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ABSTRACT

The UAV systems working in difficult environment should be able to performs various actions autonomously
required to achieve the given mission without the human interventions. However, the actual tests for such UAV
system will take heavy cost. Thus, the simulation test in advance before the actual test is important. This paper
proposes a 3D visual simulation environment for autonomous agent-based UAV systems. The several simulation

tests performed on the rescue scenarios will demonstrate our techniques.
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Fig. 1. Composition of Space Model (Zeigler et.al, 2000)
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1. AR wE g7iedde] Ae 2 Unity3D 7443 3t
Table. 1. State of the Space Model and Visualization in Unity3D According to Time Zone

Time

State of Space Model

Visualization State of Unity3D

Generator

Creation of mission,
UAV initial position
and Start simulation

0.0~10.9

Situation 1:
Take

Propagator

Calculation of angle of
view

Detection of straight
line distance to
surrounding objects

off~Survivo

. Platform
r discover

Move command delivery

Propagator

Transfer command
received from agent

Unity

Apply Command

Logger

Update Location

: UAV1's Position
: Survivor’s Position
: UAVT's Path

11.0~18.5

Propagator

Calculate angle of
view for 2 UAVs
Detection of straight
line distance to
surrounding objects

Situation 2:
Cooperation | Platform
of 2 UAVs

Deliver command
information to two
UAVs

Transfer command

: UAV1's Position
: UAV1's Path
+ Bird's Position

Bird's Path

Pr tor .
opagato received from agent
Unity Apply Command
Logger Update Location
Calculate  angle of
view for 2 UAVs
Propagator Detection of straight
line distance to : UAW:S Posiion
surrounding objects PRI P
15.0~18.0 - - UAV2's Position
Deliver command .
: 's Patl
Situation 3: Platform information to two °
ituation 3: UAVs
Unexpected
Transfer command
Occurrence | Propagator .
received from agent
and Unit Apply Command
Avoidance Y pp}.' T
Creation  of initial
EventGenerator position and movement
path of unexpected
situation
Logger Update Location

(CommandInfol, CommandInfo2)E- e} Unity3Dell
A ] el (=M O, D)7 2=elAl =k

43 3 A el

Rus

Fel7|7) EAREH A ))& vt

& ufe] Frkmele] Aee} Unity3De] Alsiatoch
43S EventGenerator 24-E] A=W, Logger

=) A g,
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Fig. 9. Screen Capture of Camera Sensor in UAV Model
at Logical time 8.7

E 2. Logical time 8.72] F-al7]ol ©#] ¥l dlo|¥
Table. 2. Sensed Data of UAV Model at Logical time 8.7
Logical

Time

87

Object | Pos | Pos | Pos |Scale|Scale|Scale|SlopeiSlope|Slope| isClass
Name | x | v | z | X | Y | Z | X | Y| Z| ified

E 4. Logical time 8.7 37Ul EA5<] 9]
Table. 4. Location of Objects in Space Model at Logical
time 8.7

Logical
Time
87
Object | Pos | Pos | Pos Scale [ Scale [ Scale [Slope]Slope[Slope
Name | x | v | z | x | Y | Z | X | Y

UAV1 | 582|149 [491| 03 | 03 | 03

UAV2 105 5 16 | 03 | 03 | 03

UAV3 110 5 16 | 03 | 03 | 03
Buildingl | 66.1 | 12.7 | 33.1 | 20 25 10
Building2 | 79.8 | 5.2 |107.8| 20 10 10
Building3 | 56.3 | 12.2 | 59.1 | 20 25 10
Building4 | 27 | 154 | 96.8 | 20 30 10
Building5 | 22.1 | 146 | 426 | 20 30 10
Building6 | 88.8 | 10.2 | 742 | 10 20 15
Building7 | 258 | 52 | 775 | 15 10
Building8 | 585 | 52 | 92 10 10

N

ManB | 292 | 09 |551| 2 2

UAV1 [582(149(491|03 |03 |03 |-48| 0 |12 | TRUE

Building3|56.3|12.2(59.1 20 | 25 | 10 | O 0 0 | TRUE

WA 2] o el 2] o]F, e
FE xy,z @, 249 =27 xy,z 3, =AY xy,zE
LowHE 71E71(), AR Frelck 21 9AF
Building3-> F-el7]ZHE 30 olake] elel 9li
Building5+= 60 ©|4+e] Aol gl7] wieel 3 29} 7
o] UAVI(FH<l7] 2ol tigt # 1.2} Building39l]
gk Fwel Fely|7) 9l slgithy 7)E2H) 28
1018 a7 A 2R o 7 Aol
st o] 2] Tal)h g A2 dlele] glolck
3% 55 ¥4 UAVI, Building3, ManB, Building57}
71Z=o] F7kmdle] Propagator ] d4lo] 4l
718] @A) §1715} 2ol mheh Az ARk
A% < 4 ek

