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« Move_ENU

« Move_Body
Application Level « Hold
. . . « Land
target_tracking.c| move.c| « Disarm
| = L | b L2 4 « PPN_land
[ ) IS « Trajectory_Tracking
| collision_avoidance.cpp ‘ autonomous_landing.cpp

| square.cpp | ( payload_drop.cpp
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| | [ ]
| [ pos_controller_PID.h ]
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THEFIRBINRIERZR QGC A, 5% QGC 1M F ik

b. BT

WFH R EA v2 il vh A, github EAY px4 command # firmware FA7 FATTHAEAG IR E {F.

px4_command

Pull requests Issues Marketplace Explore

> I config
v I firmware amov-lab / px4_command @ Watch~ 0 % Star 0 YFork 1
E) px4fmu-v2_default.px4
E) pxdfmu-v5_default.px4 ¢» Code Issues 0 Pull requests 0 Projects 0 Wiki Security Insights
> I include
> I launch
> o No description, website, or topics provided.
> W sh
» merc D 126 commits ¥ 1 branch © 0 releases 22 2 contributors s BSD-3-Clause
A CMakeLists.txt
EELICENSE Branch:master~ | New pull request Create newfile = Uploadfiles = Findfile
[EE README.md
<> package.xml B weiLiangHare update lidar collision Latest commit b95c133 2 days ago
[ FR 3T BA.md -
I config update lidar collision 2 days ago
i firmware add firmware folder 3 months ago
| include kill bug 6 days ago
[ launch formation_sitl 3 months ago
B msg ControlOutput.msg: fix bug for it 3 months ago
i sh update lidar collision 2 days ago
B update lidar collision 2 days ago
[E)] CMakeLists.txt add px4_fw_controller.cpp for test 22 days ago
[£] LICENSE Create LICENSE 3 months ago
[E] README.md Update README.md 3 months ago
[Z) package.xml Second change: by QYP 7 months ago
[E) F37istEA.md Create F32i#8A.md 3 months ago
README.md
px4_command
A
A& Try Octotree Pro for free % 71
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20 Chapter 3. PIASLEEMBRAESZSEERRS


https://docs.qgroundcontrol.com/en/getting_started/download_and_install.html

amov_wiki Documentation, & %5 0.0.1

{ > ||AiHome AMOV_WorkSpace px4-729_ws src px4_command Firmware

(5 Recent

1z} Home

px4fmu-v2_default.

[ Desktop pxa
Documents

Downloads

Music

Pictures

Videos

Trash

) Network

& Computer

[l connectto Server

px4fmu-v5_default.
px4

c. B[R SEWHER

AR 22 0], WASEAT Il cp G T RS 6 ANIEIE,S I IE SN SWC =B KRS AT
B, TRATRE A H R (stabilized), 5 GRS (position) FIFETERLN (land). 6 MHIEBE N SWD P

BT RIS / KM offboard B, HFK, R4 E A

I16S Z A IEFE A e & R

TEARXSII, WAL G U B R, 30 RX. Foniz@isdib R 532U,

3.1. BAFMESERTENNFR

21



amov__wiki Documentation, & %5 0.0.1

e T
y 3 AW cearert
S % AT AR oot
AR terror
AWARRTF R

A .3 stdiio n

oo ‘.}.‘?:.‘m\\.# e
p wWen

UL

w7

8

{83t

]
|4

22 Chapter 3. PIASLEEMBRAESZSEERRS



amov_wiki Documentation, & %5 0.0.1

3.1. BAHESEETENNFE 23



amov__wiki Documentation, & %5 0.0.1

24 Chapter 3. PIASLEEMBRAESZSEERRS



amov_wiki Documentation, & %5 0.0.1

it BiTEE

< P & 1-H1:
& FFN < 5. Bl

3.1. BAHESEETENNFE 25



amov__wiki Documentation, & %5 0.0.1

e

26 Chapter 3. PIASLEEMBRAESZSEERRS



amov_wiki Documentation, & %5 0.0.1

M JEOEx

EHENEIE

—— =

3.1. BAMESEETENNFER 27



amov__wiki Documentation, & %5 0.0.1

28 Chapter 3. PIASLEEMBRAESZSEERRS



amov_wiki Documentation, & %5 0.0.1

3.1. BAHESEETENNFE 29



am I
ov_wiki Documentation, &% 0.0.1

(ED& " UPDATE

4.0-6.5V/0C

9 46to 10 CHANNEL RECEI VER

FS-IA10B

30
Ch
apter 3. FIAZBEMBIMTEIERRGR



amov_wiki Documentation, & %5 0.0.1

&

oo | |4

2. HESIRE
SRONBLE, B BERS, YL, MR RES AT, B AR, WTRGRE, IR R HiE, WRES
He A LA

EESE U https://docs.qgroundcontrol.com/en/SetupView /SetupView.html

a. EFRS

o B2 FF QGC, miali WA B E AR

o TP BURRRR R B

o =00 A USB M & v ik

o SEVUD. SEFE AR TR T b

o SBIUP. TEAURFAEYERE PX4 WATH R
FEIX L, FATOE B e [ -
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PRV

Vehicle Setu
e P Firmware Setup Cancel

>ummary Detected Pixhawk board. You can select
from the following flight stacl

O PxaFlight Stack

@ ArduPilot Flight Stack

; Recent 4 | (Jamov | AMOV_Workspace  px4-729_ws | src px4_command | firmware » — il Advanced settings

Home Name ~ size  Modified ect which version of the above flight

Desktop pxdfmu-v5_default.px4 13MB 2978 tack you would like to install:

I Documents px4fmu-v2_default.px4 880.6kB 297H
Custom firmware fil
Downloads

Music
Pictures
H Videos
1 debug

Other Locations

Firmware Files ~

Cancel Open

o milimgiE
o JRPEFRATTR B RS (v2 B v5)
¢ HHE OK Kl
WEREE MBS, B AT OK AT, SRS 5ol
R

VehicleSetup  Firmware Setup

Summary

rmware - o = . R
- QGroundControl can upgrade the firmware on Pixhawk devices, Sik Radios and PX4 Flow Smart Cameras.

via USB to firmware upgrade.
: PX4 FMU V5
Connected to bootloader:
Version: 5
Board ID: 50
Flash size: 2064384
Downloading firmware...
From: /homefamov/AMOV_WorkSpace/px4-729_ws/src/px4_command/firmware/px4fmu-v5_default.px4
Download complete
MAV_AUTOPILOT = 12
successfully decompressed parameter_xml
Successfully decompressed airframe_xml
Successfully decompressed image
Erasing previous program...
Erase complete
Programming new version...
Program complete
Verifying program...
Verify complete
Upgrade complete
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b. HlREE

o L il RAT AR ICE bR

o 2. PEFRHLASE A

o 3. PERRVUBEIALLESEA P200 Y2 DII450 HLAE. QR BA AiE r b, stk L.
o 4 EFSENZ G, Sidih BRI EE

5. RIEEA

c. {ERABERIE

PR IR, B el A TAR BB AR, SRS g A R 3
R
o WFEPETHRE

o BEPRREEM T (A AR LW AT Sk Oy i S LA Oy Y B Sk — BOW 5, R IL ROTA-
TION_NONE)

o il OK 4ks:

o HADHETEARME, /33N G2 BT, AR ERFRRAREIRT, 6 FR R IR HE, SRR
IR CAHE, K TC AHLDAZL R B AMC AT 7 i, S5 RRAR s e o

o ARHETEBHE TEANL, EEN I ERAE AR 0. AR TH AR AL

@ © @ QGroundControl v3.5.4

%’0 9\9 % &‘ "‘;‘3) o il E Manual Disarmed

vehicleSetup  Sensors Setup

Summary  Sensors Setup s used to calibrate the sensors within your vehicle.

Firmware
Rotate the vehicle continuously as shown in the diagram until marked as Completed

Airframe

\
Radio Cancel F‘,;A\‘/”

Flight Modes /

Power Rotate Incomplete

Camera

Parameters

Incomplete Incomplete Incomplete

WiES#EE PX4 QGC A P FM https://docs.qgroundcontrol.com /en/SetupView /sensors  px4.html
PRI A i
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PR PEIBAL T
T NAUBCE- 57K F 18 b (I3 e R e BIRT, G SfaBsRAR 2, ] DA KA T AHLTE Y 27K F)
o i OK 4ks:

SRR 4k 5 I
@ © @ QGroundcControl v3.5.4

%0 v\o % &‘ o X ka B Manual Disarmed

Sensors Setup

Sensors Setup is used to calibrate the sensors within your vehicle.

Place your vehicle into one of the Incomplete orientations shown below and hold it still

Incomplete

B RAVERES R P Y Y 8 R A

WES%E PX4 QGC A ' FM hitps://docs.qgroundcontrol.com /en/SetupView /sensors__px4.html
T v e e
AP EATHELR, ATFEB D BRI ER T AL

o PEFEIIE TR

o EFEREERY I (R AR B R HF Sk O i 5 AL Ty 1) B # Sk — SO0 5, W R ERIL ROTA-
TION_NONE)

o SCHENAMTERME, 2 HARIG A BT, L08R EFR ARREIRI, B ORI IR IR, sk
AN EAHE, K ICAMLDAZL (58 B AR IC B AR TS0 W CE, S5 FR AL e

o BREFTEANUAEZIT IS, B e ERAS R o (o, XA AR ARL
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@ © @ QGroundcControl v3.5.4

%0 °\° % &‘ o X ka B Manual Disarmed

WP Sensors Setup

Summary  Sensors Setup s used to calibrate the sensors within your vehicle.
Firmware

Orientation already completed, place you vehicle into one of the incomplete orientations shown below and hold it still

Airframe

Radio

Flight Modes

Power Incomplete
Safety

Tuning

Camera

Parameters

Incomplete Incomplete Incomplete

WES%E PX4 QGC H ' FM hitps://docs.qgroundcontrol.com /en/SetupView /sensors__px4.html
KR
o VEFKPAL TR

o BEFERIERY T (A0 AR CHE B AT Sk O ) S LR T 1) A Sk — 3ok 5, W BE R ERIA ROTA-
TION_NONE)

o FEAMUBCE S/ (IR RAEHB RIS B AT, AR IBSRAREL, AT DA ZKPSORAE Fe ALY A5 27K F)
o i OK 44%:
o SERPRLIESE AL
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@ © @ QGroundcControl v3.5.4
?;0 °\0 % &‘ o X ka B Manual Disarmed

Vehicle Setup  Sansors Setup

Summary  Sensors Setup s used to calibrate the sensors within your vehicle.

Compass
FER) Start the individual calibration steps by clicking one of the buttons to the left.
Gyroscope [cal] calibration started: 2 level
[cal] calibration done: level
Airframe
Acceleromete!

((.)) Sensors Level Horizor

Radio

Set Orientations

Flight Modes

Power

Safety

Tuning

Camera

Parameters

WES%E PX4 QGC H ' FM hitps://docs.qgroundcontrol.com /en/SetupView /sensors__px4.html
JIT A A TR ASE T 5 J:

@ © ® QGroundControl v3.5.4

?’O 9\9 % &‘ "‘,f) o il E Manual Disarmed

Setup

Airframe Sensors ks Flight Modes

System ID 1 Comp. Ready  Roll e i Mode switch Setup required
Firmware ype Quadrotor x Gyro Ready Pitch
DJI Flame Wheel F450 Accelerometer Ready Yaw
Firmware Version 192 Throttle e
Airframe Aux1 Disabled
Aux2 Disabled

Sensors

Radio

Camera
Flight Modes

Battery Full 405V ow a Warning rigger interface
Battery Empty 350V C 1 Return mode rigger mode Disable
Power Number of Cells 0 C Timeout 05s
oss Failsafe Disabled

RTL Climb To 30.0m
Safety RTL, Then Land immediately

Tuning

Camera

Parameters

d. BIERERE

SERTRFNT], WL, ET, SRS EAT A ROR B E 2, SORERES & MRS T 442 i TE AL

(AP, B 12 AT, AT B 2 @l F, Z2FM17,P200 Fric B g4 de 2 56 -, ik
B 2)
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FER T, ZEFREAT I L 2 5 AR, T ). A7 T AT (] A RIe]
o L il RAT AR ICE K bR
2. PRI A A
3. T RLHERZ AL, ARSE next, TFAAALHE
4. P WA ER, ST 38 AT 2 AH Y A 7 B
5. TATHHESE N )i, AR EHE— T g 2 50 3 Bt x

6. EABRHESE L IR, it next, SR <P RERAESEAL, it next RIS T A B0 CHE
"

o 7. 5y next RIW]5E A AR A HE
WESF%FE PX4 QGC A FM https://docs.qgroundcontrol.com /en/SetupView /Radio.html

e. XITHRRE
AT LS4 S BIT . A WTHERTF 2, — ORI 5 i), PIBIF X (AFE offboard
B IF 26, — B RO 6 SE)
QGC SAHBIA FTREERA 6 Gt (57 6 R GBI A BIF + A SEIF, 4l
£ 9X3=6, FEAEIEL LB TR ST AE) P200 110 = BT %, RPR AU AT 1, AR 4
AT 6 2 =R kAR

o LA TR

o 2. W KT A

o 3 BEBREN 5 1E N WATHIRIF X

o 4 WITHE 1R BRI (stabilized)” | KATHIR 4 BN EABEE (position)” | AR

6 BEA Wi (land)”

« 5. B 6 i N offboard BT X%
Y EHEE PX4 QGC A PFM https://docs.qgroundcontrol.com /en/SetupView /Flight Modes. html
AR
Tl 47, — R R, R R, —Fh R
S A TR A () BRI (i ) it
3 TR offboard Hist, [ EAEAHGR, B ERMEEY, B M.

f. BiFRE

LB Y, FRATI TR 2 H iR b i R, BT ARG 2 bb Wi, SE— 1 b . LR A 2 A 58
JEHY.
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B LR 4 RS
o L il RAT AR ICE K bR
2. PR B

3. M AL 3 50 4, PHAE (B1) o 4.2V, B (BR) o 3.7V (P200 JEAHLY 4S
i)

4. MEAS A oL 20 s, 4 7 S5 D00 000 e H b G Pl

o 5. R FERRSE N RCUE” HHL, S SIS TE R AT

o 6. SEE RATARIY LR S SO — B, sy B ORH S8 R TR R
YESEZ R PX4 QGC A P FM https://docs.qgroundcontrol.com /en/SetupView /Power.html

HLEE (ESC):

Bl A AR R Y IR R, DR HE I AR B 2 DA SRR e )

L B PR w S B 3, BT USB 4% B kiE s QGC Mk

2. il B

3. MBLIRAREE b, K A P At

4. SGRFPRMETE IR

XESEFE PX4 QGC A FFM https://docs.qgroundcontrol.com/en/SetupView /Power.html

3.PX4 \[]

a. BESH

Ak PX4 BV RATE R A, nTAEE AT . /AT H S wORB I E, %4
yulg W3CHE. EETPAN QGO il Bt (A EENS) sl USB 72" A Eds” g™ HETER” KRkt h
TNEXRL H RS 3 AR H 07, Sl kR SD R, ARG SRS A I A H RSO

H &5 Br

H & TAAER A flightplot, 7E github T2 HUMRIE RS — HAY LA, RPN R ZA Java
PEE.

1 flightplot 3R, KA AR E RIEH XA 28, SRR R AR 8, K530 DA% 38R
NFEREFE .

PX4 R 18
ARSEREI S R ] DAERET PF R B msg SCPF AR e U B LA~ 58 topic:
« vehicle_status JEABLHISIRES (PAURE, BBV, RF0IRE), ®ATH
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o vehicle local position o AMLAHLRZS

« vehicle attitude Jo AHLEZSfH

« vehicle local position_ setpoint J& AN B HIFHRT H A7 4
« vehicle global position & AMLAER{7

« vehicle vision position J& AL E

e att_ pos_ mocap

o actuator_ controls HLHLA{E 54l

o vehicle land detected J5 AMLIEET%A M

b.PID &

4. FEHRIT

WSR2 B 11 6L, ARV DA BT LT 58 5. A CHL T 2 R RITERE iR T, /R AE P46 TF-3h
AT AR R R RE G ARE A S AR T, i s IR =R AT, R AR, E S, R
AR WEPRARNT pxd 9 RATEGGEAR RIS, 2% Iialngd
AT RATBEA: 75 ATEACH stabilized T, Fahiat ©o7, EN A GPS 1§00 F,GPS R iT ke
N, BEis, WTPAT-Shga, 5 H o AHL AT, MRS WATE DI, @ SORAEBE: ER T s, A5
TESEFR /AT
BhE) RATEGR: S ECE E AT, R TR GPS, AR RATRE GPS, 7RSS AT )
17, & R (position) G TEIME, ZEMITTE= 40%~60% 2l TFEX. 5T 60% SEALT 40% M THEH
A oA EECE N EhE.
A ©ArBEimission B, W PAE QGC i ET A e G TR, % AT @ Fr A &
S GPS gy it
YESHE PX4 P #EHFM https://docs.px4.io/master/en/flying /missions.html
AR TR T B AT
o ERIHEEESRN SWC ZBIF XMARMZ WL =R AT, Mok GBS HEA) “ATERCh B AR
X (Wit Tahsa), i) OF ROZEAETE) AT & AL (FE T3 AT R EHm ), 1A (5
IHRAT) RATRACH B (T T3 AT e/Fm M)
COBRRRREET. TN AT L FRRMIION, R AAFR AL, 4 F L AR, £ At
T
FE ATZ R WIFT &R E R AP B (H ] DARCE R R, FIH [ — Ry, QGround Control
i TCP HHF| /i, &F CHRAAIRES.
T AT R
L, HE3E WIFT 1% % QGroundControl, 454 hEM KA TLALH
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o WRIEGHRDL U U, MR R LA R

o MEFEEREER O, MR 2L, AR WLR0R, ATA— R ), — AT
— R ECE R (R LB AL, Oy 2 L)

o IEH RS AHE S LA RS
BETXITZAN
1.ROS
ROS BEM: 4k kL
ROS & AT AR I nmAles RGN 12 HES.
a. 2%

FESH: FIMLHEB]
1AL EMPLEGTENL TX2 FE 4234 T ROS.

