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Abstract

UAV system has the limitation to allocate enough spectrum bandwidth for the operation of multiple UAVs due to the
market expansion. In addition, the communication environment of UAV network varies dynamically due to the UAV’s
mobility. Thus, to operate the stable UAV system and maximize the transmission data rate, it needs to allocate the
resource effectively in the limited bandwidth considering the given network environment. In this paper, we propose the
resource allocation algorithm which can maximize the network throughput as well as satisfy the minimum data
requirement for the UAV system operation in the given network environment based on TDMA(Time Division Multiple
Access). By performance analysis, we show that the proposed algorithm can allocate the resource to satisfy the high

network throughput as well as the minimum data requirement in the given network environment.
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RTCA(Radio Technical Commission for Aeronautics)
SC(Special Committee)-228 C2(Command and Control)
WG(Working Group)-2914 F-217]A| 28 C2 d|o]E ¥
A9 HAEEATHET MOPS (Minimum Operation
Performance Standard)2 7% Foltf f-gex e
EC(European Commission)ol|4] A& ERSG (European
RPAS Steering Group)olA] A|ojg EAX7|& 7ol
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Fig. 1. Frame Structure.
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Alogorithm 1 UAV Resource Allocation Algorithm

1: Phase 1 Calculate unit data volume per unit timeslot
9 D _ spectral efficiency X bandwidth
unit 1/ T
unit
3: Phase 2 Calculate data requirement volume per frame
Bes
4 D.. =
CS 1/ j}rame
D Ry
UAV 1/ frame ’
D =———, i€l
1/ ];rame
5. Phase 3 Calculate allocation requirement time per
frame
. D
6' tCS: { ><7:1n1t+7;;uard ’
unit
D
UAV
tUAV = D . ><T1'1n1t+];uard ’
unit
tj: {D }XTL‘mlt-i_Z;uard ViEl .
unit

7: Phase 4 Calculate the maximum number of UAVs to
be acceptable for allocation

ﬂrame J

tC S + tUAV
9: Phase 5 Decide the number of UAVs to allocate for
uplink and downlink control messages

0

Mhnax =

10: ne [0, (- ]
11: Phase 6 Decide the number of timeslot to allocate for
data @

120 if T,,,..—(tcgttpay) Xn<min(t), Vi€l

13: n, =0, Vi€l

14:  else

w, X1 T; —(tro Tt 4y ) XN
15: n, = i { frame ECS l,A\/) } 7ViEI,
(D +DU\V)Xn+2(w XDrcx)
W= argmaxw,E [0,1] — ’
frame
Drev = {T'frame - (tCS+tL'A\')><TL}
Xspectiral efficiency X bandwidth -

16 end if

17: Phase 7 Calculate the allocation time per frame

18: Tg=tcsXn,

]z Y tU—\V xn
T =t,Xn,, Vi€l
a3 2. HMebste gi2(E QA ZE
Fig. 2. Pseudo code of proposed algorithm.
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omg RE fo|f i A BIEEe gl Table1.  Performance analysis environment.
A RIHIL (=0), 4 OF WFHaA Xk, Fe g Parameter Value
Y& FTRbe HlolE FRHUR JIFEAE Fol HIER Modulation QPSK
TE Ttk o w7zt vy FRdE @9 A= Code rate 0.646
U 2ol gt Spectral 1987
efficiency ’
I .
(l)(,‘S+DLI/\\')><n+ Z (w’[ ><Drcv) BandWIdth 2
- = , 10) (MHz)
W= argmaxy, e [o,1] T
frame Uplink control 3079 k
wi HolH &% 7tex JA3 we dlelq 9 &% ) Downlink control 44734 k
N _ } . N Requirement
FeAE st BE dHolE @9 7t 9§ 1 data rate Data 1 —
olofok @tk Des, Duave 247 48 Aloful A, (bps) (Weather radar) |
sty AlofuAA, @ Zelole] Abslok & olE ?%532) 270 k
video
AtolzolH,| D= B3R, st AojmaA &
Gt g Azt A% b5 Hole Alolzold b
&3} o] Holgnt, £%7) e golHe B B AEAE & nAA9
{ ( n) g 7t A AvE s AAsAaL, 1 S AE w =
Do =T = (tesFtyay)Xn ~ B
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Table2. Timeslot allocatlon weighting of data 1, 2.

HOlH R7ARo] ME +

o HERA xAed LuelE 2l

¥ 4. HO|E 1, 2 EfER SEA|ZH
Tabled. Timeslot allocatlon time of data 1, 2.

