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Position Estimation of a Missile Using Three High-Resolution Range Profiles
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Abstract

A position estimation technique is presented for a missile using high-resolution range profiles obtained by three wideband radars.
Radar measures a target range using a reflected signal from the surface of a missile. However, it is difficult to obtain the range between
the radar and the origin of the missile. For this reason, the interior angle between the moving missile and tracking radar is calculated,
and a compensated range between surface of the missile and its origin is added to the tracking range of the radar. Therefore, position
estimation of a missile can be achieved by using three total ranges from each radar to the origin of the missile. To verify the position
estimation of the missile, electromagnetic numerical analysis software was used to prove the compensated range according to the flight
position. Moreover, a wideband radar operating at 500-MHz bandwidth was applied, and its range profile was used for the position
estimation of a missile.
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Fig. 1. Missile tracking using 3 wide-band radars.
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Fig. 5. Missile modeling.

1. 47 Hs 3 AEdolAd 44 g

Table 1. Design variable and parameter.

Variable Description Value
Cone length 1.5 m
Cylinder length 25 m
r Cylinder radius 0.3035 m
fe Center frequency 10 GHz
BW Bandwidth 1.5 GHz
Bresotution = ﬁv (20)
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#4File Type: Far field

#4File Format: 4

##Source: PO

##Date: 2017-12-26 15:11:654

++ File exported by FEKO kernel version 2017.1.1-427

#Configuration Hame: StandardConfigurationl
#Request Mame: FarFieldl

#Frequency:  9,25000000E+0039

#Coordinate System: Spherical

#Mo. of Theta Samples: 1

#No. of Phi Samples: 1

#Result Type: ACS

#lncident Yave Direction: { 9.00000000E+001, 1.B0000000E+002)
No. of Header Lines: 1
“Theta” “Phi" "Ae(Etheta)” “Im(Etheta)"
“Re(Ephi)" “In{Ephi)}" "RCS(Theta)" “RCS(Phi)"
"RCS(Total )"
9. 00000O00CE+001 1.B00000CCE+002  -B.832181556+000 -1, 30764309E+000
8.50845164E-006 -5, 54978430E-007 1. 00175791 E+003 9.13737878E-010

1. 00175791 E+003

a8 6. AA7) FA4 23 9 (*ffe)
Fig. 6. Result file of electromagnetic numerical analysis.

(real) ¢} 3] (imaginary)Z A< 4 Atk o] FolA ph19}
theta® #73H 7717 25 A5 s15718 tallE

Olg E29 Y2 vEo] [FT(Inverse Fourier Transform)
Tyt 32kl FEE 29 (o) IFLE
EHo FHE v s 59 Ae] Z2adE

% 9l

19 T(a)= Fr=ee] doltt datzto] 0°d o f
o AzEods TH2E el Ron, f =

o 9H0)E 71F2Z 25 molA A ZZHUA|
(range profile intensity: RPI)7} A & 55
ojttol A FAlE A7} %EEH ity
Ag ongt. 19 (b
90°d we] Atom, EﬂOlE}Oﬂ
9] Zdol HUF uhate A57t —03 moﬂH aA 95
HoAth 183 0 moll M= A Z2adA 71 7F 2A Y
e, ol 983 YA A e E) SH
o WkAbE]o} Fotl = A7t jhE Alo|th

ot H rul
).

rugl'L

gho
=
':1‘

o

43 2fo[ch YA ME Hel 2

-~

H] 73

9 82 dlolnt dAbzel uhe 7e] BA ghe vlad
Aotk A AXE FER] A7N(g b, NE 4 (13

2 (16)9 skl Ag] B & A 2otk
A A A7) FAEY Z2O8S olgete]
AAZEE 00014 180°74A] 10° ©9) 2 W gslHA 3
Ag] B gholth o] 24 o2& #olth YAtzte] =4
6.92°9 W, Ath Ag] B4 grol 2518 me= ALHE AT
AT A7) A A Aol X e Eal5] 01 m