WERZAE PC RN ROS, FoATEWAEH Ubuntu Linux £&48. Windows Z48 R A PAEH] VMware [
P, Mac &40 A#i ] VirtualBox 5{# /& Parallels Desktop Lite

NG FRAT1EE A Ubuntul6.04 52 A% ROS fiiiZ4s Kinetic.

b. BAME

Tk (nodes):
FESFRIE: ROS 751

ROS 5 mi @ — MR T, @ H M Python o3 C++ 45, W LA ROS FHIAI ROS it 955 HoAt Ay
MIATEAE. B ARG 7 R IRSL I R B L i AR R 2k, 38 e vl 2 A T
68

V2 ML N RIR SRR PR A ROS 35 s i fE LT
N T REEAR P AL ROS 49 5, 356455 rospy B rosepp JE, Hl AR HARALACH.

2.MAVROS
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3.px4_command 148

px4_command IfEte—MET PX4 TREEF K& Mavros DIREWHTHEIH , BN PX4 JPAEFHEE
IR R AT 2 AR . H BRI AIANRMERIAHE S HinBEs . #0t SLAM A7, MH V-SLAM
SERL. WOCHERE S LRI R AU | 5 SRl St R AT 55 2o AR . BB, B/ AL HISE TN
WL/ TENE ) T NAFHIE BT R S Th g . B SRR (W%EIR. TX2, Nano) 4z HAE ) LR R AL
PEAR, RSEBUSLRARRNETT, 1B T B AP 4 a5 10 B0 W il AR A S TR R P AR

Vision Package

Control_Command.msg

] . Idle
+ Takeoff

« Move_ENU

+ Move_Body
Application Level + Hold
. p = Land
target_tracking.c; move.c| « Disarm
|- el LD | b 2 ! « PPN_land
) i 1 « Trajectory_Tracking
‘ autonomous_landing.cpp

| collision_avoidance.cpp

|_ square.cpp | [ payload_drop.cpp

External Position Estimation | | en Position Control Law

[ pos_controller_PID.h ]
[ Laser SLAM | —b{ px4_pos_estimator.cpp H px4 _pos_controller.cpp }7 [ pos_controller_UDE.h ]

| vrpn_client_ros node | pos_controller_cascade_PID.h

[ Visual SLAM |

| owa ) f !
) {command_from_mavros.h ] [ command_to_mavros.h }

[ RTK .| ) 1 ’

pos_controller_passivity.h

pos_controller_NE.h

Mavros Package

1%
v |

PX4 Firmware

o state_from_ mavros.h: 7] ] KERE, OF LAY RS (/mavros/state), 24§ {7 &
(/mavros/local__position/pose), *4Hi#H & (/mavros/local_position/velocity_local), F124 1, A
WZ (/mavros/imu/data)

o command_ to_mavros.h: %1 px4_command IfFEA A IS HIE E mavros FERL, 7] &k
i, A (AR SHUAR), I, MEEE, ISR (EEamA)

* px4_pos_estimator.cpp: 1] F#OIEH A E mocap RATMOIEAE R, HIEAT AR, FE
state_from mavros.h HETT Y REERAMHIALE, B, MALMAEE, BCAEEM, ARPET 8 K,
BATHIRL I BLEL, il 25 R A%

 px4_pos_controller.cpp: ][ (7 EALTT A1) DroneState, HI4AML 24T WHUIRZS Y I E]. 775
ControlCommand (AN FIMAT A AT EHE). %1 topic for log . FEIEFEAEHIR, MASHIEM)S,
EALSE . Xt move FF & takeoff, Move_ ENU,Move_ Body,Hold,Land,Disarm,PPN_ land #1 Tra-
jectory_ Tracking ZE e # A0 H.
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o ground_ station.cpp: 1] i H & X H & F 8 (/px4_command/topic_for_log), 7] i 48 &R 4
fi7 B i it PoseStamped I 1 (/vrpn_client_node/UAV/pose, JF mavlink 4 5, ¥ @
& point (iE (xyz), WICEIT I (wxyz), WF CEEEMICH  AttitudeTarget 375
(/mavros/setpoint__raw /target_ attitude,#82 5 mavlink Ji§5.). AW F 12 BERIR A, FFTH
LHRHLPRAS.

o px4_sender.cpp: 1] # H & XJH S 0184 F 8 (/px4_command/control _command), #L{A 2 215
P R AR R move HifE il dr S BAR SN (0 FoRfr EEH,3 Fondl =)

« autonomous_ landing.cpp: [ %A xyz ¥ A BEFE . 1T R (L 18 v B T A LA RS
DL, FERARS TEAHLRARR A, BASE flag Sk B ULSEYY RL. fa A AT LB A% il 154

« collisiom__avoidance__streo.cpp: 7] [/ /streo_ distance ZZHE1E A KHLIUAS 5 o] F) I 5 1] 1T

« formation_ control_sitl.cpp: Z#H{}j & SITL, K& T Move ENU AR &, ##i ] Move_Body,
7 BTz .

 payload__drop.cpp: 1] [ /mavros/local_position/pose A7 B . % 1fifhda a5 H {H .
e square.cpp: %ffi/px4_command/control_command 14, T xyz B A7 B
o target_ tracking.cpp:

o move.cpp: A ffi/px4_command/control_command, ¥ E FAI xy HEF T (0b10), (&2
] (0b01), o7 E 45

« set_mode.cpp: HIESEAS, M mavros fk55, HATHE SITL FAEEH, U offboard, 42| KAT4s.
o TFmini.cpp: HOLE S BRI, Q1R EAIE S AL s, 7125 .

4. RiTRIES

WiFi ZifEmMECERN

Y WiFi G il S T HIEE A M AL B 3R 3 W Rz
PEERS: exk3

M WiFi-LINK B im0 —Md ok AP #i, 73 h—Fh e i -REGC. T B0OARCE N
AP B, AT ECE A Fo LM R, ] B T2 R I SOk B AT G

42 Chapter 3. PIASLEEMBRAESZSEERRS


https://pan.baidu.com/s/1t1zp2y1ikBSsJC8DNLjY_g

amov_wiki Documentation, & %5 0.0.1

WIFI-LINK BB Tt AP X

(i )

PXaTk{E

TELEM1
TELEM2

UARTEEWIFIZIME | -+ — 1
JOOKX XK 0K XK ===

QGC

00X X XK X0 XXX

. J
1

WIFI
Ly —
YYY-YYY- WYY WYY )

. /

RO FAT LG ABIARCE, Horp WIFELINK B Y 5 — 0T, IR 2 BRI POm HE 4%
QGC. fbfi TR E AN BRI H WIFT L imfiiE s QGroundControl JEIEH I
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WiFi-LINK BiE Tk M -FER

(o h

' i
PX4kiE
>( UARTEEWIFIZ 5
192.168.10.105
/\
P
N y ||
|l
N7

HHEE™2| UART

WIFI N
[ 192.168.10.140 j(w )- —~——— 19;.{.]1:':"18.

QGC NOMACHINA
192.168.10.105 192.168.10.140

- /
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B Ay B

Wi JeEk WiFi B gl IP Hihtoky 192.168.10.1, B5RF| ik h#E &, HOERI WiFi fFHlek
Fo i Bk Bl Mk wifi. wavlink.com (BRIAZES 4 admin).

WIFL 828 B8 WiFi (455 (WA FRRTERUEBEE I E]) g (ks WPA2-PSK
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2.4G THRE

T s @
Wi-Fifss: * O

24G: AMOY LINKZ2. 4G

nEAET. WRAZ-PSK v
o amovz2019

AC =i E

T s @
Wi-Fifss: * O

5G: AMOV_LINKEG

s WPAZ-PSK v

WiFi $ et
o ME{FIERE
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1BidusbfL R OQIRRACEWIF i RER

VGG 5V sV >
GND GND o g I
RX - ™0 (<3 g
- RX1 ; %
USBE:TTL ™

—

A PUARAE RS usb e TTL 5 WiFi-LINK, T E24LT
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o BRPFRCE
FTHIC B4 RMOSK config tool CN V2.1.exe

RMOBK config tool CN V2.1.exe
HLK-RMOBK_COMNFIG

ShenZhen Hi-Link ElectronicTe...

FEFEAIAG COM LI — K 4R B T4 Aoty WiRE BB B reset 281l (HEb E s R 2k
WAAL), SRR R B, S F AT (Found Device at COMX(57600)) HMIHERRY.
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S ITSEIE

¥ at+EName=HLF-RMOSE

{:Found Device at COMZ (57&00)!

HERER

Userl ﬂ

User3 ﬂ

ComM2 -

A PEHRFE

Userd ﬂ
User2 ﬂ

B |

EHGE

EER

it |

FASH 120 b LT

PR =

mar [
e

p

VAN
IF |
75 |
R |

DMS |
LAM

[~ DHCPRRS SR A |
FRHER |

wEE] -
sigE [ ]
wgte [ 7]
[ ]
peds 24

[ ®emp

FekapEdn

s 2 |
e | |
= |

FiESTASH

PR |
hnEEA | -]
= |

ARG T PR BCEARTIR WiFT £, P S SOR BRI i e i P B, 0 2% 44 Bk B B i LR Y. WF

He A AR SR, by Ak WPA2_AES.

BCESEMUE R P A BRI

BRI B RCE T - e Wik 8, BREEIRECE ), W4 WiFi $ife 2 5 3 Wiki s, i
AFATH R WiF] i dsiEicA, $797% 80 (cmd), %A ping 192.168.10.105 2211 ping — FH&ATH)
WiFi $f%, ping 7, HAREARTE T, ping ABEIAMRFEEFTIH RMOSK config tool CN V2.1.exe
BlCE— T, AIRAARAEC ., BEIEMEEA A
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TRk A
O BOeRk ® EikdE O EKae O R
o IR TS
BHE[T0 | OREE ]
I I e,
pastzfvoe | mmmn
@ikts|t | | #Es0[eo0
. A
R[50 o] | e FoBEE <]
sigfs ] ey
dstr Vo -] o[
it | | #EMERO [s001

RS
WAN
1P| 192 . 168 . 10 . 105
%ﬁ:}ﬁﬁ| 255 . 255 ., 255 . O
e
4 iR AR RECE
os| & -8 -8 .8
LAN
- $iﬂ1p|n.n.n.n
%ﬁ#ﬁﬁ|ﬂ .0 .0 .0
TsEAPEET
FIEEHT |
A= [weaz_aes ]
THEsTAS

FEE 2 ET |.-5.M01-'_LINK2.4G
InEEF = [weaz_aEs |

= |an'u:|'-:2EI 19

L

o MBUHIER: MWD PR EAEICAIEE: WIFL Bl 8005 A T T, i HARE AL A L ping T
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Pos_laser [X YZ] : +6.00 [ m ] +6.01 [ m ] +6.00 [ m ]
Euler_vlaser[Yaw] +6.00 [deg] MR
Pos fcu [X Y Z] : +6.60 [ m ] -0.00 [ m ] -1.36 [ m ]
el_fcu [X Y Z] : -0.00 [m/s] +0.081 [m/s] -0.01 [m/s]
Euler_fcu [Yaw] : +80.85 [deg]
>>>>>>PX4_POS_ESTIMATOR<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Pos_laser [X Y Z +0.80 [m ] +0.61 [ m ] +6.80 [ m ] h%-9-2- 10 A
Euler_vlaser[Yaw] : +0.84 [deg] i W g &
EoKEHA,
Pos fcu [X Y Z] : +6.60 [ m ] -0.80 [ m ] -1.35 [ m ] 7 B2 A0/
el_fcu [X Y Z] : -0.01 [mfs] +0.080 [m/s] -0.01 [m/s] {I_F}’I”}lvf_}% -
: +88.05 [deg] % WLA ),

>>Laser Info [ENU Frame]<<<<<<<<<<<s<<<<<s<d<<<<<<
Pos_laser [X Y Z] +0.01 [ m ] +6.81 [ m ] +6.80 [ m ]
Euler_vlaser[Yaw] +6.05 [deg]

Pos fcu [X YZ] : +6.60 [ m ] -6.80 [ m ] -1.35 [ m ]
el fcu [X Y Z] : -06.60 [Im/s] +0.61 [m/s] -0.01 [mfs]
Euler_fcu [Yaw] :(+80.85 [deg]

ML B M, FEEHTE Sl CIE A AR, RIS SR A v i S L, FiA reboot SRJ5 4
LT
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FifiManual ARG

> Mavlink ##&

NANO
5 TX2 FAbl, $RIEAH R 53 A< BT
EE SLAM
ZENIGE SLAM SE fifbizt
o EKF2_AID_MASK = 24 (G&FE0 & A LmAKTE) ; EKF2_ HGT_MODE = Vision/Range sensor
(e R )
TX2

HERHUAEE AR O, IR C I A AR S 5 R E
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[l NoMachine - tegra-ubuntu, Ubuntu 16.04 LTS = x
Ubuntu Desktop M = B ¢ 12o0av &

HE BRI R R

WAEC L ER: T nomachine, 25— 52T H 5%, #EAF| amov_ ws/src/px4__command/sh/sh_for_ P200/vio
HS& R, FrexEs B4y vio_fly.sh. (&)
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ntu, Ubuntu 16.04 LTS

sre  pxd_command  sh sh_for |

Recent

Home = ==
aruco_tracking sh autonomous_ circle_tracking.sh colli§ion_avoidance.

Desktop landing.sh
Documents

Downloads

number_detector.sh square_fly.sh streo.sh vio_flysh

Music

Pictures

i Py DN PO

Videos vio_fly_outdoor_ yolo_tracking.sh
circle_tracking.sh

Trash

@¢ Network

Computer

Connect to Server

SRIGHATER — 2, Bbrfl s BALSEEA T — A & (BA)
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ntu, Ubuntu 16.04 LTS

sh

pxd_command

Recent

Home = ' >
aruco_tracking sh autonomous_ circle_tracking.sh collision_avoidance.

Desktop landing.sh sh
Downloads B - -
number_detector.sh square_fly.sh streo.sh vio_flysh

Music
Pictures

©
far
=
[ Docurments
¥
dd
O]
a

Videos vio_fly_outdoor_ yolo_tracking.sh
circle_tracking.sh
Trash

@ Network $£-£. =EAE, IFFterminal

Computer

Connect to Server

BB ARSI N RITIE S /vio_fly.sh
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ntu, Ubuntu 16.04 LTS

frHome 3 ws src pxd_command sh

Recent
Home = i3 i
aruco_tracking sh autonomous_ circle_tracking.sh collision_avoidance.
Desktop landing.sh sh
Documents
Downloads 3 - Z
number_detector.sh square_fly.sh streo.sh vio_flysh

Music

Pictures

i B 3 « DN B O

Videos vio fly outdoor
nvidia@tegra-ubuntu: ~famov_ws/src/px4_command/fsh/sh_F
nvidia@tegra-ubuntu:~/a fsh_for oS . /vio_fly.sh i '

SEV0E, BB AR SERZ G, B B IARZ 0. 56—~ Ak roscore AN MR, £F mavros A SR
IER B, (R NAUH] mavros IE% -5 KISE S8 Tl EER. (WU B IR 5, 5908 F R4S
NIRRT 4, AsbR B2 KRGS IEH 1Y, ANEmFA] AT ). |A
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ntu, Ubuntu 16.04 LTS

1«’c;pt,ln:;s,,y'klnet|c,,’share,,r‘ma\.rn:;s;v‘launch,r‘p}n:4 launch http://flocalhost:11311

R I R TR (T TR ©

INFO] [1572883055.553035599]: RC_CHANNELS message det:ct:d!
Hegem: INFDJ 11572883655.555331922]: IMU: High rgsolution IMU detected!
1 : : T
Home
; [ INFO] [1572883656.561699540]: VER: 1 : Capabilities 0x000000000000e4e
Desktop
{ INFO] [1572883656.561952140]: VER: 1: Flight software: 010902ff (1069058
Documents 71deeeean)
[ INFO] [1572883656.562078712]: : Middleware software: 010902ff (1069058
71deseees )
Music [ INFO] [1572883656.562280767]: : 1: 05 software: 071cOOff (423371c
7d4012e72)
Pictures INFO] [1572883656.562412039]: ] Board hardware: 00000032
: INFO] [1572883656 A8585]:VER: VID/PTD: 26ac:0032
videos INFO] [1572883656.56 4 e d 3138511535333837

Downloads

[1572883665.550580754] : requesting home position
[1572883670. 5536674847 misston received
requesting home position
INFO] [1572883685.550518285]: HP: requesting home position
W ] 1 & . . 3

nvidia@tegra-ubuntu:
nvidia@tegra-ubuntu:~

[1572883695.5498230893]: HP: requesting home position
i INFO] [1572883705.550012443]: : requesting home position

A, RHAE T265 K EEIMIAS, %A IE 21T, BB T2656 B4 1E% 530
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ntu, Ubuntu 16.04 LTS

(] /home{nwdla,frealsense _ws/src/realsense-ros/realsense2_cameraflaunch/rs_t265.launch

rosco-.—< Y fopir x(1 o)L hom= { fhom.-—+ ] fhom..—+ L rermimal ~ L@~

dev1ce! -- SLLppIng.
[ INFO] [1572883655.906491982]: (Infrared, 2) sensor isn't supported by current
device! -- Skipping...
Home [ INFO] [1572883655.906549240]: (Fisheye, ©) sensor isn't supported by current d
fevice! -- Skipping...
Desktop [ INFO] [1572883655.906646941]: num_filters: @
[ INFO] [1572883655.906703049]: Setting Dynamic reconfig parameters.

EEEL RS [ INFO] [1572883655.964582873]: Done Setting Dynamic reconfig parameters.
[ INFO] [1572883655.969709868]: fisheyel stream is enabled - width: 848, height:
8e®, fps: 30
Music [ INFO] [1572883655.970939985]: fisheye2 stream is enabled - width: 848, height:
8ee, fps: 30

INFO] [1572883655.971172728]: setupPublishers...

INFO] [1572883655.990679148]: Expected frequency for fisheyel = 30.00000

INFO] [1572883656.237468081]: Expected frequency for fisheye2 = 30.00000

INFO] [1572883656.468648038]: setupStreams..

