN: (i fl A& R Bt AT RALIRES AT, L RHLAmEE . M. =SRAEMTT. % TASK
1E ESP b i | CPU BHIHFEROR, ML 7 -

* PARAM: ffiff] CRTP WU s i As &

LOG: {i/f] CRTP Wil S} iz 28

MEM: fifi Jfj CRTP HpiSGEREE U7 A 2%

* STABILIZER: HRELA:, &6 IERF sk
SYSTEM: &l RGEAIAG AL AN F AR

ESHERZEEE

F 0] DAYE components/config/include/config.h PE B WA KN, WA PAYE menucfg &
Mt BASE_STACK_SIZE K/, il ESP32 IR BASE_STACK_SIZE JE¥E N 2048, B/ NER NI ; {ifi
H ESP32-52 B}, HUCHZ{EEE A 1024,

//

#define SYSTEM_TASK_STACKSIZE (4* configBASE_STACK_SIZE)
#define ADC_TASK_STACKSIZE configBASE_STACK_SIZE
#define PM_TASK_STACKSIZE (2*configBASE_STACK_SIZE)
#define CRTP_TX_TASK_STACKSIZE (2*configBASE_STACK_SIZE)
#define CRTP_RX_TASK_STACKSIZE (2* configBASE_STACK_SIZE)
#define CRTP_RXTX_TASK_STACKSIZE configBASE_STACK_SIZE

[@iEiE3)
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

LOG_TASK_STACKSIZE
MEM_TASK_STACKSIZE
PARAM_TASK_STACKSIZE
SENSORS_TASK_STACKSIZE
STABILIZER_TASK_STACKSIZE
NRF24LINK_TASK_STACKSIZE
ESKYLINK_TASK_STACKSIZE
SYSLINK_TASK_STACKSIZE
USBLINK_TASK_STACKSIZE
WIFILINK_TASK_STACKSIZE
UDP_TX_TASK_STACKSIZE
UDP_RX_TASK_STACKSIZE
UDP_RX2_TASK_STACKSIZE
PROXIMITY_TASK_STACKSIZE
EXTRX_TASK_STACKSIZE
UART_RX_TASK_STACKSIZE
ZRANGER_TASK_STACKSIZE
ZRANGER2_TASK_STACKSIZE
FLOW_TASK_STACKSIZE
USDLOG_TASK_STACKSIZE
USDWRITE_TASK_STACKSIZE
PCA9685_TASK_STACKSIZE
CMD_HIGH_LEVEL_TASK_STACKSIZE
MULTIRANGER_TASK_STACKSIZE
ACTIVEMARKER_TASK_STACKSIZE
AI_DECK_TASK_STACKSIZE
UART2_TASK_STACKSIZE

(2*configBASE_STACK_SIZE)
(1 * configBASE_STACK_SIZE)
(2*configBASE_STACK_SIZE)
(2 * configBASE_STACK_SIZE)
(2 * configBASE_STACK_SIZE)
configBASE_STACK_SIZE
configBASE_STACK_SIZE
configBASE_STACK_SIZE
configBASE_STACK_SIZE
(2*configBASE_STACK_SIZE)

(2*configBASE_STACK_SIZE)
(2*configBASE_STACK_SIZE)
(1*configBASE_STACK_SIZE)

configBASE_STACK_SIZE

configBASE_STACK_SIZE

configBASE_STACK_SIZE

(1* configBASE_STACK_SIZE)
(2%
(2%
(1~
(1*
(1*
(1*
(1*

configBASE_STACK_SIZE)
configBASE_STACK_SIZE)
configBASE_STACK_SIZE)
configBASE_STACK_SIZE)
configBASE_STACK_SIZE)
configBASE_STACK_SIZE)
configBASE_STACK_SIZE)
configBASE_STACK_SIZE

configBASE_STACK_SIZE

configBASE_STACK_SIZE

ESMEREE

%4t TASK it 452% v] DAYE components/config/include/config.h Fi#FTECE . BT ESP32 AFGMN
Bflt#e, M EsP32-s2 A IHE M E 43, R = #ER A KALMAN_TASK e fm . ZEfHf ESP32-52
I, FF BRI FEI ) KALMAN_TASK fAE iM%, 75 Mk ABEHOE A5 CPU %I, 1% task watchdog.

