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ABSTRACT

There are various anti-jamming algorithms for the GNSS system which is vulnerable to jamming, and the
methods using array antenna show the best performance. Among them, the DOA estimation algorithms to
identify the location of the jammer is very important. However, in case of the rotorcraft, the wireless channel
which amplitude and phase changes with time is generated by the rotation of the rotor and it affects the
performance of existing anti-jamming algorithms. In this paper, we modeled the effect of the rotor in four
scenarios according to the correlation of antennas and assured that the performance of DOA estimation
algorithms are degraded and saturated regardless of JNR due to the rotor effect. When we use the averaging
method to solve this problem, the performance is improved as increasing samples for estimating. And in case of
using moving average method with averaging, it shows similar performance. In addition, it reduces the required

memory and moderates the variation of DOA estimation.
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E 1. GPS waEt F8 A
Table 1. Major cases of GPS jamming

March Iraqi forces used GPS jammer to confuse on
and April | the U.S. military’s weapons systems in Iraq
2003 War

January U.S. fleet operated GPS jammer to training
2007 the situation of the loss of communication.
As a result, GPS receiver malfunction
occurred around in San Diego harbor

23 to 25 | GPS signal reception is stopped for a few

August hours from Hongdo, Jeonnam to Taean,
2010 Chungnam due to GPS jamming signal from
North Korea

March 4, |GPS jamming signal from North Korea
2010 cause some GPS receivers to malfunction
in northwestern of the metropolitan area. As
a result, the clock of cellular phone didn’t
correct or the call quality was degraded
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Table 3. Simulation parameters

Parameters Value

Sampling freq. fs 10MHz

Jammer to Noise Ratio (JNR) [0, 2, 4, ---, 20dB

Averaging size 500, 2000, and 10000

Moving window size 20, 50, and 100

Averaging size 500
(with Moving window)
¢ |45°
Jammer incidence angle
45°
MUSIC angle resolution 1°
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Fig. 10. DOA estimation using averaging and moving average method
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Table 4. DOA estimation performance according to averaging sample number

algorithm MUSIC RMSE (degrees) ESPRIT RMSE (degrees)

INR |2V o Set 1 | Set2 | Set3 | Set4 no Set 1 Set 2 Set 3 Set 4
samples| rotor rotor

500 - 3.474 4.737 5.896 12.972 - 3.474 4.737 5.896 12.972
0 2000 - 1.441 3.125 4.494 12.419 - 1.441 3.125 4.494 12.419
10000 | 0.0257 0.280 1.782 2.853 9.589 0.256 0.280 1.782 2.853 9.589
500 - 1.793 3.502 4.867 12.487 - 1.793 3.502 4.867 12.487
4 2000 - 0.634 2.680 4.151 12.293 - 0.634 2.680 4.151 12.293
10000 |7.0x10-5| 0.082 1.707 2.802 9.571 0.152 0.082 1.707 2.802 9.571
500 - 0.903 2.988 4.477 12.342 - 0.903 2.988 4.477 12.342
8 2000 - 0.264 2.528 4.044 12.253 - 0.264 2.528 4.044 12.253
10000 =0 0.020 0.685 2.786 9.566 0.093 0.020 1.685 2.786 9.566
500 - 0.435 2.785 4.338 12.298 - 0.435 2.785 4.338 12.298
12 | 2000 - 0.101 2477 4.012 12.241 - 0.101 2.477 4.012 12.241
10000 =0 0.004 1.678 2.783 9.565 0.058 0.004 1.678 2.783 9.565
500 - 0.198 2711 4.294 12.286 - 0.198 2711 4.294 12.286
16 | 2000 - 0.034 2.461 4.004 12.238 - 0.034 2.461 4.004 12.238
10000 =0 [6.47x10-4| 1.676 2.782 9.564 0.036 [6.47x10-4| 1.676 2.782 9.564
500 - 0.084 2.685 4.277 12.283 - 0.084 2.685 4.277 12.283
20 | 2000 - 0.010 2.457 4.001 12.237 - 0.010 2.457 4.001 12.237
10000 =0 [1.17x10-4| 1.675 2.783 9.564 0.023 [1.17x10-4| 1.675 2.783 9.564
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Table 5. Estlmatlon performance of averaging vs. moving average with ESPRIT algorithm
algorithm MUSIC RMSE (degrees) ESPRIT RMSE (degrees)
INR |[Window| total g Set 2 Set 3 Set 4 Set 1 Set 2 Set 3 Set 4
size |sample
20 10000 1.056 2.544 3.685 10.173 5.492 6.685 7.738 17.162
0 50 25000 0.777 1.778 2.587 7.122 4.653 5.383 6.113 13.498
100 | 50000 0.696 1.407 2.014 5.556 4.643 5.043 5.568 11.923
20 10000 0.561 2.311 3.535 10.175 2.304 3.933 5.332 15.853
4 50 25000 0.412 1.611 2.479 7.127 1.890 2.965 3.975 12.379
100 | 50000 0.373 1.247 1.904 5.557 1.947 2.626 3.401 10.747
20 10000 0.298 2.225 3.489 10.182 1.001 2.922 4.467 15.530
8 50 25000 0.222 1.550 2.447 7.131 0.800 2.137 3.309 12.165
100 | 50000 0.200 1.186 1.873 5.555 0.824 1.73 2.699 10.492
20 10000 0.151 2.195 3.475 10.186 0.442 2.582 4.199 15.504
12 50 25000 0.116 1.529 2.441 7.134 0.347 1.880 3.116 12.135
100 | 50000 0.105 1.168 1.864 5.556 0.356 1.487 2.493 10.453
20 10000 0.073 2.185 3471 10.191 0.195 2.473 4.134 15.508
16 50 25000 0.057 1.525 2.440 7.135 0.151 1.795 3.068 12.138
100 | 50000 0.053 1.161 1.861 5.555 0.146 1.395 2.434 10.443
20 10000 0.035 2.182 3.472 10.191 0.085 2.437 4.126 15.518
20 50 25000 0.026 1.524 2.440 7.134 0.062 1.771 3.057 12.137
100 | 50000 0.025 1.159 1.861 5.553 0.057 1.372 2.422 10.438
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Fig. 12. Variation of estimated DOA value of MUSIC algorithm under the rotor effect
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Table 6. Tendency for the performance of DOA
estimation under the rotor effect

Performance Note

Averagin | Moving
g average

No rotor > Rotor

Rotor effect

Factor |Set 1 | Increased as the |Antenna correlation
set JNR value is higher|is maintained

Set Not changed Antenna correlation
2~4 regardless of is damaged

the JNR values |= performance
saturation by rotor

effect
# of Increased as the
accumulated | number of samples
samples are increasing
Performance > Set 1: similar
comparison in performance in high
same sample INR
number Set 2~4: similar
performance
Estimation <
performance
stability
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