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ABSTRACT

This paper deal with estimating the direction of arrival (DOA) of GNSS signal using two antennae for spoofing detection. A

technique for estimating the azimuth angle of a received signal by applying the interferometer method to the GPS carrier

signal is proposed. The experiment assumes two antennas placed on the earth’s surface and estimates the azimuth angle when

only GPS signal are received without spoofing signal. The proposed method confirmed the availability through GPS satellite

placement simulation and experiments using a dual antenna GPS receiver. In this case of using dual antenna, an azimuth

angle ambiguity of the received signal occurs with respect to the baseline between two antennas. For this reason, the accurate

azimuth angle estimation is limits, but it can be used for deception by cross-validating the ambiguity.
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Fig. 1. Antenna and satellite layout conceptual diagram.
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2. INTERFEROMETRIC METHOD OF
AZIMUTH ANGLE ESTIMATION

2.1 Azimuth Angle Estimation Algorithm
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Fig. 2. DOA estimation concept using two antenna.
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2.2 Azimuth Angle Estimation Simulation
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Fig. 3. Result of DOA estimation.
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Fig. 4. DOA estimation error.
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3. AZIMUTH ANGLE ESTIMATION
SIMULATION USING GNSS SIGNAL

3.1 Azimuth Angle Estimation using Carrier Phase
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Fig. 5. Azimuth estimation conceptual diagram.
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3.2 Result of Simulation
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Fig. 6. Azimuth estimation simulation skyplot.

O true azimuth(-180~1807)
200 +  mirror estimate azimuth(0~180°) T
+  estimate azimuth(0~-1807) ®
3 *
150 @ ¥
1001 ®
* +
50 ®
E=]
=]
£ 0 Ef’
+
=50
@ @
-100 +
150+ @ @
T
200 L . . . . L
0 5 10 15 20 25 30 35
PRN

Fig. 7. Result of DOA estimation simulation.
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4. FIELD EXPERIMENT USING REAL GNSS
SIGNAL
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Fig. 8. Azimuth estimation simulation error.
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Fig.9. Antenna placement.
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Fig. 10. 10 October 2019 19:00 satellite skyplot.
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Fig. 11. Result of azimuth angle using dual-antenna receiver.

5. CONCLUSIONS

B = RolAs 2o g ol 85H 4171614 GNSS
SV 5] Weizhe 2AshE 7S ARk, Algeold o
AR Bel 1 A%S SRIsigch S JhEe s S
A%2 S0 AkE Aoz, B4 Wl ool $a
¥ 1TSS Bl Z1T19} thae] Wl SEEE 4
BN 5S FRHE AT 4 9lck 279 et ol & Aol
QEILE F 7S 715 0 2 o e Tk Fite] Bbs
AL glont, J19 AEe] FERAE 24 $9124S 7144
7 E02 WAA SISt B3 4% Ao R BET 4 9lS

3 rd = 201-;111—

ok 749 o2 Ahed 4 9t

B e goli A% A 75 A58 $Esked WA} Q]
wj o] 718 B AR meish) g, ARl GPseIA
o WeIZte FAH O T 4 YEAT Koz s
oAtk 3 ATRE PUEA B GPS $HE7H] Ao
o|zi7e] % olo] ME IEzka} Izt £EE BABH0] YA

Table 1. Error of azimuth angle using dual-antenna receiver.

PRN Error mean Error STD
10 -1.01 1.319
12 -2.395 0.382
14 22.687 0.918
20 -8.311 0.373
25 -0.786 0.36
32 7.454 0.348
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