/I EHRER, BFHA, RELAME.
#define STABILIZER_TASK_PRI
#define SENSORS_TASK_PRI
#define
#define
#define
#define
#define

5
4
ADC_TASK_PRI 3
FLOW_TASK_PRI 3
MULTIRANGER_TASK_PRI 3
SYSTEM_TASK_PRI 2
CRTP_TX_TASK_PRI 2

(CF ks

62
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#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

CRTP_RX_TASK_PRI
EXTRX_TASK_PRI
ZRANGER_TASK_PRI
ZRANGER2_TASK_PRI
PROXIMITY_TASK_PRI
PM_TASK_PRI
USDLOG_TASK_PRI
USDWRITE_TASK_PRI
PCA9685_TASK_PRI
CMD_HIGH_LEVEL_TASK_PRI
BQ_OSD_TASK_PRI
GTGPS_DECK_TASK_PRI
LIGHTHOUSE_TASK_PRI
LPS_DECK_TASK_PRI
OA_DECK_TASK_PRI
UART1_TEST_TASK_PRI
UART2_TEST_TASK_PRI

R w o w PN N O PO O N DD NN

1

//if task watchdog triggered, KALMAN_TASK_PRI should set lower or set lower flow.

—frequency

#ifdef CONFIG_IDF_TARGET_ESP32
#define KALMAN_TASK_PRI
#define LOG_TASK_PRI
#define MEM_TASK_PRI
#define PARAM_TASK_PRI

#else

#define KALMAN_TASK_PRI
#define LOG_TASK_PRI
#define MEM_TASK_PRI
#define PARAM TASK_PRI

#endif

#define
#define
#define
#define
#define
#define
#define
#define
#define

SYSLINK_TASK_PRI
USBLINK_TASK_PRI
ACTIVE_MARKER_TASK_PRI
AI_DECK_TASK_PRI
UART2_TASK_PRI
WIFILINK_TASK_PRI
UDP_TX_TASK_PRI
UDP_RX_TASK_PRI
UDP_RX2_TASK_PRI

w W w W w w w w w

A )

N NN
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RBESNE

%7 RGEGAH S TASK (11 Wi-Fi TASK) , {5 55 TASK J& STABILIZER_TASK, [y T X ME
S EEME. STABILIZER_TASK ¥l TG BEF R RLH, B4R, B HAREL, 244 H Lol
R, RS H B BRIETT

R | CFclient
& ¥ CFlib
Stabilizer Estimator }
N - '
- . High level
Commander Setpoints o e
‘ ’ Controller TI
App Layer
v
Motors

¥ 31: stabilizerTask Jife

& RE23IRTN
1&g KBNS, I PAYE components\drivers . drivers {#ifl T4 esp-iot-solution Z&{LIH) {45

M, KIRshRL e IR T B B AT 02, 4% 12c_devices. spi_devices. general &, E/Rn[&%:
IKENFEST -

feRBRE MR

components\core\crazyflie\hal\src\sensors.c XAWMEREEHAT TS, FFAE AR H
HAELRES, WGz e e astz i, 5 EE NI .

bool (*
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systemWaitStart();

,_{ sensorsAreCalibrated() ]

{ sensorsWaitDataReady(); J

s“‘»{//testProps(&sensorData) ]

{sensorsAcquire(sensorData, tick) ]

sensfusion6UpdateQImpl(gx, gy,
gz, ax, ay, az, dt)

sensfusion6UpdateQ(float gx, float
1 gy, float gz, float ax, float ay, float az,
float dt)

estimatedGravityDirection(&gravX,
&gravy, &gravzZ)

baseZacc = sensfusion6GetAccZ(ax,
ay, az)

stateEstimator(&state, &
sensorData, &control, tick)

.

sensfusion6GetEulerRPY (float* roll,
float* pitch, float* yaw)

sensfusion6GetQuaternion(float*
qx, float* qy, float* qz, float* qw)

sensfusion6GetAccZWithoutGravity(
' const float ax, const float ay, const
float az)

positionUpdateVelocity(float
accWZ, float dt);

compressState()

commanderGetSetpoint(setpoint_
t *setpoint, const state_t *state)

compressSetpoint();

sitAwUpdateSetpoint(setpoint_t *
setpoint, const sensrData_t *
sensorData,const state_t *state)

sitAwPostStateUpdateCallOut(
const sensorData_t *sensorData,

const state_t *state)

sitAwPreThrustUpdateCallOut(

setpoint_t *setpoint)

controller(control_t *control,
.| setpoint_t *setpoint, const

t *state, const uint32_t tick)

sensorData_t *sensors, const state_

controllerPid(control_t *control, setpoint_t *setpoint,

const sensorData_t *sensors,
const state_t *state,
const uint32_t tick)

