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Study on the Precise Measurement of Sea Level Altitude
of Monopulse Radar on a Ship
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Abstract

Some monopulse radars on a ship require an altitude value of the radar relative to the sea level with error levels of several tens
of centimeters (cm). In conventional methods, it is difficult to frequently measure the radar altitude relative to the sea level, which
changes according to ship conditions, while maintaining error levels of several tens of centimeters. In this study, a monopulse radar
irradiates a radar beam, measures the distance from the radar to the sea surface at the beam irradiation position, and presents a method
for precisely measuring the radar altitude by considering the radar mounting error. The proposed method can be operated whenever
necessary in a radar operating environment. We analyzed and verified the performance of the proposed method using simulations.
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I.M 2 e 359 slugAEd e BA/F4387] A sid
BhAtel 3 A daEE 55 ARSSte dl, ol gL
Auk 99 glojthe Aut Algl S9) of Aol wtet a4 g5 YRR dojthy 1E 4 AEvEH 24 &
W ] IE7F FAE ety 28] Auk 9o gojth FO7 47 glojoprt date axE wssgl-ll
7} Re 03 £FEO R F5H U] AEFS Q7 o Aut 919] golthe] IEE SAs = 71EY PR
7}tk oA S 5, AdF 9o RxEA x3F F74 g o] © Aute] 244 JE o] & 2 B3 AN E o]t F4

LIGY 2=9(F)(LIG Nex1 Co., Ltd.)
- Manuscript received May 17, 2023 ; Revised May 29, 2023 ; Accepted June 19, 2023. (ID No. 20230517-033)
- Corresponding Author: Tae-Hyung Kim (e-mail: thkim07@gmail.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 477
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. 6, June. 2023.

U

=l

1

X

1

rlr

g

1
ko

=
9
o
ol
fu
o
ofo
ofr
ok
rr
oL
fint)
s
30,
&

s Ny 1o
v

o fo oX Lol T oF HUOEL M

she dlolth o] W] $/54 kel B dlolth B4
g 9oz 9
A%7) ol NE FUA ADSHAGR, air to
=]

ground ranging) 7]&MPS o] &ated W 23 91X 9] Az
£ 348, W 2% 9AY IxE FHI F B
2z otz A Aol W 23 3 Alete] {2
F AR AdE St ¥ =F 9A9 L=E F4
& g 9k 1Y A AMdE g2 seEe] Ik
94 BEFeR Rrdx Fojgz ¥ 23 9
Ao ARt ope, s 19 EHFY] IS F
A 4 vk ey ExdXs gouE 9% Iz A
el ¥ 2& 9 WAlste] ERES 1=E FAHT
T AT e SHAGR)F LA 2 otk A4 0
o oA a4 v £ AETEH LA £E] Ik
e GA AT ofF A2 doltt A4 o4 e AY
& AR LA B o] s A] god V)& g
& FA AYSAHPLR LS FHste] Aut 919
goltt slFwl A E FA AEvE oA FEoE 5
A o Ak & =eolAMe A 9o ZeEx ot
7hWe 2ARSt] W 2AL 9131 9] o] i el
SAL, Folth AA g st #olrhe] s
v X228 FEe Sk WS AAd A
TRHE dolts E&ets @AM FeAvit FAR
=58 3o, AEY g 29 59 22AM 4

478

AErE eat £ O gojthe] sfFH thH] AEFhs
4% & 9tk

[A = Ak 9o BB gojthE AGR 7|&S
ol-&3te] golthe] s thH] AL E S Nde
Ay, AgEA o 9 glojtt AA QAo whE g
ojtt Ik FA9 a2 AMS FAsh M2 2
=l A AABHE AGR 7l Holtr AA i 4
< 5 doltte] sid o) A& Y SHWE Ve
stoh, WA= AlEgoldS B3l At wiel 45
TS Holm, AR Whyo] 4 AEME A £F
O FFH oy A=E AT F e 24E BYS
th VA M= AlEE oIS 53l AGR 7|E€E 45 &+
AIe ASH AGEE FAE AL Wyo] g
golthE dst= ek £FELE 35 H o] golth i
TE AT e BxE 2 golg 2" 2AS
A, AIQE W] AeAS 84S el

