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Radar Elevation Angle Correction Using Parabolic Equation Method
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Abstract

A radar system transmits radio waves and interprets the returned signal to perform a specific function. Radio waves traveling between
the radar and an unknown target are affected by refraction as they travel through the atmosphere, which increases the possibility of
errors in the interpretation of the results when the radar is operating. If it is possible to predict the extent to which radio waves are
affected by refraction, this capability can be applied to radar operation to direct radio waves to an area where an unknown target is
likely to be operating. In this study, a method for correcting the elevation angle of the antenna was investigated by analyzing a case
in which the radio wave propagates along the elevation angle and a case in which it is refracted. It was confirmed that the main beam
of the antenna can be set toward the target area by applying the correction method to four arbitrary positions.

Key words: Radar System, Parabolic Equation, Elevation Angle Correction, Refraction

.M 2 oh EHO2YH 457 olslek 4T 917 HE
o, Aelek s sk dgen 4A9E 2 5 o

otk AATHE $A3k] VA9 EHOZRE F olop /%S B3 AT & ATk UA1E EA 4, 5
heE AEE AMd AL YA, THSE /1SS & A¥E AA%E doide B4 Aol 03 skt A4

Fo] A= 2219 % 3 28@ Y-S A drol Faw A1
*o} 2] 8t Al E9) 2.8 FH(Department of Al Convergence Network, Ajou University)
#%3} 3} A] 2~ Hll (Hanwha Systems Co.)
w0} 2] 8. 7 A48} ZH(Department of Electrical and Computer Engineering, Ajou University)
- Manuscript received July 5, 2022 ; Revised July 14, 2022 ; Accepted August 11, 2022. (ID No. 20220705-055)
+ Corresponding Author: Yong Bae Park (e-mail: yong@ajou.ac.kr)

644 (© 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
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.



oA =d Al oal R8s ARl wsrt Aok 24
Aoz golthe] relurt dhe ekl thaf A XAt
37} ol 2 2 Hol APst= 22, A= JPHE
obzd, 8|2 54 Fol9 Fo 748 A+ HE &
ol A,

olgigt =4 A #oltrt A9 %
Hole W, §A Ay 249 e 2 I
TN F dE 9ol Hrt goltE
ShA AApa7t olgA ZE s oA o o g X8 st
A AR o Sste] golth el Y EZHS
Beg A of k=R & oW, 2H Ao E &
oA = e F t”«] ks dete 9%
Z Ak Qv AAZTE FA Y G97HA A
A 7VEREE EQE ALe 245S o83 AAute
=8 A4S B B A ey 1 e7te] B
Aol 7hsatll o, AAE A3 AAl N3P EE g5
st 2 EYA R Erbesitt mekA AFEE S
9 o] 3T 7PgASL 7P HPE 231 B2
o gt FAdAY] 2HES Afdtolof gk

2 E=rdAE St HojAlo|E Hheks Qe UE
FE Ast 245 B A5k, date AA=
AR degste o 28 telve] v ezt BA
AE Abehs S Attt B4 A 2HE
= Hotetr] SlsiA 2akd H7F wel kel IDW
(inverse distance weighted) H.7HH-S o] 833, HA}u}e
=4 W A3 ol ey 17 BAS 9%
Aol = 22Hd 2EY PA 4L ARgstdll 22k =

z
3 fru
3
o
>

i
8

Fl

{0

[

N

=% W44 Helmholtz 35 WA 2 ARSI A,
AEFo] 22 HHAA Azt HREAE ALE
F e A Bdolth, X5Y WA Aoz e
A, A= AZEA S BA A AAne] 24 A4S
A 5 gl B =R F1 B (49 593
Ug o] &8t AAule] 24 A4S Ak B4
o] A HUE WE 7Hste] A F9 LAE 4
3 A3 B9 [419 tEA, £ =EeAME 28-S 943
7] Aof QHEvE 2Fstds o dete FeE AR
W7t AgHEE oty 717k BAEE S A)
etstaitt. Algtsls WS I=7he A4St U, o

=)
>
o

2
o

)

R ot Lol
l‘ﬂ of,
3
=,

s
)
ol

= 2
R
DI
&

N

Y

s

N

N

()
rBLoé;a

12 20 M
S

i
of

o o

=2

ox o lu
o L

A3 sted 19

o
=

Sk O

0-—— =
H HolAh AAE=
Z

e g A
web AAZ gAHE 99
o IEAE VAl doltt ol

Po3th $4 A gAE o

a7] SEiME 2 E

b‘]—’[;]— ZAE

NVyaELeA A9

7%

to] Algata At A== R E
s

=4 E AL

True detection area

[o
N
{r
oX,
o
rlu

At = 718 H7} 2

KN 7 7] w o), Axpatrr 28

x

=

-of,

oft

Ry

do
T

(o3

N

Ir

oot o
PL

rir

=

o

u)

= 1% 1ol Yehfglch S22 sk 49

19 sk A2 S YRS 2A

9 e ol e 2AH He A
3 2Ez @ gd 9o
Fve) 2R 1Al

o] oJT]QIA| S Bk

Axete] 24 AEES 8o}
228y, Fe 3

£6)g o)ga 714B2E 13
= 718, 71, %

ol Bod e wE T 9

Antenna boresight

N

Y

/)-——> Antenna boresight

Apparent detection area

a2 1. dolteld Axsie] Az A A J
Radio wave propagation from the radar and true

Fig. 1.

detection area.