& 32: stabilizerTask
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=+ motors
=+ led
= general = = wifi
= adc
=+ bhuzzer
= i2c_bus
= deck
=+ drivers '
=+ eeprom
=+ vI5310
. ) = hmc5883|
= i2c devices
= . = ms3611
=+ vI5311
=+ mpu6050
=+ spi_devices = pmw3901
Fel 33: DK SCIR45HY
(£ 30
bool (*
bool (*
bool (* *
bool (* *
bool (* *
bool (*

ESP-Drone A I O - 1 - ¢ components/core/crazyflie/hal/src/
sensors_mpu6050_hm5883L_ms5611.c ¥, i#id DA FIR(ELIAE S B2

#ifdef SENSOR_INCLUDED_MPU6050_HMC5883L_MS5611

(FIgkEE)
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#endif

fERERATE
PR B AL T2
I T FEIR AR RO R IR R, PR A U ) R R PR R S EAT R, TH 33024 BRI B P RS T
ESP-Drone #E2; Crazyflie 2.0 PEIR{UHHET 5, FERIR LI, TTHEFEIR =AMl )y 22 5749 1(E.
FEIR AL AT R RE AT
L — AR 1024 FIENEZ T IX, Al sl 1024 21 FEIR {0 (E.
2. ETPRPRIR S I EDT 22, A AT C AU E TR HFEIR BT AR IR
3. BN 2 IR, TIF IR 1024 Z1PEIR Uk H(E I ME, AN PR IR AR -
FERR SR A VS DAy :

/ ok x

(Rt
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* object

,
* /

bool *

bool =

|
\

A
/
g}
3]

[>g]
-g]

s b PR A -

sensorData.gyro.x = (gyroRaw.x — gyroBias.x) * SENSORS_DEG_PER_LSB_CFG;
sensorData.gyro.y = (gyroRaw.y — gyroBias.y) * SENSORS_DEG_PER_LSB_CFG;
sensorData.gyro.z = (gyroRaw.z — gyroBias.z) * SENSORS_DEG_PER_LSB_CFG;

applyAxis3fLpf ( (lpf2pData *) (&gyrolpf), &sensorData.gyro); //IKERE®E, FREHA T
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EhmEERAE

FEHUERAN IR 26 EERTRR R, BT g (H— ORI, BTR 2 sk B x T g e T Seprill . nf &%
Crazyflie 2.0 B A 58, g (HMRHES RN T :

1. PRI HESE RS, SE AT I AR HE

2. {ii Fil Buffer {77 200 Z10580 B -5 {H .

3. A U S I AR A, VR s A RS T (L
S N[ HOBRA BERTEERC N (B s A 2.
VR AR AT ER ke £ -

/**

* Calculates accelerometer scale out of SENSORS_ACC_SCALE_SAMPLES samples. Should be.
—called when

* platform is stable.

*/
static bool processAccScale(intl6_t ax, intl6_t ay, intlé6_t az)

{

static bool accBiasFound = false;

static uint32_t accScaleSumCount = 0;

if ('accBiasFound)
{
accScaleSum += sqgrtf (powf (ax * SENSORS_G_PER_LSB_CFG, 2) + powf(ay * SENSORS_
—G_PER_LSB_CFG, 2) + powf(az * SENSORS_G_PER_LSB_CFG, 2));

accScaleSumCount++;

if (accScaleSumCount == SENSORS_ACC_SCALE_SAMPLES)

{
accScale = accScaleSum / SENSORS_ACC_SCALE_SAMPLES;

accBiasFound = true;

return accBiasFound;

A3 S B T M BV, A6 a5 T B A -

(Rt
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(£ 50

BB KERE

FRAECIRASTR s A% B /N KL B S8 Ak e T4e%ke , BT AR O REEAE /N RHLA/K-Fi . 1H
TN T 2 AR AR e — E A, SBCRIERGM RS, SBUN WL EA T
Ml Ko PRHCRR ZE B A HE SR R P A X P i 22
L ¥/ N RALBCE A E— K B, 3188/ €Ml cosRoll, sinRoll, cosPitch, sinPitch. FHALRE
N cosRoll, cosPitch 3y 1, sinPitch, sinRoll N0, WERAEKFEZH sinPitch, sinRoll
K0, cosRoll cosPitch AH 1,