=3
2

—lNl J
2
ol
rir
ot
o
=2
rir
:(I)L_"
rg
=
>~
>
<l
o2
g{-l’
|o
fu ol
ol koo

o
R
=

tlo %
Y L

NS
Ay
[0 oo ke ofN

ol
o
re
-
i
32 of
=
o

o
LT
f
29
o
k=)
W
>
>,
o
e ol
%5
- 2

Ll
o
4

>
=)
K
)
o
K
o,
fd
f
it

Me fo e 1T o K

[
o,
o
ul
[
o,
ofo
o
5
NV )
o
bt
o)
o
f1 Sopd ok
lo, fo

ol

o,

ox, Hl o
oL mot e ko ko

st gojtirt P Alv}
th 1% 12 AGR 7] 7|4 glojt 2

B D IV S 2%
o

O_>LI, JIN, l_,\l

b1
e o

x0,

T hy = kg 1 (R250)

a

+Rsin(pg) — kg

8 1. AGR 71 7]k A} 9je] gojth 1= 54
Fig. 1. Measuring radar altitude on a ship based on AGR
technology.



: !
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
ranges{m]

(@ 0 m

oo - E | —— 1 -

: A " " . " "
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
ranges{m]

(b) 0.5 m

Angle Error [mrad]

: A " I . " il "
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
ranges{m]

©1m

2 () 1 m2 W BH 17 24 oF 7=

. Graphs of target elevation measurement errors when

errors of radar altitude inputs are (a) 0 m, (b) 0.5
m, and (c) 1 m in target elevation measurements
using the method of reference [2].

i
th
2
3
=
X
o,
[\
B
X
&
(&l
2
>

S+ A I(monopulse results)<}
o] 3 Wk o] A Iresults of reference [2])
= A a2y g4 A 1 F
A B ATAL RSO A A T 2910 R 4 bt
4139 NULLo] 2AsiAM #24 17t SHES A1
T F2He ™9 a3
T S JE STt
(“Detection of NULL, Yes/No : (—2/—3")°4 NULLZ &
A" F7HE —29 FHOZ NULLE BAHA 2 17+
=30 {7|%hH. 29 204 EEo] T [2]9]
o A9E B4 378 1 mrad ©]3te] 2 A= 43}

H
=]
2 M E Foltt 1= ARE 05 m o5ty oA &
o
[e)

¢

=2,
X
=
fu
ol
oy
of
E‘/_,
tjo
o
>
s
o
o
il

LTIHEHRES AHT 4 e 700 2
AT, B ERAAE £E A% A0S 99

FE AR QT AMEE (5 m oW E AR5}

39S 1, AGR 71&S 7wk gojth 1% &
BEEE ML F e AlEdolde T
Hopth I8 3& #Ad A& o)A 7)seE
< 49E Yehdth AGR A 42 o
AA = o] Azl F4 ARkl s ol
Sxp7h dA ety 3k glo|th 7t Wk A
QAHE ot Ik 54 a5 WA
KU

A BRol deolt Ak A S TA

O:

Ot Isteer.lng |
h,.:radar - elevation angle
" | @a= —O5; — Oepr

altitude R:range : depression angle

- “

T
Pg:grazingangle

18 3. AGR 71 7|k Elolth Xk 549 7)shetA
EEEREE D

Fig. 3. Definition of geometry and notation for measuring
the radar altitude based on AGR technology.

