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An Analysis of UAV LOS Datalink
at Different Geography and Weather

Abstract

In this paper, we analyze the UAV datalink design
with calculating link budget of long-distance (200
km) Ku-band LOS wireless link. We calculate C/N
of the real system and compare it with the required
C/N, using the CCIR reports. In the rainy day of
summer on the Korean peninsula, to maintain
percent reliability 90% and BER 10°(-5) together,
link budget of uplink of the system has a lot of
margin at 200 km, link budget of downlink using

the block turbo code is enough for distance 200 km.

=

. A&
ntEEC 7] 7]ENEe Ao BAAIE 2FA

715 Afsol stnE FMEAV|Ee] Ha
AHZ7F Fosth B =FoAe
1=7F 3 kmollAl Ku dl9S o] &3 AA
FAEA Al FA719] 7FA] A (line of sight)
Ttk s 99 s 9

g EA A

s
ok

L

S|
3 93 w7t o=
aEste] wkEE o Fe,
noise ratio)S AAtstEdl Sald A9
TF3aL Al A A A]2=" 9] calculated

CEEIEPEN: FE

C/N(carrier to
required C/N&
C/N& F3te] 1 a2 F2l

II. g C/N

gl

F217] Ku ¢

2.1 required C/N Ak
74 dgHas
Hdol= g

BPSK/DSSSE Al&3ta 313

2k (spread spectrum) A& §lo]

103

QPSKZ  Apg3th. AWGN  #7olA  BPSKe
QPSK9] Bit Error Rate(BER)= w93t Add=a
Al BER 10°(-5)& A8 8 (21) ARz=

(convolutional code)& AF&3t= BPSK2 Ep/N,< 8.0

dB7} #2838t #dos C/Neo A4 1l ¥ 144

50 dB7F Zastd. QPSKe sty A= (32,26)x

(32,26)x(4,3) EHHRA=(r=05% A8 & 49 BER

10°(-5)= fFA3t7] 9138l 3.0 dBY Ev/N, #(BPSK #t

Abg)el Hdastal % 143 3.0 dBe C/Ne| dgsirt
% 1. Ku WY 3a/318d 39 required C/N

title unit | uplink | dnlink
f @ freq. MHz 14750 15250
d : range km |50 T 200 |50 ~ 200
h @ max. height km 3 3
Rum @ message rate bit/sec| 100000 | 8000000
code (conv.) rate - 0.5 0.5
Ry : data bit rate bit/sec| 200000 | 16000000
By : IF BW Hz 400000 | 16000000
B, : eq. noise BW Hz 400000 | 16000000
Ry/Ba dB -3.0 0.0
Ew/N, for BPSK dB 8.0

Ew/N, for QPSK dB - 3.0
required C/N@10"(-5) dB 5.0 3.0
2.2 calculated C/N A4t
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Pn = kKTuButNF = 10log(k*Ty.Bn)+NF [dB] (1)

loss)—(rain

(2)

P = eirp(=G¢+Pp)+G-losses-FSL-(path
loss) [dB]
222 AFEEL

FSL = 32.5+20%log(d)+20*log(f)-G, [dB] (3)

path loss = (Y, + Yy)*d [dB] (4)
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rain loss = rain loss rate * path in rain [dB] 5)
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ratex= 0.2 dB/km= 34kt H 6 dBo]t}.
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title unit | uplink | dnlink
BW with Sp-Sp Hz | 16000000
BW with image Hz 16000000
k : bolzmann’s const. J/K 1.38¢e-23
antenna noise temp. K 100
receiver noise temp. K 290
Ty, ¢ eq. noise temp. K 390 = 100 + 290
No=kT, : noise psd dB -202.7
NF : noise figure dB 3.5 2.0
P, : noise power dB -127.2 -128.7
2.2.3 calculated C/N

FEFA C/NE 92 oFd 3wt 45 200 km
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PG = 10log(BW with Sp-Sp/Rm)-3 [dB]
calculated C/N(“3&) = Pr - P, + PG [dB]
calculated C/N(3}3F) = Pr - P, [dB] (8)
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km)e] Ku W9 F&FHda o
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. . clear day rainy day
title unit inland ‘ coast | inland ‘ coast
G¢ ¢ TX gain dB 42
P: ¢ TX pwr dB 10
Gr © RX gain dB 20
losses dB 12.6
FSL dB 157.4
path loss dB | 57 [ 146 | 57 [ 146
rain loss dB 0 6
P, : RX pwr | dB [-103.6 [-112.6] -109.6 [-11854
PG : pro. gain| dB 19.04
calculated C/N| dB | 426 | 337 | 36,6 | 277
margin dB | 276 | 187 | 216 12.7
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. . clear day rainy day
title unit inland ‘ coast | inland ‘ coast
Gy ¢ TX gain | dB 20
P: ¢ TX pwr dB 14
Gr © RX gain dB 42
losses dB 119
FSL dB 157.7
path loss dB | 62 [ 162 62 [ 162
rain loss dB 0 6
P. : RX pwr dB | -99.8 |-109.8| -105.8 | -115.8
calculated C/N| dB 28.9 18.9 22.9 12.9
margin dB 159 5.9 9.9 -0.1

downlink C/M in summer (vehicle altitude : 3 km)
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