INFO] [1572883656.469046904]: insert Fisheye to Tracking Module

INFO] [1572883656.469273P01]: insert Fisheye to Tracking Module

INFO] [1572883656.469396727]: insert Gyro to Tracking Module

INFO] [1572883656.469496699]: insert Accel to Tracking Module

INFO] [1572883656.469600924]: insert Pose to Tracking Module

INFO] [1572883656.516245270]: SELECTED BASE:Pose, ©

INFO] [1572883656.529038654]: RealSense Node Is Up!

Recent

Downloads

Pictures

ideos

nvidia@tegra-ubuntu:
nvidia@tegra-ubuntu:~/

[
[
[
[
[
[
[
[
[
:

N, 2 T265 MALPLIAS, AR SRS DR IR Y, SLBIAS A T265 Mf7 B BRI T (7 BT AT,
PAFIEL EAG T oL
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Terminal m = m ) 1211AM %
(o X /home,“nwdla,frealsense _ws/src/visivn_ta_mavros/launch/t265_tf_to_mavros.launch htk;

B rocco-. oot < L rom= o Lnom— 3 hom- < | fom..—+ rermnal +

* [rosdlstrO' klnctlc

* Jrosversion: 1.12.14

* [source frame id: fcamera link

Home * [target_frame_id: [camera_odom_frame
* [yaw_cam: -1.5787963

Recent

Desktop

NODES
Documents

Do aadE t265_to_mavros (vision_to_mavros/vision_to_mavros_node)
mloads il _Lo_| _to_ i

Music ROS_MASTER_URI=http://localhost:11311

Pictures process[t265_to_mavros-1]: started with pid [3933]
INFO] [1572883653.552675385]: Get target_frame_id parameter: fcamera_odom_fram

ideos
INFO] [1572883653.5578279908]: Get source_frame_id parameter: fcamera_link
INFO] [1572883653.564842705]: Get output_rate parameter: 30.000000

INFO] [1572883653.570688945]: Get gamma_world parameter: -1.578796

INFO] [1572883653.576026460]: Get roll _cam parameter: 0.000000

INFO] [1572883653.585329499]: Get pitch_cam parameter: ©.000000

INFO] [1572883653.598495472]: G yaw_cam paramete -1.5787396

nvidia@tegra-ubuntu
nvidia@tegra-ubuntu

——————— D

FE, MLEMTIA, BAEZAITENE, B mE, WEEE, PR BEA R SIS B sl
IR, WA ER IS, N E PR A IER
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ntu, Ubuntu 16.04 LTS

(] }home[nwdla;’amov ws/src/px4_commandflaunch/px4_pos_estimator.launch hl:tp f/local

T (T (R (S T T T + ©

>>>>>>>>>>>>>>>>>>>>>>>>V1¢.1on Info [ENU Frame] <<
on [XY Z] : +6.00 [ m ] +0.00 [ m ] -0.00 [ m ]
Att vision [R P ¥] : -26.00 [deg] +4.43 [deg] -1.97 [deg]
Home >>>>>>>>>>>>>>>>>>>>>>>>FCU Info [ENU Frame]<
=Pos_fcu [X Y Z] : +0.00 [ m ] -8.80 [ m ] +0.2
Desktop Vel fcu [X ¥ Z] : -0.00 [m/s] -0.080 [m/s] +0.00 [m/s]
Att_fcu [R P Y] : 84 [deg] +0.43 [deg] -1.98 [deg]
Documents >>PX4_P0S_ESTIMATOR
>>>Vision Info [ENU Frame]<
Pos_vision [X Y Z] : +0.00 [ m ] +0.00 [ m ] -0.00 [ m ]
Music Att vision [R P ¥] : -26.00 [deg] +4.43 [deg] -1.97 [deal
>>>>>>>>>>>>>>>>>>>>>>>>FCU Info [ENU Frame]<< <<
Pictures Pos fcu [X Y Z] : +8.80 [ m ] -8.880 [ m ] +68/22 [ m ]
) Y Z] : -0.00 [m/s] -0.80 [mf{s] +0.080 [m/s]
il _Videos B P ¥] : +0.84 [deg] +0.43 [deg]l -1.98 [deg]
>>>PX4_POS_ESTIMATOR
>>Vision Info [ENU Frame
Pos_VISlon [X¥Y 2] :+0.80 [ m ] +0.00 [ m ] -0.80 [ m ]
Att vision [R P ¥] : -26.00 [deg] +4.43 [deg] -1.97 [deg]
>>>>>>>>>>>>>>>>>>>>>>>>FCU Info [ENU Frame]<<
Pos fcu [X Y Z] : +6.80 [ m ] /0.88/I m ] +6.22 [ m ]
Vel fcu [X Y Z] : -0.00 [mfs] -0,00 [m/s] +0.00 [m/s]
Att_fcu [R P Y] : +0.84 [deg] +8.43 [deg] -1.98 [deg]

Recent

Downloads

nvidia@tegra-ubuntu:~
nvidia@tegra-ubuntu

508, RAEEHAY A, BRI 1 4R, ERMERSEIIIG. MR AR EA 1 REE0TE, IR
A DATE B N T A7 %AT, (R AN REYIH B offboard Bi. HAHWAT 1, HIAERSEZ G, AfedEA
offboard iz,
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ntu, Ubuntu 16.04 LTS

,J’home[nwdlafamov wsfsrc/px4_commandflaunch/px4_pos_controller.launch http fflocal

s« foptn-.— from-—x 3 fhom.— ] fham-. <] jron— Y erminal < R
05

Kd_vz DT

Limit:

MPC_XY_VEL_MAX : 0.8

Home MPC_Z VEL MAX : 6.8
i : 5

Desktop MPC_THR_MIN :

_THR_MAX :
Documents _throttle :

Downloads

Recent

> >>>>> Parameter
1 [m]
Music Disarm hetght 8.2 [m]
E - -28 [m] to 28 [m]
Pictures eo_fence_y : -10.8 [m] to 16.8 [m]
) -0.5 [m] to 100.5 [m]
\Videos 2 [m]

dlsturbance a_xy: 0 [m]

dlsturbance_b_ y: 0 [m]

disturbance_a_z: @ [m]

disturbance b z: 8 [m]

disturbance T: 1 [m]

disturbance_start_time: 100 [s]

disturbance_end_time: 30 [s]

Please check the parameter and setting, enter 1 to continue, else for quit:

nvidia@tegra-ubuntu
nvidia@tegra-ubuntu:

B, move WL, IEHJEB. ] DT ARG 2oy, O B A2 kAT
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ntu, Ubuntu 16.04 LTS

& Terminal

+ o

Input the flag: © for Move_ENU, 1 for Mr)v- Body, 2 for Land,3 for Disarm ,4 for
Hold, 5 for PPN Land, 6 for I1dle,7 for Takeoff to default hetght 8 for traject
Home ory tracking

Recent

Desktop
Documents
i Downloads
Music
Pictures
Wl \Videos

nvidia@tegra-ubuntu
nvidia@tegra-ubuntu

BEI AR T DA 75 4 — & UK IR R W b 2, R BOTAES — PR BAEAT. T AR W R AR e IR H s A7y
T, BEITERE SRS B0 5 EE (B KB, R RATREEON E AR, FEHE v QGC BT AE B]Z
AT RAD)E] s i RATREAY, XA, R ] DAYE S A T RE AT T
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NANO

AR TX2 260, IHET S H A —EL

EIRAT

Mt SLAM

« EKF2_AID_MASK = 24  (EFEALE DA KR IE) 3 EKF2_HGT_MODE = Barometric pres-
sure/GPS/Vision (64 m FE A )

TX2

NANO
GPS/RTK

o EKF2_AID_MASK =1 (3£ E PASAmi KGR ); EKF2__HGT_MODE = Barometric pressure/GPS
(e R R
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TX2

NANO

SR ATIARENE, VR ATE R AN R WAT, A BB R iR dzsk B At etz .

FE T —F H T2 By, ST = NIt move 151, H RN, ZIMARES demo 5K
DAL

BETITZEM

1.vfh EEfE demo

a. B px4_command IjgEE

px4__command T PIAEELTE github bfj. i & d5E8: pxd command , ATEH A Z master, 25 3Z
p200 200707 , W F A :
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K amov-lab / px4 command

<> Code (1) Issues 1 1l Pullrequests 1 () Actions [ Projects [0 wiki D) Security [~ Insights
¥ p200_200707 - ¥ 2branches »0tags Go to file Add file ~
This branch is 7 commits ahead, 8 commits behind master. I% 11#4 + Compare
amovlab_msq add vfh collision avoidance d735421 4 hours ago %) 131 commits
M config Eivinftis, FNENESENizEEE RHE, $3T cartographer_ros... 3 days ago
W firmware add firmware folder 12 months ago
[ include bug fixed 12 months ago
B@  launch EhvhftEs, FNENEENzEEE A, #£2T cartographer_ros... 3 days ago
B msg ControlOutput.msg: fix bug for it 12 months ago
 sh Bivinftis, FNEEEEnNizEEETHE, 53T cartographer_ros... 3 days ago
I src add vfh collision avoidance 4 hours ago
D CMakelists.txt add vfh collision avoidance 4 hours ago
[% LICENSE Create LICENSE 12 months ago
Y README.md Update README.md 11 months ago
% package.xml Second change: by QYP 16 months ago
[y &iHER.md Create B3 3% B8 md 12 months ago

MAEHEAS] TX2 HiH, WHORAEWSIER B, AHHA pxd _command THEEAS, IUAEFATIMN Gk 5 A 1)
px4__command, EH git clone FFHATIHEAL. ] git clone hitps://github.com/amov-lab/px4_command.
git | P AF| px4_command, ¥ p200_200707 4% N, M4 git checkout p200_200707 . K5
WlF] ~/amov_ws H3gZF, [ catkin_make ZgiF px4_comman ZHREM. WIFEFR, FATEH 2
p200_ 200707 %4 %

3.1. BAOAESERTENNFE 95


https://github.com/amov-lab/px4_command.git
https://github.com/amov-lab/px4_command.git

amov__wiki Documentation, & %5 0.0.1

< frHome amov_ws px4_command src Application Lo L1 e

® Recent
@ Home h‘ ‘ hj hj
config firmware include launch
[ Desktop
[ Documents i i i
<~ Downloads msg sh src CMakeLists.txt
dd Music
A Pictures ;
1 SR LICENSE package.xml README.md 7 i#E9.md
@ Trash (] nvidia@tegra-ubuntu: ~famov_ws/src/px4_command
nvidia@tegra-ubuntu:~/ and$ git status
@ Network on branch p200 200707
nothing to commit, wor rectory clean
Computer nvidia@tegra-ubuntu:~/ d$ git branch

master
B connect ko Server *

nvidia@tegra-ubuntu:~/

b. B3 rplidar_ros ThEEE

FATEFE A 2B A2, A3 B S1 fik, AEERMN A2, A3 kg S1 mHibfulkk, HREW
T — N EOLEIRTIEE. rplidarros BYIEMSHELLE S https://github.com/amov-lab/rplidar ros.git

MFe 2z Hi rplidarws HLATE a3 A2 B SCHEIE build F1 devel, MIBR4s sre TRIEY A SO R Scb, 78
~/rplidar__ws/src J§#82 N R#JEIS, [ git clone https://github.com/amov-lab/rplidar_ros.git , #& 5t
AF| FZH 5 ~/rplidar_ws N, P47 catkin_make FEAT41%, Sii¥se MG, WERZ HIEA MR ~/ bashre
TG R, WIEHEMB AR SR, TR, 4 roslaunch rplidar_ros rplidar.Jaunch j§
FOLEL, WTHE:
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D¢ fhome/nvidiafrplidar_ws/fsrc/rplidar_ros/launch/rplidar.launch http:/flocalhost:11311
nvidia@tegra-ubuntu:~S$ roslaunch rplidar_ros rplidar.launch

... logging to /fhome/nvidia/.ros/log/db66ddaf®-c286-11ea-955a-00044bdf7525/roslau
nch-tegra-ubuntu-4160. log

Checking log directory for disk usage. This may take awhile.

Press Ctrl-C to interrupt

Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://tegra-ubuntu:33262

SUMMARY

* frosdistro: kinetic

* frosversion: 1.12.14
JrplidarNode/angle_compensate: True
JrplidarNode/frame_id: horizontal laser ..
JrplidarNode/inverted: False

* /rplidarNode/serial baudrate: 256000

* /rplidarNode/serial port: /[dev/ttyUSB®

MODES

rplidarNoede (rplidar_ros/rplidarNode)

auto-starting new master
process[master]: started with pid [4172]
ROS_MASTER_URI=http:/f/localhost:11311

setting frun_id to db66ddab®-c2B86-11ea-955a-00044bdf7525

process[rosout-1]: started with pid [4185]

started core service [/rosout]

process[rplidarNode-2]: started with pid [4192]

[ INFO] [1594369507.506866302]: RPLIDAR running on ROS package rplidar_ros. SDK
Version:1.12.0

RPLIDAR S/MN: 64A49AF2C1EA9FC3AZEB92F1F7773CH1

[ INFO] [1594369508.011790982]: Firmware Ver: 1.27

[ INFO] [1594369508.012006183]: Hardware Rev: 6

[ INFO] [1594369508.013136233]: RPLidar health status : @

[ INFO] [1594369508.565743718]: current scan mode: Sensitivity, max distance: 16
.0 m, Point number: 15.9K , angle compensate: 4

BRIARY rplidarlaunch AYEAFAE 256000 , FxX HATRYE A2 BIERIER, A2 BAARIZ 115200, AR
256000. f—HL K FR IR T A BRI RS . X HIRP TR E A2M8R4 251, XHRHR 256000.

c. SEFREEPERTIAEA

Bl WOCTHEBMIMIETT R A R AR —0, O AROCHEBRIRE, IR YL i 2%
RO, WOETERER R E @R WIILRE . XMRER, AZEES T AR EE R TOL, BOtER B R
B R ST A R B ) S ANRO G R R D B, RO GRS R O ) WL . —EHER! —EHE

= —EEE!

R R R A O LR T e, XN B ICE N IR T DA T AL HER AT T
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, B PR vih BIC APLBERE AR . XA TR R BRI AT E R

S =R TR AR PR I 2 R KT xy BUEE, R 2 PRIF—E(ER S AR E AME M T
QGroundControl FI—4MATLk. IEFIEI N WAL IX M ALIMIZ ©AT, AR PG RSy, Wi
EATSIT X RS . FAT0 PASERTFT B ros topic,rostopic echo /mavros/setpoint__raw /local X1 PAJT
ERANTEF offboard BT, tx2 T WOGTEBL I8 KL T /K7 [l W 32 B AR .

DU TRV RERR I MU, [EARIWTIE? i IEF R HAS T ®ATAME, position T ATHIIEHERE
GPS BA KK .

BHE . EENEED RSN N tx2 FriEER WiFi b WL A WiFD $ue el REss, J5 @
AN T H M A nomachine JFEERE] tx2,

FNm . GPS WA EA BB RO A RAL, BIMESHE AR Ot E RS, 2HE GPS (7B Wl
R

d. EfEiTTE

WERE PO RE AT A4 A R R AR LA AL demo PFF .

FHN CHUIERAREF GO, BUERE Y qge BRI 4i4k, Jeil CHLIEH €47 mission, YRR EAN
BRE, WRAREE YL, B 4R TR LA . B2 ’AT mission fiE R I, ARSI TH YR
BERA . R, BRRRSE IR AL, BHEE)S reboot —F, HIEAE qge A reboot MREE . T
RIS R Z AR AR .

J8 B o R OB AR, FE ~/amov__ws/src/px4__command/sh/sh_for_p200/lidar B 22 F,
47./collision_ avoidance_ vfh.sh i<,
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amov_ws src px4 command sh sh for p200 lidar
® Recent
it Home - - 8 -
aruco_tracking.sh autonomous_ circle_tracking.sh collision_
[m Desktop landing.sh avoidance.sh
[1 Documents
< Downloads = = -
: lidar_Ffly.sh lidar_fly _rviz.sh number_detector.
dd Music sh
[ Pictures
A Videos E E E
& Trash square_fly.sh streo.sh vio_fly_outdoor_ yolo_tracking.sh
circle_tracking.sh
@ Network
Computer

o

Connect to Server

“collision_avoidance_vfh.sh" selected (357 bytes)

o BRI A B B K PR3, AR

nvidia@tegra-ubuntu:~$ '/home/nvidiafamov_ws/src/px4_command/sh/sh_for_p200/lida |
r/collision_avoidance_vfh.sh'
nvidia@tegra-ubuntu:~S []

Jfopt/ros/kinetic/share/mavros/launch/px4.launch http://localhost:11311

T (T (T ©

[ INFO] [1594373509.585771891]: IMU: High resolution IMU detected!

[ INFO] [1594373509.597603544]: IMU: Httltude quaternion IMU detected!

[ INFO] [1594373510.592466215]: VER: : Capabilities 0x000000000000e4e
F

[ INFO] [1594373510.
2c8000000)

[ INFO] [1594373510.
2c8000000)

[ INFO] [1594373510.
33be2boec)

[ INFO] [1594373510.
[ INFO] [1594373510.
L

: VER: : Flight software: 01020008 (4f6faac

H' S H : Middleware softwar 01030000 (4f6faac

593123967]: VER: 1.1: 0S5 software: 071deeff (4272381
593277309]:
593458714]:

593739542]

00000032

26ac:0032

3138511735333837
1t ©

: Board hardware:
VID/PID:
uI
] ! -
580428880] requesting home position
595094868]: W item #0* F:3 C: 22 p: 15.000000 ©.000000 0.0
00080 nan x: 30.787777 y: 183.859 z: 5.000000
[ INFO] [1594373524.601232963]: : item #1 F:3 C:
0000 nan x: 30.787781 y: 103.85 5.000000
[ INFO] [1594373524.601715293]: mission received
[ INFO] [1594373529.579533404] requesting home position

[ V] [
[ INFO] [1594373519.
[ INFO] [1594373524.

