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ABSTRACT

With the in-depth research and development of UAV, UAV has evolved from
mainly used for military purposes at the earliest to an important tool that can be widely
used in commercial development and consumer entertainment and can support
solutions in many fields, such as construction, energy, agriculture, disaster relief and so
on. Among them, quadrotor UAV due to low cost, simple operation and high efficiency
and safety characteristics, more suitable for application in a variety of occasions.

Digital twin is a virtual model that can accurately simulate and map the behavior,
properties and rules of physical objects in digital form. Digital twin study general
equipped with relevant sensors, so as to achieve in the test performance data related to
physical objects (such as wind and weather conditions, power output, etc.), make its
can achieve more accurate simulation in virtual model, and then through the virtual
model to study and improve the performance of the products, thus provides a more
efficient and intelligent service.

In order to achieve virtual/real interaction, real-time response and precise control
of quadrotor UAV during formation flight to achieve simulation demonstration such as
cluster UAV light show, to develop a simulation application platform for digital twin of
quadrotor UAV formation flight through Unreal 4 engine development tool as mission
requirements, Realize the simulation of the global dynamic evolution of quadrotor UAV
formation flight based on digital twin technology. At the same time, the digital
twinning system architecture of formation flight of quadrotor UAV is built, so that the
system has formation editing interface, can edit different formation, has unified
database and information interaction interface module, and the function and
significance of the digital twinning system of formation flight of quadrotor UAV are
introduced. Finally, the digital twin model and system of quadrotor UAV formation

flight are constructed from geometry, physics, behavior and rules.

KEY WORDS: digital twin, UAV, formation flight
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Global market share of consumer and commercial drone manufacturers in March
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rocedural Nature Pack Val 1 WaterMill Frvironment: Tropic kslands Urban Construction Pack

Yoirdrinty v 434 *rdrdrdede v 192 Wiy v 22 *rirdrirk v 26
$153.03 $431.62 30%0FF $412.02

e 9 |

Kl2-4 LIV 51 R MRS

FEAirSimA, FATAT LA N T LEATA To ML A8 2 00 B HR A0 S 7 ARSRAZ ML
e, HAEEBEHELL (I IIROS) U RGB AR B G « fn&I2-5 7 A ST Ak
I8 5% 7 A AR 2 POV PRI o 3K — Th RE T2 B S 3R 5 b i B K IR Bl &2
KEH,

F2-5 Airsim R $5 4% 3k

2.8 T AHLERPASEER

ASTHTAETT R B 0 2LV A T R 1 A1 2 A2 8] STk o 42 50T 25 18 2
RIS FAT b ) 2 g

D) AN AE AR FIa Sl L g S 3k S fll-fi (10175 D0 T S LB AR ) 20

A 64T ?

2) EANIATEAEH 2R/ B ERIEI T EM eI Wrds?

N TR AR, BATRTBOE R et e B AR T
HEARE (R E o BEXEEE AN, BRATRT LIS H Al AL S A ik, A
WLETE NATUAH LA R T P 4G A 1 i BA A2 861 BT 85 (R AR X7 B AN 145 2

FESE T ORBI PR A, JRATIRS S 2R S T8 0 2 A 42 ) R BR B L Al T 44
IR WM EATTE HN— A B R G T MR T AN BEAE —MEE
FEEERAE, P Ay BRI 2 AR T AN, JE AMLBC# 7R AT H 4%, 7T LUK
L PR 2 P A (O
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1 o3 2 BA A il
NAE— n ZRIE AN B P 75 K H BN, 9 REZTE ABLE SCEGHE S 125 1 7]

% Uu; € Rzﬂ\j:
u; = X jen; Aijq} (2-2)
He, ie{l, 2, .n}RRENEAVTEE, N, ¢ N2 ZREIIHES T A

BUIKIES i AN, qf € R? KR T ANIIALEAE i (A HALRR RN, Ay €

R JEH A M8 2 FE R o AEAR RN 21, BREETE AWLAAIR S AT 32 ) K e AL
e 32 18 47 31 22 30(2-2) 45 E RS B I R

IARIEFEEE A FERE, WA AN = A S G EAE . v 1

THX SR RE, R M T2 58 W8 (SDP) A R J7 %, 127 AU Rk 3
WA AR, 1y Ht— b BAT DU PR, XS PE AR S br TAR 18 2 1 uEm:

a) IZFEHI AT BN B A B B

b) ZAEHIR AR E S A A B B

c) FR] ) B AR A ] L 4 AR AS 2 52 M JE A LTS Pl 5 i A

d) WERTANAEERER)TT 2B £90 o iededizh, WS AR i) g A PR EF -

FATT A d)RsE it — A58 270 A sURIRERIE M o (E1Z5Rm8 2 kAT 4%
IR R BT A2 3 R BRI, 385 2 ) % B R e A . B R 7 Y e
FEE90 o, BN A5 1L /AT, EERE—ADAMTHI . A8 BT RX AR
% (4 34T SRR, 6 A W] RE A AEAN R R S Rl g, (ELCE T2 AU R T AR
23], WERT AN IFEAMERIZ, EA18H tn] Bl iRIX LG 00, FFss i
5 2L 199 PA o

AR T N2 18] FA A SRR AT A P I AR 1, G I (5 SDIP [ RS I AR A M I 2495
A AR TE AN LSBT & B4 BN, ToiR AR B & BT K.