TTE=N)

7

k

=

of ﬂ, r\l

_lll'l O g

}

¢



1200

1000
800 4
600

400+

T

1000

Range Profile Intensity

800 -

600

400 -

Range Profile Intensity
Y

200 -

Range [m]
(b) 6=90°
J8 7. doltk fdatztel mE AR Z2atd A7
Fig. 7. Range profile intensity according to radar aspect
angle.

o] 7] wizel 0°, 10°, 20°914 FL A 2.5 mE & 5H
th. Folth YArze] 90°d o, FEEhe] SHol HhAbE o]
Folew A5 AZI7F A7) Wl A B glel
03035 m=E FYatA Uesth 1 &l B ste LAk
AZ7] FAA 22O Fopr g F Ao gE
A8 Bals 23 £0.05 mo| PR, Fu¢ g ZS 4
ARsd QAE HAastE o gtk whEka] Fo g #ol
gl A AIZE A R,ell 7 89 #oltk YAtz ool
o2 A BA RE Hatd #oltolA fEg A7

o F Ad Rowres & T UATH

Theoretical Calculation
¢ Simulation Results

2.5 ptm@ SR

c
N
o

|

N
o
|

N
o
!

Compensated Range, R [m]
o
)

©
o

0 20 40 60 80 100 120 140 160 180
Radar Aspect Angle, 6 [deg]

a8 8. dlolth YAtz mE Az BA g Bl

Fig. 8. Comparison of compensated range according to radar

aspect angle.

V. 4

ol

21

19 Ya)= AR Al AHE I &l golttolt
13 5= 3} H Z(linear frequency modulation: LFM) H4]-&
AMEEHY, T T E2 500 MHz, 2] #3l5 033
mo|th 19 9b)E FE g7 1, A7 A%
Ak (=0375 m, 5=0.625 m, r=0.075 m) L& 9(c)= =
Aol AHE FHoltet e YAE Akl vehd A
ot} ol AHE-HE #olthet '] 2z FE e X 29
2o, olF 4 (1)~2] ()l tYsted gojttelA =
B7px) 9] o227l A#E R=132.6268 m, R=118.8645
m, R=100.1135 m 2.2 A4t & it

J9 102 2 #3ll5 deltdz2 e 53 Az
dojtt. 3 32 7 goltt fFEes S AT R,
St golth Atz 0, A2l B R, F A8 Rews U
ERd Aotk #oltk YA 0= 2] goltellA =
E7EA] o] WE 9 frEee] o5 WHE 4 (19)9 thdst
o] Alikatgich o] W AREE '] o]F WE = o)A
A7 A Q) e xyz FHE my=121.1159, 37.9425, 12.6902
S} % 29 A FEE xz FE m=123.8064, 47.5382,
1402602 AlLFETE ©o]5 2] (13)~2] (16)l thYstH
A BA S & F T, o ZEE £ AYE AL
T otk WA goltk A F A Ruws € T W1
wf Zoll, 278 A A7 4] (1)~ 4] (1Dl it f=

537



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 7, Jul. 2018.

.

g missile

(b) ©

I8 9. AR (a) dlolth, (b) BoEH, (o) Ak
Fig. 9. Picture (a) radar, (b) target, (c) field map.
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Table 2. xyz coordinate of radar and missile.
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Table 3. Radar measured range and compensated range.

R, m 0° R. m R m
ra; 13231 67.2 03121 132.6221
ra 118.62 131.5 0.2485 118.8685
ra; 99.76 62.39 0.3569 100.1169

xm ym zm

ra 1¥ radar 0 0 0

ra, 2™ radar 141.8708 165.0180 0.4237

ra; 3" radar 170.4650 | —41.0087 | —0.8597

m (mp) Missile 123.8064 47.5382 1.4026
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Fig. 10. Range profile of high resolution radar.
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