16 p: 0.000000 0.000000 0.080

: requesting home position

ERFIIAR OK, AIDAR ] KHLAY SRR IIEAR E 8. Ml 93° , BA LR 9 IR
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ies I NoMachine =
NoMachine - Connection to 192.168.10.101

(&) | %M - | Stabilized -

-
0835
~
Terminal

> o . 2
- A Relm)
-0.0

Ground Speed (m/s)

Rall (deg)
0.4
Bitch (deg)
2.0

Chimb Rate {mfs)
0.0
Throttle % (%)

o Jhome /nvidia/amov_ws/src/pxa_command/launch/collision_avoidance_vFh.launch e

Air Speed (mis)

0 :
Y 4 Heading (deg) d a-ub started roslaunch server http://tegra-ubuntu:4179e/
a3 @
n_i

0.0
oon
ting the
if resource_
pru:ess[cull\ ion_avoidance_vfh_node-1]: started with md [71:1]
Pl the waypoint in before running this p
walt a moment
init ok!
X
FiaES
IR
s
= RESEL o

RJG B 4 Ul 4 position LI, FL WU L W ST, A5 AT LA F rostopic  echo
/mavros/setpoint_raw/local WA % KL EIIEMN SR, HER xy FUE, mF 2z —HE% 1

NoMachine - Connection to 192.168.10.101

&) %@ - | Posiion - &

*

=

> o =

= proso

-0.0

Ground Speed (m/s)

Fiight Time
00:01:25
Roll deg)
0.4
Pitch (deg)
20
Climb Rate {mis)
0.0
Throttie % (%) <] [homa/nvidia/amov_ws/src/px4_command/launch/collision_avaidance_vfh.launch he

Y Heading (deg)
93

Air Speed (mis)
0.0

PARAMETERS

sidance_vfh_node)

P
unequal
fil 1
prn:ess[cnllision avoidance_vfh_node-1]: started with pid [7717]
e re running this progr

FEs O~

N

- R um|—

BEIS ST PAYE position FHEFTEE K, SefRefads, SRS VRIS SR VIS offboard iz, RELAEHRIF1E (5
IS ZNIRAT T, HIEYIHRPI BT X 2 offboard i EIT . RHLEL S BRI B4R AT, ®ATm

s
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BR¥E 1K, xy KPS SERARE, FRESY T x BEED, v S AR R, SEITRRR ) 4k S:
HiAT. LB RATH AR —E B m 4!

iﬁﬁﬂi7 FIRHRIAT S, N E TR, JEEB*FMTTEDT task over , UHBMFEETT SIS TEE R, WAL
B 2B offboard #X, MMT#EAZE] position FEF, XASHMERR LM B ES1E position R 2% 2%
FFRALETE

ies I NoMachine =

: %'\9& \/A;@,ﬁ, g i Bex @ ems-| | posion -

= Fallsate enabled: no offboard x

Connection to 192.168.10.101

o Jhome /nvidia/amov_ws/src/pxa_command/launch/collision_avoidance_vFh.launch htp:/

on_avoidance_vfh_node (px4_command/collision_avoidance_vfh_node)

ROS_MASTER_URI=http: //localhost:11311

o]

PG, AAENRRZ , FroASepl AT ad e i SRR A . ToE il IRZJm, 28 - reboot
H/E, Hpns TS

2. WHEAEAREE L

HEIRATHHI P200 ©HL_EFEE A BRIABOE TR & v PASEEE 7 HLnf DA R . A B30t SLAM B33
HAHIF VR cartographer, #£ p200 EHLH, A TWERBITEHIN cou WEEAZE, FRAVT —LLi%
., H@R3) 7T rartographer_ros, ihiXANEVEK TN, WA HHEE rviz. FIHAHA— T A rpli-
dar,cartographer_ ros SZiZE EH HB/R rviz FRYHLIA .

1. #{R rplidar_ros EEBTEEEHENAE X

Bt L A fivd roslaunch rplidar_ros rplidar

R IR EEE W S, A rplidarJaunch U serial _port (52 103%4%) Al serial _baudrate(Hs 1%
), R TR
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rplidar.launch (~/rplidar_ws/src/rplidar_ros/launch) - gedit m 1 § €) 912PM T

@ Save
- 1 <launch>
H 2 <node name= rDlldarNode pkg="rplidar ros" type="rplidarNode" output="screen">
@ 3 <param name . == igg" =5 w
E 4 <param nam type="1nt
5 <param name="Trame_id Type= string. value= horizontal_Llaser_ruink"/>
6 <param name=' "inverted"” type="bool" value="false" [>
! 7 <param name="angle_compensate” type="bool" value="true" />
B8 </node>
_— 9 </launch>

BERNKAETHS: 1s /dev/ | grep ttyUSB
nvidia@tegra-ubuntu:~$ 1s /dev/ | grep ttyUSB
0

nvidia@tegra-ubuntu:~$ I

EEIR N ttyUSBO, frPA_E KA serial _port & ttyUSBO.,

F R, WOREE A2 MBI 115200, 5 SEHBOLE 0 G S B Bk A
launch ORISR 5L, TEATRAE—T.

FWAEER T, & EHES) rplidar.

rplidar.launch (~/rplidar_ws/src/rplidar_ros/launch) - gedit m 1 o 4) 9:18PM {iF
@ Open ¥ M~ Save
- 1 <launch>
2 <node name="rplidarNode" pkg="rplidar_ros" type="rplidarNode" output="screen">
3 <param name="serial_port" type="string" value="/dev/ttyusBe" />
E 4 _<param name="serial baudrate” type="int" value="115200"/><!--A2 -->
5| <param name="frame_id" type="string" value="horizontal_laser_link" /> |
6 <param name= inverted Type= DooLl value=talse />
6 7 <param name="angle_compensate" type="bool" value="true" />
8 </node>

_ 9 </launch>

E—BFEERENE, frame_id, 7FX B HZ BN horizontal laser link, XA~ BN G2 ST cartogra-
pher_ros FtH#|,

2. {&& cartographer_ros

B AZANEFT 1 ARREEE T, B4 my_lidarlaunch, WIRFT7R, BMATTE 2 FRilmgm B,
PRAF o PRI I W B AR 32 7 )R 8l cartographer ros [IRMEFZ—F rviz, #4787~
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launch

backpac

¥ Dackpac
© Recent launch

B demo_backpack_
launch

2d.launch

demo_backpack_
2d_localization.
launch

my_lidar.launch (~/carto_ws/src/cartographer_ros/cartographer_ros/flaunch) - gedit

Open ~ <1

<param name="fuse_sim_time" value="false’

/>

16 <param name="robot_description”
17 textfile="$(find cartographer_ros)/furdf/my_uvav_2d.urdf" [=>

19 <node name="robot_state_publisher” pkg="robot_state_publisher”

20 type="robot_state_publisher" />

22 <node name="cartographer_node" pkg="cartographer_ros"

23 type="cartographer_node" args="

24 configuration_directory $(find cartographer_ros)/configuration_files
25 -configuration_basename rplidar.lua”

26 output="screen">

27 <remap from="scan" to="scan" />

29 </node>

31 <node name="cartographer_occupancy_grid_node” pkg="cartographer_ros"
32 type="cartographer_occupancy_grid_node" args="-resolution ©.085" />

34 | knode name="rviz" pkg="rviz" type="rviz" required="true
35 args="-d $(find cartographer_ros)/configuration_files/amov.rviz" />

37 </launch>

HTML v Tab Width: 8 ~ Ln 34, Col3 o INS

SRJGTE 3 AP AR NI, FTH4m4E my_lidar.lua SO, Rf 4 FRIRAYEE 22 17 tracking frame UK HZhE
Y55k launch APy frame id, Biff2—20, BECH horizontal laser link.,
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configuration_Files

15 include "map_builder.lua"
d16 include "trajectory builder.lua"

17
ﬂla options = {

map_builder = MAP_BUILDER,
trajectory_builder = TRAJECTORY_BUILDER,
map _frame = "map"”

._'_ 22| tracking_frame = "horizontal_laser_link", I
£23 =BS3C_ IR,

24 odom_frame = "odom",
25 provide_odom_frame = false,
126 publish_frame_projected_to_2d = false,
£27 use_odometry = false,
28 use_nav_sat = false,
29 use_landmarks = false,
38 num_laser_scans = 1,
31 num_multi_echo_laser_scans = @,
32 num_subdivisions_per_laser_scan = 1,
33  num_point_clouds = @,
34 lookup_transform_timeout_sec = 0.2,
35 submap_publish_period_sec = 0.3,
36 pose_publish_period_sec = 5e-3,
37 trajectory_publish_period_sec = 0.1,

an AR R R [ N, R o) 4

Lua ¥ TabWwidth:8 ~ Ln 22, Col 29 v INS 1

BEEAE 5 MRAIRAR N, 9iick cartographer_ros, {10 6 FRiRAIFE4 : catkin_make_isolated --install

--use-ninja
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nto 192.168.31.16

carto_ws

® Recent

& Home J 4 d IJ

B Deskt build_isolated devel_isolated install_isolated protobuf
JesKiop

0O

Documents i

Downloads

N

dd Music nvidia@tegra-ubuntu: ~fcarto ws

[ Pictures i @gtegra-ubuntu:- to_ws$| catkin_make isolated --install --use-ninjal}
a Videos

rash

Network

Computer

Conneckt to Serve

BiiESE O . REHOGE AT A cartographher ros 8. $TFFFI/MH terminal, A1 7 BRI Eh
Bt EEiA: roslaunch rplidar_ros rplidar.launch. 55—l 8 #xriH /=23 cartographer_ros: roslaunch

cartorgapher_ros my_lidar.launch,

Terminal M ts & ) cs0prm &

] nvidia@tegra-ubuntu: ~
' | nvidia@tegra-ubuntu:~$ roslaunch rplidar_ros rplidar |nvidia@tegra-ubuntu:~$S roslaunch cartographer_ros my
=4 .launch || "
my_hokuyo_1imu.launch my_lidar_imu.launch
my_hokuyo.launch my_lidar.launch
nvid egra-ubuntu:~$ roslaunch cartographer_ros my

8 _lidar.launch
9

JEBISE AR & A BT rviz, A EEAA, X2 IEFER. W EFR:
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amowv.rviz* - RViz

B3 pisplays

# Global Options

v~ Global Status: Ok

< Grid

M TF

1, RobotModel

4 submaps

» v Status: Ok
Topic
Unreliable
Submap query service
Tracking frame

|. | High Resolution

Low Resolution
m4 > Submaps
| | Fade-out distance
v ¥ PointCloud2
» v Status: Ok
Topic
Unreliable
Selectable
Style
Size (m)
Alpha
Decay Time

4 vV VvV VYV

Add Duplicate

(o

fsubmap_list

=
/submap_query
base_link

1

/scan_matched_points2
|

&

Flat Squares

0.05

1

0

)
Q
<
L

+ Interact | ¥ Move Camera  [_JSelect < FocusCamera ©= Measure . 2DPoseEstimate .« 2DNavGoal @ PublishPoint b = .

FI K map. 1 i add 2 i topic 3 A5l map 4 S5 OK.,

106
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amovw.rviz* - RViz

@ @ Interact I“’{FMoveCamera ] select «%}* FocusCamera ©= Measure # 2D Pose Estimate . 2DNavGoal @ PublishPoint ok =

B pisplays _ L

[l * & Global Options
. =l * v Globalstatus: ok
» @ Grid
’_b > ) TF Create visualization 2
’ : g :::;;I\;:del _By display ty_pe _.E
— » v Status: Ok v flandmark_poses_list
Topic ¥ MarkerArray
q Unreliable v /map
Submap query service p
> Tracking frame moVe_Dase_simple
i _ | High Resolution v [goal
Low Resolution /7 Pose
» Submaps ¥ [scan
Fade-out distance *% Laserscan .

v ¥ PointCloud2
» + Status: Ok
Topic Description:
Unreliable

| show unvisualizable topics

Displays an occupancy grid on the ground plane from a
Selectable nav_msgs:OccupancyGrid. More Information.

Style

Size (m)
Alpha
Dec_a? HIme Display Name

Map

Cancel

Add Duplicate

s N ____ —_ [—— SN I - (E—— )

fi i S R ) Al S P ) P R
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amowv.rviz* - RViz

@ + Interact I ¥ Move Camera  [_JSelect < FocusCamera ©= Measure . 2DPoseEstimate .« 2DNavGoal @ PublishPoint b =

B3 pisplays

» & Global Options

» v Global Status: Ok
» & Grid

T

TF

> i, RobotModel
v & submaps

[ 3

v

v’ Status: Ok

Topic

Unreliable

Submap query service
Tracking frame

High Resolution

Low Resolution
Submaps

Fade-out distance

i, PointCloud2

v’ Status: Ok
Topic
Unreliable
Selectable
Style

Size (m)
Alpha

Decay Time

Add Duplicate

(o

fsubmap_list

=
/submap_query
base_link

1

/scan_matched_points2
|

&

Flat Squares

0.05

1

0

4. EFHFPEEBNENL + EE

HEAF] 9 B2, ¥ lidar_fly.sh , HE44 4 lidar_fly rviz.sh

108
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File Edit View Go Bookmarks Help

M t3 & «) osopm %

lidar

frHome am ws src  px4 command sh sh for p200 lidar Q

® Recent
@ Home ] :
aruco_tracking.sh autonomous_ circle_tracking.sh collision_
[m Desktop landing.sh avoidance.sh
[0 Documents
< Downloads : = : :
53 Music lidar_fly.sh lidar_Fly rviz.sh number_detector. square_fly.sh
sh
(1 Pictures
v Videos = O
i Trash streo.sh vio_fly outdoor_ yolo_tracking.sh
circle_tracking.sh
g Network
[ computer

Connect to Server

BIAS N ZE AR -

lidar_Fly_rviz.sh (~/amov_ws/src/px4_command/sh/sh_For_p200/lidar) - gedit

Open ¥ ~
) 1 aREEXE KT

2 gnome-terminal --window -e 'bash -c "roscore; exec bash"' \
3--tab -e 'bash -c "sleep 5; roslaunch mavros px4.launch fcu_url:="/dev/ttyTHS2:921600"; exec bash"'

4 --tab -e 'bash "sleep
5--tab -e 'bash "sleep

c ; roslaunch px4_command px4_pos_estimator.launch; exec bash"' \
c
6 --tab -e 'bash -c "sleep
C
[

roslaunch px4 command px4 pos cont roller launch; exec bash"' \
roslaunch rplidar_ros rplidacg bash™" \

; roslaunch cartographer ros{my_lidar.launch;)exec bash"' \
rosrun px4_ commanad move,; exe i

7 --tab -e 'bash "sleep
8 --1ab -e "Dash sleep
9

(7, EUET.] (TR

JEBZRAS, BT E AT P TR A AR EROR T .
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= Measure .~ 2D Pose Estimate . 2DNavGoal @ PublishPoint df

ser Tnfn .

[ m]

deg]

CuU Info {ENU Frame]

[m] -8.01 [ m ] +6.
[deg]
CU Info [ENU Frame]
[m]
[m/s] -

JAETERL T .

RAFAEEE ), WAEFKATIEIE <https://bbs.amovlab.com/> #]d]
3.yolo & B#rt&

1. EEENMEBMIERTSER

a. opencv

ffiJf] opencv_version B3 pkg-config --modversion opencv , W FEIR~, LA N opencv3.3.1
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o W

nvidia@tegra-ubuntu: ~

nvidia@tegra-ubuntu:~% opencv_version
3.3.1-dev
nvidia@tegra-ubuntu:~$ pkg-config --modversion opencv

b. cuda 1 cudnn

cuda i cudnn AREL BB, HRSRHET AT I (56, (SBCPRBZ RSP bashre . BSELZ PRSI E,
UNINUD R export PATH="${PATH}:/usr/local/cuda-9.0/bin" , [F°f cuda [HEFZHETE /usr/local/cuda-9.0

o
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.bashrc (~f) - gedit

Open v [+

95 # Add an "alert" alias for long running commands. Use like so:

96 # sleep 10; alert

97 alias alert="notify-send --urgency=low -1 "S$([ $? = ® ] && echo terminal || echo error)"
tail -nl|sed -e "\''s/A\s*[0-9]\+\s*//;s/[:&]]\s*alertS//"\" " )"’

98

99 # Alias definitions.

.00 # You may want to put all your additions into a separate file like

@1 # ~/.bash_aliases, instead of adding them here directly.

@2 # See Jusr/share/doc/bash-doc/examples in the bash-doc package.

.03

B4if [ -f ~/.bash_aliases ]; then
a5 . ~f.bash_aliases

@6 fi

a7

.08 # enable programmable completion features (you don't need to enable
B9 # this, if it's already enabled in fetc/bash.bashrc and /etc/profile
10 # sources [etc/bash.bashrc).