2. PRAGHUFEXT LS 1T
BUGHFIE 2 R A 2. aE, v LAE NI s PR AN AS R A7 B 4 e i 1
BAHRAAIICE . W E2-6f, MPIZETE ANLIHLE G h 52 B0 A + fF 5 1)
SURFHHIE &, F5 ML TILAL. VAL AHRFIE ST m, n € R3FISFIRALFR th
BT, D20 A NIAIZ B 2
uRm+t = vn (2-3)
HR € S0(3), t € R HINEEANAEN T FEARN AL AR M2 8] A FIT I AH XS JiE

AR M (R AT), u, v € RONKTRLARFRI P REAE SO R FIVRFE . Ji i
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i AR HE FER VU e R R, B Al TH B QuEst il ELMIR 22 50 38 A Ak A
XK IBAIRT LA P, SiseidE FEIEFLE, QuEstiIfhtHRs B2 3 750%.
AL, BT LI ARANSAC (random sample consensus)>K ¥ B3 AF ] ¥ £ [ AN UL EC
REAE A

50
100
150 8

200

Kl2-6 IR JC AMLAT B 545 k40 5% 1320 X 24011 K%

3. EETALBEA A 2w PA SR A

FERNHL AT A HIETE T, H 52 6 < B P e ARG A B R AR A AL
HIENHUB R GG T o o AHUMHLE B G P SR BURFAE AR 3R AR S
MIRAF, FRR AR EGR . R EY LR A EZ NN, W a] DIARSE H 4
RAFUCECR BLFRAE 5, FFAEQuEstH I -l AN AL . — R =, AU 1A
BAG T AIAR A B R B R 2 — IR IERFI LB A 1o 2R, o T IXAEZ AT
S g BAFZE 1 SR o, DRI AN i e AHLSC S 81 ol 75 i B,

N W SUEIE T R B AE A 90, AT AT LA EE SURFIEMRRFAE,  FF R AE50
ms A M320 x 24015 5 BB A HRILS00/MFAIE L o BEAMRFIE AL HI2AS A e — y 24
BRAN—AN 6447 To 3R B BN B A 1 [ AL R, bR SR L BT 3240 30 . B
U, BAUAHLE T AN 5 AT 5840952 KB/s, SE4fefE Ml L&l E R
HISEELE A -

2.9 NG

Adrsim A SR YR ANUR SEROPOR BN FIF R 07 £ 48— HRin
R PG LSS ST RITHEL, AT LA U S5 AR AL 287 )
B RO AL L A PO R A B O BRI S, LAy
WIS HLALIE B FE S R R . SRR 28, 2R
AT RIS ST R0 7 3155 v EEAUL28 RS P LS e RS 9o 3T o
.
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E=E BFFERFERITS LM

3.1 #EA

A SCHI DY Tie 30 AW LG A 7 2R A2 R Gl xiliid AirSim FIERZ) 4 515K
BEAT P R o AETTREBUR R GEHI AR K Zh RESEIUANIT AL A, FHEBIEA R 5%
BRI ASALL L AN [ P37 S5 RE T DU e 38 TE AL BA PRS2

3.2 WENREHEE

Airsim et T LIV 5| B E1F, PRI E R Is 1T L)Y 51 X i ENL R S
AT — e PERER SR, RIS RO EJT AR /5 ZEHEAT K& 3D JE 4L, Al
B AMEREIEFR IR A, N ROVE T HERE S AR HC B ANAS SO I R e R e
TSR LBCE -

*3-1 MRERAFERMHEE

IRARER A SCHAE FH B AL
R Windows 7 Windows 11 64-bit
s Intel 2{ AMD JURZALFE2E, Intel(R) Core(TM) i7-9750H CPU @
2.5GHz B 2.60GHz
N A 8GB 16GB
2R DirectX11 8§ 12 3%+ NVIDIA GeForce GTX 1650
T 2% 500GB SSD

ARG A A A Bo B F

> AirSim A v1.5.0

ML) G| BERAS: 4.27

Visual Studio fix4<: Visual Studio Community 2019
Python it 4<: Python 3.10

Ubuntu fixA: 20.04

vV V V V
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3.3 Airsim ZESIERE
33.1 E4IMG |8 ERE

TE2 38 AirSim 2 71, FA 75 B Ao e & B 4V 51 28Kz 4T AirSim i, B 56,
A 75 3 EpicGames ‘B W 22 25 H & F i

% Epic Games Store | Download X+

2 C (O @& store.epicgames.com/ 2 v % 0O

@ STORE FAQ HELP UNREAL ENGINE ity 2 siGNN DOWNLOAD

g & MEGA Sale 2022
/ / Evil Dead: The

MEH /Y
yr 4y Game

/ - Vampire: The
_i/ 7 Y 4 Masquerade

MAY 19 - JUNE 16

Discounts up to 75%, Huge Weekly Free

3-1 EpicGames & 7 i N %K,

L2 SRR FT T i 5 ) 2 B A B A B4 51 B U (1, /T
REZ) SIS VTR “ 7 b RELEFEAR RN RA K 22 RE L) 51 2

LS5

K 3-2 LTSI EER T

HETREZI 51 3R FI s A RIS 1A T, 50 HAUEL) 51 8 HAT o K i fr
HPEMFENE, (HRA T IR E RS, BT B MR 4.27.2 1K
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BRAS . B BL) 5| BT 2 /D 25GB HIREREZS10], N b fE 2R R R GRS Fhik
PR 2, HEFF /DT 100GB /& 45 [R5 25 1]

