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A Study on the Improvement of Searching Performance of
Autonomous Flight UAVs Based on Flocking Theory
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Defense Agency for Technology and Quality'?, Gyeongsang National University’

ABSTRACT

In conducting a mission to explore and track targets using a number of unmanned aerial
vehicles(UAVs), performance for that mission may vary significantly depending on the operating
conditions of the UAVs such as the number of operations, the altitude, and what future flight
paths each aircraft decides based on its current position. However, studies on the number of
operations, operating conditions, and flight patterns of unmanned aircraft in these surveillance
missions are insufficient. In this study, several types of flight simulations were conducted to
detect and determine targets while multiple UAVs were involved in the avoidance of collisions
according to various autonomous flight algorithms based by flocking theory, and the results
were presented to suggest a more efficient/effective way to control a number of UAVs in target

detection missions.
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Fig. 1. lllustration of the Alignment,
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Table 1. Program Logic Discipline - Rule 7 B4l E# °](Communication Relay) : Zt
v YA 7F SAl %74]717} Hoj FARSE A=
name Description g 3= 9H( 71)% A,
- Rule 8 Aol& 3]3](Obstacle Avoidance) : ©]¥]
Initialize Set the program initials g e FAEC] & A I FANES II3lT
2 sk WE (0, )8 B4
Main Control the whole simulation Rule 9 ,:(fii’(D ° ) Bl TeA Z71E
bet h st - ule war(bivergence) @ = =0 o/I'=
Ceen oA oEP S8l QAAL ollel Mt HE Wi dare
i ‘ W (. )2 A A
Rule_calcu Bxld’ ﬂockmg rule based on each =2 Ei(u DE AR
UAV's position - Rule 10 W}3|(Wander) : B33} g71u 2
}aro k3l H)s :
Rule 1~10 | Calculate the velocities of each rule }‘/\}H"Ec’ M SHA ?740}0:] oEd YR =
e FASEE WE(u,,)E 4.
Check whether target is real when ol =
Oo| sk o ol = AF
Target_decla captured within camera’s FOV 214 Rog37] 1= H HE AN
A A 10709 rules T3 7 wlA ] Th
Confirm Another UAV Confirms that target is H 2% wEE AAEE grlog Zgy oEL
true or false Zgatel te) MPAE AojAT ojw j WA
] g AR 9N ¢+ E A 12 YEd 5
aE]Eol oa FolFgE7= EAFE i (decentralized) o) ot
AgHoz =g WAHAA AW T Wl T
dole] HrEe] B3 JdFE FYY —’F AT, ‘ gj(t+1) :;j(t)Jr;j(Hl)A (1)
Table 12> 20 24 F 83 75 53
A Q) ZEZ] 24 11 -
St Tl ik Nl Aol olml, ¢(t)E j HA vPA] A 9 F, p, =
Zz=3 o|22 23 H|H R 5t -
213 E22 o|22 &gst Hlay =ty quol‘:‘%, pj(t-ﬂ-l)t j AR By R é?—_‘::_
T2 1070] Bl ol ek drdelm 28 WA o).
of thgh A 52L& kaiser =&[9]o AMF-Ho =2 A 2 (1) oA T go] Eoj2 4 Qi
AlEo] .
- Rule 1 &7 (Separation) : ¥8AZ Wl U+ ;j(t-l—l):;j(t)+(;j(t)+zj(t+1))At @)
H A ol FEe WA 98l 45 dBojle
Fgoz e (v, )8 A4, Z, p(t+1)E j A MAA A Hx p (0o
- Rule 2 &% w3 (Velocity Matching) : & W gzo ¢ wg Zj(t+1)7}. Aol EH grolH, o
H)3 A 7F AFL 93 u}a}:—ré:'_%ﬂ,é; o N
e iR G VA SRE IR g Gy goid 498 1009 rlet o9 1
o WE () E B step Fkel WaE S wWEls] Bgoln, A ()3
- Rule 3 3 AlE](Flock Centering) : ©]% Hl 2o Jebd 2= 9
YA FHEBT)E TSI Sl wPA S v
Z/\lﬂx] Sk 3].‘— HﬂE—1 L )S AYAL 10
°© (US-,J) ° ) t) _ Ewrur‘j (3)
- Rule 4 X3 /7423 %H¥(Target/Waypoint |
Repulsion) : B8 |7} ZH oy} AEZH 7l7t&5 ) ]
2 24 32 FEHZ Woy= @11:4(;4)% A 21 (3)9] wr‘xL_—“ r A ‘ﬁ’—‘l(rule)gl 7}%‘7<](Table 3
rule 59 @A WA FA(Targetyolty Az o BA)OIH, w; HMEE oW wlgAe] WA
(Waypoint) & FAHCE dAST A== U3 vt W S wE WO R ol 21549 By A
=5 Z8. %% wstee AA Beld @A(u,,) 20 2t
- Rule 5 #FA/ZZH <l¥(Target/Waypoint . _
HslHE 5 A|=g|o|lMd uj&A
Attraction) : M@A7} wHol Azl Ares 22 HIBEA S AE0lE HE
2 A% P U2 Do e (0, ) S BA. 221 Hl#A W B