2. ¥R 1) cosRoll, sinRoll, cosPitch, sinPitch B [# Roll, Pitch f/E{HFFE &
B, HTRHE,

FUNVBSHERT, % v D s (A 7 20 :

//*w

* —

* from -
.
k/
* *
// //
/ // —
= - * - - *
— —> * + _ *
/ /]
// -
= * *
= — * + *

PAEAdRE, W] o g B o R ) BB PR
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EEHiE
THPESITEEX

o HANER
o RIREIEN

ESP-Drone ﬁufr%ﬁﬁﬂﬂéﬁ Crazyflie, ESP-Drone [&l{fE 20 B ANEE A R /K S IEM AT T L PRI,
AR R T LS, WA m AR, MR, M mfiE, S RGO T SRS
Ao TEERRR, 1 RBECT, AR R R SRR, A BRRIE TARIER .

Crazyflie X1 I, State estimation: To be or not to be!

HEAMNER

Internal Sensors

GWOSCOM Complem- Attitude (roll, pitch, yaw)
R —
Accelerometers (x,y,z) N
entary Altitude (2)
Zranger
ToF measurement (z) Filter
—_—

P 34: HAMEDT
HAMER P SCU T 2% i S S T ANER Y.

RREIEHR

ROR BB P ST 2% [0 RRE 8D, — D 2 TR 20 .
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https://www.bitcraze.io/2020/01/state-estimation-to-be-or-not-to-be/
https://zhuanlan.zhihu.com/p/34323865
https://zhuanlan.zhihu.com/p/39912633

ESP-Drone

Internal Sensors
Gyroscoop (x,y,z)
H

Accelerometers (x,y,2)
H

Flowdeck

Flow (x,y) Attitude (roll, pitch, yaw)

ToF measurement (z)

Kalman

L Position (x, y, z)
LPSdeck

Relative Distance Filter
- Velocity (x, v, z)
Lighthouse deck

Sweep angles
>

Motion Capture

Position (x,y,z)

Angles (Pitch, Roll, Yaw)

Il 35: R/REUEN
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EREE

EXFraiEEgs

ESP-Drone # | KRGS K H Crazyflie, WANK TiZTRMPAHHIRIL. FEEERZ, ESP-Drone {1
Xt PID {5 il 48084 T 7 SRR E G eI, e R ZEmEI T, BT SRR E .

High Level Commander

Desired
position/velocity

High Level Commander

Desired
position/velocity

Position/Velocity
Controller

PID

Desired
pitch and roll

Attitude Controller

PID

Desired
angle rate

Angle Rate Controller

Desired PID
thrusts

Power Distribution
motors

¥l iES%: Out of Control,

High Level Commander

Desired
position/velocity

Position/Velocity
Controller
PID

Desired

pitch and Yaw

Attitude Rate
Controller

INDI

Desired
thrusts

Power Distribution

motors

[¥] 36: possible_controller_pathways

Position/Velocity/
Attitude rate
Controller

Mellinger

Desired
thrusts

Power Distribution
motors

TER A, A#EdBEL controllerInit (ControllerType controller) HIfEAZEL, VIHisHles.
W AT SE B DA AR IR O, U A R

=0 . = "None"
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https://www.bitcraze.io/2020/02/out-of-control/
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(£ 50

— . = "Mellinger"

PID #2128

sl LA

PID = dilds (HBI-BUS-far #2145 ) , i Bl 35T (Proportional) . B3 BRIT (Integral) Flfs ) #2G (Derivative)
A, AR YRR . R RIRERRKIRE, REFRETIRENREN X RGHAT{EH] . PID
Pl T EA CUBHE LR, —RBEA 2 el A il e . T AR PID 42l i) =824, T DA
BEAGRZM SR . FEfl g rh R M R R IIARE, (EREBHIRIIRE.

TERATR ARG, M THAE pitch, roll, yaw =AHME, FILTEBATT B E7R 89 BA FH R
PID il 4 .