5|1 ZERRAS

K 3-3 LTS5 BERIRAS

3.3.2 AirSim KIR %

KR 251 B AL SE U, BATTAT AJFAE Airsim (12225, 1 Ja AT 75 2 %22%¢ Visual
Studio 2019 FFFERC “fEH CHAYSIEITA” M4LPE, LAE5EMUREE Windows
I 632 38 2 “Developer Command Prompt for VS 2019”7 , 1xX B & DL B 4
S iaAT, ROASCBH R C &, %23 Airsim 2 C 3% 75 228 H A AR,
{HAR R FT B2 3678 D B0 UE o] DLE BT I

£ Developer Command Prompt for VS 2019

S8 NAH B RNE &

BT

Developer Command Prompt
| 7= for vs 2019
NA
Developer Command Prompt for VS
2019
RFS
Developer Command Prompt
for VS 2019 - mEmess s

developer command prompt for
vs 2019 x64

developer command prompt for

vs 20194 % > 0 — RiEE

developer command prompt for
vs 2019 download

developer command prompt for
vs 2019 L5

developer command prompt for
vs 2019 a4l
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K] 3-4 Developer Command Prompt for VS 2019

FTHF 5%\ git clone https://github.com/Microsoft/AirSim.git 31T 2235, 22354
J& ed AirSim BEASCH build.cmd JFIR% 1, 9 PEEF 2 fE AirSim # H 3E K
— Plugins B3R, OSSR BB ML) 51 50 TR ST B REAE R 4 51 % T
FE R A Airsim $61F .

Kl 3-5 Z4% AirSim

T HEFF ~ =

> ILEEEE > 3784 » Unreal Projects » AirSim
B
. s

W Binaries

ataCache

M Intermediate

I Plugins

3-6 Plugins SCAFAL R 880 2 i /5 LAE A

3.4 Airsim FE M

I Airsim J5, 7E B30 F 3k %] AirSim>Unreal>Environment, <= H ¥}
—ANZNY Block LA, AT CLEFZER TXANTRECH#IT T R, FTIF
Blocks.uproject J& W1 3-7 s fiAGEE AirSim B2h % 4% 91 56 A8 1T o
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® =

K 3-7 Blocks L2 314 BRI 3E 47 1) 1) ]

3.5 RINIMERYIEE

HEET Block TR RARMENNATE ANUAE & Fh A BT A L bR LI, BETE
Block SC72 B 77 £ T AT VYA AT PR BEREAR_E — A EE A, PRI RATT 75
B — DX B S AT R, X BFRAT1REE B¢ T Landscape Mountains £
ES#ERC AirSim B35 #F2, Landscape Mountains 385 /& — A~ Epic ‘B /7 Hl1EH)
Tk LR E 77 BRI, (B BIRA A 2/ A W] i XA A AT # 4,
AT L BRI AirSim B 7 1451 2 A Je g B0 I EE, Wl 3-9 Fow,
AT IF R FEAZE T MSBuild2018 3855, [KAIXAN RS B 12 F A 6 4
/N, AEREAT — S 1] B AT ALL IR N BT 4 T SR BT

1175 =9

FERUEARIFEAR A [ S 1R S Nm 11 00 L 3% L,

ST E

=e
SRR
44 424

P4 3-8 Landscape Mountains /1%
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v1.7.0 - Windows

What's new

See the entries in our changelog for what's been added in this release.

Environments

There are the following environments available:

or the environment you want, extract it somewhere, and run the run.bat. Please see docs for how to

odel.

K 3-9 B HtI AT

TG RIE, BT MSBuild2018.exe 2 BN 3-10 fiw, E&#E
“B7 BN EEAE RN, s AT KA 3-11 Fros. H
& HATRATETGIERE AN AT, BB AN TR ERAE S, 2GR
A AW FE 2 setting.json SCAF RS A BN ROE AN, FFSRILZ T8
NMLAE BCFA #5 Fh T REFE T -

B | Choose Vehicle

Would you like to use car simulation? Choose no to use quadrotor simulation

2y

1 F |

it |
F

3-10 FT PRSI A2 8 T 2L g ¢ i)
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B 3-11 33 NSS4 ] T

3.6 BIETX AN KT

SRR CERS, WATHES PX4 AR, (FLAEN AirSim
14 7 AN simple_flight HPUREIRTEABL 42 R SE, LA TAT D)Lz g
2 oK ELBERR S AdrSim PR 00T AWL. 1 77 SCHRHERE T —#K FrSky Taranis
X9D Plus B &S, XFEE AR KL B 220 300, H&aHE TR, &K
SCHEFE T B 1 Xbox BT (A B (O3

3-12 FrSky Taranis X9D Plus
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- A

K] 3-13 Xbox WErk F-Hl

3.7 AP #O#EF 5 python BUIMEFEE

AirSim #J API KH T —AN1Y msgpack-rpc HIMIZ5IBAE ML, 7E AirSim i)
THEATIHIE AT I —A> 41451 W 1, PRUEGIRATT AT B A Python 283X Mo 11
3% RPC BAN AirSim #EATi815 .