Rule 6
Boundaries) :

EE EAs= 9E (;w)%

AdF AS9 W FA(Stay within
Aozl A7 A ol A W e A

.

Al Ego]dol Eg= H?‘sﬂil—t— RQ-11BEA 27l
ZAol7F 1.5 m =] %¥kel 7Z1olty. 524 150 m
ojsle] ;EoA AIZFY 40~80 Km(25~50 mile)2]
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Table 2. States Discipline
IJ h_agle: 22.5°
height . State Description
152 m .
.., side Camera _ . B Take off every 30 seconds at the
T T U vertical 163 m 0 take-off takeoff position
. Move to the initial route, when the
1: diverse o i .
J initial route is specified
height
F;:e"' horizontal 152 m 2: detect & | Target searching (2-1), loitering
o 167 m ‘:"-'-.'g’,; agle: loiter around the target (2-2)
22'-5.i . Return to home base when 90% of
: 3: return )
Fc°'w="’ battery time
, verfeal 112 m 4: landing loitering around the return point
horizontal
M3 m 5 dead Degd when colliding with another
vehicle
Fig. 2. FOV of RQ-11B’s dual camera
Table 3. Rule Allocation by states

£52 60~90% T vl 4 9t kaiser =E[9]
A wFA e 7t 8l e A 7}@: B Rue | 1 lolalals|e|7]8]|9]10
%% 32 Km(2 mlle) yaw—; 3H AEEE 10°/sec State
o] 7h4= 2 A £5 72 Km/h@45 mlle/hH A 0 take—off | 1 [ 1|1 0fO[1]|1|1]1]1
& d7gsart _

H]8§ ] "l _"“g‘ﬂ %’ZHZ'”L‘ X]Ho}— U%] %?_49] 2%_ 1: diverse 1 0|0 1 1 0 1 0|0 1
%] P%iﬂﬂﬂﬁ}(dual EO camera)E XH{3a o 2: detect &

o, 7 7hvgte] AlokzZh(Field of View) A% 2 = loiter R R R RN
@7}1:1]3} &3] % (30°), 2 (22°)°lt}. ]

3 lgﬂﬂolﬁ Aste] AARE =7ba7] o5 3: return 11110 f(1t}{1}{1]1]1]0|0
‘%ZHFHH W T8 o] 4 Fhvletd] E=232E % 4: landing t{1]of1]j1{1]11]0]|0
A& x2Z38A Zshe of 2] (missing error) (X4 o] 7}

_ 5: dead ojojofjojo|0O|O|lO|O]|O
Werel Aokt Y2 ZgHuiehE 20%e] missing .