479



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 6, June. 2023.

h=14 mZ 3}3(%F 0,, =—35.6 mrad ~—8.7 mrad 9] H
Z23 179X Al 4 7he), 9A den=02E 7145t
o] AGR A 54 244 w I 1o Yehd 2o
Asket goltt 1k 54 S 1% 49 YeRAAT
O% 4914 35 AGR A2 574 237} 14 mY <]
A 43E I3 5 #40 m¥ W B4 AdE
Uetdth 19 49 2YZES WD ¢, xF)d =
golth & At Hd SaKyF)E Hold itk I
# 404 BZol glojth AX] @x}7} Qlvkd Wzl o}
E Uz AZFE ot A= 4 A7 AAH,
3 0.5 m U E THEEke o
kel = 9tk ¥ 4004
k7] 918, AGR
A7) 54 247t £14 mY W= WdZto] oF 35.60 mrad
ojsfe]efof 3tH AGR AT 4 2A7F +40 m¥ W=
W@ zte] oF 12.57 mrad ol3tolofof & gl & + 9l
th I E AGR Ag 54 eAte 17 Wk 23 WY
71—(%)0] o}a 1/} H) EE\:} xlo} ] 711]7-]] QEE LH%]
He,)e FFE Aol 4 el AL okl &
HH AGR 719 A 34 Agro dsire VAl
A ZA 8] THET. ThA] el A Flolth A ETE B A
(h, =14 m)o A 23 W3 AA A SA7E] A7)
WH ZH(p,) 3 d3Ho] 043}1 7}24 il 141 N, )= 2
oHOl: #ojth 1=t 54 4
& QU R R 141%7#(%) o] A7)7} #o ™ 3
A AR 24 LTt debAH AL Aghs

f
balat
. 2
ko
—LI
ox!
tot
f
8
s
=
i
o

N

&‘i

L
é
:|
o
ﬁod
A
gi
2
=
~

%
0%k l“l

ra

X356
Y: 0.4977

s
X 12.57
¥: 04975

u
d

'S

,
~
/
/

[
=)

/
/

Radar Height error [m]
5 o o o
n
Radar Height error [m]
o & e o b

\

o
=)
o

20 40 60
depression angle [mrad]

J8 4. geoltk 2x 24 4, =003 AGR Az 37
QA7 +14 m(F) E ‘EL 40 m(-H)Y w, Helt
1% 24 AY o4 24 43

Fig. 4. Results of max error analysis of calculating radar
heights when radar elevation align error 6, =0 and

20 40 60
depression angle [mrad]

measurement errors of AGR are £14 m (left) or +40
m (right).

480

188 dolth TEgk Ae 9% 3A & % 3tk 1
oz WyZe $22 24 ) A48 5 93 4
A3 Aesis o] BLIAHNA 2 VEH 2L ¥
4 ARE O R) AARE doltt 12§ 4K o

). &

217 EA] 2R, h=14 m B 0ern=3 mradS 717
ate] A goltt 1% 24 022 19 59 JERIY
THL®E 39 AlEd el 7oA 117 19 el A2
E ALh. 19 5914 J}—’i%—% AGR AT 24 0217} +14

m¢ we] ¥4 AHE I3 5 H40 mY v #4]
AolH, Hojt} A A9} AGR A F4 SAE B
T aEstH 54 23 oA Heltg Ak 34 23t
7F HA7F e AT Uk 9 5olA s EE
0.,=3 mrad, h=14 m¥ W, AGR A2 =4 937} Hu)

m<
14 mol® ¥ 23 3

o golt 1& 54

rﬂ\o{—’ _l{}lu

fljo

=

E

[¢]

N

| 6,, =—17.28 mradol A H4
S 049 mE 24339, AGR A
4 2271 ) 40 meld W 23 17ke] 6 5=-10.30
mrado A HA9] golth A% 4 24 083 mE G4
o 29 6o AT dolth a7t Wk A Satel| wEt &
AT g e dolt Ax 34 A4 HAg & 4
b 7ot 1’ 39 AlEH o)A $7 A 1% 1°ﬂ UL