3.7.1 Anaconda IMEIEE

TEFENC 2255 Python B, FRATTFE %235 Anaconda KX} Python #H4T I #E,
M %459 Anaconda J&, miidi Environments Jf i Create K454 — airsim ¥
5, Wl 3-14 Fis:

intel-openmp i J} math library For intel and compatible processors

Create new environment

Mame: | airsim|
' 3
Location: C|isers|huwis).condalenvs|airsim
Packages: [ Python | 3404 v.|
Or | 3.6. v|

nkt

Cancel

ar

K 3-14 7F Anaconda 72—/ N4 1Y airsim A3

R EEA IO R numpy 1 FH 4T %48, numpy & — MEFRIZEE, 1F
57 ALY A S35 i i 75 22 B 2] numpy o
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| 1D Anaconda Navigator - o X l

File Help

) ANACONDA NAVIGATOR © voorsic o I

I numpy ) array processing For numbers, strings, records, and objects. A 218 |

numpy-base {2 Array processing for numbers, strings, records, and objects. A 1215

ANACONDA.

Secure your software
supply chain from < ‘
the source

Anaconda Blog
= N =
v g » 8 L @ —
Create  Clone  Import Backup Remove 4 packages available matching *numpy’

K 3-15 %% numpy

Z JG¥T I terminal F-7E @217 % A\ pip install msgpack-rpc-python F1 pip install
airsim, U, AirSim {7 HMK T E KR ZHL T

o I )

airsim | (> Spen Terminal L

3-16 1¥ Anaconda ] JT Terminal

3.7.2 PyCharm FME#

PyCharm & —/FZHT Python MBI AL, FATH T E T HALX R
e S P V2 Dhee, A SCH A2 PyCharm Community 2021.3.3 A, %223
4 PyCharm J& , ¥T T New Project JF#%5 &l 3-17 & & #tfe JT4R12 FH Python ) API
BEAT AirSim B 1
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& 3-17 PyCharm ¥F35 35

3.7.3 KEBEITNR

17T MSBuild2018.exe #EABIUZRIAEL, XIEHEAT I E457E PyCharm 42471
TR, N A AR A e X T ANLIEAT SRR, B 3-18 AREE 9 B
ETE AN B B R FEE

Kl 3-18 o AN AN FE7EACHS
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3.8 setting.json 3

setting.json & 18 17 Airsim A UL & (1) — N A% L SO, FEH AT I
MSBuild2018.exe ], AirSim t<x H QI #1%CAF,  setting.json A AP E
C:\Users\H] /7 #4\Documents\AirSim HJ#22 T, BB setting.json FIARILFR
TTREMS RIS S VF 2 Thig, TR T setting.json [PA%ZE 77 SCAHBIA UL A,
AN VEARUAR o X BLATSE 15 B — SEAH AR S .

3.8.1 I AMERNKSEI
1E setting.json H, FATH T B IH I A S SO LB B B8 SEEL 2 AN T AMLAE RY

AR TE DL RESEILERBE T KHL €47, AESCBLRI AR A AT, TRONEIR =
AT B fa] FA RS 25 -

//github.com/Microsoft/AirSim/blob/master/docs/settings.md",

¢ "SimpleFlight",

: "SimpleFlight",

3-19 A=A T ANIARRS SEEL

ZJa, BATEERAEFDN LA S FIThEE, LnfeeEs, TEROVEAN
FEBCAR AR AR AU S BLVE B o
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Kl 3-21 2T AWARRS A= slesh 1

3.82 mizBEREAISKH
AN AU L PX4 SEPLZ 7 i i ARl A5 AR A%, 55T PX4 I 24 ) &7
T
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K 3-22 @it PX4 HEAT R iR S

3.9 miFBEEORR

SN T IR B 30 FE A A PRk S B e R B g AR UL A L A e E A R 1 T
A, A UERERAE RN IET Ubuntu20.04 #:4F 2 5 B RA SLHLX AN T BE .

#£ Ubutntu #/E RS H A 175 ZilEIT terminal JFERE PX4 B W) ZFE 0%t
PX4 AT 285, wdelr G, TANETEE S X B R sU% QrGround B3k
1T%%, QrGround & —/MET PX4 W KATECE B, WHRAZ%EE QrGround [
i, Z/E A PX4 fn A i P A )

£ Ubuntu PG AR 23607 2 J5, 1E terminal fK KK :

cd PX4

cd PX4-Autopilot

export PX4 SIM HOST ADDR=192.168.14.1

GXHFESE FHLIP Mk, AR SCEZATINER 4L 1P A2 192.168.14.1)

make px4_sitl_default none_iris

ZJE R SR HEL L A R AT AR A
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ren@ubuntu: ~/PX4/PX4-Autopilot Q =

:~§ cd PX4
S cd PX4-Autopilot
S export PX4_SIM_HOST_ADDR=192.168.14.1
$ make px4_sitl_default none_iris
[@/1] cd /homcfrcn/F¥4/P¥4 Autopilot/b...4/PX4-Autopilot/build/px4_sitl_default
SITL ARGS
sitl_bin: /home/ren/PX4/PX4-Autopilot/build/px4_sitl_default/bin/px4
debugger: none
! none