11 if ! shopt -oq posix; then

12 Aif [ -f fusr/share/bash-completion/bash_completion ]; then

A3 . fusr/sharefbash-completion/bash_completion
14  elif [ -f fetc/bash_completion ]; then

15 . Jetc/bash_completion

16 fi

AT fi

.18

.19 export PATH="S{PATH}:/usr/local/cuda-9.8/bin"
.20

.21 source fopt/ros/kinetic/setup.bash

.22 source ~frplidar_ws/develfsetup.bash|

.23 source ~jfvision _wsj/devel/setup.bash

.24 source ~jfcarto_wsfdevel isolated/setup.bash
.25 source ~famov_wsjdevel/setup.bash

.26 source ~frealsense ws/devel/setup.bash

27

.28 export PYTHONPATH=SPYTHONPATH: fusrflocal/lib

bashre FHA FEAH RSB, MRS E R,
T2k A nvee -V, WIFEFRIR cuda )2 228 4r /Yy, I HATPARER .
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Y

nvidia@tegra-ubuntu: ~

vidia@gtegra-ubuntu:~$

vcc: NVIDIA (R) Cuda compiler driver
opyright (c) 2005-2017 NVIDIA Corporation
Built on Sun_Nowv_19 ©3:16:56_CST_2017

uda compilation tools, release 9.8, V9.8.252
vidia@tegra-ubuntu:~5 |

fiiffl dpkg -1 | grep -i cuda W PAEFE cuda MKMW LEEN, WTHEMAER, RILENL
cuda9.0+cudvnn7.1.5.14, $iBH cuda F1 cudnn FFE L ZE3EWT), H T PAIEFEMH .
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-libraries-dev-9-8 9.0.
Libraries 9.8 development meta-packag
-license-9-0 9.
licenses
-misc-headers-9-0 9.
miscellaneous headers
-npp-9-0 9.
NPP native runtime libraries
-npp-dev-9-0
NPP native dev links, headers
-nvgraph-9-0
NVGRAPH native runtime libraries
-nvgraph-dev-9-0
NVGRAPH native dev links, headers
-nvml-dev-9-8
NVML native dev links, headers
-nvrtc-9-0
NVRTC native runtime libraries
-nvrtc-dev-9-8
NVRTC native dev links, headers
-repo-14t-9-8-local
repository configuration files
-samples-9-0
example applications
-toolkit-9-0
Toolkit 9.8 meta-package
libcudnn? Tio
cuDNN runtime libraries
libcudnn7-dev e
cuDNN development libraries and headers
libcudnn7-doc TR
cuDNN documents and samples
libgie-dev "
Transitional package
libnvinfer-dev 4.1.3-1+
TensorRT development libraries and headers
libnvinfer-samples 4.1.3-1+
TensorRT samples and documentation
libnvinfer4 4.1.3-1+
TensorRT runtime libraries
tensorrt 4.0.2.0-1+
Meta package of TensorRT
nvidia@tegra-ubuntu:~5 dpkg -1 | grep -i cudall

2. TF#k darknet JRTS

PR HuAE : github https://github.com/amov-lab/darknet.git
5= https://gitee.com/amovlab/darknet.git

jetson tx2 Ubuntul6.04 FR4E BHEA HA 4> darknet fl, THEF a4 s MR, X5 TE BRI, &2
WHAMZ, #HETRE IR — . WEREG B Z ik JokvokE, W RAKE github RIS 2 H TG
=R, AT
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nvidia@tegra-ubuntu: ~fdarknet

ginvidia@tegra-ubuntu:~$ git clone https://gitee.com/amovlab/darknet.git
Cloning into 'darknet'...
remote: Enumerating objects: 13781, done.
remote: Counting objects: 108% (13781/13781), done.
remote: Compressing objects: 100% (4114/4114), done.
remote: Total 13781 (delta 9404), reused 13781 (delta 9484), pack-reused @
Receiving objects: 100% (13781/13781), 12.39 MiB | 3.99 MiB/s, done.
Resolving deltas: 100% (9404/9404), done.
Checking connectivity... done.
nvidia@tegra-ubuntu:~$ cd darknet)
= AC
nvidia@tegra-ubuntu:~5 ~C
nvidia@tegra-ubuntu:~S$S cd darknet
nvidia@tegra-ubuntu:~/darknet$ 1s
3rdparty CMakeLists.txt image_yolov3.sh README . md
build DarknetConfig.cmake.in 1include esults
darknet.py json_mjpeg_streams.sh
darknet wvideo.py LICENSE s
data Makefile video_v2.sh
- {= image_yolov2.sh net_cam_v3.sh video_yolov3.sh
nvidia@tegra-ubuntu:~/darknets JJ

3. EUHRZF

FTEAE Makefile SC{F, IBBUYHAT -
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o Il nvidia@tegra-ubuntu: ~/darknet
nvidia@tegra-ubuntu:~$ cd darknet
nvidia@tegra-ubuntu:~/darknets git diff
diff --git a/Makefile b/Makefile

index 1d9d442..aal6cc3 100644

--- afMakefile

+++ b/Makefile

CUDNN_HALF=0

AVX=0
OPENMP=0
LIBSO0=0
ZED_CAMERA_v2_8=0 # ZED SDK 2.X
USE_CPP=0
DEBUG=0

:= 5(shell uname)

nvidia@tegra-ubuntu:~/darknets |J

HSCAITIHEE, B UCRT B R — 2L
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(~/darknet) - gedit

Open ¥ [+l

1 GPU=1

2 CUDNN=1

3 CUDNN_HALF=0
4 OPENCV=1

5 AVX=0

6 OPENMP=0

7 LIBSO=0

8 ZED CAMERA=0 # ZED SDK 3.0 and above

9 ZED_CAMERA_wv2_8=0 # ZED SDK 2.X

10

11 # set GPU=1 and CUDNN=1 to speedup on GPU

12 # set CUDNN_HALF=1 to further speedup 3 x times (Mixed-precision on Tensor Cores) GPU: Vol
Turing and higher

13 # set AVX=1 and OPENMP=1 to speedup on CPU (if error occurs then set AVX=0)

14

15 USE_CPP=0

16 DEBUG=0

17

18 ARCH= -gencode arch=compute 53,code=[sm_53,compute 53]
19 -gencode arch=compute 62|,code=[sm_62,compute 62]
20

2105 := S(shell uname)

22

23 # Tesla V100
24 # ARCH= -gencode arch=compute 70,code=[sm_70,compute 70]
25
26 # GeForce RTX 2080 Ti, RTX 2880, RTX 2070, Quadro RTX 8880, Quadro RTX 6088, Quadro RTX 5¢
T4, XNOR Tensor Cores
27 # ARCH= -gencode arch=compute_75,code=[sm_75,compute 75]
28
29 # Jetson XAVIER
30 # ARCH= -gencode arch=compute 72,code=[sm_72,compute 72]
31
32# GTX 1688, GTX 1878, GTX 1860, GTX 1850, GTX 1830, Titan Xp, Tesla P48, Tesla P4
33 # ARCH= -gencode arch=compute_61,code=sm_61 -gencode arch=compute_61,code=compute_61
34
35# GP100/Tesla P10O - DGX-1
36 # ARCH= -gencode arch=compute 60,code=sm_60
37
38 # For Jetson TX1. Teara X1. DRTVF CX. DRTVF PX - uncomment:
Makefile + Tahwidth-R = In19 rnl

SRIGHT make -54 , SFEGE
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nvidia@tegra-ubuntu: ~/darknet

IS

nvidia@tegra-ubuntu: rknets make -j4
mkdir -p ./obj/f
mkdir -p backup
chmod +x *.sh
g++ -std=c++11 -std=c++11 -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags ope
Jnull || pkg-config --cflags opencv’ -DGPU -Ifusr/localjcuda/include/ -DCUDNN -Wall -Wfatal-e
nused-result -Wno-unknown-pragmas -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -I/usr/local/cudnn/incl
/image_opencv.cpp -o obj/image_opencv.o
g++ -std=c++11 -std=c++11 -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags ope
Jnull || pkg-config --cflags opencv' -DGPU -Ifusr/local/cuda/include/ -DCUDNN -Wall -Wfatal-e
nused-result -Wno-unknown-pragmas -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -I/usr/local/cudnn/incl
/http_stream.cpp -o obj/http_stream.o
gcc -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags opencv4 2> fdev/null || p
cflags opencv’™ -DGPU -Ifusr/local/cuda/include/ -DCUDNN -Wall -Wfatal-errors -Wno-unused-resu
own-pragmas -fPIC -Ofast -DOPENCVYV -DGPU -DCUDNN -Ifusr/local/cudnn/include -c .fsrc/gemm.c -o
«gcc -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags opencv4 2> /dev/null || p
cflags opencv’ -DGPU -Ifusrflocal/fcuda/include/ -DCUDNN -Wall -Wfatal-errors -Wno-unused-resu
own-pragmas -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -I/usr/local/cudnn/include -c ./srcfutils.c -
(4]
.fsrcf/gemm.c: In function ‘convolution_2d’:
.[src/gemm.c:2038:15: warning: unused variable ‘out_w’ [-Wunused-variable]

const int out_w = (w + 2 * pad - ksize) / stride + 1; /] output_width=input_width for
d pad=1

A

.[src/gemm.c:2037:15: warning: unused variable ‘out_h’ [-Wunused-variable]
const int out_ h = (h + 2 * pad - ksize) [/ stride + 1; // output_height=input_height f
and pad=1
A

In file included from .fsrc/http_stream.cpp:580:0:

.[fsrc/httplib.h:129:0: L "INVALID SOCKET" redefined

#define INVALID_SOCKET (-1)

A

.[src/http_stream.cpp:73:0: note: this is the location of the previous definition

#define INVALID_SOCKET -1

A
gcc -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags opencv4 2> jdev/null || p
cflags opencv’ -DGPU -Ifusr/local/cuda/include/ -DCUDNN -Wall -Wfatal-errors -Wno-unused-resu
own-pragmas -fPIC -Ofast -DOPENCY -DGPU -DCUDNN -I/usr/local/cudnn/include -c ./src/dark_cuda
rk_cuda.o
gcc -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags opencv4 2> jdev/null || p
cflags opencv’ -DGPU -Ifusr/local/cuda/include/ -DCUDNN -Wall -Wfatal-errers -Wno-unused-resu
own-pragmas -fPIC -Ofast -DOPENCYV -DGPU -DCUDNN -I/usr/local/cudnn/include -c ./src/convoluti
-0 obj/convolutional_layer.o

W5, W E R
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nvidia@tegra-ubuntu: ~/darknet
@ ./src/network_kernels.cu(384): warning: variable

im" was set but never used

./src/network kernels.cu(363): warning: variable "1" was declared but never referenced
E ./src/network_kernels.cu(384): warning: variable "im" was set but never used

./src/network_kernels.cu: In function ‘float train_network_datum_gpu(network, float*, float¥*)
.fsrc/network_kernels.cu:363:7: warn : variable ‘1’ set but not used [-Wunused-but-set-vari
layer 1 = net.layers[net.n - 1];
A
.fsrc/network_kernels.cu:384:7: warning: variable ‘im’ set but not used [-Wunused-but-set-wvar
image im;
A

./src/blas_kernels.cu(1086): warning: variable "out_index" was declared but never referenced
./src/blas_kernels.cu(1130): warning: variable "step" was set but never used
./src/blas_kernels.cu(1736): warning: variable "stage id" was declared but never referenced
.fsrc/blas_kernels.cu: In function ‘void backward_shortcut_multilayer_gpu(int, int, int, int*
loat*, float*, float*, float*, int, float*, float**, WEIGHTS_NORMALIZATION_T)’:

.[src/blas_kernels.cu:1130:5 g: variable “step’ set but not used [-Wunused-but-set-var
int step = 0;
A

9

g++ -std=c++11 -std=c++11 -Iinclude/ -I3rdparty/stb/include -DOPENCV ‘pkg-config --cflags ope
Jnull || pkg-config --cflags opencv’ -DGPU -I/usr/local/cuda/include/ -DCUDNN -Wall -Wfatal-e
nused-result -Wno-unknown-pragmas -fPIC -Ofast -DOPENCV -DGPU -DCUDNMN -Ifusr/local/cudnn/incl
e_opencv.o obj/http_stream.o obj/gemm.o obj/utils.o obj/dark_cuda.o obj/convolutional_layer.o
obj/image.o obj/activations.e obj/im2col.o obj/col2im.o obj/blas.o obj/crop_layer.o obj/dropo
bj/maxpool layer.o obj/softmax_layer.o obj/data.o obj/matrix.o obj/network.o obj/connected la
st_layer.o obj/parser.o obj/option_list.o obj/darknet.o obj/detection_layer.o obj/captcha.o o
er.o obj/writing.o obj/box.o obj/nightmare.o obj/normalization_layer.o objfavgpool layer.o ob
J/dice.o obj/yolo.o obj/detector.o obj/layer.o obj/compare.o obj/classifier.o obj/local layer.
obj/shortcut_layer.o obj/activation_layer.o obj/rnn_layer.o obj/gru_layer.o obj/rnn.o obj/rn
crnn_layer.o obj/demo.o obj/tag.o obj/cifar.o obj/go.o obj/batchnorm_layer.o objfart.o obj/re
obj/reorg_layer.o obj/reorg_old layer.o obj/super.o obj/voxel.o obj/tree.o obj/yolo layer.o
_yolo_layer.o obj/upsample_layer.o obj/lstm_layer.o obj/conv_lstm_layer.o obj/scale_channels_
sam_layer.o obj/convolutional kernels.o obj/activation_kernels.o obj/im2col_kernels.o obj/col
o obj/blas_kernels.o obj/crop_layer_kernels.o obj/dropout layer kernels.o obj/maxpool_ layer_ kj
/network_kernels.o obj/avgpool_layer_kernels.o -o darknet -1m -pthread ‘pkg-config --1libs ope
/null || pkg-config --1ibs opencv’™ -Ljfusr/local/cuda/lib64 -1lcuda -lcudart -lcublas -lcurand
Jcudnn/1ib64 -lcudnn -lstdc++
nvidia@tegra-ubuntu:~ rknets I

4. {EH darknet

a. T& weights 3§

COCO data set (Yolo v2):

wget http://pjreddie.com/media/files/yolov2.weights

wget http://pjreddie.com/media/files/yolov2-tiny.weights
VOC data set (Yolo v2):

wget http://pjreddie.com/media/files/yolov2-voc.weights

wget http://pjreddie.com/media/files/yolov2-tiny-voc.weights
Yolo v3:

wget http://pjreddie.com/media/files/yolov3.weights
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wget http://pjreddie.com/media/files/yolov3-voc.weights

RGP weights SCHE] darknet H3gZ R,

b. {/f & BB/HRLELT yolo 17l

A F| darknet HEF, AT ./darknet detector demo cfg/coco.data cfg/yolov3.cfg yolov3.
weights /dev/videoO

Horr /dev/video0 32 F H BHRS AR TN £ 19 BE 45 9K 5N -

conv 128 B e
conv 256 23 el al
Shortcut Layer: 30,
conv 128
conv 256
Shortcut Layer: 33,
conv 512
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 256
conv 512
Shortcut Layer:
conv 1024
conv 512
conv 1024
Shortcut Layer:
conv 512
conv 1024
Shortcut Layer:
conv 512
conv 1624
Shortcut Layer:
conv 512

128 @.177
256 1.595
0.001 BF
128 0.177
256 1.595
0.001 BF
512 1.595
256 0.177
512 1.585
0.000 BF
256 0.177
512 1.5895
0.000 BF
256 0.177
512 1.5895
0.000 BF
AT P
512 1.595
0.000 BF
256 0.177
a1z 1.595
0.000 BF
256 0.177
512 1.595
0.000 BF
256 0.177
512 1.595
0.000 BF
256 0.177
x 512 1.595
x 512 0.000 BF
13 %1624 1.595
13 x1024 X 13 x 512 0.177
13 x 512 13 x1024 1.595
outputs: x1024 0.000 BF
13 x10824 13 x 512 0.177
13 x 512 13 x1024 1.555
outputs: x1024 0.000 BF
13 x1024 13 x 512 0.177
13 x 512 - x 13 x1824 1.5595
outputs: » x1024 0.000 BF
13 x1024 - 13 x 13 x 512 0.177

52 x 256
52 x 128
outputs:
52 X 256
52 x 128
outputs:
52 x 256
26 x 512
26 x 256
outputs:
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e
o

nvidia@tegra-ubuntu: ~/darknet

[_:_ =S EPS 14,0 AVG_FPS:4.0
= Objects:

laptop: 72%
tvmonitor: 31%
tvmonitor: 98%

FPS:4.0 AVG_FPS:4.0
Objects:

laptop: 67%

tvmonitor

tvmonitor: 9

FPS:3.9 AVG_FPS:4.0

yolov3 iR A 4 7ifi. A LR
yolov3-tiny FJMWIFRIEEALE 23 Aify, WIFIA]
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S\ i -—"—” +"\ > =1
ey — e
A e
E nvidia@tegra-ubuntu: ~/darknet
tvmonitor:
tvmonitor: 4
tvmonit
bottle: 62%

FPS:27.1 AVG_FPS:
Objects:

tvmonitor:
tvmonitor:
tvmonitor:
bottle: 58%

FPS: AVG_FPS:25.

5. {#H darknet_ros

a. T# darknet_ros jBEf5

o mHibik . https://gitee.com/eason_ xinyi/darknet_ ros.git

Mg TX2 w1 vision _ws/src NI darkent_ros TJfetl. MGz FmAhl N # darkent ros 5% H: 8 #rT
B, $ATUIF$54: git clone https://gitee.com/eason_xinyi/darknet_ros.git

LU
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Terminal ) = @ <) a1s5em %

Q

©® Recent

1 Home J J J J

gy Desktop aruco_det_ros digitnum_det_ros ellipse_det_ros landpad_det_ros
[ Documents d f

+ Downloads ros_web_cam CMakeLists.txt README.md

dd Music

A1 Pictures

Ha

nvidia@tegra-ubuntu: ~fvision_ws/src

nvidia@tegra-ubuntu: ON_W cS git clone https://gitee.com/eason_xinyi/dar
knet ros.git]

TESEIER AT E R, FTHE4: git submodule update --init

WREFTR:
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Terminal

@ .
L
*
9

Recent

et

aruco_det_ros

Home
Desktop
Documents
Downloads landpad_det_ros
Music

Pictures

i PSS +<DHBOE

nvidia@tegra-ubuntu:

knet ros.git

Cloning into 'darknet_ros'...
remote: Enumerating object

)

(2]

e: Compressing objects:

e: Total 3832 (delta 139
Receiving objects: 18
Resolving deltas: 10
Checking connectivity
nvidia@tegra-ubuntu:~
nvidia@tegra-ubuntu:
Submodule 'darknet'
ath 'darknet'
Cloning into 'darknet'...
remote: Enumerating objects
100

1]

(1395/
done

remote: Counting objects
remote: Compressing objects

nvidia@tegra-ubuntu: ~fvision_ws/src/darknet_ros

. (3032/3032),

https://gitee.comfeasoﬁ_xinyi/darknet.git) registered for p

m = & o) a17pm %

Q

-

darknet_ros

el

ros_web_cam

-

digitnum_det_ros

-

ellipse_det_ros

A

o

CMakeLists txt README md

S git clone https://gitee.com/eason_xinyi/dar

2, done.

(3032/3032), done.
00% (1567/1567), done.
5), reused 3027 (delta 1393), pack-reused @
131.43 MiB | 4.88 MiB/s, done.
1395), done.

