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Performance Assessment of Mono-Pulse Radar Air-to-Ground Ranging
Algorithm for Various Clutter Environments
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Abstract

An active electronically scanned array radar requires air-to-ground ranging capability to estimate the range between a platform and
the ground in the boresight direction. In this paper, a modeling and simulation approach is proposed to assess the performance of
air-to-ground ranging under various scenarios. The proposed approach computes the received time-domain mono-pulse signal reflected
by the ground. We simulate the coherent and non-coherent processing considering the time and frequency variations of the ground
clutter. Furthermore, the effects of the surface clutter environment are analyzed and the compensation of the distortion caused by rolling
the platform is simulated. The simulated mono-pulse signal is processed by using a polynomial curve fitting. Accordingly, the air-to-ground
ranging performance is numerically assessed under various scenarios in which heterogeneous clutters and man-made targets exist.
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Fig 1. AESA antenna signal modeling and azimuth-ele-
vation grid on UV plane.
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Table 1. Simulation parameter.

Polarization \'A%

Frequency X band
Platform height 30,000 [feet]

Platform speed 180 [my/s]
PRF 1,670 [Hz]
Ground resolution 30 by 30 [m]
Correlation function Gaussian
Correlation length 8.4 [cm]
Dielectric constant 15.4—j2.15

Number of pulse 64 (coherent)

Number of pulse 16 (non-coherent)
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Fig 4. Sum RD-map and signal according to signal integration methods.

=0°0]m, A5 A Wo] W o]FFHE 9} ML
7} T EAE e ¢ A% RD-map¥ A5 HoFEr
19 5(), ()= F FFE SEEF EA s A
155 BTy, I8 50), S(d)E WA= & 471
A4 A58 HaFTh 19 5), 5(0)9) FeiE
Zk ¢, =3 ms, f,=1 MHzo|™, range<38.2 km

A F4 °§‘?—|j-°4 et Zﬂ 't‘r:L(root mean square: RMS) =
ol(h)h 0191 < 001 cmZ 7MYk o] &
=P Yo|uE ARHOETH
AIG] H AlF Eolel v
SRRl T3 5), Sc)E T FEHAAM A EHE
glojtt 4l 2159 A7) kel & WA HoErt 1

e e
o, 2L fols
flo ot

N rir

50, 5 F99 W TCR=13 dBY] 24 30071
GURE e o BT R B e R B Bt R B A 0 S I S e
7 A BAskeE A ?cf —’F ]E} S e

S5 245 WYL JHsEE 1
& 5(b)2] RD-mapell Al T2 'Zr-l}"?‘ -‘?'] el =A7}
AR & F Atk OJFFHE Y AR & =AE
FEEHA g7l 3A 7Fed W BAo] Fesith

I9 62 L¥ 59lA AR o]FZe{EH o vhALETL

2 BAS TS, 1, =1, =19 3 VEE HL3
157)9) Hlo|E12 24 Thaka] =M Qe 4 A AF B

o

B2 G BT §37) 71538 2L 0

0
P
6, =45° 0=110° p=0°°|th v B4 A= i

i}
[>

635



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 7, Jul. 2020.

400
200
0
2 200
o
e
400
-
5 -600
f=5
=
o
g 800
-1000
-1200
35 36 37 38 39 40 41 42
Range [km]
(a) Coherent, heterogeneous
2.5
.
s
=
R
v
0.5

34 36 38 40 42 44
Distance [km]

(b) Coherent, man-made target

d8 5. o]FEeH e Hate & A9 WE § RD-map R A=

400

200

-200

400 (AN

AT
R l“".l‘l.li‘lﬁ---i I

-600

Doppler [requency [[z]

-800

-1000

-1200
35 36 37 38 39 40 41 42
Range [km]

(c) Non-coherent, heterogeneous

300
250
=200}

150}

'.W .n

35 36 37 38 39 40 41 42
Distance [km]

(d) Non-coherent, man-made target

[Signal| [Vin

Fig 5. Sum RD-map and signal for heterogeneous clutter and man-made target.