2o g A 19 6a) 18 6

EEL dolthe] 17§ A
X138}

[o

=
=

X103
Y- 08284 —
——

'w,‘ X:17.28
voo4sss

Radar Height error [m]
Radar Height error [m]

o = M ow

o 4 MW

0 20 40 60 0 20 40 60
absolute beam steering angle [mrad] absolute beam steering angle [mrad]

a8 5. geltk AX &% ¢, =3 mrad©]2 AGR A
24 AL +14 m(F) EE 40 m($)Y 9,
golth 1 =4 Ao oA B4 23

Fig. 5. Results of max error analysis of calculating radar
heights when radar elevation align error 6, =

3 mrad and measurement errors of AGR are +14
m (left) or +#40 m (right).



X0
Y1763 -
-

N . o
= o =
.

o

Error value of measured radar height [m]
\

absolute heamn steering elevation [mrad]

0 0.1 02 03 0.4 05 0 0.1 0.2 03 0.4 05
installation misalignment value [mrad] installation misalignment value [mrad]

(@ AGR A2 54 a7} £14 mY
(a) When measurement errors of AGR is 14 m

I~}

=
=
=

y
y
y
X011
Y. 0.4954

o

X 01
Y 6.283

o
-
=

Error value of measured radar height ||
S
absolute beam steering elevation [mrad]

=
a
-

[

0 01 0.2 03 04 05 0 01 02 0.3 04 05
installation misalignment value [mrad] installation misalignment value [mrad]

(b) AGR A &4 271 +40 m¥
(b) When measurement errors of AGR is +40 m.
J8 6. geltt AA 23Ke,, ) BE AT F e d
ot 1= 24 9xe HayH 2PHE

i—%k 17-1]'9] ""151] 23

Fig. 6. Analysis results of the minimum achievable radar
altitude measurement error and the required beam
steering elevation angle for each radar elevation
align error (6,,,).

19 6(@)°] T zelA goltk % h=14 mo]3 AGR
A 24 07 414 m B ¥ 23 17 §5=—17.63
mradd W #ojthe] 27} Wk A QAE 0.31 mrad
o] 3k(4,, < 0.31 mrad)Z sFefoFgt Fojth Ik AH 9
&%L AEE(0.5 muelA Heoltk A= SAT F Us
S AT & Ak I I9 6(b)e] TfZelA o
T h=14 m°]2 AGR Ag 4 227} +40 m 2
& V7t 9, =—628 mradd W #Hojthe] 17wk
£ 0.11 mrad ©]3K#,, < 0.11 mrad)Z 3}ojof
A ;HEA 9& AE=(0.5 myuf ol A ot
AT F d5s U F Ak AGR AF F

o A7) 14m“' 40 mE XY ©, I1F 19
W Eed AR otk 1k FH 87 g

M

& 2y H

o
e S

b
i

moﬁFJrEmquﬂml
)
&

Mol 3HE med2 ot W 1T 4T S A7

T 05 m o E w7 HsiAE 6, %9 031 mrad
2011 mrad oJ3tehE =& AUEY S 4 8
2 itk o] ¥ 8 A AR Qake v 4
2 %tk IHEE Foltp Y& R 9F JGLE T
EFA7lE £ 9 A deolt 1k SAYe] asitt
[I. glojct Hx| 2x &F= Set go|ct 1x9
g4 =3

o] FellXe m=aollA AlRtskE & sd ] #o
0ol A E AW FAse WHe Ayt A 9
olt} A& FA2 AGR AF SAHIE ol&atd otk
I7F W AR akE FAS AA e BAY RS
st ot goltk A& £49] 7)eehA a3
712 Ao+ 19 33 stk 19 70 A oot
TE AW AYGAES Btk ©A 2)9 A 3)
golttol A A el 37t 6,3 0,2 W 2B
AGR Ag] 574 71€& #olth T4 W3 23 AW $4
Atel1e] Agl g # RE S5t DAlolth AAE ol
o 27k W A 23t g, 7t EAE] Wi 54 A