errors F7hste] TR)E ol =&3F Zol 80% &
EE Foson, A7le RE FA= AEdolA
oﬂ i 51 Th Fig. 2= I 150 m(500 fy2 43

Hgsts Aol 3 9 52 Aopzde] HEH
A g ZH Y Alopztg =G 1ol
222 FA&37| “Ei(state) HE

2 AN 4 HgAs 45 2 230
PA el (state)7h MAHAA QT
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Fig. 3. Trajectories of original Flocking Algorithm

Table 4. Results of original flocking algorithm

# of UAV N=8 N=10 NS
PROB. of
detection(%) 823 85.0 89.6
AVEB. detection 884 805 261
Time(sec)
PROB. of
Collision(%) 12 18 20
PROB. of
Near miss(%) 15 23 41

A= 22 8, 10, 1215 831 60% T

o B4E ©Xehs 43S WE o Z 1003 AlE

dold 3% A5 Tl I HEFS FIAT
®o Zt &L g2y Zu B =Fo RE AE

goldoldE FECE F 379 IS HA}E=E

g2 £ 10038 AlEHolAdA Ao HFE ©XA

Mo, &4 FES WESS WS €A

&=
3D F9e vl 25 A &< (confirm)F o
g9 Azt HES AT (B A BHA
st mHo] WA A, T EHY & A
F HPAIZH1800 sec)E THAISIATH. T= 2
Near miss T4 & 9A 1008 #E AlEdHc]A
S DA F TE 3T Y Near miss T4 35
£ FAste F AlE#HOIA 3F(1003)E Y e
Z 13 ¥ & $= % Near miss TA FEo|t}

Table 40|41 AlEH ool ZAie= A vIsgA 57}
gold 4 & g5 FHEAE BF = Bol
A3, gAe A89 H AZFL FolE = HEH,
ZE 7IsA(FE % Near miss &8)2 AANES &
T AT

vl A 12701 AlEFlAY A F EHY 90%
of ZHs= A &FES Holx whH v|A| suid
A9 &2 FELS 82%71A HojZth

= 7bsdY A9, Table 49 whA|=t 12719 H]
A7 F 10099 AEHIH F 2039 FE Z
413]) 9] Near miss7} DAt Zhzbe] @ JF-o A
FE &E 20% 2 Near miss &E 41%7F o} Hb
H HA U A2 B TE Y Near miss &E
o] ZolA& E 4 9lof, Bl FHUHE vIYPA 5
7V E4E FE M ARE ¢ 7 doh
323 7|& E22 0|2 HE3 dH|d A 2&

S He AEHNA AFAes BA vgA FE F
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Zoltx= tjal, =% 2 Near miss 50| B|eFH o AlEFH Ol A3 AA g 79S8 e 28
2 37ME B 4 den, o &&HE HdgAY Ee 42Fdte] 7 RigAd 249 24 79& A
Fol otk &2 B FE vFsAS vEHEe 2 AW, 99& £eA ¥ ol Al nlE =
HE HYYS & F Aok & % Near miss &2 ARF o|gt&E ol & &
o QA= BHT vhsh go| A2 E2F o & Atk Ty wA Axe Witel YA 28
2o 7IukE & AE v duege A9, 4 e AR GopA =], ol 7€ Gl s 4 REA
Aol wx FAe vle) ASA 2w AA FHe  Jb @RH GA pelol AopuA WA IF Fo
elz wlaee BAsy] WEoT BAH, (45748 Km) WO Blolu} 21t Htel LoiA 3,
olo] Wl EE7 o2& AL HyPHPHow I  EF ool wet 4 ngA|e] £E7} Yopx]y] W&
2 AMEEE 24 wgAe B 9L doz R (97 ¥ weE Ut Hlﬁﬁxﬂ«] % rule 6°1 2
Sol WA, B A%e fAGAA FEREE A B MBoT FEY 4 ov, & Bed
Zo] B 4+ YA FAL AN okdg ol WA UF I ARAFE AT FE Aol UV F
FHLe Yoz TR REtE 2o MEE A oF F Es & 5 AT
oS FAsHAT 3.2.4 case study - Rulel parameter % & s}
doNAAN G BHE YHE AL OV g gy manHe WA we dueA
3;.2531101::4‘ BEE 2O %gs}ﬁa“‘lz”ﬂ, A WA= gd o dods BT Ao FAEX
P THE ofd, A2 VIR TROME A8TAE gog o 4 ath ololA Rulel Belse MHE
24 Kmel el GATAOEZ WAL 24 B4 T gazmgoom 4y gael lear FAHA,
el Al AEehe MAAS A GIRAREA, ) mgae) rle 19 JaA BEAAE &=