: none
src_path: /home/ren/PX4/PX4-Autopilot
build_path: /home/ren/PX4/PX4-Autopilot/build/px4_sitl_default
SITL COMMAND: "/home/ren/PX4/PX4-Autopilot/build/px4 sitl_default/bin/px4" "/hom
e/ren/PX4/PX4-Autopilot/build/px4_sitl_default"/etc -s etc/init.d-posix/rcS -t "
Jhome /ren/PX4 /PX4-Autopilot"/test_data
INFO [px4] Creating symlink /home/ren/PX4/PX4-Autopilot/build/px4_sitl_default/
etc -> [home/ren/PX4/PX4-Autopilot/build/px4_sitl_default/tmp/rootfs/etc

[px4] calling startup script: /bin/sh etc/init.d-posix/rcS @
: found model autostart file as SYS_AUTOSTART=10016
[param] selected parameter default file eeprom/parameters_10016
INFO [parameters] BSON document size 465 bytes, decoded 465 bytes
[param] Loaded: eeprom/parameters_10016
INFO [dataman] Unknown restart, data manager file './dataman' size is 11798680
bytes
PX4 SIM HOST: 192.168.14.1
[simulator] Simulator ustng TCP on remote host 192.168.14.1 port 4560
[simulator] ns rt 45 3 Fi
[simulator] Waiting for mulator to accept conncctlon on TCP port 4560

Kl 3-23 I I A ML

X IEFT HFAE Windows EHLHI AirSim #5428, F7F Ubuntu H terminal % A\
commander takeoff 5l 8 SE LI FE#ETE AT 1, B HE L i 2 FHES% PX4 BN,
X A ——R0R

3.10 AP R EMIFE R

TEARLES A, FRATAT L #% F1 SRS H0H P o] DLE A4 f 4k e A 40 2%
HEATIREE, K 3-24 FrondRAiTAT DUE ) LA AT T AN LA B 555k E&@E
TANMLAEEEE, #% F10 W0y PAFT K 3-25 ) 54T R 18 2 R AR A XU ]
B BT AEA5 BIREE N IR TE AN ULE & Fh R ARG 2= 30
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K 3-24 FEh A

)
.....
o

o]

-

3-25 RACIRGLIAYE S

3.11 HIEREMBIEE

fE AirSim BERIIREE R, AT LU R4 A4 S Re kAT 505 R4, 1% R 4
BEFF U S 1) SRR TE ANLAE T IR BEIT (B, SRl U iR 5 — ot S A7 i e A0
setting.json —AEHTERAE, SKHIEAR R 2 LL—HE 256 X 144 73 Hr R/ BB 48
e — N EAEAS B 2B, RS 1 B RN AT EEAE setting.json FHAE
B, (HZ VR EGOBOR 2 TH FE S 20 B LI R, 1% L E 408 H DR A T
#,
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5 > AirSim >

A | R > X > Airsim

3-27 B REREIE

E airsim _rectxt - Notepad

File Edit  View

VehicleName TimeStamp
Drone_3 1650816245271
Drone 2 1650816245322
Drone_1 1650816245379
Drone 3 1650816245421
Drone 2 1650816245481
Drone 1 1650816245511
Drone 3 1650816245577

POS X POS Y POS Z Qw
0
0
0
0
0
0
0
Drone 2 1650816245619 O
0
0
0
0
0
0
0
0

-2.82825 0999998 O
-2.94369 0999998 O
-3.01754 0999998 O
-3.1516 0.999998 0
-3.26762 0.999998 0
-3.27192 0999998 O
-3.43823 0999998 O
-3.50812 0999998 O
-3.57162 0999998 O
0
0
0
0
0
0
0

) X QY QZ ImageFile
0.00208884 img_Drone_3_0_16508162533047
0.00208887 img Drone 2_0_16508162533771
0.0020889 img Drone 10 16508162534497
0.00208892 img Drone 30 16508162534987
0.00208894 img Drone 20 16508162535650
0.00208894 img Drone 1_0 16508162536113
0.00208896 img Drone 30 16508162536768
0.00208897 img Drone 20 16508162537427
0.00208897 img Drone 1_0 _16508162538063
0.00208898 img Drone 3_0_16508162538734
0.00208898 img_Drone_2_0_16508162539405
0.00208898 img Drone 1_0_16508162539393
0.00208899 img Drone 30 16508162540628
0.00208899 img Drone 2 0 16508162541274
0.002089 img Drone 1_0 16508162541932

Drone 1 1650816245682
Drone 3 1650816245724
Drone_2 1650816245787
Drone_1 1650816245823
Drone_3 1650816245886
Drone 2 1650816245928
Drone 1 1650816245991 -4.46601  0.999998
Drone 3 1650816246027 -4.67476  0.999998 0.002089 img Drone 30 16508162542479
Drone 2 1650816246093 0 0 -493183 0999998 O 0.00208901 img_Drone 2_ 0 16508162543208
Drone 1 1650816246129 1.14578e-09 -2.7424e-07-5.03903  0.999997 -0.000805788 -1.6833e-060.002089(
Drone 3 1650816246195 6.54395e- -0.00015663 -5.39618 0.999888 -0.01483 -3.09781e-05 0.0¢
Drone_2 1650816246240 4.08107e-06 -0.000976813 0999482 -0.0321077 -6.70736e-05

