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The Radiation Compensation Method for Two Dimensional
Direction Finding of GPS Signal and Experiment Method

Hyung-Jun Ju, Seul-Gi Park, Dong-Whan Kim
EW R&D Center, Hanwha System

O O
A7 7heote s A4 B g4 R YRS VA= BA HoleE 4% fEl=
o

o
odl
ot
X
N
S
N
Jr
o
B
o
r o
ol
i)
N,
=)
‘:(I)g
k
e
pIz)
o
o)
5
1o
o
>
r.‘
o
02‘1_5
at
B
N
N
o
ot

Abstract In this paper, we present a radiation compensation method and experiment method for
two-dimensional direction finding by elevation and azimuth angles of broadband GPS signal, and then
produce experimental results. Previous studies have performed direction finding by only using the
azimuth angle of the detected signal. So, the compensation table utilizes compensation data by azimuth
angles only. However, the presented method in this study has compensation data by azimuth and
elevation angles for two-dimensional direction finding. Because of direction finding systems and
applications are diversified, recently. So, we present a two-dimensional radiation compensation method.
For evaluation of the presented compensation method, we calculate the ideal phase differences on the
antenna for two-dimensional direction finding and simulate phase differences using a FEKO EM
simulator. Subsequently, we analyze experimental data by radiation compensation experiments using the

presented compensation method in an anechoic chamber.

Keywords : DF(Direction Finding), 2-D DF, Interferometer, Radiation Compensation, GPS, AOA(Angle of
Arrival)
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Table 1. Direction finding methods

Antenna Array

Method Shape

Parameters

Amplitude of Received
Signal
Phase Difference of
Received Signals between
Antennas
Sum of Amplitude /
Difference of Amplitude

Amplitude

X Circular, Linear
Comparison

Phase

X Circular, Linear
Comparison

2-element

Mono-pulse

71—"‘}9] ELINT(EleCtronic Intelligence) 5 ket
A 7155 BRe AAHES iR A3 <t
5 ol-8oto] ¥Rzt gk 134 W HAE W5
Fct. 28y FE ol 53 ELINT ], =8 9 FQl7
o] i g, WA 7152 B/3t A (ammer) &
WA 715 988 stk A2" 9 388t Y
ojxo] whet 22+ WEFR Aol tigt 487} F76taL Sl
or, 22+ M| BRFEA] AYE Aol et B4
L @95] o]RojX| 1L Qi

L T

).

& =R ol2E 249 A YTEE 4
Fobo] Slof 12} geiztol W WAk S 9 By

dlol 44 714 52 AXsh, 2219 H*o&%ﬂ% o]
UE ol ste] Bk A oA WAES S0

rsl

Az BAs

B mo] 240 chewt Pk 2ol 2309 W
YA} HsE QS AL, 24 SRS 9
3 BTl ARG | FUIG elolA PARHS
Seystol BAHoIS AT 1 F 35014 2o
42e Bt

2. 28
2.1 2% 4 R 2AEL
Fig. 1& & =2ollA] A3 224+ B3 &A1 8 447}

W gleLte] @Aolc SHELk FEKO EM Aol
2[4] ol 83to] 712 AABIGOM, S LB o]
85t} 2 AANSE AR HAS isﬂ 2% 47
9 RS TR 404 Db 9 RnTt Q)
A Azt 71me 455 GAoln), :La}%z PCBS] %
e 71ZOR 47)0) £AE T B 5 SH T o] A
& 279) %] 22} 0°9} 90°9] SR LRSS
Sfe] AFHIHRHCP) S 7HI=S Tastet 4749
47} % 55 W 27 27N 17 A8 Qheuoled, 4
B 4 4 27 4912 A1 § bl Fig, 2 o]
£ 58] A A 424 W QeLte] @AfolcHs),

27090 W A 32 2 W9 Qe S
ol g3te] S=ste, o] 2 9ol 312 L Y9ite) 4 9
ApEl ALzl el SRS 2okl W BA) Al
of wpAR S S e,

Substrate
=20, tand = 0.002

Fig. 1. Shape of designed 4-element array
antenna
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140mm

Fig. 2. Shape of producted 4-element array
antenna
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Fig. 3. Block diagram of 2-D direction finding system
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Where, ¢;; denotes phase difference between

with i-th antenna and j-th antenna, A;; denotes
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phase error between with i-th antenna and j-th

antenna by noise.

Fig. 4. Two elements antenna array
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Fig. 5. Four elements antenna array

P12 = Blzg —zy)sinfp + Ay, @
Where, 8 denotes phase constant(rad/m), z;, 2;

denotes coordinates of i-th antenna.
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(b)
Fig. 6. Elevation phase difference
(@) 3-D view (b) 2-D view for phi-axis

(b)
Fig. 7. Azimuth phase difference
(a) 3-D view (b) 2-D view for phi-axis
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simulation using FEKO
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Fig. 9. Elevation phase difference by EM simulation
(2) 3-D view (b) 2-D view for phi-axis

(b)
Fig. 10. Azimuth phase difference by EM simulation
(2) 3-D view (b) 2-D view for phi-axis
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Fig. 11. Radiation compensation schematic diagram

Fig. 12. Radiation compensation set-up in
anechoic chamber
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Fig. 13. 2-D compensation table for measurement
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Fig. 17. Ambiguity check processing of phase difference
table

Table 2. DF ambiguity evaluation result
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