7RI RE A ()T G

Rcos(g,) |\’ .
(ka-l-h,,) = 1—(%{1% +Rsm(god) (1)
AN o, =040, ]E}. A 4N E R R

A2 Z4004 dolt It WekekA itk Aol

Step 1) Start of measuring radar altitude

|
Step 2) Acquire distance measurement of £, by AGR

with elevation beam steering of 8.,

Step 3) Acquire distance measurement of R, by AGR
with elevation beam steering of 8.,

|
Step 4) Estimate g,,, of radar installation error of
elevation direction

Step 5) Calculate radar altitude values

Step 6) End of measuring radar altitude

O8 7. AR deoltt A& AW A A
Fig. 7. The proposed procedure of measuring radar altitude.

481



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 6, June. 2023.

é ] ‘} QEV,E ‘l" OO]—U%

L
T EPol At HE 6,

R, cos(—6 6,,)\
$) + Rsin(—=0,,—0,,)

Y 765}'7) : .
k—) +Rsin(—6,,,—6,,,) )

— (—2R1COS(¢{“))(_Rlsin(gadl))

2/1— (R, cos(e,,)/k,)? k k

a a
—Rcos(e,,)

N k, ( —2R, COS(?’dZ )
2/1—(R,cos(p,,)/k, ) k

+ R,cos(p,,) 3)

k

a

(—stin(godz)

Ao 2714 0,002 AZET el
27 598 0 A g, 2 BAG AF 0,8 FaT

Update 671 =6

err err

( dE?

WW), 0<77<1,

2

<th
converge (4)

until

d
7 a6,
T =107, thyy, =107 P2 AA T
79] GA 4yl A AL FIHO R Feoltt
vy e TR SAEE UERITH

h, . =(h, th, )2,

R cos(e,)\? .
hfm ==k, +ka\/1_ (lkdl + Rsin(g,,),
R,cos(py) |2
= + P e + . .
h, k, ka\/l . Rsin(e,,) )

a9 79 @A Sl e FA4E AF 0,9 ST R
3} R, IR (1)_0_ AF&-3le] 2] (5)9]. ko] ot} 1S
AARTE A oket WS 19 79 @A 6)ollA 4] (5)E
ARG 5, 2 dolt A% SAAE 299

A} t'c} dlA Az 4 A7F A Holtt

AR oA FAA N A7F EASL dolt Ak 54

482

Start of estimating g,,, ,

n=107%, thcamsrlge =107, i=0

Start by using gradient-descent method with initial
value 8%, =0

—>  Update by gas = —8zzy —Blry » Pa2 = —Opza — By
=
Calculate T

E?

Mo
u
‘ deerr

= thcam‘erge

|, Yes
Update by 65 = 8,y + (-2
!
i=i+1
Output 6. = S;rr
18 8. 6, % FA8E
Fig. 8. Flowchart for estimating 6,,,.

SAE

Ao eAp7F EAskA drk IHA A F4 LAt
EAE o Ak AR Folgt ke 54 A &<
& vt ek NRME A 54 o4 2 dojt 4
A LAp7E EAstE EelM Add B dve £
At FAE FE doltt 24 3= Aw deolt
€ AAE W 148 o el d AoH, AZke] At
gojth A L7 A9 22 #E FASAY ofF =
=4 2 7 AR de Aot At W el
o 23 227t /‘17101 ZlUr*i At daglol
oA vt golg &§ Foll AR 5 e, dete
3 dse 10}E% *éﬁﬂ%‘ T AV A =
A LAk g golth AR At ukE Ate e A
42 Tl 318 e doltt AA o4 2 A 4
LA Blste] AA B ¢ .