645



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 8, August. 2022.

o, HBE ATH BHL QAN LEH 24
Akl ZAaiE dolctE 831 A49 91349
7197

rlr = orir rw{m

29 5 A, 6% AE B0l Ao, o
3

o [~
)
o
HH
J]Nv
oxl
°
i
AR
ofr

B0

rr fo
Hdo Mo

=

>

e 2
B
o m o

of| A1

(
=

rif mo 2% rlr lo ¥
o rlr

i
ol
b
i
et
-0,
_O‘L
~
do
:‘|>1:4'I
>
X,
r>,
. 9
_|_,
_O‘L
Ir
bl
o
oflt

ol
>

(]
iz flo
of

ol Mt ot iy

N
ox.
1<)
NI\

o [
1o,

N

ox.

N

flo Qb rx Rl
212
2
NS

T
=
il

[o
LU

n=1+77.6x10 %

m=n+10°
a

PEIIY, TE 7L, e85 579, 25

= AT ‘E&X]EE ojwgitt. 2 (2) 2 2] (3)& o] &3

ZAES AN, A (1)) B2 o] g3te] g9
%) A~B 720 tig 28 BARs 19 29t

th 18 2014 9] 5709 SaF FAE 77| A BE A

ojmgitt, o]y gt HFHOE Ho|rhd] YA =HH

AR ¢ FHES F20| 715EH, o] P T

29 oz ALgHT)

g AR AL A (9o AxEgl]

o)

s

o
0.9,

for

o2 mlm

nﬂnnilrimiid—l}@

ok
o

Fe ot
i
ofh

646

47186. D

(@ ¥ +7+ A~B
(a) Arbitrary region A~B

08~

06

04~

Height [km]

02

0 |
320 340 360 380 400 420 440 460

Modified refractive index
(b) A FHE 17 A3
(b) Modified refractive index interpolation result
28 2. B4 99 ABol P 298 w7 A%
Fig. 2. Refractive index interpolation results for analysis
areas A to B.

ik, (m(z.z)—1)Az
(&

w eV R e ot @)

u(z+Azz)=

p=kesing, z, zv 27 1%, AYE YERH, ue
o £|:7< Q-FGE = ;(].zﬂ}d

24+ AzNAY BE A7 ulz+Azz)E AL Y8
A A zolMY BE A7 wlza) 7t B3 mEkA
Algke] A1ZRQL A2l 0 m, 5 QFelUHe] SlA]ol A F-E e &
= Aol Bag o= 4 (5)9t 2ol WES 4,2



SHe ZHAIQE el SiE 4 o] gate] ARl

2
—oxp | —P1n2
f(p) exp [ 2k§8i1’12(9bw/2) (5)
I8 394 99 A~BolA 9 4 245 JFe
2 U] 5 10 molA e 25 w44 A Azt

o} gA5 s X YA 4322 745kl b2 P1~P4
2 ZAeATh 72k 1219 A, 2k (140 km, 5 km),
(140 km, 6 km), (150 km, 5 km), (150 km, 6 km)°]c}.
P1(140 km, 5 km)= ¥FeteS ot QeI A E7he
o tan( ) 204 AER ApEE AVE e
7H-AIQE QeI s’ A &ete] 2B WS
3190S o], A7 140 kmol A <rElLke] 3= Hlo] X3t 1
TE ok 62645 kmE BAHTE & ZEE ;P I% 5km
B} 12645 kmiHE o Eo| v} 33
ol W3t BHAoE FE7tS 71EZHT W
sttt 480 L& 9 dnwg Ax 7S

Aol e AxkE 2A7F BAF HEe ARt s

112 5.1615 kmE &8l Qe AoE 4 017 9] AXE
S RS W HEHOE T % 51605 kmol| A $ 2

100

=
o
S

=2

~

Height [km]
[}
S

Path Loss [dB]

250

300

20 40 60 80 100 120 140 160 180 200 220
Range [km]

J3 3. 258 WA A 43 4 Ex g4 94
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Table 1. Radar antenna elevation angle correction result.

Point Elevation angle [°] Altitude [km]
Before After Before After
1 2.0454 1.7584 6.2645 5.1605
2 2.4540 1.9804 6.71 5.8275
3 2.1476 1.4341 7.234 6.0035
4 1.7899 1.1376 6.7694 4.5505
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