Hrpfg—~E W EAEE— gL PID #5645 : Rate 5§l F1 Attitude #551H], HI# A M AR, £
FAEBIEREE; EE LG R M E b AL, i OLERE AR, W AR RIURE & T
o 248K, W] RARERE HAH A Bgry PID #5461, ERIATE ST pitch Al roll | i BT Attitude #551], yaw i ]
Rate #553 .

= // type —
.
= // type o
N
= // type -
AT

void controllerPid(control_t *control, setpoint_t *setpoint,
const sensorData_t *sensors,
const state_t *state,
const uint32_t tick)
{
if (RATE_DO_EXECUTE (ATTITUDE_RATE, tick)) { //ZEZEXJIT#H4 PID Wit &M=, Bl E£%%
B MPUG050 fk k& By v iy

// Rate-controled YAW is moving YAW angle setpoint

if (setpoint->mode.yaw == modeVelocity) { .
. //rate #R, X vaw BEBIE

Q%))
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desired angle Roll
actual angle Roll

desired angle Pitch
actual angle Pitch |

desired angle Yaw

trust

PWM

actual angle Yaw

T

_ 7

3.5 70.0 ———]
é ﬂ actuator Roll
S s _’I
0*s 0*s
angular
velocity Roll
3.5 70.0 ———]
E ﬂ actuator Pitch
S S I
0*s 0*s
angular
velocity Pitch
0.0 %70.0
0.0 50.0 lactuator Yaw
S S I
0*s O*s
angular
velocity Yaw

Mad
wick MEMS
K acceleration
XY, Z
Ts+1

37: Crazyflie 35| &5t
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(£ 50

attitudeDesired.yaw += setpoint->attitudeRate.yaw * ATTITUDE_UPDATE_DT;
while (attitudeDesired.yaw > 180.0f)
attitudeDesired.yaw —-= 360.0f;
while (attitudeDesired.yaw < -180.0f)
attitudeDesired.yaw += 360.0f;
} else { -
. //attitude HER

attitudeDesired.yaw = setpoint->attitude.yaw;

if (RATE_DO_EXECUTE (POSITION_RATE, tick)) { -
. / /L B 1= 4

positionController (&actuatorThrust, &attitudeDesired, setpoint, state);

if (RATE_DO_EXECUTE (ATTITUDE_RATE, tick)) {

// Switch between manual and automatic position control

if (setpoint->mode.z == modeDisable) {
actuatorThrust = setpoint->thrust;
}
if (setpoint->mode.x == modeDisable || setpoint->mode.y == modeDisable) {

attitudeDesired.roll = setpoint->attitude.roll;

attitudeDesired.pitch = setpoint->attitude.pitch;

attitudeControllerCorrectAttitudePID (state->attitude.roll, state->attitude.pitch, .
—state->attitude.yaw,
attitudeDesired.roll, attitudeDesired.pitch,_
—attitudeDesired.yaw,
&rateDesired.roll, &rateDesired.pitch, &rateDesired.

—yaw) ;

// For roll and pitch, if velocity mode, overwrite rateDesired with the setpoint
// value. Also reset the PID to avoid error buildup, which can lead to unstable
// behavior if level mode is engaged later
if (setpoint->mode.roll == modeVelocity) {
rateDesired.roll = setpoint->attitudeRate.roll;
attitudeControllerResetRollAttitudePID () ;
}
if (setpoint->mode.pitch == modeVelocity) {
rateDesired.pitch = setpoint->attitudeRate.pitch;
attitudeControllerResetPitchAttitudePID();

(Rt
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(ZE

// TODO: Investigate possibility to subtract gyro drift.
attitudeControllerCorrectRatePID (sensors—->gyro.x, —sSensors—>gyro.y, Sensors—>gyro
—Zy

rateDesired.roll, rateDesired.pitch, rateDesired.yaw);

attitudeControllerGetActuatorOutput (&control->roll,
&control->pitch,

&control->yaw) ;

control->yaw = —-control->yaw;

if (tiltCompensationEnabled)
{

control->thrust = actuatorThrust / sensfusion6GetInvThrustCompensationForTilt ();

else

control->thrust = actuatorThrust;

if (control->thrust == 0)
{
control->thrust = 0;
control->roll = 0;
control->pitch = 0;

control->yaw = 0;

attitudeControllerResetAllPID() ;
positionControllerResetAl11PID() ;