-3.71748  0.999998
-3.86693  0.999998
-3.91889  0.999998
-4.16818 0.999998
-4.3086 0.999998

O0OO0OO0OO0OO0OOOOOOOOOO
(== NolelelelelejeNeN-R-R-N-N-N-Ne]

Ln1, Col1 3 Unix (LF)

A 3-28 HpE kM HAEE R

FATA] DU S # B BAG S B SCAFiE I Access A1 B Y Visual Basic 1S S2 3
RN BB S R R g — N R, BIRS AR Access SRYEE
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B E sh AT O E A R A S 7 B . BRUNBRRSRHINME B AirSim #i2x H
AR airsim_rec.txt 3, WIERSEHNIREUR 2 2 5 BUBEE A 7 (@ 3758,
1M HEREANEIEHE Access I HAMETE. Ny T AERIXA R, a0 3-29 KIS
Fir~, 3AT0] LIS Visual Basic H 33 7 Airsim 3% 1] SCLE A BT A B airsim_rec.txt
SCAFCAHEAT B 3l N ST o B8 e 7 B R0 5 VehicleName 7 “ TimeStamp 7

“POS X" . “POS Y” . “POS Z” . “Q W”. “Q X”. “Q Y”. “Q 7" .

“ImageFile” , # H 7B BRI G LR 3-2 fon. BdaEgir 5 bl E
el s AR Access DhAE X I “AHMER AR, angE < HoAh” JE ik “ XML SR
KT H XML S, it Access T H ) xml SO B 4E xsd ZEM S, XA
BT Ais N B 5 2 AN AN A SR e S U R 28 A AR A, 5 I XML ST
T Access Ty g (8 ¥ P BE M Mg, Mag ] 3-31 o

Public Sub LOAD ()
Dim filepath &s String, files 4s String, filename 4s String

filepath = CurrentProject. Path & "airSimi*. txt”
files = Dir(filepath)
"Debug. Print filepath
Do Until files = *°
filename = CurrentProject.Path & "'airSint” & files
DoCnd. TransferText acImportDelim, “airsim_rec”, filename, True
Debug. Frint filename
files = Dir " T—"
Loop

K 3-29 it Visual Basic fAHSSEEL H 2 § ALE AirSim %l BAEE B

32 HIRENFE. BIELBMEN

FB BE R BX
VehicleName | % U A TN LR, 122 To AHL CAT I BE s X 43 AL
MM RATIE R

TimeStamp | KAEA ISP B, et 0B H N F-H-H-/ -5 -Fp
POS_X XURGERL | TE AHUFTFEMUR) X AAbRAr
POS Y BRGERY | T AHUFTLEWIR) Y ARARA &

POS_Z NUEERL | T AHUFTE W) Z A bndr B

QW NUEREERL | TUTCER W, RosTE AHLRERE IR (141 L

QX NUEER | TUTCER X, Ron EANURRELI AL T X AR bR A B
QY NUEER | TUTCER Y, R ANUREEI AL T Y AR bR A
Q~Z NUEEERL | TUTCEK Z, R TENNURREEI AL T Z A bR A &

ImageFile A PIAEWCR A R A2 5, A2 1] B RE s
T WIS L B (R AR SE A A1 L 0 B

40



FHMZ 4 X F RPN GBSO

# SHERERSL
P

SharePoint FlZ=(S)
15E '

BUEEE(C)

SR EHF| ODBC
EGEEE, 0 SQL Server

XML 3{H(L)

HTML 3Zi%5(H)
# SSHE HTML

dBASE 37{4(B)

1EAREIT S SHE) dBASE
gt

B  Airsim rec.xml - Notepad

File Edit  View

<?xml version="1.0" encading="UTF-8"?>

<dataroot xmlns:od="urn:schemas-microsoft-com:officedata”
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:noNamespaceSchemalocation="Airsim rec.xsd"
generated="2022-05-13T14:03:47">

<Airsim_rec>

<VehicleName>Drone 3</VehicleName>

<POS X>-134.195</POS X>

<POS _Y>57.8097</POS Y>

<POS Z>-46.1518</P0OS Z>

<Q W>-0.995227</Q W>

<Q _X>0.00833477</Q X>

<Q Y>0.084779</Q Y>

<Q Z>0.047616</Q Z>|

<ImageFile>img Drone 3 0

1650816275331650700.png </ImageFile>

Ln 11, Col 20 100% Windows (CRLF)