7)
= 7} *
T HARE 24 4EHOE FE(24%24 Kmo| 4719 e u1 o gom ag

l

g oz FR)SY F HIPAE 4585t &
795 AAsta AEgolde T3R5k - o
Table 5 % Table 6& 2+ AlE#lold Aztolch, = TN DT Z Sa)/adgsi @
Table 5. Results of Target box 2 division A @9 4= rue 19 BEE 913 Ag (ol
# of UAV N=8 N=10 N=12 separation size) T2 7]E ATolA 76 m(250 ft)
2 AAHJY. N(d)e 5 HA HPA ek ATt
d;zg%ngjo) 773 | s4s | €83 4 BT A g WA & dgolH, ¢, e, rule
18] AFEA 1%4 FREEPAA 72 1%
AVER. detection 933 850 802 52802 AAE #e ¢4 IHE ARSI
Time(sec) olw HI&YA 2+ Aglol wet WAE= WE
PROB. of o(d)= orH e 2t
. 6 6 12
Collision(%) d,\?
PROB. of " . ”e ¢ (d) _{cw(l 4, ) ,ZEN}(dJ ()
Near miss(%) 0 ,else
Table 6. Results of Target box 4 division %, ¢(d)= separation size W9 H Oﬂfﬂ% &40
o]w, separation size H$| oW Y A$ o|xH H|¥Y
# of UAV N=8 N=10 N=12 A ke Agl(d,;) B separation size®] HI & Al
of whu] &gy,
dZthOti?)-n(?’/fo) 81.3 84.6 89 olo] we} B ={olA= separation size, d; B
T o= obHi9F ol e AR WAt JE
AVEB. detection 850 853 780 Z27 o2y nHudld Ak Aol gx sols)
Time(sec) o).
PROB. of 6 5 » 71& /_\l“ ol Az sYatA uldA 87, 107] &
Collision(%) 1271 &8313 3L, separation sizeE 7]1E9 ¢F 1/2
PROB. of v g 2uj g, W A7]5 FH-¢shes AT o, GA 7
Noar mi'ss‘()o/o) 9 13 18 zo] of 1/20) ¥ 15M=2 AT 2+ 7HEA (4,

cp)® WSl WE e ¥ Folg U] A
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3 dol= HAsiRoH,

: separation size,
: separation size,
: separation size,

: separation size,

Table 7 ~ Table 99

d
d
d
d

. 150,
. 600,
. 600,
. 600,

ANedoldE 3

C1p
C1p
Cp

C1p

5820
5820
8200
3800

NEgdolH ARE BAsw

ohe3) gt
Table 7. Results of Rule1l parameters variation
(8 UAV)
# of UAV casel | case?2 | case3 | cased4
PROB. of 847 | 813 | 827 | 813
detection(%)
AVER. detection | oy | ge5 | 886 | 866
Time(sec)
PROB. of
Collision(%) 6 2 / °
PROB. of Near o6 1 0" »
miss(%)