$ cd darknet_ros/
I $ git submodule update --init

5907, done.
(5987/5907), done.
00% (1945/1945), done.

remote: Total 5987 (delta 3926), reused 5987 (delta 3926), pack-reused @

Receiving objects:
Resolving deltas:

10
6

% (5907/5907), 6.32 MiB | 1.83 MiB/s, done.
(2682/3926)

b. EMECE X HHMmE

darknet g% Makefile {4 1&BFHIRIF

GPU=1, CUDNN=1, OPENCV=1, RGZEMLEE 53 1 62, Bk 5T EpR:
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Text Editor

MakefFile (~/vision_ws/src/darknet_ros/darknet) - gedit

Open ¥ [

1 GPU=1

2 CUDNN=1

3 OPENCV=1

4 OPENMP=0

5 DEBUG=0

6

7 ARCH= -gencode arch=compute_53,code=[sm_53,compute_53] \

8 -gencode arch=compute 6@ ,code=[sm_62,compute 62]

9# -gencode arch=compute_20,code=[sm_28,sm_21] \ This one is deprecated?

14 VPATH=. /src/:. /examples
15 SLIB=1ibdarknet.so

16 ALIB=1ibdarknet.a

17 EXEC=darknet

18 OBIDIR=. /obj/

19

20 CC=gcc

21 NVCC=nvecc

22 AR=ar

23 ARFLAGS=rcs

24 OPTS=-0fast

25 LDFLAGS= -1m -pthread
26 COMMON= -Tinclude/ -Isrc/
27 CFLAGS=-Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-errors -fPIC
28

29 ifeq (S(OPENMP), 1)

30 CFLAGS+= -fopenmp

31 endif

32

33 ifeq (S(DEBUG), 1)

34 OPTS=-00 -g

35 endif

Makefile ¥ Tabwidth:8 « Ln 8, Col 20 A INS

SRIF AT make S, AR
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Terminal
@ @ @ nvidia@tegra-ubuntu: ~/vision_ws/src/darknet_ros/darknet

nvidia@tegra-ubuntu:~/vi 3
mkdir -p obj
mkdir -p results
b gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv® -DGPU -Ifusr/local/

cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./fsrcfgemm.c -0 obj/gemm.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv® -DGPU -Ifusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOP -DGPU -DCUDNN -c ./srcfutils.c -o obj/utils.o

3 gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv’ -DGPU -I/usr/local/

g cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOP -DGPU -DCUDNN -c ./srcfcuda.c -o obj/cuda.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv™ -DGPU -Ijusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./src/deconvolutional_layer.c -o obj/
deconvolutional_layer.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv™ -DGPU -I/usr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./srcfconvolutional_layer.c -o obj/co
nvolutional_layer.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv® -DGPU -Ifusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./srcflist.c -o obj/list.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv™ -DGPU -Ijusr/local/

SFREMIESEA, R
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Terminal

nvidia@tegra-ubuntu: ~fvision_ws/src/darknet_ros/darknet

@ cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPE -DGPU -DCUDNN -c ./examples/coco.c -o obj/coco.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv® -DGPU -Ifusr/local/
b cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPE -DGPU -DCUDNN -c ./examples/yolo.c -o obj/yolo.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv™ -DGPU -Ijusr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./examples/detector.c -o obj/detector
.0
3 gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv’ -DGPU -I/usr/local/
g cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./examples/nightmare.c -o obj/nightma
re.o
z/ -Isrc/ -DOPENCV ‘pkg-config --cflags opencv’ -DGPU -I/usr/local/
e J / -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN -c ./examples/darknet.c -o obj/darknet.o
gcc -Iinclude/ -Isrc/ -DOPENCV ‘pkg-config cflags opencv’ -DGPU -I/usr/local/
cuda/include/ -DCUDNN -Wall -Wno-unused-result -Wno-unknown-pragmas -Wfatal-err
ors -fPIC -Ofast -DOPENCV -DGPU -DCUDNN obj/captcha.o obj/lsd.o obj/super.o obj/
art.o obj/tag.o obj/cifar.o obj/go.o obj/rnn.o obj/segmenter.o obj/regressor.o o
bj/classifier.o obj/coco.o obj/yolo.o obj/detector.o obj/nightmare.o obj/darknet
.0 libdarknet.a -o darknet -lm -pthread ‘pkg-config --1libs opencv’ -L/usr/loca
1/cuda/1ib64 -lcuda -lcudart -lcublas -lcurand -lcudnn -1lstdc++ libdarknet.a
nvidia@tegra-ubuntu:~; ] t S

Terminal

README md

darknet_ros LH#EIE

N weights 43| darknet_ros/yolo_network config/weights . $2E] N4 FAH X1 weights 77 E] U #5%:
ZW, REHENBNZRRIEZ T . K-
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) = @ ) a32pM %

weights

frHor i e | ¢ net darkne

weights Q

= . . .
1t Home
- . how_to_download_ yolov2 weights yolov2-tinyweights yolov2-tiny-voc.,
Desktop weights txt weights
o . . . .
~y Downloads
yolov2-voc weights yolov3 weights yolov3-tinyweights yolovd weights
dd Music
A1 Pictures .
vm videos yolové-tinyweights
@ Trash
@2 Network
[€ computer
[ thFEsE -
B connect to Server

8 itemns selected (1.1 GB)

@ Tash

@¢ Network

W cfg 03] darknet_ros/yolo_network_config/cfg . M home TR darknet/cfg HEAZ T #4 D155 21
cfg SCFFIZ HRBEZT .
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) 4:39PM %

Recent

il

BAe 38

ry

PP +<DRHB O

Home
yolov2.cfg yolov2-tiny.cfg yolov2-tiny-voc.cfg yolov2-voc.cfg

Downloads yolow3.cfg yolov3-tiny.cfg yolov3-vac.cfg yolovd cfg

Music

Desktop

Documents

Pictures

yolova-tiny.cfg

Videos

>

Trash

@2 Network

[ computer
[ thFEHE =
a

Connect to Server

3 itemns selected (17.2 kB)

M Tash

@¢ Network

(‘e

e

yolov3 f) launch SCf, HEMEHOTFAHLIEE Y topic, BB HBHRK AR topic. AITHIAL:
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Text Editor - @) 4:51PM {%

yolo_v3.launch (~/wvision_ws/src/darknet_ros/darknet_ros/launch) - gedit

Open ¥ [

1 <?xml version="1.0" encoding="utf-8"?>
<launch=

3

4

5 «<!-- Use YOLOV3 -->

6 <arg name="network_param_file"
7 k
8

eat"$(find darknet_ros)/config/yolov3.yaml" />

<arg name="image" default="[ELETig 1] e _rawiyk

9

16 <!-- Include main launch file -->

11 <include file="$(find darknet_ros)/launch/darknet_ros.launch">
P12 <arg name="network_param_file" value="S(arg network_param_file)"/>
B 13 <arg name="image" value="S(arg image)" />

14 </include>

15

16 </launch=

XML ~ Tabwidth:8 = Ln 7, Col 50 = INS

A yolov3-tiny o FRINTFEEIAA yolov3, (HILER LM yolovd MERAMRAR, FrUARHIECE T yolov3-tiny .
B config SCHF, #NAN yolov3-tiny.yaml SC{F. BT 22BN config SCIFA weights S, 4171
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Text Editor

) = @ <) aa7em %

"- - src | darknet_ros darknet_ros = config Q i= =
» E ® Recent
ar Home
p by Deskt ros.yaml yolov2.yaml yolovz-tiny.yaml yolov2-tiny-voc.yaml
Jesktop
(5] t
— [ Documents .
(’ + Downloads yolov2-voc.yaml yolov3.yaml yolov3-tiny.yaml yolov3-voc.yaml
— dd Music
- R yolov3-tiny.yaml (~/vision_ws/src/darknet_ros/darknet_ros/config) - gedit
vl Videos 1
3 Y I Trash 1 yolo_model:
24 :
@2 Network 3 config_file:
4 name: yolov3-tiny.cfg
5 weight_file:
Computer =
@ & 6 name: yolov3-tiny|.weights
B connectto Server| 7 threshold:
8 value: 0.3
detection_classes:
names:
- person
- bicycle
- car
- motorbike
- aeroplane
- bus
- train
- truck
- boat

- traffic light
- fire hydrant
- stop sign

- parking meter
- bench

- bird

S yolov3-tiny [ launch U, W E 45 U1 yolov3 ) launch, 75EE AR SE0N 2k 0l & S,
yolov3 ¥l yolov3-tiny. AN &R :
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Text Editor = & @) as7pm %

yolo_v3_tiny.launch (~/vision_ws/src/darknet_ros/darknet_ros/launch) - gedit

Open ¥ [
1 <?xml version="1.0" encoding="utf-8"7?>
3 <launch>
4
5 <!-- Use YOLOV3 --> N
6 <arg name="network_param_file" default="5(find darknet_ros)/config/{{ i.yaml" />
7 <arg name="image" default="/camera/rgb/image_raw" />
8
9
18 <!-- Include main launch file --=
11 <include file="$(find darknet_ros)/launch/darknet_ros.launch">
AP 12 <arg name="network_param_file" value="S(arg network_param_file)"/>
13 <arg name="image" value="S$(arg image)" />
14 </include>
15
16 </launch=
XML ¥ TabWidth:8 ~ Ln 6, Col 89 hd INS

SR IGIMIREEEAS vision_ ws BEERL, FAST catkin_make -DCMAKE_BUILD_TYPE=Release

Ny
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Terminal = @ q) 4s9em %

vision_ws | src launch

Recent
Home J J J J
build config devel sre
Desktop
Documents

Downloads e o .,
eats e nvidia@tegra-ubuntu: ~fvision_ws
Music nvidia@tegra-ubuntu:~, ' s$ catkin_make -DCMAKE_BUILD_TYPE=Release
Base path: /home/nvidia/vision_ws
Source space: /home/nvidia/vision_ws/src
videns Build space: fhomefnv?d?afv?sTDn_wS}build
Devel space: fhome/nvidia/vision_ ws/devel
Install space: /[home/nvidia/vision_ws/install

Pictures

@ .
L
*
9
B

[ a&<mDir$®

MNetwaork

5

(2]

Computer

1]

[SSOHREERE) - - Using CATKIN_DEVEL_PREFIX: /home/nvidia/vision_ws/devel

-- Using CMAKE_PREFIX_PATH: fhome/nvidia/vision_ws/deve home/nvidia/realsense_
ws /devel; fhom:/nVIdlafamov ws/devel; /home/nvidia/carto_ w<}d:v:1 isolated/cartogr
apher_rviz; /home/nvidia/carto_ws/install_isolated; /home/nvidia/rplidar_ws/devel;
Jopt/ros/kinetic

-- This workspace overlays: /home/nvidia/vision_ws/devel;/home/nvidia/realsense_
ws /devel; fhome/nvidia/amov_ws/devel; fhome/nvidia/carto_ws/devel_isolated/cartogr
apher_rviz; /home/nvidia/carto_ws/install_isolated; /home/nvidia/rplidar_ws/devel;
Jopt/ros/kinetic

-- Using PYTHON_EXECUTABLE: fusr/bin/python

-- Using Debian Python package layout
-- Using empy: fusr/bin/empy
= Using CATKIN_ENABLE_TESTING: ON

SFRFMEETEA, W ER:
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Terminal ) = @ <) sozpm %

@ G|y rHome  vision_ws  src | darknet_ros  darknet_ros | launch

>E ©® Recent .
€ Home J J J J
build config devel src
[ Desktop
: [ Document . —
B . (] nvidia@tegra-ubuntu: ~fvision_ws
g ~y Downloads 94%]
Music
= 94% ]
4 ) [ Pictures
95%]
@ \ideos

ure
Trash =5

96% ]

MNetwaork

97%]
Computer

97%]

Connect tg|
98%] Linking CXX shared library fhome/nvidia/vision_ws/devel/lib/libdarknet_ro
[_98%] Built target darknet_ros_lib
[ 98%] :
[100%] Linking CXX executable /home/nvidia/vision_ws/devel/lib/darknet_ros/darkn

et_ros
[180%] Built target darknet_ros

nvidia@tegra-ubuntu:~;

c. B H darknet_ros {#

1E vision_ws/src [T, A ros_web_cam INHE, B W] DURFER 5k ros R topic TER,. LA
TS @Bty , yolov3 Fl yolov3-tiny iy launch U E4 ) topic, BrPAFRATTE AT ros iU darknet,

yolov3

SeJE3h yolov3 [ launch 304, ##4T roslaunch darknet_ros yolo_v3.launch

IRIGIEENAEML, 4T rosrun web_cam web_cam
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Terminal

@_
L
2
9

OPs

103 conv
OPs

104 conv
OPs

105 conv
OPs

1x1/1 52 X 52 x 256 52 x 52 x 128 0.177 BFL
256 3 x3 /1 52 X 52 x 128 52 X 52 x 256 1.595 BFL

256 1 x1 /1 52 x 52 x 256 52 x 52 x 255 ©.353 BFL

106 detection

Loading weights from /home/nvidia/vision_ws/src/darknet_ros/darknet_ros/yolo_net
work_config/weights/yolov3.weights...Done!

Waiting for
Waiting for
Waiting for
«Waiting for
Waiting for
Waiting for
Waiting for
Waiting for
Waiting for
Waiting for
Waiting for
Waiting for
Waiting for

on_to_|

I

image.
image.
image.
image.
image.
image.
image. @ © @ nvidia@tegra-ubuntu: ~

image. -

image nvidia@tegra-ubuntu:~$ rosrun web_cam web_cam [
image.

image.

image.

image.

3.1.
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Terminal

fhome/nvidiafvision_ws/src/darknet

FPS5:2.9
Objects:

person:
mouse:
tvmonitor: 72%
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Terminal m = @ @) s27em %

fhome/nvidiafvision_ws/srcfdarknet

FPS:2.9
Objects:
tvmonitor: 99%
chair: 97%
chair: 47%

se_det.cpp

IIl|cwde 0

nll

HIHATIL, W U 3.0 Zida o 45 R RAE yolov3-tiny B

yolov3-tiny

41847 roslaunch darknet_ros yolo_v3_tiny.launch

$: 51547 rosrun web_cam web_cam

3.1. BAFMESERTENNFR 137



amov__wiki Documentation, & %5 0.0.1

Terminal

>+ 4@ PLOH

s_loader::LibraryUnloadE

is unaware of.

s_loader::LibraryUnloadE

is unaware of.

[home/nvidia/vision_ws/src/darknet,
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Terminal ) = @ ) s3:2pM %

et 4 @0 LPLH

il

ss_loader::LibraryUnloadE

is unaware of.

ss_loader::LibraryUnloadE

ry

o\

is unaware of.

[home/nvidia/vision_ws/src/darknet,

MR R MRS TS, RIEE A M.

d. 3WH t265 {Ef darknet_ros

t265 ThEEBRIBEH

PHr vision_to_mavros ZHEEHL, ZIAEEAERISTE ~/realsense_ws/src , T PAHH git remote 7] PAE 22
MERIZIREL, T FEk.

vision to_mavros HIfEHbEE, FZ gitee: https://gitec.com/eason xinyi/vision to mavros.git
MBRZ BIASEL, N#CGEH, WF git clone https://gitee.com/eason_xinyi/vision_to_mavros.git
YIE) amov_200902 53X 2K, AW N4 git checkout amov_200902

cd ../.. FEAF ~/realsense_ws JE2 T, AT catkin_make PEFFHIF, WM, R issue.
GiiFse I i, AR TE, (CHIEII T 6265 M4 P

1165 AT 25 A R 4 i S

AL ~/realsense__ws/src/vision__to_mavros/cfg Z TR t265.yaml SC{F,
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t265.yam|IB#HIT
K1
K2
D1

D2

FIPLE SR K-

Fx

1P
EAEHRZRE R
BHENRSEERE
AN TR EL
BHENE TR
paskElp Sy Bl
ERENTEEE

Fy

iEidrs-enumerate-devices -c ZKEXRYHIH
Fisheye1 N&560% : PPX, PPY, Fx, Fy
Fisheye2 W£4ER% : PPX, PPY, Fx, Fy
Fisheye 1 G B TR EK
Fisheye2 i AT R
Fisheye1H|Fisheye2 Fyfiei% 56 M

Fisheye1%Fisheye2 N FRE R E

PPX

PPY

£265 27F tx2 USB3.0 W02 F (Faipy USB 1), fTH—/1 R, WA rs-enumerate-devices -c

140
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F- W

nvidia@tegra-ubuntu: ~

nvidia@tegra-ubuntu:~frealsense_ws/src/vision_to_mavros/cfg$ cd
nvidia@tegra-ubuntu:~$ clear

Invidia@tegra-ubuntu:~$ rs-enumerate-devices -c
Device info:
Name s Intel RealSense T265
Serial Number - 20422118153
Firmware Version F 9.0.18.61600
Physical Port = vid 8087 pid @B37 bus 2 por
Product Id - 0B37
Product Line - T200

Stream Profiles supported by Tracking Module

Supported modes:
stream resolution fps format
Fisheye 1 B48x800 30Hz Y8
Fisheye 2 B48x800 30Hz Y8
Gyro N/A 200Hz MOTION_XYZ32F
Accel N/A 62Hz MOTION_XYZ32F
Pose N/A 200Hz 6D0F

Intrinsic Parameters:

Intrinsic of "Fisheye 1" [ 848x800 [/ {Y8}

Width: 848

Height: 800

PPX: 418.169006347656

PPY: 401.564208984375

Fx: 287.427693505859

Fy: 287.344207763672

Distortion: Kannala Brandt4

Coeffs: -0.0112961195469298 0.0475871711969376
009211847782 0.00883999280631542 ]

Intrinsic of "Fisheye 2" [ 848x800 [/ {Y8}
Width: 848

Height: 800

PPX: 417.687286376953

PPY: 406.836090087891

Fx: 288.0783081605469

Fy: 288.1460899658203
Distortion: kKannala Brandt4
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nvidia@tegra-ubuntu: ~

Motion Intrinsic of "Accel" MOTION_XYZ32F
Bias Variances: 0.000099999997474 0.000099999997474 0.000099999997474
Noise Variances: 0.000066952452471 0.000066952452471 0.000066952452471
Sensitivity

1.011681 0.000000 0.000000 -0.123306

0.000000 1.021065 0.000000 0.622881

0.000000 0.000000 1.018397 -0.111889

Extrinsic Parameters:
Extrinsic from "Fisheye 1" "Fisheye 1"
Rotation Matrix:

1 0 0

0 1 5]

0 0 1

Translation Vector: @ © @

Extrinsic from "Fisheye 1" To "Fisheye 2"
Rotation Matrix:
0.999947 0.00334137 -0.0097848
-0.00330939 8.999989 0.00328276
0.00979566 -0.00325021 0.999947

Translation Vector: -0.0646012872457504 3.28524838550948e-05 -0.000234469189308584

Extrinsic from "Fisheye 1" To "Gyro" :
Rotation Matrix:
-0.999874 -0.00109263 0.0158113
0.00110183 -0.999999 0.000610681
0.0158187 0.000628026 0.999875

Translation Vector: ©.8106986593455076 -1.1789561540354e-85 -0.00016917398897931

Extrinsic from "Fisheye 1" To "Accel" :
Rotation Matrix:
-0.999874 -0.00109203 0.0158113
0.00110183 -0.999999 0.000610681
0.0158107 0.000628026 0.999875
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t265.yaml (~/realsense_ws/src/vision_to_mavros/cFg) - gedit

™M

1%YAML:1.0

2 # Input-output configuration
3 input: [848, 800]

4 output: [800, 800]

5

6 # Camera calibration parameter

Open ~

7K1i: !lopencv-matrix

8 rows: 3

9 cols: 3

10 dt: d

z 287.427093505859, 0.0, 418.169006347656,
w 0.0, 287.344207763672, 401.564208984375,
0.0, 0.0, 1.0 ]

14 D1: !lopencv-matrix

15 rows: 1

16 cols: 4

17 dt: d

18 data: [ -0.0112961195409298, 0.0475871711969376, -0.0452999211847782, 0.00883999280631542

19 K2: !lopencv-matrix
20 rows: 3
21 cols: 3
22 dt: d|
23 data: [ 288.078308185469, 0.0, 417.687286376953,
24 0.0, 288.140899658203, 406.836090087891,
25 0.0, 0.0, 1.0 ]
26 D2: !lopencv-matrix
27 rows: 1
28 cols: 4
29 dt: d
30 data: [ -0.00746640702709556, 0.0405062884092331, -0.03870689868927, 0.00665752682834864]
31R: !lopencv-matrix
32 rows: 3
33 cols: 3
34 dt: d
35 data: [ ©.999947, 0.00334137, -0.0097848,
36 -0.00330939, 0.999989, 0.00328276,
37 0.00979566, -0.00325021, 0©.999947]
38T: [ -0.0646012872457584, 3.28524838550948e-05, -0.000234469189308584 ]
YAML ¥ Tabwidth:8 = Ln 22, Col9
Hf t265.yaml Y FTE S HAMRE rs-enunerate-devices -c & B SHIAT W W THS .