FHZEo] AxH FHEFH ASHA &ol, A} Ae7t A
A o] g2 v7h f58S 1" 6(a), 6(c)°lA]
g1 4 Qitk ojw) H]e] &g FS F §lo A
FAe 271 A7tk " 6(b), 6(d)= v B F B
U2 U g BAF o] 79, o] glo] A%as 28
Ao g & F loHE HYg A FHo] 7hsaith
AA A= 37,809 mel™, F4 % Azle 247 37,817 m,
37,859 mZ FAAHOZ 22 QAHE Helth 17 604
YA P JElE 5o ol 4 AF HYE UE
e, AXz A 22 oek 3 A4 gelt Als 4
Folty, RiHA AIAHL § HEH AT $421 5 370
o] ATE AAERE AHEH FHE o dY 54
o fgc

636

7) 94 Zwe] }E 4 B4 AF Y 544 nm
Sl 2% 72 A 2=t 10039 EHAER Al
dold A#E HAZT 337 /15H W 2F
=0 b =0°~70° 9 =110% SD:OOO]U%’ Af’req’ Arnge
247120 %, 7%, 15719 HlolElsh 23 B 34
02 4335}t Coherent®} non-coherent integration
processinge v 24 Hole & ZHer} Z71ee] e} 7
34 oArgel TARAE, 4 BA F g A4 oF
Holth Hul 222 coherent % non-coherentS!
F2F 0.073 %, 0.051 %o]™, X407 g 22
o

AT

Flo mg

E?.." rlr éb

73
KR
=

N

bl

1 o mo
tijo

>

Z
=

i

<

=
[

rte
rif
Al
=
R
rir
L
=]
(2
iy
v
a
o
o
R
v}
re
b
H
ik}
[

F



J8 6.

ot

0.9
. — — —Mono-pulse ratio
08| 1 Polynomial curve fiting | 1
1 O Estimaled range
07T % O  sampledata
i
06 IR
= e i v
£ 051 L3 =
= 1Y y e
W 041 A i ‘ﬁ
2 : /
3 ah
2 o3 " 1
|I’J ] /ﬂL S \ /
L oSy = 7\ W
02 (R l;d]' V‘n! [ITRNTTR B 6-1:.)“!
o 1“, i ("
017 T i\. w [ u\ |
& I
of o
0.1 - : -
36 36.5 37 375 38 38.5 39 39.5
Distance[km)]
(a) Coherent, & H7 7
(a) Coherent, /wo ~y correction
0.9
— — — Mono-pulse ratio
08 Polynomial curve fiting | 7
©  Estimated range
o7t ©  Sample dala
1 I
06 ! : [T
| "L ," g
T osf “ : HETEar
= ‘i"-‘ Lo e
= 4l by ey gy
m 0.4 i A o5 1 I
c i Q1 H¥ Ty / 3
k=) i ”h : \‘ i L
D pap I
RGN
ool & s -
. HENPR B ERE L S
L 70 it 1y U
0.1 | Yoy ] i
R - " i
PR B /
or 5 o !
S
0.1
375 38 38.5 39 395 40 40.5

Distance[km)]
(b) Non-coherent, & H%4 7
(b) Non-coherent, /wo -y correction

o]Z2Z#H E vME Z EAE 1 BT b

Fig. 6. Mono-pulse ratio according to heterogneous and man-made target.

ag 7.

Fig 7.

25
— & —Coherent : /wo - correctian e
—&— Coherent : /w ~ correction 4 :
— & —Non-caherent : wa + correction ) ;
2 | —5—Non-coherent : M - correction ; 11

/ !

] !
| ! !
st ’ i
% / !

4 I !
g 1 !
& o1r i !

40
Roll Angle

30 50 60 70

g Ao W 4 BA H&F A F4 oA
Estimated error rate before and after ~ correction
according to roll angle.

S T9F Brd2 ot FUA AYSY 2TE 457
0.35
— — —Mano-pulse ratio
R el
© Sample data
0.25
E oz2r
=
Tg 0.15
.:T;‘
= 01
0.05
ol
0.05 5 :
36 36.5 37 37.5 38 38.5 39 39.5
Distance[km)]
(c) Coherent, & B4 &
(c) Coherent, /w -y correction
0.35
— — —Mono-pulse ratio
P e
©  Sample data
0.25
E 02
=
E 0.15
g
= 01
0.05
ol
0.05 § :
36 36.5 37 375 38 38.5 39 39.5
Distance[km)]
(d) Non-coherent, & B4 %
(d) Non-coherent, /w -y correction
dlojoke] AxH WAL Ao A 7] A 7]l
T o= B § EEXs HloM Az #4 AE A
Asgtste WH S AlQreRTh A 9 2ol & i A
SE FFAIE, Al 7HA " A5 E QMY W E T
A& o] &3] gHAIsle], AESA Stelvte] ¥ g3 54
59 Qg TT 4 Uk AEH FIJGG ) G2
AA71e Axt A ol vAETE & EA7t
ZAsE 739 dolth vt Ao s s, ol o
¥ A% A Asd TUA AASH PES AL
3} th Coherent B+ non-coherent ¥y ol wWhE HEAL Al
58 AR, o9 ARG ol Fde] Hiu2 uZ
AR AR WG A5 Y 5L At

637



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 7, Jul. 2020.