Table 8. Results of Rule1l parameters variation

(10 UAV)
# of UAV casel | case2 | case3 | case4
PROB. of
detection(%) 81.3 838 83.3 90
AVEB. detection 865 —_— 856 o
Time(sec)
PROB. of
Collision(%) 2 4 7 8
PROB. of Near 1 7 ”i -
miss(%)

Table 9. Results of Rule1l parameters variation

(12 UAV)
# of UAV casel | case2 | case3d | case4
PROB. of
detection(%) 93 90.6 90.6 88
AVEB. detection 759 234 o1 245
Time(sec)
PROB. of
Colision(%) | 20 9 10 10
PROB. of Near 50 o6 6 2
miss(%)

71ES EF2F o8& AHEF ol ATl A
T(Table 4, N=12) tH|3} separation sizeE 71&
Ho} 282 & BE 7§ (case 2~4)olA HAFES
Hl =gk #28 fA Y, T5EE 2 Near miss &
Eo|] 7o AuvigFow ZopAm, wid £ HE
NFEA ¢, A= 1 WAOS5H, 15M)0E A7
of & AolE HolA &S & Aok

ol BHAQI oA Z+ HPA|V} BAHoT HU)
TR E=RAE 72 Km/h)ol 234 24 ¢
7ol o“(lﬂﬂ ) & Rule 1°] 2J3|AH TEAAA =
H u]j‘_ separation size’} & 7% © #

2.2.100 4
A ol o &)

y

d

=™, separation sizeE FH43= AT
g tER 9 AUbERe] E2Ed

3o B2 o|{FE EAHE
25 7|1 EEZ olE ¥8 Z &Y

Figure 4914 Fig. 77kA& 1271¢] HlsiA o sl
AF7tA AEdelA F38& A2 =108 AlEH
A ARE agzz ZAF Zolt)

Figure 4% 7+ A 4 &2 FEE, Fig
S5olA= A S BAste Hit MRS EAIE Zo=w
rule 19| separation sizeE 45 m(150 f)E 7|& AT
of wla] Hytew =S o 7HE & #A FES Ut

AL & 4 3ok Fig. 7 ¥ Fig. 894 &= SE8E 4
Near miss &&ES E=A8IAT. U&= vIPA 7t
Z]'e—r%, separation sizeE IA AAsI= AF H2

= & Y% Near miss EE /& & & AT
Fig. 6 9 Fig. 7o1A= 13 Al&deld 3 A T4
3t $F % Near miss &S ZAEYEH. FYH
< HI¥A A7 AETE,

mm 111.1 of H‘1
_1

.ﬂ

2 o 2 2

separation sizeE 180

m(600 f)= FA AAsteE AFoAA o Fe F=
2 Near miss E& 7I13& & F It

Figure 4914 Fig. 7914 = &1 + A= A3

T Oed Zo] £AZFESRE Q9 F T

E}% HPAE &8st 24 &3 dF5 9
Al ol ATFdA AFEE dREHQ EE2F olES
&3t A, oAy JHA WeE &8st 1 82&
dE Eole AEHIAS —’Ft‘fﬂ'@}%{ﬂ% A= gA
gES =o miss & 9]

ot Ag A4

: |
oy ] ]
78 R ER . .

d1150
wt 5280

—
T

d1600
wt 5280
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Table 11. Result of Moving Target box algorithm Table 12. Results of Target box Reallocation
# of UAV N=8 N=10 N=12 # of UAV N=8 N=10 N=12
PROB. of PROB. of
detection(%) 76 97 83 detection(%) 813 83 873
AVEB. detection 975 974 888 AVEB. detection 993 938 849
Time(sec) Time(sec)
PROB. of PROB. of
Collision(%) 1 3 o Collision(%) 4 > 1
PROB. of Near PROB. of
miss(%) ° 16 12 Near miss(%) 13 A 17
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Table 13. Results of the final proposal Probability of Near Miss (%)
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PROB. of 40
detection(%) 803 8 923 20
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