AT 1265 WAR AL BRI R -

JeisfT

t265 HJUKZ: roslaunch realsense2_camera rs_t265.launch

FB TR A A AR T © roslaunch vision_to_mavros t265_fisheye_undistort.launch

W EFR, AR R DA SO Y A A AL P S5 1
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Panels Help M = & 1) sosem

|Interact | ¥ Move Camera [ Select \" Focus Camera = Measure # 2D Pose Estimate  # 2DNavGoal @ Publish Point b = .

Jisplays x B Image !
g image E

I image
I image
I image

QEE®

Add

mage x

mage *

‘ime 1
S Time: 24157.18| ROS Elapsed: |155.72 wall Time: |1599124157.24 | wall Elapsed: |155.77 Experimental
et 13ff
yolov3

B yolo v3.launch U, R image ZESCHIE Y topic , FAT¥CH /camera/fisheye2/rect/image .
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yolo_wv3.launch (~/vision_ws/src/darknet_ros/darknet_ros/launch) - gedit

Open ¥ 4l

1 <?xml version="1.8" encoding="utf-8"?>
2
3 <launch=>

4

5 =!-- Use YOLOV3 --=

6 <arg name="network_param_file" default="S$(find darknet_ros)/config/yolov3.yaml"/:
7 <arg name="image" default="[{ELEEFAR N IFIIgIATRLET]S"

8

9

18 <!-- Include main launch file -->

11 <include file="$(find darknet ros)/launch/darknet_ros.launch"s

12 <arg name="network param_file" value="$(arg network_param_file)" />

13 <arg name="1image" value="5(arg image)" /=

14 <finclude=

XML v Tabwidth:8 = Ln 7, Col 57
AT =4~ launch 30
roslaunch realsense2_camera rs_t265.launch
roslaunch vision_to_mavros t265_fisheye_undistort.launch

roslaunch darknet_ros yolo_v3.launch

Rl e NN
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GrHome  wvision ws  src | darknet ros darknet ros launch

® Recent ) ’ .
{2+ Home L ; 4
[ Desktop N o YOLO V3

[0 Decuments -9 ¢+ BB LLOH 1"_ _

+ Downloads laptop Bz 'ﬂ
dd Music

/home/nvidia/realsense_...

FPS:2.8
Objects:

laptop: 100%
keyboard: 100%

(x=503. y=81) ~ R:98 G:98 B:98
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farHome ws | src | darknet_ros | darknet_ros | launch

Recent

Horme

Desktop ] YOLO V3

Documents - = t " ﬁ tﬂ p ﬁ'} H 4"

Downloads

S ¢+« DN P0G

Music

(x=174.v=362) ~ R:46 G:46 B:46

yolov3-tiny

5 yolovd —FERYHRIERIALE

IBATIR = A launch S

roslaunch realsense2_camera rs_t265.launch

roslaunch vision_to_mavros t265_fisheye_undistort.launch

roslaunch darknet_ros yolo_v3_tiny.launch

R AN 4] -
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@rHome  wvision ws | src  darknet ros darknet ros launch

Recent

Home
dar

Desktop - 1 3 ﬁ o] ﬁ ﬁ_} H o

Documents

Downloads

Music

EDS DR B O

/home/nvidia/realsense

(x=53.vy=201) ~ R:59 G:59 B:59
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arHome ws | src | darknet_ros | darknet_ros = launch

® Recent
1 Home

[ Desktop

[ Deocuments

dar

e s T+t 4@ PLPLHT

+» Downloads
dd Music
21 Pig

(x=181.v=51) ~R:122 G:122 B:122

BEVCITZZAAR
T H 11
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Gazebo {5 E

PX4 4L T —Fh 4 H £ ATIEGRITT, offboard B, M AKX AG —EZE, HNRGEER. A
X B2 BTTEM LR AT S 52 G AT RS R RO TR, SEEEALYE RS AR EIE
PLERS, ATk 0 TE N TR GEAR R oL, BUHE 0 BRI &, XTRIR RS R R 045 AL .
BTREX—EHERS, WATEASH LR CITHEL N HEROR R AR P, DL T ENLR &
o AfEsCEY, SyHRIMEE R R ERERTCANL T AEFES7 Ubuntul6.04 (16.04.6) LTS,
ROS-Kinetic (1.12.14), Firmware (1.9.2), QGroundControl-v3.3.2, %% ¥ 4% . E4%4 gcc-arm-none-eabi-
7-2017-q4-major-linux, mavros ] " #E | 4%E, MiEE . JeAFEBIRE I AR e

B—-TEGEE

AEF EHIREWE ] AFE Windows NI VMware [T &2, 0] DAZE SR E 45 @ Windows F UL
VMware | FRA TSRS @I T TF KR5S, 135 PX4 JF &35, mavros #1355 ROS #58. (H/2, FFEHERE,
BN Lt &R, A BR0E, FTIT 3D ek, AR

S LB AELAAL F R EIER, BKECE T 2~ NVIDIA GTX2060;CPU 4 AMD Ryzen 5 3600
6-Core Processor x 12, ]NTEK/NA 16G,256 [ ZSHEFE

E-PRHEE

INES: BRPER R BORNA M SR s WA TR, &ALt A, QGC = KRG
LA, Ubuntul6.04 KIS BB S0 geeT. 2.0 22X ik T A4, PAKERIGHY gazebo FALSCI4l.

#%3E: https://pan.baidu.com/s/1wlLhcFOTAAe0zTqcOdTEag $2HAS: uv2u
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< r & EHIRE > Amov-wikiFETE > Q
A qocibERSZ2E6, (Windows, Ubuntu, Mac)

gazebo9_env.sh sim_env.sh install_geograp... QGroundContr... QGroundContr... QGroundContr...

Ubuntul6.04.068{& TUERET ES gazebotEIi

ubuntu-16.04.6-... gcc-arm-none-... osrf-gazebo_m... s i -5

1.Ubuntul6.04 1£1ER S

A UltraISO #ilfE U £Ezh4#, SHRaE:

o J79F UltralSO B, FTIF3CHF, B4R Ubuntu A, 28502 Ubuntu-16.04.6, fEER
RFITRKI (5 4F) eI R GEBUR, HE 2021 4FZ @SR

o BHERMNSTFIN-> BAREWAG, HEANHWFRE, EFIE Ubuntu () U £33 3h#80 R, SE5kPt
RAW. a2l HA 5 AT, B/RSEY), MRS KM. (HikEE RAW 25, MG JLIKHED
I TH, A RAW B A .

o ZJEHRE U #ikg=1k, RSt E5 AR, FERE- (KEEGTBrEGE), fremzm U &5
LR HAVERI T o

Z4 Ubuntu &40
LU &, FPUSShemihiseE U SEshElnl, — SRR REA BIOS B AAH. 25
MR, AR AR HRE, FRERE LRI T 58 %% . AR 2 U 256 [E7
i, 2 EEZN 2 Ubuntu RE, FrPARA A KIEE. fE%%58 Ubuntu REHH—
=i i Dk E L 0PNl

sudo usermod -a -G dialout $USER

Ubuntu &SI E

o BIG—WI%ESE Ubuntu f5 & HERMAUR, FimB iR IR &F T~ , 2P 640x480, SR
Y s 2 1920x1080 (1. SRk xrandr Fl cvt FRICAL. 25— F A4, HBIRI T %, Bk grub
BRI R, BRI TR : sudo gedit /etc/default/grub #k3: #GRUB_GDXMODE=640x480
ek GRUB__GDXMODE=1920x1080 #AJ5 5 #— T grub: sudo update-grub 5 i 5 j& F ik R AT

o B THBIEER ARG )G, RE TIHET M MRA R N, MR Z RN, HFHEN
PR, L B e, RGERONES R A% (BRI Al 28 I b N — R R 4k 3

o AW RUKE), Ubuntu BOARE RSN nouveau, (RFEEZH SRS R LR HIMKEIRETF. DA
NVIDIA 3540, HiedAACE R, A3 ID o 1408, id NVIDIA §i5) ID &7 %R
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KIZIREN R GTX2060, #RJEFHATE NVIDIA IREIFEF R 800 M SRSl T 20 B A 9k 3h 2 A%
Ffo BRI REARTT AZ X e SR NVIDIA BRA) 25 | 4852 1% SCRY I, e 225 3R sl Ay s 4 mT
PARIESR IS TR T RE R, H 4N -no-x-check,-no-nouveau-check SF#EI. B 22250 0] DA, (H 247 g,
THESE L It BUARER ST VT, 5 T 22 2 LR (00 T P 208 ).

WTHARREEECEML AT AN EF, REE NVIDIA BFRE%4A ID
amov@amov:~$ lspci | grep VGA
0a:00.0 VGA compatible controller: NVIDIA Corporation Device 1f08 (rev al)

2.PX4 INZ L3k

S5 H 77 X Ubuntu 1 pxd JFAFREERTE .

b ROCRYEERE A AR T master SCRY, XTMS2 1.8.2 1Y wiki SCHY, RILAEIIFER) master
T 2R wiki SO, ARTFEAEZE_F A H master P)3E] 1.8.2

AR VOB, S A S home R, Z5 FIA T HATALR H-HAAT I AN IS

chmod +x sim_env.sh

sudo ./sim_env.sh

XA AR S URE RO o XA B R 0 LR S it TR, tB30A T3 Firmware 1A,
WA LAE gazebo. MIASMNRARIE #2258 HBCA 2R IR, A pxd SiiFRBERe s, SR %% gazebo9
B, BRI G TR, e hEk pxd [ Firmware, 35 5 091207 5.

B sim__env.sh ASPITERZ )G, R GEEE gazebo9

chmod +x gazebo9_env.sh

sudo ./gazebo9_env.sh

BRI T A, Fal L Woie THAE: F 3R %08, $83] gec-arm-none-eabi-7-2017-
g4-major-linux.tar.bz2, Z J5& il (+sudo) i F|/opt/Z &, f#E, FHUI/RAHLE gee HIEEE

amov@amov:/opt$ sudo tar -jxvf gcc-arm-none-eabi-7-2017-g4-major-linux.tar.bz2
amov@amov: /opt/gcc-arm-none-eabi-7-2017-gq4-major/bin$ pwd

/opt/gcc-arm-none-eabi-7-2017-q4-major/bin

IRIGTTIT /ete/profile SCF, A0TR

amov@amov: /opt/gcc-arm-none-eabi-7-2017-g4-major/bin$ sudo gedit /etc/profile

Fed B A In—47
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export PATH=$PATH:/opt/gcc-arm-none-eabi-7-2017-g4-major/bin

AR gee FEIINEEAE . B4 source — FRIA MBI /ete/profile

source /etc/profile

WA ZE%E gee RN, FA

arm-none-eabi-gcc --version

A BTN 2SN, BER R

arm-none-eabi-gcc (GNU Tools for Arm Embedded Processors 7-2017-g4-major) 7.2.1 20170904,
< (release) [ARM/embedded-7-branch revision 255204]

Copyright (C) 2017 Free Software Foundation, Inc.

This is free software; see the source for copying conditions. There is NO

warranty; not even for MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

g

arm-none-eabi-gcc --version

arm-none-eabi-gcc: No such file or directory

HEIY: 32 BIEFHE JCHE A R AN B

sudo apt-get install 1ibc6:1386 libgccl:1386 libstdc++5:1386 libstdc++6:1386

PAE PX4 MR E C A5, 2 HiFEizfT ubuntu_sim.sh B4R 80t Firmware, g8 H F#E—4 PX4
[l 4 o

amov@amov: ~/Desktop/px4-src/src-1.8.2$ 1s
amov@amov : ~/Desktop/px4-src/src-1.8.2$ git clone https://github.com/PX4/Firmware.git
Cloning into 'Firmware'...

remote: Enumerating objects: 278734, done.

TESEZ IR, FATIEAZR] Firmware 1, R EAE T2 R THOR

amov@amov: ~/Desktop/px4-src/src-1.8.2$ cd Firmware/
amov@amov: ~/Desktop/px4-src/src-1.8.2/Firmware$ git checkout v1.8.2

amov@amov: ~/Desktop/px4-src/src-1.8.2/Firmware$ git submodule update --init --recursive

BRERZIE, SATAGIFIR T, Sellili A RE . H oo g
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amov@amov: ~/Desktop/px4-src/src-1.8.2/Firmware$ make px4fmu-v5_default

AR, AT IR R B AT gazebo fTHE

amov@amov: ~/Desktop/px4-src/src-1.8.2/Firmware$ make posix_sitl_default gazebo

Ak, AR PX4 AEREC A ETE T FRERNMNSEE S Ubuntul6.04 REX M A ROS
Kinetic fitas,

MYy FE pxd BPEACRS v1.8.2 Z HIAYSHIF RN v1.8.2 2 Jim i 4 AL A AN ],

v1.8.2 HgiiFE vh E{ S~ make pxd4fmu-vd_ default.v1.9.2 H4i5E vo FEHay4 -~ make px4 fmu-
v5_ default

v1.8.2 H14q1% gazebo {lj E 4"~ make posix_ sitl default gazebo . v1.9.2 H145i% gazebo {f Hay44 make
px4_sitl_default gazebo

3.ROS-Kinetic &3

ROS-Kinetic {%:% 2% ROS-Kinetic ‘B M2 H 0 FEIF BN — 52, TEZ%E ROS BHE, E N &%
Bt ok | PRI IRECE R IEETR, HAh e i I s — 552‘%’%%7

/MG 2% ROS (7 T00MB #] 800MB) 58N 5, BFZMELRMI, WHER%RE ROS M.