3-31 @I XML SCHRIFRIC T MR 45 F Ao 28 A
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X - - ) | v
. 995227 0. 00833477 0. 084779 0. 047616 img I Drons 3_
. 998471 0. 0070635 0. 0511397 0.0197736 img_Drone_2_
. 099374 . 00601652 0.0328131  -0.0117802 img_Drone_1__
. 998479 . 00494226 0.020578  —0.03509031 img_Drone_3__
. 994962 . 00385276 0.012323  -0.0994193 img Drone 2__
. 989607 . 00305357 0. 00800394 —0. 143546 img_Drone_:
. 981311 . 00233898 0. 00506898 —0. 19235 img_Drone_:
. 074418 . 00189159 0. 0036627 —0. 224707 img_Drone_:
. 966084 . 00140484 0. 00243189 —0. 258213 img_Drone_.
—47.9842 . 960124 0.0010928 0. 00176407 —0. 279568 img Drone_3__
—48. 1336 —0.95283 0.000756275  0.00112945 —0. 303501 img Drone_2__
—48. 2818 . 946246 0.000497496 0. 000696171 —0. 323448 img Drone_1__
-48. 5765 . 941812 0.000348985 0. 000468237 —0.33614 img_Drone 3__
—48. 7108 . 937483 0.000225536 0. 000290635 —0. 34803 img_Drone_2__
—48. 8045 . 934636 0.000156578 0. 000196438 —0. 355606 img Drone 1
—49. 1031 932322 0.000108224 0.000132757 —0. 361629 img Drone_3_
—49. 2395 . 930333 -0. 000953846 0. 0026959 —0. 366704 img Drone_2__
—49. 3498 . 928838 —0. 00564008 0.014472 —0.37016 img Drone 1
-49. 7203 . 926632 —0. 0158588 0. 0399887 —0. 373499 img Drone_3__
70. 567! —49. 8821 . 924497 0. 0242107 0. 0606651 —0. 375552 img_Drone_2_
71.1988 -50. 057 . 921183 -0. 0364268 0. 0905843 —0. 376681 img Drone 1
71. 839 =50. 421 . 917871 —0. 0462254 0. 114369 —0. 377221 img Drone_3_
72. 4281 —50. 5303 . 916287 0. 0491111 0.122604 -0. 318042 img_| Drone 2_

K] 3-32 i#id Access 1473 s

HEARZF UGS, WATEL AirSim #t AR AL B R G IERETh AL T,
HARAXAD RGRIRTE BT Z AL, el AirSim H 3 H ATHEH RGN E

AT 3 R, 7RISt FRIRAT S AR L BRARRAS 2 N BN v] Tl iy
AR T i — B ALIE FIE PX4 N AirSim SKi#E—5 T Eﬁ%m‘eﬁﬂ%
gt Ak, HETAR ST 7224 RGN0 AN BA SR R AR SE I SE BR_F 3k
TR, H AT Re SEILTE S MLEREE R AT, AR R R T R
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4.1 RGMRZR

TN setting json FIEH, FATAT LASE T A LE R EIAERZ AN T
ML, HRERZ H— DN IEANE S EEFETTENLTE, & K2 AN HL
T Y I 3 R R 4 7 L DT 36 ok R 5 1 T 7 e, et — B e AT R 4
R, HkZ EABRERIRAIS RES G EHRIE, BAER 5L g
LSRRI S S SRR Lidar TR IR ST, B HAA BTN
BRI A R IE AN B 4-1 5 25 NRANVERIE . AR Z TN
HLEw A RATI R IEZ AN TEANLEPRES R, @i APT SZHLI 4B AT AOARAD £
2 I TEANKER RSO RGEAN L2, WE 4-2 s, £
3 Python APT AT ] B2 BN AT, 28— N IE AW TEARREAE J5 A . (Rt
ASCAE AT HEAEIAR — A S A 1 2] 3 AT AL,

Kl 4-1 25 N AL RS
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—

- - —_— T

4-2 W5 ENNLRERR AR5 E AN UARE

Collisioni#625 with UAYS - ObjiD 0
API call was not received, entering hover mode for safety

requestApiControl was successiul
Collision Count0
Vehicle is alreﬂ' y armed

. O Lle 4

K] 4-3 API K ZBE %

B 1 APLSEIURAZ AN RAT, ARG, HATCTEE AL A
AR ARARAZTE NN 10 APT RN AU SCHL AT, 35 BT R IR AT
DURRAMERER), Z/R AT APT AURSRESEI B ik v LB R R BRI T AN K
A7, AHIXFERITE B 2 2R BAC 7R AR R L, RO BLSETE AN LER I AV Y H £
(¥1. BIMLTESME T 3-6 T ATHE 2 Xbox WK FMZ )G, BATHAE Kl 4-4 iR
ke AWL KRR . Xbox Wik FRFELIT AirSim B 7 AL G #84E T EIFA L
HL W ERERZ, PR RIER W, AT AR AT 7 AT
Feohne, AR INR B BV ) Kz D R RS Ll R PR 42 A SR UL AR Rk
AN, ABFEARSCHEAT B AR R G T AR Ui C 2 2 W H

44



F )2 K E AR B30

[~ ST

4-4 5L R 1 [

RHE 3-10 i &l 3-24 Frig 28 F1 A B, A TRT LU AU A 1247 1A
W, WFEFR, BATTLOER 5] “FPV” CGE— AFMA, WK 4-4) , “fly
with me” CERBE CATHLMA, W 4-5), “ground observer” CHUTHIWLZEALA, UL
4-6), “chase with spring arm mode” (55 = AFR# /1, W 4-7) Z . 7£ “FPV”
A T BATEIMER WAL, BRI AT LA AR T A B E s I AL 28 FE
- “ground observer” JU 44 F SCIN 4545 R 2R A R G AE T ELETS
AN RAT T TCiE ERE T A ML £ o fly with me ”F1“ chase with spring arm mode ”
S AET “fly with me” A0S AN A,  DRLHR4% 2 1 m) 1E RIS D6 AL
A HESXTHI M) ST, 1 “chase with spring arm mode” N an[F] “FPV” —FES 8 Al
TIA, X ReE W AN @I X et A, ATREE AL IF T RE %
Tt 5 T 0 e AATLSCER s 1% O
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B,