// Reset the calculated YAW angle for rate control

attitudeDesired.yaw = state->attitude.yaw;

3.3. FA&ESI
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Mellinger }=§12§

Mellinger 2| fe 2 —Fh B4y —~Filds, HT HARCCEM HAR B R b, BT TR 24 A e sh
PLA BT 54T -

FEE R 22153 Minimum snap trajectory generation and control for quadrotors

INDI {2528

INDI 47 il % Je 37 RV BE A A DARA S (5 AL BE ARl A%, SR80 PID Sl gt 4, X T A BE AL BEAH o ep
9% PID 5 g2 A iy L

B 2283 Adaptive Incremental Nonlinear Dynamic Inversion for Attitude Control of Micro Air Vehicles.

PID 8%

Rate PID E53F

. SR Rate BT, B rollType. pitchType Ml yawType #RE%E N RATE;

2. ¥ ATTITUDE #A N W roll., pitch fl yaw ) KP. KI Fl KD J&#£H 0.0, {U#H% Rate XS
LiE

3. ¥ RATE XY roll, pitch 1 yaw B KI 1 KD %K 0.0, Sy Bl H kp;

4. REREY, i cfclient [) param B REFFIRTELIEAT KP A RI%E ;

5. W&, A cfclient BEUEHISE, WHEANRT

6. 7¢ PID JF3 R & LR GBIF) Mo, HiHEEise;

7. SellEE TR, IR H BT pitch BIEIEL . BWIEIN pitch XV KP, EE| AL I HTEE

8. MBI EAE G, I ARSHIFRAG kP, PAG IR B R I S s R BL i, BRAIG 5-10 AN E 4 5 B Rl i
JE KP Y

9. ff FFIFER T AL roll Fl yaw:

10. V% KI, ZSHATHEBESIEREZE. WRATIAZSE, RA ORI, W EET
SFE O OLE NS, BE KT IIRIIRTE N KP 1) 50%;;

11. %4 RI K3 —ERE, WaSEWIARERD). (B KT @80 BRI ke 2R IGES), SR
BN DMEIFE R SIIG A KT a8/ 5-10 NE S, B s KT

12. A FERER 5 REE roll F yaws

13, — 0L R KT HUEA KP BUEP) 80% PA L.
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https://ieeexplore.ieee.org/abstract/document/5980409
https://arc.aiaa.org/doi/pdf/10.2514/1.G001490
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Attitude PID EF

1. #iff Rate PID B A5EM;

2. f rollType. pitchType fll yawType AN ANGLE, RI"KHLE A attitude mode;

3. 3 roll flpitch Y KI M KD H 0.0, ¥f Yaw B KP., KI. KD EHEH 0.0;

4. RERE, (A cfclient [ param TIREFFURTEL AT KP (13 ;
5. B roll Mpitch M KP EN 3.5, ARALAMAFAERMATEN, GIANIRY; . FREaHn KP, HH|kH|

PRR 5

6. IR EH ke SEARE, WHRKFELET 4, 75290 RATE BN KP A KT R AR 5 ~ 10 45, 52

P RE AR S [ o 5

7. BEPEEE KL, SRR SR KL, ARUE MRS R IR -

3.3.4 &S

[English]
BEEEEH
23 FHL/PC ESP-Drone
WHZ | APP g
M2 | CRTP CRTP
&Hi )2 | UDP UDP
Y Z | Wi-Fi STA (Station) | Wi-Fi AP (Access Point)
Wi-Fi &
Wi-Fi e

ESP32 Wi-Fi g

i S
(752 STA #iz(. AP . A7
s IEEE 802.11b. IEEE 802.11g. IEEE 802.11n. 802.11 LR (k&) rH#icfhlin

LA WPA, WPA2, WPA2-Enterprise. WPS

TEHY: | AMPDU, HT40. QoS

SRR | REFELECE 1km

fEHEE | 20 Mbit/s TCP Z£it 4. 30 Mbit/s UDP

3.3. FA&ESI
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../../en/latest/communication.html
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HEZHUN ESP32 Wi-Fi f#E513.

