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Development of Autonomous Reconnaissance Flight Simulation for
Unmanned Aircraft to Derive Flight Operating Condition

Min Joon Seok'
Defense Agency for Technology and Quality'

ABSTRACT

The efficiency and effectiveness of mission performance can be greatly changed according to
the operating conditions such as the number of manned aircraft, flight altitude, and so on, in
performing search and reconnaissance missions using a large number of small reconnaissance
unmanned aerial vehicles. However, it is not easy to determine which operating conditions are
most reasonable. Therefore, in this study, we developed an unmanned airplane flight simulation
that can detect and identify the target while avoiding collision according to autonomous flight,

suggesting a way to derive operating conditions when operating a large number of unmanned
aerial vehicles.
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Table 1. Binary Confusion Matrix

Encountered Object

Declared Object Target Non-Target
Target Prr Prrae
Non-Target 1-Prr 1-Prrae

Table 2. Multi Target Type Confusion Matrix

Encountered Object
ot | | e |
TP1 Prairei Prairez Prrane
TP2 Prazrrei Prazrez Prraze
Non- 1=(Praymeit | 1=(Praymezt | 1-(Prrae
Target Prazrei) Prrz/reo) +Prrae)

= @& (Confusion Matrix)

AEE FAFE7I7F shue] E3e THAE A5
ZF&FE A 1A (ATR, Autonomous Target Recognition)
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ATH6]. 2 E A (Real Target)es LIS o A%
FHog AFE FEES Pr(Probability of target
report), A7} obd 714 3% (False Target)S 1%
A0 2 FAFT FES Prrae(Probability of false
target attack given false target encounter)2} 3 o,
gk 7FA9] EFYRE e EA 9 9 Table 13 20|
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State 0;

UAVs Launch
Launch

State 1;

D“’;'QE Diverge & Search after UAVs launch

Search

a. Loiter around the target when it is declared as real target
- Call up 2 nearby UAVs
- When it's confirmed as real target, the UAV which found the target first
will continue to loiter, the other UAVs will resume searching
b. Not call any UAV and continue searching other targets when it is declared
as false target

State 2;
Flock to
Target &
Loiter

State 3;
Return
to home
base

All UAVs return to home base when 90% of battery is exhausted

State 4;
Loiter &
Land

Loiter & land at home base

State 5;
Dead

UAVs crash in the event of a collision in flight

Fig. 2. State Transition Diagram
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Fig. 3. A Scene of Diverge & Search After
Launch
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No.12

Fig. 4. A Scene with Some Real Target
Confirmed
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Table 3. Rule Allocation by States

State~Pue | 112134 [5[6[7[8]9]10
1: Diverge &
Searoh1110011111
2: Flock to
Target & [ 1|1 (0|1 |1]1]1]1[]0]O0
Loiter
3 Retun to 1y 1y gty fy 1] 1l0]o0
homebase
4: Loiter(&
Land) 1111011 ]1]1]1]0]0
5: Dead 0(0|0|J0O]O|O]|O]O]0O]O
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A WA xHow WEF A9 M ke 2
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1719l I Ao wmet 2t o] o] FdsHA IE
o %7 BlS HE %7 Belo® A%
233 EX ©dH 53 MHdF

n S9] FA-HAAE F(CECOM, Communications-

/\ =

Electronics Command) 4+3te] oF7HE A7 2 24l A K
(NVESD, Night Vision and Electronic Sensors
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o]n
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Table 4. Confusion Matrix at altitude 300 ft

T T2 False

T1 0.9 0.07 0.03
T2 0.07 0.9 0.03
False 0.03 0.03 0.94
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Table 5. Confusion Matrix at altitude 500 ft

Table 7. Simulation Conditions

234 QA MF
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¢ ME FEIA FHE FE YA FEIAE @

z]u} 27 A7 wl$ 717t FE9 o] T4
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o] Z+ B} EE2E T1 671, T2 67, False 4712 R
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T1 T2 False UAVs Altitude Tests

Task No. (aircraft) (f) (times)
T1 0.8 0.15 0.1 1 12 300 50
T2 0.15 08 0.1 2 12 500 50
3 12 1,000 50
False 0.05 0.05 0.8 4 16 300 50
Table 6. Confusion Matrix at altitude 1,000ft ° 16 500 50
6 16 1,000 50
T T2 False 7 20 300 50
T1 0.7 0.2 0.15 8 20 500 50
T2 0.2 0.7 0.15 9 20 1,000 S0

False 0.1 0.1 0.7 Target Coverage) 12|31 2% THol| Uigh BHEF

% E(False Target Declaration/Real Target Covered)
2 shelakiot
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343 Ad F S5 v
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Fig. 8. Average Number of Hits
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Fig. 9. Average Number of Nearmisses
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Fig. 11. The Average Number of False Target
Declarations for Confirmed Real
Targets
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