Sl FE dEE o] &atH, Eird A M E 23 o]} o
g 4 Hoe £ ALk Feth ARME W 4
g A e Qe ohF 7ol tia) AlE ol g
ot o] Ape 233 T 3 Gl AL
AT HA AL LA E D20 %, T % 01, e
2ol & 157 oY 45 FiiA AYSH 4
Tl A FFS FA g AoE Ik Atet
e olFZdd 34 2 AETE & EA9 A5 o
g AlEEolie HEl R s YFAL, ol 4

References

[1] P. K. Zwagerman, "Air-to-ground ranging using elec-
tronic roll stabilization of monopulse data," in Procee-
dings of the 1988 IEEE National Radar Conference, Ann
Arbor, MI, 1988, pp. 151-156.

[2] J. H. Nam, J. W. Rim, H. Lee, I. S. Koh, and J. H.
Song, "Modeling of monopulse radar signals reflected
from ground clutter in time domain considering Doppler
effects," Jowrnal of Electromagnetic Engineering and
Science, vol. 20, no. 3, pp. 190-198, Jul. 2020.

[3] Y. Oh, K. Sarabandi, and F. T. Ulaby, "An empirical

¢ 3 F Qe - sl 53
http://orcid.org/0000-0002-9225-1338
F W 20179 29 AEYFUNEG T At
(b
= | 2018 9Y~3A: <ty Atz st
3} Aupal B34

&
S\ [+ A F0H Radar System Modeling &
“ Analysis, Radar Clutter Signal Modeling

model and an inversion technique for radar scattering
from bare soil surfaces," IEEE Transactions on Geos-
cience and Remote Sensing, vol. 30, no. 2, pp. 370-381,
Mar. 1992.

[4] J. . Hiroshige, T. A. Kennedy, "Error analysis of ele-
ctronic roll stabilization for electronically scanned an-
tennas," in Proceedings of the 1991 IEEE National Radar
Conference, Los Angeles, CA, Mar. 1991, pp. 71-75.

[5] B. R. Mahafza, Introduction to Radar Analysis, Boca
Raton, FL, CRC Press, 1998.

[6] A. K. Fung, Z. Li, and K. Chen, "Backscattering from
a randomly rough dielectric surface," IEEE Transactions
on Geoscience and Remote Sensing, vol. 30, no. 2, pp.
356-369, Mar. 1992.

[7] S. Sorooshyari, D. G. Daut, "Generation of correlated
Rayleigh fading envelopes for accurate performance
analysis of diversity systems," in /4th I[EEE Proceedings
on Personal, Indoor and Mobile Radio Communications,
Beijing, Sep. 2003, vol. 2, pp. 1800-1804.

[8] H. Liu, S. Sirish, and J. Wei, "On-line outlier detection
and data cleaning," Computers and Chemical Enginee-
ring, vol. 28, no. 9, pp. 1635-1647, Mar. 2004.

of A S [FEtd Taa AT

http://orcid.org/0000-0003-0999-6126

2012'd 8¢: It oty AAg gkt (FE
}x]-)

2014d 8¢: It sty AAg ek} (38
A}

2019\ 29: }lethstal A (e
L)

20199 3€E~EA: FgHATLA A9

=
-

-

d b

A74
[ ZHA 20} Electromagnetic Numerical Analysis, Diffraction by

Discontinuous Wedge



A A [t/

http:/orcid.org/0000-0003-0014-2466

1992'd 29: AAhstw AAgska} (33t
AB)

199413 24 A hstaL A Ag 8tk (3ot
A A}

19963 49: LG A 979

2002 89Y: The University of Michigan at
Ann Arbor A7) 2 Ak} (F3HEtA}

2004 39 ~2010%1 8¥: Ay JREFAIUEY v

2010 9€ ~&A: 3ty AAFET wF

[+ ZAZ0H Theoretical Electromagnetics, Numerical Analysis,

Wave Propagation through Complex Media

R bR Eat Ve )|
http://orcid.org/0000-0002-9774-4043
20051 29: ofFrhstal XA S (35t

/\})
2007 249 bt Aot (8
A2

20169 29 : Aty AREtI} (F
I
& 2016 84 ~3A: F5A A8 A7

[+ £+A 20} Radar System Design, Radar Signal Processing and
Navigation System for Airborne Radar

L RN R R T R
http:/orcid.org/0000-0002-3201-3848
20159 29 Fethetal AAg et

(& h

2017 29 F2hota Aokt (e
44

2017 7€~ A FAAE A7

= Al

Z A F0}] Radar Signal Processing and
Navigation System for Airborne Radar

639