ESP32-S2 Wi-Fi Pk fig

iH BH
il STA #i:, AP 10, JLAFRI
ML IEEE 802.11b, IEEE 802.11g. IEEE 802.11n 3744k

LAk WPA. WPA2. WPA2-Enterprise. WPS
B | AMPDU, HT40. QoS

THEE | RFELTEUCE 1 km
B2 | 20 Mbit/s TCP 705, 30 Mbit/s UDP

HASHUN ESP32-S2 Wi-Fi f34:51 32,

Wi-Fi fRiZEZR

JL T ESP-IDF %) Wi-Fi gfafes

default handler user handler
pp— callback
TCP Event or event Applicatior
stack task task
x
event
AP
Wi-Fi call
Driver ¥

Pl 38: Wi-Fi g fEfsi

— B A
L. W HTZYR ) Wi-Fi Bzl APT, #E4T Wi-Fi F3R 1K

2. Wi-Fi SREIT A NGB . FF 5k, ) Wi-Fi 3K [ BRIASEFGER - default event loop %:4f event.
W AR FTARYE S K 9 5 handle B2/7, BEATHEM

3. W%z A esp_netif $4it T—F %1 handle #)/¥, 5 Wi-Fi IKzl event BRIAKEL. iU ESP32 1E4
AP, 25 H AR, esp_netif X H 352 DHCP fIlR55 .

BRI AR, & \component s\drivers\general\wifi\wifi_esp32.c,
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https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-guides/wifi.html#esp32-wi-fi-feature-list
https://docs.espressif.com/projects/esp-idf/en/latest/esp32s2/api-guides/wifi.html#esp32-s2-wi-fi-feature-list
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/network/esp_wifi.html
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/system/esp_event.html#esp-event-default-loops
https://docs.espressif.com/projects/esp-idf/en/latest/esp32/api-reference/network/esp_netif.html

ESP-Drone

A Wi-Fi #1302 BV WIFI_INIT_CONFIG_DEFAULT REUHIUGILECE Z5F 1k, RHzgsty kT
AMEAECE, SR TR L TAE .. TR DT TE S5 R B B R R4 S8 i) 8T, FE ESP-IDF B3R 14T
B LE R R RS, I 0 AR e X — ) it

AP BEXTARIR AP :

R Wi-Fi B 1EBER

KRt . Component config>>PHY>>Max WiFi TX power (dBm), ¥fMax WiFi TX power HH
20, B ERFEm PHY 340, $25 Wi-FilfEE .

UDP &3

UDP iz OS

App 6 ESP-Drone
192.168.43.42::2399 | TX/RX | 192.168.43.42::2390

UDP &145#4

/* Frame format:

¥ t=============t-———— fo— +

* | CRTP | CKSUM |
* po============f-———— o +

*/

* UDP &4l : CRTP + &L E HL.

o CRTP: #it CRTP fUZ5#)E S, {07 Header + Data, HfhZ:% CRTP #MlEB4)

« CKSUM: WfesafsE, K/ 1byte, % CRTP {335 byte ZIHITT .
CKSUM -5 Jj ik

#python ##l: #HH raw B cksum, W HAMECRE
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task

Wi-Fi

LwiP
task

3.2> WIFI_EVENT_AP_START

Event
task

4. 1> WIFI_EVENT_AP_STA CONMECTED

App
task

1 1. Init Phase

2. Configure Phase

| 3. Start Phase
| 4. Connect Phase

4.2> WIFI_EVENT_A
P_STA_CONNECTED

5. Disconnect Phase

Main
task

1.1> Create { init LwIP
1.2> Create / init event

TA_DISCONNECTED
| 6. Deinit Phase

5.2> WIFI_EVENT_S

5.3> disconn
ect handling

Chapter 3. {RiEA|T]
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CRTP i

ESP-Drone Tl H 47K Crazyflie 5l H (1 /i] () CRTP tpi8, HIT ®iTfed Ak, ®ATdhnhlte . SHOESS.

CRTP LI 7 IeRE& BT, AHEREF S, Lar W I EAL RN % %%, (HXFF—2 log/param/mem fiy
4, T F#E TOC (H3%), thh EHIEM AXMEE . ©4 52 Python API (cflib) 523 % param/log/mem TOC,
Hf PR EERS U T A D g

CRTP 4544

CRTP @j(/]\ﬂg 32 A, Hid a5 — A5 5 Header, 31 N5 Payload, Header iC3% 0 (4 437). 18
(26L). BAREEBL (2 1%),

