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[Abstract]

This paper proposes a low-power waveform for a long-range
air-to-air data link. In the case of an air-to-air data link, data
communication is performed in the air and high Doppler shift
may occur depending on the flight speed, so a waveform based
on the non-coherent method is suitable. In addition, since it is
mounted on an aircraft, it must have low power characteristics.
This paper proposes a waveform that combines a modulation
technique based on frequency modulation and pulse position
modulation that can turn on/off the transmission signal. As a
result of the performance analysis, it was shown that the
performance was suitable for air-to-air operation while showing

low power characteristics.

Key word
consumption.

Air-to-air, Data link, FSK, BPM, Power

dvanced NaV|gat|on Technology

Short Paper 7|8t 7|=

J. Adv. Navig. Technol. 28(2): 250-253, Apr. 2024

x
r

H
~ 0
r]I, FHU
[o
5]
o mo
=

o v

oo T

N
- 1
=
N o
= o o ®
¥9 o
2 o
0
oy £
o =
ot
L‘
jabad
N,
>
0{
ol
ol
_\:
N
)

il 4n
B

k9

of
Hn o
O,

o]

ox
fol
+
)
ol
ol
Y
o my
o e
o 1%
ot

o
22

xﬂ o)

9
=
— o
¢
N

o

Ay HF N

et
9 BE HagA
£ 2el 44 99

offl i)

H
sl
4

o

N O

=
r o
o o
o o,

o2 i (T o L pok ]
N, o

{‘2 _lﬂm

o
ﬂOL
i
o [

o

o T o> e T O o e
o

B or g lu

Ol
-

>

folel| Al o] o} = HloEl® 9] 49
o]X 1 Z 7lA| o] SR E = s
aL ofell wt FA e F4le] 7he
2 7)Eshs HgAe] 540w <
FT HAE A e =5 A
H] A o] &5 A Aol meEba = Al
2 Hol7} Uiz = seip2)
o1 B 7bH] TR g dAxE
23 e A3 n Ayt ol
tAehs dd PA = Ay =
tA ek 2] 5 2.8htH3].
i EﬂolEia‘ﬂ Hd /’<1

% _

b
=

_‘ﬂ

o
e}
Hu
m K9 Kl
2 Ioox T
mm }ov i fg

é

Gl 1r1

X

Ir

N
> o
ﬁwﬁﬂ

ks vlelElRae] e, dvk o 19 147 LOS (line of
sight) Aol 1-2749] T A=7 EAlek= dele) 2olA Rl Rician)
Ad Az B 4= M) 2(1)olM q, 2 ZF A 22 HEo| gt F

A4 S S R oz, o] ol Saa e =9

— L

A AAM= ap 9] B 2ol At RS 2 12X 2o 2
A e(Rayleigh) X5 ZHELh g, (t) H4 7F-A2KGaussian)

SR A 2~0]th

https://doi.org/10.12673/jant.2024.28.2.250
This is an Open Access article distributed under
the terms of the Creative Commons Attribution

CLaL Non-CommercialLicense(http://creativecommons

.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the
original work is properly cited.

Copyright (©) 2024 The Korea Navigation Institute

250

Received 8 April 2024; Revised 22 April 2024
Accepted (Publication) 25 April 2024 (30 April 2024)

*Corresponding Author; Hyukjun Oh

Tel: +82-2-940-5132
E-mail: hj_oh@kw.ac.kr

www.koni.or.kr pISSN: 1226-9026 elSSN: 2288-842X



38 1. SUS HolsEa FUTE e

Fig. 1. Typical air-to-air propagation channel model.

)+ zﬁangn (£)6(r—,(t)) (1

ZE3] =0 oA Balo] o] Eolrl= 79, 7kl 7P Mo] ha
o] Tk B Qg ALE0] sle] mujaiAn, awrhuke 390
= Aol M sl Ao} T e ake] edako s Slale] T
7Bzo] e efsleloll @ik ofelgh el uke Apde) wisks
KA} (Kefacton) 2 24310) :wﬁ}% I 3 =Rl A

2 o8 932 Ifslo] FHa alie] $dom Fpale] 1

h(t, ) = ay9, (t)o(r

ﬂow S5 9% H” Qe e,
202 skl Frike WA Aol £-8aot sl HlolE

G2 49,45 (14 Aol e ] o] ]
S glek G8710] 14 o502 Slslel 1 97 Lebd 4 gl
g 150 o] Fgo] ARI] mle wisbl fcke Selek 19 1
o 15o] BEbpe: el 140 2 vk FE7 ke a
ol A0 15 MRS AFI AP 35, e
Fre] wis} 47} 2okl @b ik wleh, olefg kel =
o) o] wislol tg3 4+ Q= Al Ee) AP} e

J8 2. 33 A

SE2 514 Ho| 29Y
Fig. 2. Air-to-air Doppler frequency shift modeling.
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Fig. 3. Doppler shift variation rate for air-to-air link.
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Fig. 4. Spectrum comparison between BFSK and 4-FSK
modulations with the same data rate.
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4-FSK modulations with the same data rate.
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