FERNERE, 78 BIFRAT R pxd (i, 220 gazebo9, 7424 ROS-Ubuntul6.04-kinetic [}
i, BRI Z B RGE gazebo HIF, FFH B 2% gazeboT?. (EAESLERAFE N gazebod MBI, A EM
T, FrPATEZLSE ROS-kinetic I A TR PELSE sudo apt-get install ros-kinetic-desktop-full , T W iZ 14
sudo apt-get install ros-kinetic-desktop. X 5 FEYiC.

amov@amov:~$ roscore
. logging to /home/amov/.ros/log/d98e04fe-blca-11e9-bf5f-e0d55ee7dlba/roslaunch-amov-
—23391.10g
Checking log directory for disk usage. This may take awhile.
Press Ctrl-C to interrupt
Done checking log file disk usage. Usage is <1GB.

started roslaunch server http://amov:39279/

ros_comm version 1.12.14

G¥E))
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(8:EW)

SUMMARY

PARAMETERS
* /rosdistro: kinetic

* /rosversion: 1.12.14

NODES

auto-starting new master
process[master]: started with pid [23401]
ROS_MASTER_URI=http://amov:11311/

setting /run_id to d98e04fe-blca-11e9-bf5f-e0d55ee7dlba
process[rosout-1]: started with pid [23414]

started core service [/rosout]

4.mavlink 5 mavros %23t

mavlink 5 mavros 43S % mavros By L0

B B i ) 2R R (e T U7 BRI, DA R O U3 mavros, IBFE B2 geographiclib,
A

5. T# QGroundControl

AZGM que AR v3.3.2, Bilat Qu5.11.0 43k iy, BN TR TR, 52 % %0
QGC NG44

BE=NHHEERE
B, WATC AR PXA JFEIREL T, AT BAE T BT R IR, I s T AR =S A )

ANNTARRARTS , SRS T EL Oy B ) 6 PR ROAS B e B A B PRI B, o Jm AT O LA . e AR 3K
BT AL DX AL 2

1. TR A# KA GitHub

EMHEA amovlab P ASZE ZE i3 GitHub.
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2. THIRBHEITERXE

P ST TAESS g B EM AL X GitHub I H px4__commander. B{E AN 45 px4 command
B TAEREZ G, B TAEZS R :

amov@amov: ~/AMOV_WorkSpace$ cd pxéd_ws/
amov@amov: ~/AMOV_WorkSpace/px4_ws$ 1s

build devel src

amov@amov: ~/AMOV_WorkSpace/px4_ws$ cd devel/
amov@amov: ~/AMOV_WorkSpace/px4_ws/devel$ 1s

cmake.lock 1lib local_setup.zsh _setup_util.py
env.sh local_setup.bash setup.bash setup.zsh
include local_setup.sh setup.sh share

amov@amov: ~/AMOV_WorkSpace/px4_ws/devel$

FTFF.bashre 04

amov@amov: ~/AMOV_WorkSpace/px4_ws/devel$ sudo gedit ~/.bashrc

AL . bashre U JE IR IN—A7 40T -

source ~/AMOV_WorkSpace/px4_ws/devel/setup.bash

3. RMIFFEE bashrc LHFRMIDT

source ~/Desktop/px4-src/src-1.8.2/Firmware/Tools/setup_gazebo.bash ~/Desktop/pxé4-src/
—src-1.8.2/Firmware/ ~/Desktop/px4-src/src-1.8.2/Firmware/build/px4_sitl_default
export ROS_PACKAGE_PATH=$ROS_PACKAGE_PATH:~/Desktop/px4-src/src-1.8.2/Firmware

export ROS_PACKAGE_PATH=$ROS_PACKAGE_PATH:~/Desktop/px4-src/src-1.8.2/Firmware/Tools/

—sitl_gazebo

4. BEIHE

PEATAEX B EE Y HRE, rTLAREA 6 ASASCHF

amov@amov: ~/AMOV_WorkSpace/px4_ws/src/px4_command/sh/sh_for_simulation$ 1s
sitl_gazebo_formation.sh sitl_gazebo_square.sh
sitl_gazebo_iris.sh sitl_jMAVSim_pos_controller.sh

sitl_gazebo_pos_controller.sh sitl_test.sh

JE 3l sitl_gazebo_iris.sh A, HATUIT
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amov@amov: ~/AMOV_WorkSpace/px4_ws/src/px4_command/sh/sh_for_simulation$ ./sitl_gazebo_

—iris.sh

By e A f7 S

BT EMAHEA

1. BI= sitl_gazebo_iris.sh

IEHH3) sitl_gazebo_iris.sh [, FABAERA LA CHURMAERAE 2. JGE € 3m, 1N

Gazebo

® O ® Terminal

World | nsert || Layers . roscor... X fhome.. X /home.. X Jhome.. x  Terminal X  Terminal x * |~

Gul
Scene
Spherical Coordinates
Physics. e L xy/ / ocity control
» Models
» Lights

2 for Land,3
eof f to default

1d, 5 for Failsafe Land, 6 for
Property Value

Q) % o 4 B
£ L |

-
&

4

oY

HTr@

@= 5

Y -

HB3E (m/s)

0.0
Irchelpark / “¥Fetial
00:01:10

i

S

i

Il Real Time Factor: Sim Time: Reammq_! o

9 a-
&, TAE Move_Body AARAR T x,y,z 73514 1,1,0. RATHUZ AT 1&:
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Gazebo (] Terminal

World | Insert  Layers ‘Zz | mBlEOl roscor... X /home.. X /home.. X /home.. x | Terminal x  Terminal x * [v
= 3
setpoint_t[3] --- yaw [du] :
Scene . 500 for input again:
Spherical Coordinates o

Physics. >>333>>> >
» Models Input the flag NU, 1 for ov or Disarm ,4 for
> Lights Hold, 5 for fitsare Land, 6 for 1dle,7 for Tokeoff to defaslt helght

Gul

1
Tats the sub_mode: # @ for xy/z position control; 3 for xy/z velocity control

ease input n tpoint [x y z yaw]:
etpoint_t[0] --- x [n] :

setpoint_t[1] ---

setpoint_t[2] ---
0

setpoint_t[3] yaw [du] :
506 for Tnput again:
]

Property

Input t M Move_Body, 2 for Land,3 for Disarm ,4 for|
Hold, 5 for Failsafe Land, 6 for Idle,7 for Takeoff to default height

. Offboard Armed

-y

Values
ABRIBEE (m
3.1
3 (mis)

0.0
Irchelpark / BiE)

Il Real Time Factor: Sim Time:

BRIGEATIIT—T land B, 2T A

Gazebo (] Terminal

roscor.. % /home.. X fhome.. X jhome.. x | Terminal X | Terminal x
World | Insert  Layers ‘//l%‘ﬁ“' nl 1 1 /

S{U' nput the g NU, 1 for or Disarm ,4 for
S0e . Hold, 5 for Failsafe Land, 6 for Idle,7 fo Takm)ff to default height
Spherical Coordinates 1

Physics Input the sub_mode: # @ for xy/z position control; 3 for xy/z velocity control
» Models 0
» Lights Please input n tpoint [x y z yaw]:

S S

etpoint_t[1] ---
etpoint_t[2] ---
etpoint_t[3] yaw [du] :

500 for Tnput agatn:

Input the flag: 6 for Move ENU, 1 for Move Body, 2 for Land,3 for Disarm ,4 for
Hold, 5 for Failsafe Land, 6 for Idle,7 for Tateoff to detastt height

Property 2

Input the flag N for Land,3 for Disarm ,4 for|
Hold, 5 for Failsafe Land, 6 for 1dle,7 for o okiort to deraitt height

%ﬂ‘ °\° <7 &‘ A l‘g)”, Hold D\sar‘m;d
" /=

3 (m/s)
0.0
Irchelpark 7 Bl

Il Real Time Factor: Sim Time:

fF1E Bug ffiid
o FEKZ G KHUGTE B, TR TEYGE Ko (RIS /ML —E %)

o TE ENU MR R T, A ERS, S« 2M, 80 1%, Rk, 7 gazebo H1, &
F26M, YR EAEE, TOERIIAHN, €F 30M, Y)ikE land, IEHEEE.

o ZAZRMIK, move i rirf, &4 dhold BEICWAN,, MR ALYR R T MRS, "WHl—E i b
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Ko

o T passivity FHIFRT, EFBER K 3M, "WHLADHSIT T ERAm EEE, Bk 53M AfZ )G, A%
SAMHEREE, EELEL

o 7E NE $#5HIR T, IEFBER K 3M, WHLAEh R m B K, —H K.

2. BIZ sitl_gazebo_square.sh

M F# T pxd_command jE A sitl_gazebo_square.sh AR, F5 2 FShIMIRMA. 5 cnT LA
FESL— AT AT RIAS sitl_gazebo_square.sh, @SR T2

gnome-terminal —window -e ‘bash -¢c “roscore; exec bash”’
—tab -e ‘bash -¢ “sleep 4; roslaunch px4 posix_ sitl.launch; exec bash”’

—tab -e ‘bash -¢ “sleep 2; roslaunch mavros px4.launch fcu_url:=" udp://:14540@127.0.0.1:14557” ; exec
bash”’

—tab -e ‘bash -c¢ “sleep 2; roslaunch px4_command px4_pos_ controller.launch; exec bash”’
—tab -e ‘bash -¢ “sleep 2; rosrun px4 command set_mode; exec bash”’

—tab -e ‘bash -c¢ “sleep 2; roslaunch px4__command square.launch; exec bash”’

1EH B3 sitl_gazebo_square.sh A, HiEH #1451k px4_pos_ controller F7 fi. SRJGHE set__mode F7 St
Y2 offboard #ixl. KEr square 5 i, 4 1 YT CIETTE. HBUETE age PRESTRHL, "CHLIER i
Point fi#F 7 %47,

FE RALRIETT RGN, 4 5 4> point gy, ¥ATI A EAE AT pointl:
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and/launch/squa
World | Insert  Layers Ay e ;jl« -~ = - Terminal x | /home.
Gul

Scene

Spherical Coordinates

Physics ROS_MASTER_URI=http://localhost:11311
» Models .-
» Lights process[square-1]: started with pid [16386]

size_square: 2[n]
1[m]
parameter and setting, 1 for go on, else for quit:

Property
5 T AHLP100E

Offboard Armed

Irchelpark

Real Time Factor: Sim Time: Real Time:

home/amov/AMOV_Workspace/pxa_ws/src/pxa_command)launch/sq

World | Insert  Layers X fhome.. x /home.. X  /home.. X Terminal x | /home.
Point

Point

= fPoint

Spherical Coordinates Point

Physics. Point

» Models - Point

» Lights Point

Point

Point

Point

Point

Point

Point

Point

Point

Point

Point

Point

Point 2 -
Point 2

Ao R EAP100K
Point 2 2 (7R

QGroundControl v3.3.2

Gul pxé-src

Property

Offboard Armed

Irchelpark

Il  Real Time Factor: Sim Time: Real Time:

point4:
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o - = s roscor. x ‘home... x 'home. x 'home. x Terminal x ‘home.

World | insert | Layers “$OWe -~ - 008 =%Z | RR|RO| o 4 . 4

GuI

Scene

spherical Coordinates

Physics
» Models
» Lights

Property Value

Irchelpark

Il Real Time Factor: Sim Time: Real Time:

pointb:

World| insert || Layers “$OH -~ - 08 cZ | m@|r 0| roscor.. x  /home.. x /home.. x /home.. x Terminal x | /home.
cul

Scene

Spherical Coordinates

Physics

» Models

» Lights

Property Value

5 (m/s)

Irchelpark 7 —5ediE)
00:00:51

Il Real Time Factor: Sim Time: Real Time:

3. BI= sitl_gazebo_formation.sh

FENRM px4_command WA REANBEEEEHAT Z VT E, 758 AP T E BB R launch SCAEFR
B —"RN 4 FK, Al B three uav_mavros_sitl.launch. FEH AR multi uav__mavros_ sitl.launch 2&
>k three_uav_mavros_ sitl.launch . 275 E 2 J5 A HE K H I ZE KL, JFE-E, £ px4__command £
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HUTEA )2 vav0,navl,uav2, MAEVR T EBIE S R vavluav2. 4 nav0, XRHMEIRT ZF3him
—A> nav0 K, AREZHL (3 ZEEHL) (7 FE k.

IEHJH3) sitl_gazebo formation.sh, 7EEBIIERAINIL T (age ATLAES E=AKHL) , BERIHHIA forma-
tion_control 7RI, &I ENU MARAT, BWEAMRA, 20 WLRBIATaE. IR

[ 4 inal
*+OW e -~ - @08 |[=%Z | RE(kO|

R

|
[ |
4

Hold Disarmed

T

Irchelpark

Il Real Time Factor:

17 4E Bug ik
o JHEIEAKIN (TR 2 20k 4, I IARERIER)
o HiAFIHR{E formationcontrol W2 )5, FTEMEFEA . UAV2 WAk, MBURESTMRL, "«
Friie R
o WHUBBIZ )G, WETH I LRA, WU, MEMESGIET, REEFERRE
o ] land B2 )5, A WIS HIRKEE, ARSE%ME.
o KHLIAAT land FHLZ S RATRELE pos 5 RTL Z (A% U1

AirSim {F &
£—% AirSim 4
AirSim Jg—FCH ¥ATHY, R%E, ER T 2R ELS, T UE4 WE RixXsx iy B e B EREs, sk

MR, GEEESE. B FOTRE, B A8, HSCRREIA R pxd ATIEHISSREAEAERA L, 248 T BRI 0 8
HRA. BN UE4 ST %0, Se M5 BRI iR,

F£-HETF Ubuntul6.04 TRIIMEIEE
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1 AirSim g

a AirSim I[IE github %23k

git clone https://github.com/microsoft/AirSim.git
cd AirSim
./setup.sh
./build.sh

T EEF git PEZ S, FILAB B BRI setup A1 build AR 258 EIAT.

build. cnd c LICENSE
d.ba

Yy TR epic game FHIMEERH] epic game JKSHI github K5, — & ZAE B BIMRAE A,
QR BA WCE HEE, W& github UE4 B HFSIHHIA

o BAREEITEALAZ UEL 5 github A%
o MZEIRE—E AT, ANIRATRE T 80 Tk

git clone -b v4.18 https://github.com/epicGames/UnrealEngine.git

o XHEARZ github A 1A RIS

cd UnrealEngine
./Setup.sh
./GenerateProjectFiles.sh

make

XA AT AR, RGBT R

UE4.workspacs

bat
E.md Setup.c

airsim.
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e.sublime-p

Jenkinsfile e a l README.md

make posix_sitl_ekf2 none_iris

SIS iR HBLATR |, S5 UDP 4%

INFO [dataman] Unk ager file 'r ze is 11465132 bytes
+ Col

LPE cur 54
INFO [simulator] Wai n on UDP port 1456@. P tart the flight simulat
[]

i ZAIC 25, FrAR IR 2 B I AR, oA ikl i

3 mavros 223

mavros [ 24 2 BITE gazebo (T EFEHSCEMAA YL, WRRH IR EHE LR alrsim [ HIEE, WHEH
2RI gazebo [ FERNEE IS MR LM T gazebo (TEIMGIFER, A2 TRAT AZ M.

SB=TER5EA
FEREH Z i, XPPTAY airsim, UE4,px4 AR5 D

1 {82 json ¥ (#£ document/AirSim 3 {Jedh)

$ cd Documents/
$ s

¢ cd Airsim/

$ 1s
ettings ros.json
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RN R A

"SeeDocsAt": "https://github.com/Microsoft/AirSim/blob/master/docs/settings.md",
"SettingsVersion": 1.2,
"SimMode" :"Multirotor",
"Vehicles":{
"PX4":{
"VehicleType" :"PX4Multirotor",

"UseSerial":false

2 SITL %% UE4,QGC

a A\ F PX4/Firmware HRET, %HiF

make posix_sitl_ekf2 none_iris

& fic B SO PX4/posix-config/SITL /init/ekf2 /iris

$ cd X-C L/1]

iris iris 1 iris 2 iris irlock iris ar iris vision multiple iris plane rover solo standard vtol tailsitter tiltrotor typhoon h48e

ik iris SCUF, WIMPAR LA
o &% GPS Jf 5 AirSim H—3k

param set LPE_LAT 47.641468
param set LPE_LON -122.140165

* £ offboard T HATFEHE IR H Bl s

param set COM_OBL_ACT 1

o TEOFECN TN N I SH (AR /AT, R BEAE A

param set NAV_RCL_ACT O
param set NAV_DLL_ACT O

ROk ZFTHF SITL, #AF| PX4/Firmware H3ET, WITH K
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./build/posix_sitl_ekf2/px4 ./posix-configs/SITL/init/ekf2/iris

$ ./build,

$ ./build, sitl ek 4 . /posix-confi TL/init/ekf2/iris

px4 starting.

INFO [dataman] Unknown t, o I r file 'root Jmi s 11405132 bytes
INFO [simulator] Wait s n UDP port simulator to pro

o HRTEILZ G, %FF UDP 44
« T9F QGC
« }TJF UE4Editor

o A PX4RE

b #=HI7%1T

A px4d__command/sh/sh_for_simulation H3E T

imulation.sh

H O T — airsim_simulation.sh JI7, Fan =5 shscfh

##sitl_airsim

gnome-terminal --window -e 'bash -c "roscore; exec bash"' \

--tab -e 'bash -c "sleep 2; roslaunch mavros px4.launch fcu_url:="udp://:145400127.0.0.
—1:14557"; exec bash"' \

--tab -e 'bash -c "sleep 2; roslaunch px4_command px4_pos_controller.launch; exec bash"'(
-\

--tab -e 'bash -c "sleep 5; rosrun px4_command move; exec bash"' \

--tab -e 'bash -c "sleep 2; rosrun px4_command set_mode; exec bash"' \

FEILH SRR, JEshi%pA< Elap

./airsim_simulation.sh

Z AR RATERVER gazebo TNAYHERAEE —FERY.
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o iEEC

HEEH 1-RTK

$B—T1 pxd-rtk ERANE

1 S4i5teA

2 BWIESH

BN EER~RXEL
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1 =REN

2 =Rl

o PP EEE GPS L1 /L2 BDS Bl / B2 GLONASS L1 / L2
o HUFENL (RMS) Pl 1.5m 572 3.0m
o XUFUENL (RMS) P 1.2m 72 2.5m
« DGNSS(RMS) i 0.4m 7% 0.8m
« RTK (RMS) “}fi 10mm +1ppm FfE 15mm +1ppm
o ERAEE (RMS) 0.2° / 1m ik
o BEERSEE (RMS) 0.03m/s
o HEPRSEE (RMS) 20ns
o BIMESHUBE < 5% x 478 ES ( JC GNSS {545 30s 1Y)
o VSRS (RMS) BDS GPS GLONASS
— B1/L1 C/A 5% 10cm 10cm 10cm

— B1/L1 A Imm 1lmm 1mm

i\ll\\hl
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— B2/L2P(Y) #% 10cm 10cm 10cm
— B2/L2 #FPFAHA. lmm Imm 1mm
o FIHRACISE/NT 10 Fh (M)
o HUCE R
— WJFEZh: 40s (JLAE)
— IREEN: 30s (HIH)
— #yEsh: bs (JLHUH)
o 248 RTCM2.x/3.x CMR CMR+
o HultsX
— NMEA-0183
— Femtomes ASCIT J% binary #4;
o HETEH 1Hz / 5Hz / 10Hz / 20Hz (W[3%k)
o HETNT /IMU JEUGEE ST i s SCFF 200Hz

3 fE A

4 REEKR

a BEMER
BFR BE =:pad
MINI2-D &= H- 1 S E
4G K26 1 ¥R+ e
GNSS Xz 2 e -
SIM =+ 1 4o -
10 S HIREIREZ . 1 1R e
12 L REIEZE. 1 1R e
GNSS x#1&m%k- 2 e E
P [ 2%+ 1 1R EZERB&-
=ImELE 1 R« EPHE&Fe
AR A = EPE&
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b HE{FEsE

L ]
RTK SAT

l Y(Roll)
©) X(Pitch)

Z(Yaw)

-
FWR 4G

L

5 fives, MLtz

6 EREWR M

FemtoMonitor.exe

SBOHERRGE

1 AR

2 ECfifiEA

BANERANARE

FERTHIRE

'I.'i -
il P
gk L
E A
1%
i
=
4 Sl
)
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Y github jEE
oliEEc i 2-M OB %

A 1 P A DAyt i P A i -5 2 v i PRI A s, AR S B i Ay 2 M LA
PORUR S R 5T
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