# of Optimization Weighting by Data Rate # of Optimization (ms) W. by Data Rate (ms)
UAVs wi w2 wy ) UAVs Data 1 Data 2 Data 1 Data 2
1 0 1 0.2 0.8 1 0 90 18 675
2 0 1 0.2 0.8 2 0 90 18 675
3 0.2 0.8 0.2 0.8 3 15.75 675 15.75 675
4 0 1 0.2 0.8 4 0 78.75 15.75 56.25
5 0.1 09 0.2 08 5 6.75 675 135 56.25
6 02 0.8 0.2 08 6 135 56.25 135 56.25
7 0 1 0.2 08 7 0 67.5 135 45
S 0.1 09 0.2 08 8 45 56.25 11.25 45
9 0 1 0.2 08 9 0 56.25 11.25 45
10 0.1 09 0.2 08 10 45 45 9 33.75
1 0.1 0.9 02 0.3 1 4.5 45 9 3375
12 0 1 0.2 03 12 0 45 9 33.75
13 0.4 06 0.2 08 13 15.75 225 6.75 225
14 0 1 0.2 08 14 0 33.75 6.75 225
16 0.1 09 0.2 0.8 : : : :
17 0 1 02 03 17 0 225 45 11.25
- . 18 6.75 11.25 2.25 11.25
18 04 0.6 0.2 0.8
19 2.25 11.25 2.25 11.25
19 0.2 0.8 0.2 0.8
20 9 0 0 0
20 1 0 0.2 0.8 9 15 0 0 0
21 09 0.1 0.2 0.8 2 0 0 0 0
22 0 1 0.2 0.8
) BhCk 712X B O {R=
E 3 ASea o3 MolHE EllaR Azt bdel] A TR 7AW Fel7)7E 200 ol g
Table3. Timeslot allocation time of uplink and downlink B Holy 1, 2 BF Bleis @9 i o
control messages. © 149 Sl E Qs ZF doly 1, 20 &7}
# of Optimization (ms) W. by Data Rate (ms) 53 golEHE oro] 2 Hlo]g 1, 29 &7 data rateS
UAVs Uplink Downlink Uplink Downlink E,l_é_ }\] 71% /q ;ﬂ 50\—0] 37]":0“ 6‘]—7] Lm T'U: Oﬂ E]—‘-ﬂ _/Ev: % _% ?—__!'
1 2.25 2.25 2.25 2.25 _ } = -
5 15 15 15 15 kA Ect weka] Abske g s 2ol U
3 6.75 6.75 6.75 6.75 A3 AYLS HUYR e BYEE g9 EHE 2
4 9 9 9 9 = WHo] F o &4 Add whHoelgta g 4
5 11.25 11.25 11.25 11.25 9t}
6 135 135 135 135 o 5 ] N
7 1575 1575 1575 1575 a9 3, 4% 747y kA, sk A Alo]wAlA] ]
8 18 18 18 18 Fol7] 3 #Hit data rate® HoJFaL ) 1@olA
1% 2202255 2202255 2202255 2202255 B upeh 2ol &?L data rate ©]’3°] ¥+ data rate
- . . . = Fa ] 5 1 = = g
12 27 27 27 27 8] Aof | A Xlé ks E}?J%% s A8 o|F
13 2925 2925 2925 2925 o] eQ sold 2= 9
14 315 315 315 315 .
13 o golg == o] Holy] o Hit
15 3375 3375 3375 3375 # 5% 62 HelH 5 L _24 Tl s T
16 36 36 36 36 data rateE YERACE oA Al uwlel o] AQksh
17 | 8% | 3% | % | 8% FueEe Aol WAAE AF ol vED
e Aelgs AU s BUEE IY AFAE P
19 42.75 42.75 42.75 42.75 R B
20 45 45 45 45 O]oﬂ Ll:}ﬂ— E}?ﬁ]—i%ﬁ‘ @'%?}D} j—% 501]}\1 By Xﬂo}‘
21 4725 4725 4725 4725 g duglEe % 2004 EF A7 09 A5 Al
22 495 495 495 495 9alais 917] B Wit data rateo] HlolE] 19 &
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5.5 T T T

Requirement
—— Simulation

Data Rate(bps)

»
)l
T
I

4 I I I I
5 10 15

Number of UAVs

gl 4, stekzl3 Mo HAIX] B Data rate
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x 10° Average Data Rate of Video
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