38 3717} ol Felot F 91718 ez )
oJE]2H], oflo]HE 2wle] Path Planning S92 H-E]
A2 olle]A B dlolA] AlARE 2F gtolrh A

Logical time-3 Yeh 1 5 W4 & UAVIS] =

# 3. Logical time 8.72] ollo]dE2] == o]
Table. 3. Command Data from Agent Model at Logical
time 8.7

Logical

Tlgne

87

Object | Pos | Pos Pos | Slope | Slope | Slope Speed Comm
Name | x Y z X Y z Type
UAV1 23 15 58 166.4 90 76.4 5 1
UAV2 | 105 5 16 0 0 0 0 0
UAV3 110 5 16 0 0 0 0 0

o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o|O|O
o|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|o|O|O
o|lo|lo|lo|lo|lo|lo|lo|o|lo|lo|Oo|O|O

5
5
ManA | 243 | 09 [1139| 2 2 2
2
2

ManC 75 | 08 | 846 | 2 2

% 10. Logical time 10.92] F<17] 7lej2} AlAe] shad
Fig. 10. Screen Capture of Camera Sensor in UAV
Model at Logical time 10.9

E 5. Loglcal time 10.99] F2l7]e] &A] ¥ dlo|E]
Table. . Sensed Data of UAV Model at Logical time
10.9

Logical
ime

10.9
Object | Pos | Pos | Pos |Scale|Scale|Scale|Slope,|Slope|Slope|isClass
Name | x | v | Z | X | Y | Z | X | Y | Z |ified
UAV1 | 483|116 |51.2| 03 | 03 | 03 | -42 | -24 | 0.8 |TRUE
Building3| 56.3 | 12.2 {591 | 20 | 25 | 10 | O 0 0 |TRUE
ManB | 29.2| 09 551 | 2 2 2 0 0 0 |TRUE
Building5| 22.1 | 14.6 | 42.6 | 20 | 30 10 0 0 0 |TRUE

E 6. Logical time 10.99] <llo]3E2] %3] dlo]g]
Table. 6. Command Data from Agent Model at Logical
time 10.9

Logical
ime
109
i P P P S| Sl Sl
?]bjed 0s 0s 0s lope | Slope | Slope Speed CTgmm
ame X Y Y4 X Y Y4 ype
UAV1 23 15 58 | 1664 | 90 76.4 5 1
UAV2 | 105 5 16 0 0 0 0 0
UAV3 | 110 5 16 0 0 0 0 0
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E 7. Logical time 10.99] F7kdi|e] EA1E2] 914
Table. 7. Location of Objects in Space Model at Logical
time 10.9

e,
10.9
Object Pos | Pos | Pos |Scale |Scale | Scale |Slope|Slope|Slope
Name X |y |z | x|Y|zZ]|X]|Y]|z
UAV1 483 116|512 | 03 | 03 | 03 0 0 0
UAV2 105 | 5 16 | 03 | 03 | 03 0 0 0
UAV3 110 | 5 16 | 03 | 03 | 03 0 0 0
Buildingl | 66.1 | 12.7 | 331 | 20 25 10 0 0 0
Building2 | 79.8 | 52 (107.8| 20 | 10 | 10 0 0 0
Building3 | 56.3 | 12.2 | 59.1 | 20 25 10 0 0 0
Building4 | 27 | 154 (968 | 20 | 30 | 10 0 0 0
Building5 | 22.1 | 14.6 | 426 | 20 30 10 0 0 0
Building6 | 88.8 | 10.2 | 742 | 10 20 15 0 0 0
Building7 | 258 | 52 |775| 15 | 10 5 0 0 0
Building8 | 585 | 5.2 92 10 10 5 0 0 0
ManA | 243|097 |1139| 2 2 2 0 0 0
ManB 292 | 09 |551| 2 2 2 0 0 0
ManC 75 | 08 | 846 | 2 2 2 0 0 0
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