o] ZellAE Holtk A eakek AGR A 574 At
of whE At e otk ik 54 s s
o gt 1= 54 2+ A8E 442 05m o=

o] Aes #4380 Sk WA 0p=—1047 mrad, 0 o=
2443 mrad, AGR 72 240 93t Az 3} kY =

A 2a7F Ao £20 m7HA] 2 W, AlEd o) AS B3
ojtt AA LA AHE LAahel wE Foltt 1= F4 L



A5 719 9ol JeRA AT 17 9l A Holtk AR 24
of M Holtt A= F4 2AES AGR A 54 24
R°l =20 m&} R,7F 420 m 22491 Iz eb g o] 20
mo R, 7} =20 m QA1 T Aol o] F o ujo] A
gtk AlEdold 2= B Foltk AA] QA7+t
7 W AQE W] Foltt Ak &4 eArh Atk
AGR A 54 248 A7} 420 m ool HA]
A7} 462 mrad ©/gol™ 7HYg 8.7 A= 1405 m)
Well M glojtt X5 ST & Stk AR &
AR Al date deolt Xk 54 AYkE
T Atk B AT WHOR Holth 1S SHT o
HEE AX QA +3ts THIES dhe Ao] frElsth
B3t 0 p=—1047 mrad, 6 zo=—24.43 mrad, AGR A
Aol 9g A7l rH RS FH LA A £5 m7HA|
Aledolds Fall doltk AA] Lajo] mE # o]

= 34 oA 19 109 YeRSiTh 18 10014
R Al 54 249 A7} +5 m ooy HA] o4
} 7.6 mrad °]/FolH 2 ZJQE 05 m HMW ’v‘ﬂ"l
=

O:

>

—VA ug e

Ha“;

\jN
\1]
fit

I~

7z

7}
[e)
*a—i

St 7 ?4 &% %
o] 2717k Helrhe] 17k Wl ZHk 7%01: a% s

oz X2

OF of?‘ri
=l

EH}\1 ]:1':1}_60]: 17-1}- 65L1: 10 7 mrad g 6EL2:_24—43
mrad®| 4 AG 71€R A 4 A7 +5m
W 22 1047 mrad ©]3}, 3}

Jlﬂ

[R1 error -20, R2 error -20]

251 — — —[R1error -20, R2 error 20]
R [R1 error 20, R2 error 0]
oF T —-— —[Rterror 20, R2 error -20]
= © [Rerror 20, R2error 20]
= sk b ©—[Rierror 20, R2error 0]
2 T~ —&—[R1error 0, R2 error -20]
o _ [R1 error 0, R2 error 20]
s 1 - [R1 error 0, R2 error 0]
5 o
5 05 e,
2 -
@
3
£ 0
°
kel
S e
E-05
© e
§ AT m:ﬁmﬁﬂw -
g o —=
& s o
o Lok
-1.51 =
2 I I
-8 6 4 4 6 8

-2 0 2
Installation misalignment value [mrad]

a8 9. dejd 1= 54 A% 4 1d= 1
Fig. 9. Analysis graph 1 for radar altitude measurement
performance.

Aol AR BB dolntel W 1E Y FHY A7

051
T [R1emor -5, R2 error -5]
0.4+ ~~ — — —[Rlermor -5,R2eror 5]
T [R1 error -5, R2 error 0]
03+ S| = [R1emor 5, R2error -5]
TR © [Rlermor 5 R2ermor 5]
aak T | o Riemor 5R2emor 0]

=—[R1emor 0, R2ermor -5]
[R1eror 0, R2eror 5]

01
[R1error 0,R2error 0]

Radar altitude measurement error [m]
o

R s——
0.2+ e it
e iy
oal e
04+ =
05" -
-8 6 4 2 0 2 4 6 8

Installation misalignment value[mrad]

J8 10, otk &
Fig. 10. Analysis graph 2 for radar altitude measurement
performance.