7 6 5 4 3 2 1 0
Rt S e R et e e et
| Port | Res. | Chan. |
R s ke T e et
| DATA 0 \

e B it e

L e e A I i H &
[ DATA 30 \

s B S S S S

FB | FW | | #HiE
Header | 0 0~1 | Br¥dEE
0 2~3 | fREA, AITEHZ
0 4~7 | HAngding o
Data 1~31 | 0~7 | Bty %icis
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im0 5B
wm O | HEwO Ri&
=
0 Console Console {ii i consoleprintf pR (5 B 4 H 2] PC .
2 Parameters BEE Crazyflie Z80. SETEEM P HZEFR.
3 Commander J% 1% roll/pitch/yaw/thrust 55 354 .
4 Memory access VARG KA, a0 1 &y Al 12C P . A SZFRF Crazyflie 2.0
5 Log WEAEERE. HELEEYRIER Crazyflie, HEZERETE Crazyflie i
IR .
6 Localization AHAVAH oA
7 Generic Setpoint | 547 &% (A AL =
13 Platform T misc platform 451 , G Al AL 55
14 Client-side debug- | FF1#i{ PC u5 Ul FLE AR, H4E%F Crazyflie Python API.
ging
15 Link layer P A 5] A5 2

W T R A0 TR R B s I A ARE TR, DA 7 sUSE B 2R 1% AR CRTP AU A NS %3, TUAE:
FAENI R ELIE . iy, BT 55 MO BRI S (5 B2 R 10 S s A

BA B A 2% CRTP - 5 Crazyflie (5.

CRTP thil3z#+8

cflib J& CRTP Hyislfly Python Sz FEf, #L4 Tl M IO RIS 1, T THI e ErbL, %5 Crazyflic
Crazyflie 2.0 VU WAT S (54 AT, TEPRhAE— T CRTP HMUILLEE, 15 oftib s — A
5 HR

o JE LA EMME: crazyflie-lib-python,
* 1Tt ESP-Drone Hj cflib TR FEHbE: qljz1993/crazyflie-lib-python., FFEEA)H#%] esplane 433 .

ET CRTP thildIR R F K

BENTEEIERR

1. crazyflie2-ios-client
2. crazyflie2-windows-uap-client
3. crazyflie-android-client

4. G RRAE e
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https://www.bitcraze.io/documentation/repository/crazyflie-firmware/master/functional-areas/crtp/
https://github.com/bitcraze/crazyflie-lib-python
https://github.com/qljz1993/crazyflie-lib-python.git
https://github.com/bitcraze/crazyflie2-ios-client
https://github.com/bitcraze/crazyflie2-windows-uap-client
https://github.com/bitcraze/crazyflie-android-client
https://wiki.bitcraze.io/doc:crazyflie:client:cfandroid:index

ESP-Drone

5. BHERAIF K A5

cfclient

ciclient 2 Crazeflie P TAEMW AL, 584 T CRTP HplCrhE X LhhE, ml AR CHLA R d A .
ESP-Drone il F Xt i%_EAALUEF TR M, PR IDREBRITH Ko

udp,ff192.168.43.4; ;| Connect scan Battery -_| wolts Link Guality

Target Actual Thrust M1 M2 M3 M4

i § $88¢F

| 40: cfclient $55 4] & FL1a

cfclient EL{Af# FH i BH AT 25 5]« cfclient,

34 FE=HKE

[English]

5 =7 RS B AR

A=k L= License | JE4X#3 | Commit ID
core/crazyflie | GPL-3.0 | Crazyflie | tag_2021_01 b448553
lib/dsp_lib esp32-lin | 6fa39f4cd5f7782b3a2a052767f0fb06be23781F
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https://wiki.bitcraze.io/doc:crazyflie:dev:env:android
gettingstarted.html#pc-cfclient
../../en/latest/notice.html
https://github.com/bitcraze/crazyflie-firmware
https://github.com/whyengineer/esp32-lin/tree/master/components/dsp_lib
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3.5 Fift

1. J} Bitcraze FFURZHSURBLRFER) Crazyflie Jo AWLIT H RHD;
2. B R FE LAt ESP32 Fil ESP-IDF #:/E 2% ;

3. JEiff WhyEngineer $Z{t11) dsp B4 esp-dsp.
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https://www.bitcraze.io/%20
https://docs.espressif.com/projects/esp-idf/en/latest/esp32s2/get-started/index.html
https://github.com/whyengineer/esp32-lin/tree/master/components/dsp_lib
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