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Abstract

In this study, radar performance variations were analyzed using a modeling and simulation (M&S) model according to atmospheric
conditions. The refractive index of each layer constituting the atmosphere was configured with different values depending on the time
and place. Radio waves propagate differently depending on the refractive index and radar performance changes. Therefore, predicting
and analyzing the radar performance reflecting the refractive index is crucial. An exponential model that reflects the domestic atmos-
pheric environment and a measured data model using actual observed data (one year) was used to analyze the radar performance by
reflecting atmospheric conditions. In addition, the variation in radar performance according to atmospheric conditions was analyzed using
an advanced propagation model (APM), which analyzes the radio wave environment, radar, and target M&S models. As a result, the
average and standard deviation of the maximum detection range were analyzed as about 227.30 NM (421 km), 3.64 NM (6.74 km)
for the exponential model and about 220.31 NM (408 km), 8.99 NM (16.65 km) for the measured data model and the maximum de-
tection range was analyzed longer in summer than in winter.

Key words: Refractive Index, Propagation Environment, Atmosphere Conditions, Radar Performance Prediction, Radar Operating

Environment, Radar M&S

.M E dolthe t7] 202 Anke PAtste EAHo) yhats]
NEg

LIGY) 2=9(F7)(LIG NEXI Co., Ltd.)
- Manuscript received February 13, 2023 ; Revised February 28, 2023 ; Accepted April 17, 2023. (ID No. 20230213-015)
- Corresponding Author: Myung-Hoon Park (e-mail: myunghoon.park2@lignex1.com)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 415
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

ko)
< dolth & 9ol et FaAH, E7tE g
Ak i 713 el o)k &40 B9 tr] 548 B4
of gojth A5 MetE d Sty o % dolth £§
WAS AMETe 2N AT AstE WA F otk

Aste] J8ks F+= 714 El= =LA standard, normal,
sub, super, ducting®.Z FEE T} 7t t) 7] ol wel A
o Aae debdo 302 subd) A4S v A2}
IZ 3= #@do] yeh glolth Ao RA A 7} FolA
FFHH g Zoj k. v supere] AS A3 A=
7} ot 2 3o HWEA A F oA AT S F3F
o] Z7lste d4to] Yebdt) Standard®t normalS A
P2 WA 713 E ot 7= 286k, o 37|

{0

of

Al FEHLE Ak oA BAR o] gA ot A
Tl T8 8acl gy 24 ES] A719 et
TES 5 A AR ot &8 AP EdA A
e 2HES AN o ol 2P A7t
HER ojFojglen, txdez xF B7EY,

CRPL A Bd, =8 A5 Bdo] ol 53] ¢
=@ A Bl As = 71} #54 voly e
ojgste] A=o] XA 5A4S 2 W 2ol o]

) FgEe d54 HolH ARe dreEHE He
I 7Y 712, ol ES SAT Holg ot o]
AEE olgste] 7 S5 FAse 2dEE ANE &
A, S 2R AolR FHES ST F Atk

7B el met Foln s MakE 24 sk S8l
7t Z0 2dEe BT Ay A S Astehs LYol
Zastth & =xodMe APME oldste] ti7]1dE el
w2 otk 45 WEE Eosiiith gtz AAH
54 #AZAE VIR 147 A SAF HolHE ©]
Foto] APMS F3f du FHE AL, ¥4 7153
glojth &8&& Eodh=s M&S ZdS F3f doltt 4%
< A8 53] d=9 A ZdS AR gt

416

e Adst A3 dolHE IHE A AFHE v
stof 7} B4 Wl ojgk goltt A5 WekE EE3
kool #4 HERE otk F2 AT F shiel A
GAAR 3t o1& A 1 E2X= 53
A Bd3} 3% oy AR Age duety, M7
AN 7 e ojg ot 4% WSS ML £
A

I e
N=77.6—=+(3.75x10°) —
(370 I (1)

P 4E(hPa)  e: 571 (hPa)
T: 2%(K) N: A3 24 % (N-unit)
o tra(onp| LT
¢ = 6.12exp)\ o e 2)

T o|&H £E(C)

AZ dolEREH ALtE 7t T 24E Aol Z
o] AellAH X 13 2L 7R qWdHE &
T on I8 13 2ol An A2t gl ol
ot A E Bk AsiA ] S8 A (3)S F3

¥ FAEME A 0 ojstY S At &
ol ZslE dide] WA ducting, 157 ©1dY 7
Ast A27E 92 3= subZ FEHW 0~79 Alo]=
ot AE7} o} R 3 super® TS Uk skAIRE
TAE ZE8E AT BAFSE 79~157 Aol
normal 7125 super®} suboll 717k XY A9 M5}
AEE g439] gEd Aotk

(

O A o oo Ay = omet
oX,



BE1. 248 71e7 3 4d &7
Table 1. Refractive gradients and condition.

Condition N-gradient [N/km] | M-gradient [M/km)]
Ducting <—157 <0
Superrefraction —157~-79 0~79
Normal —79~0 79~157
Standard -39 118
Subrefraction >0 >157
Sub
:.I;; <~ﬂmm |
Duct Super

Earth

a3 1. 2280 B2 A% 54
Fig. 1. Concept of wave propagation according to refra-
ctive gradients.
M(h) = N(h)+0.157 < h (3)
h: 2% (m) N: 28 % (N-unit)
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Fig. 2. Result of refractive gradients as altitude.
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Table 2. Result of percentage of each atmosphere condition
as altitude.

Altitude

[kit] Ducting Super Normal Sub

0~5 3.62 % 1568 % | 7432 % 6.38 %

5~10 121 % 853 % 83.86 % 6.40 %

10~15 0.11 % 377 % 86.21 % 991 %

15~20 020 % 0.69 % 94.05 % 5.06 %

20~25 0 0.32 % 96.70 % 299 %
25~30 0 0 99.17 % 0.83 %
30~35 0 0 99.78 % 0.22 %
35~40 0 0 100 % 0 %
40~45 0 0 100 % 0 %
45~100 0 0 100 % 0%
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Fig. 3. Result of distribution of refractive gradients as
altitude.
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Fig. 4. Atmospheric refractive index fitting result for expo-
nential model.
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Fig. 5. The flow diagram of analysis for radar performance.
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