1T 23 ASs BA JgzZ )

89 Ag HAEE 10 m o5t HEE o & Aot
BRI O 2§ gy =—1047 mrad, 0 z,=—24.43 mrad, AGR
A 4 o3 Al rF RS 4 2A7F rOIA
A £14 m, RONAM W) 4 m7HA @ o), Al EG oS
Faf otk AA Qxjol] W otk Y&
J% 119 eIt £ AIQE W T ol
of o5t Azl SAelA

23 B e 17

o
l A=) ul
Aol7t o= AR IA 252 Yotk 1% 24

1—0
g

k] ox
L
2 oo MM O & ook mln

1o _\1}1,

et

BN 2
1o
H

N
HJ

og

N

lo

N

=

N

BN
o N

L
(o3
-
N
_YL
o
re
Jm H
o,
o
=
of
ofr
ol
s
.
o
IS
o
fd
&
o Z?L 0% filo

37 k3 RS 21 A2 kA 3 414 m R
o) 24 A 2 do] A 1AL P AR W

08

o

=
T

/

o

=~
T

/

[R1 error -14, R2 error -4] -
— — —[R1ermor -14,R2error 4] Tt~
[R1 error -14, R2 error 0] R e T
—-—-—[R1eror 14,R2ermor -
© [Rermor 14, R2 eror
©—[R1 error 14, R2 error
—e—[R1ermor 0, R2error -
[Reror 0,R2ermor 4] -
[R1eror 0, R2emor 0] =T

o
N
T

o

o
v

Radar altitude measurement error [m]

S
IS
T

= . . .
-8 -6 -4 -2 0 2 4 6 8
Installation misalignment value [mrad]

J8 11, ol
Fig. 11. Analysis graph 3 for radar altitude measurement
performance.

TE 34 A% B4 293

483



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 6, June. 2023.

A A7t 23 0, 37 ZET A7)7F FobA] R 9

A 92 A +14 mE ). 1Y 11914 otk A

27F =5 mrad ool H Q7 ASE 0.5 m ol

Olt} YEE ST T USS PAT F 3k S dolr

A QAFe] Z*ﬂ] 3717} 5 mrad o} 201 #lojth A &

m 22} ojffellA S8 AUt
i

HF~

H

l-rl

J[Nt

oxl

—r ox o?j,
M o m
e =

fo M

il
e
ol
ot (o

> E2

i}
N mlm
o,
o
o,
Ho
oo

o!
=2

o
X
H,

‘_‘\] F\o
RN X G

o

fd

N

lo,

u

il

i

u

)

ol

o

>

b

ol

Lo
)
(e
g M
o
ot
=
=2
>

% iz

)
1o,
u
N
N
N
(%)
wn
(@)Y
2
oL
o
_O‘L
[l
(K

S orir

>

o

=

me >

0%k 5T
rlo
ifi
)
af
fd
b1
2 o
>

0%

o%

O

)

rE 2
il

e

SO R e
il o>
rlo BN

e
il
2,

[-O
o

ko] A717F 7.6 mrad7HA A

0.5 m 22} ojjell A S48 4 it %7}; a
A 19 10744 9] AlEd ol4

7] Y18 AGR AT &4 7|€2 GEL1:—10.47 mrad, 0
= —2443 mrad, h=14 m 5 ZAM AGR Ag =
A 22t dehv S EEA] AA AF 2 AlEE oA
= 53 g8 & avt vk the FelAe Al el
A& 53 AGR 7€ A 54 BHEE A4S

V. AlE&go|dg St AGR A2l £ F2E &4

19 39] 718kt QoA 6, =0 % h=14 mE 7}
Ao, A4S 1 Agdolds FsATh AGRS ¢
& gt #2274 E AHg-ete] vl EA sl
12 AGR 78] 54 Algdloldd AH&-3 dlojth ¢
S etet &8 dES et & 101 739 1(Case 1)
el v7H 7 £0] 2094 mrad® F3, B2 45 Fof
A #3%=7F 10 m mRko] = o] (chirp uzq T o] o)
15 MHz) WA 2 3719 317 W8 237k A AGR
Al 54 2A7F AL doludl Aol & 19] 4%

oo

484

# 1. AEHIAS 918 goltt metvE
Table 1. Radar parameters for simulation.
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Fig. 12. Definition of geometry and notation for simulating
point clutters.
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