4-4 FPV ML A

Camers: ExtermalCaars

K] 4-5 fly with me ¥

4-6 ground observer i i
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K 4-7 chase with spring arm mode 1L

BEAh, AR Te AL A8 WA R I LB 2 T S S48, BATHT LURYE
A mE <57 BATIT debug i (WLIE 4-8) 1 I et 24,

4-8 R H 1] debug FHH

e, BATRARYE 3-9 TR 2 A A IR AR IE (5 4% DA, ASGHEET Ubuntu 24t
VEN% i, PX4 A Jim Rl 5 1 FUBEER, o R 5 e T iy, AT E R AN 2
797 QrGround, 75 M A BEMEE AN BESRIZTANL, — VIHES BLLE 5 AR A I8 R #4200
MWL 1B 4-9 Bomim REE A5 I REFRIE AN AT
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Ubuneu 64

uuuuuu

K 4-9 SR 5 it

4.2 BFrR5TRE
B, FAVAKAE 1-3 Tt 8 B br e B o0 T 9R 45, I st Xt
Windows F AL AT Linux 27 i FERESEAT X LG, BRI R UR 4-1 F15R 4-2

7N o

F4-1 BFRFTTRIER

H b5 BRI
F B AR 5 — . T, ARG R — N I e 3 6 AL 9w BA
AT RS ES R, 2 s B E A
HHE SR DX X3 AT DL 7 PO e 326 A\
B9 BN RAT 42 JR B AR B A5 e it B AH OC RS AF
B, AT A R DR .
F BT RS 5 — CEh, RGP AARE QIR
KL, 2 A DY A A A R DX IR 4 A
X 3R] PR 7R 1 48 LI AT I B AH SRR S AE
B, AT AR DR .
MG — B Coeh, B 8R4 — 107 I A
P RRAT A8 HL 4 AR CIEm, %P un ] 5 ELmEEAT S B .
XML R uE H X, | ©Er, F&T XML X o H 3% .

F4-2 EHIHFNE RIS
Thek Windows LG Linux Z& P 3z
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TNPLAE S S | fE, RERRIE AT HANL, | 68, RAERE AL,
A &AT? I MNENNL= BBhERREE. | BT WEANL= B 3hERRE -
ReE VI | e, RELEIE R APLgERE | 75, 7E Linux RH Px4 #4270
PL? S ULRE B YT AR AT — S MTE | AHLZR A AT I 405E 1 F K
MHUENETEANL, BREZ | P, HIE B fesREE WL,
BEAT HCHE 3% A ) 75 ZE PR AT | AR SmAT DI Al B & £ KE
AR SEBL 28 BEAS B AL | 2o
BB ko
FEmRERI I | e, ENLE IR AEs T X, | ARIEIE, fE Linux &7 b
SRHTEAR? | SATRATERAR, JATRT AL | BINE B R 5 A

TR & B AT AR AT
HIT T 5519 52 5 A ] P4 B3 45
(=

B Canga. RAREE) BEATAE
5, (HEEET AP #RAF 3
WLt AT %

2

e REREATHL | fiE. AR, 2l API X &
Y og ] 2 WL k47 =51 o
¥ fe &3k e AE

29
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EHE REMRE

FEARSC, PATEARIET AirSim FE T2 E RGUT KK Z IR
AirSim NI B E R ARG HT &, JFRNASE TR RS
B HIRA sl A AN, EEFHSWIRM . B3N Epic
Games fIREZ) I B RYEE. H 2GR — DX Unity 7551 51 SEIR A .

UNARSCHTT Fr o, FATREIEE AirSim BRI K F L K B £ RS
Wi PR P9 A 2 2 i L Rk 28 e Pl 7 B KR Bdie . AERLADLE rh S A i 1k
Thig. Wi AirSim G RN G M A S MEILRNT &, DEEE
R GUIE B BB S T 57 22w ) PASERAS [F] (137 35 7 1Rt

FEARTL, FABE T RS AirSim L SCHF PX4 AT 45 R SEHLI 5L
B, PRt T AL b IE B . PX4 R — N IE SR, DUE &R
R E BN BTG BT G AR P AT R 1 3 B fe VPR AT PRE T I B
FE XA G R RHT AR A B 8 2

AR, MERTRERGERER P IRREIF LI E IR R HITIRE, Al
AIEETEANLG, V72 KA BAERA R E T 224, dkeivho i H 3h 2 B
G — NI RRHC P AR ZAT I R — SRR T A 2 IE SUE (45 We 2
RBA B AP AEROR, FATE ] HY AR A F A AT A3 e ? L A b
BREHAER T R AR AT WA 2R W B 5, w7 2B AR BOR B AR T AR
FREE, ERH I AR A A SAIE 2 AR 1 AR SR
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