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ABSTRACT

The Korea Augmentation Satellite System (KASS) satellite was successfully launched and service is being started. By receiving
messages transmitted from the KASS satellite, users can employ the messages to improve positioning accuracy or to verify
the integrity of Global Positioning System (GPS). In this paper, we propose a test method for a beam-formed GPS receiver
developed to improve the survivability of KASS augmented messages that can enhance positioning accuracy even in an
environment with jamming or interfering signals. Through the test method proposed in this paper, quantitative verification
is performed for a beam-formed GPS receiver aimed at maintaining the augmented navigation solution to which KASS
augmented messages are applied by tracking the KASS signal as much as possible under conditions where the jamming signal
strength is gradually increasing. In addition, the proposed test method includes three conditions; first, a static lab test method
for repeated verification of functions under the same conditions; second, a static outdoor test method for performance
verification in an operating environment of a platform equipped with the beam-formed GPS receiver; and finally, a dynamic
lab test method for performance verification of a moving platform equipped with the beam-formed GPS receiver toward a
jammer. In this paper, we propose a method for simulating the jamming signal incident direction through the phase delay
of an RF cable designed to prevent unintentional jamming signal emission in both lab and outdoor tests, and a method of
applying test software for injecting a jamming signal to compare the survivability performance consistently according to the
presence or absence of beamforming signal processing. Through the proposed test method, it was verified that the augmented
navigation solution could be output for a longer time period when the beamforming signal processing was applied to the KASS
satellite signal in the beam-formed GPS receiver.
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1. INTRODUCTION
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AlZ] Y| =g+ fast/long-term X ionospheric correction  E
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A H A%AE HAsHs Al AR ol (Park et al. 2020). X £
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A o5}ar )&= GPS LI coarse/acquisition (C/A) 4159 XA €]
AJ A13A7] (GPS Navstar 1995)& Ao 2 slo] HH w7l
A 415 Y AU 05 AIFE7T AU 2 2 asigit
E 2 Rl Tefsla gl KASS MR AEAT
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Table 1. RF cable length design using phase delay difference for jamming signal incidence angle of azimuth 90 degree and

elevation 0 degree.

Patch antenna number

(Relative position to patch 1 Estimated phase delay

Designed RF cable Measured phase Measured phase delay relative to

[x-axis (mm), y-axis (mm)]) relative to patch 1, A¢ (deg.) length (mm) value (deg.) patch 1, A (deg.)
1 ([0.0,0.0]) 0 560 67.6 0
2 ([-56.5, -56.5]) -106.8 520 174.0 -106.4
3 ([-56.5, +56.5]) -106.8 520 175.0 -107.4
4 ([+56.5, +56.5]) +106.8 600 -38.3 +105.9
5 ([+56.5, -56.5]) +106.8 600 -38.0 +105.6

Table 2. RF cable length design using phase delay difference for GPS L1 signal incidence angle of azimuth 0 degree and elevation

90 degree.

Patch antenna number

(Relative position to patch 1 Estimated phase delay

Designed RF cable Measured phase

Measured phase delay relative to

[x-axis (mm), y-axis (mm)]) relative to patch 1, A¢ (deg.) length (mm) value (deg.) patch 1,A¢ (deg.)
1 ([0.0, 0.0]) 0 500 -135.0 0
2 ([-56.5, -56.5]) 0 500 -136.0 +1.0
3 ([-56.5, +56.5]) 0 500 -135.0 0.0
4 ([+56.5, +56.5]) 0 500 -135.0 0.0
5 ([+56.5, -56.5]) 0 500 -135.0 0.0

Fig. 1. Phase delay difference based on patch antenna relative distance
and jamming signal incidence angle.

2.1 Jamming Injection Method without Jamming
Broadcasting
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(a) RF cable for antenna 1 (b) RF cable for antenna 2 (c) RF cable for antenna 3

(d) RF cable for antenna 4 (e) RF cable for antenna 5

Fig. 2. Measured phase values of RF cables of five antennas for simulated jamming signal.

(a) RF cable of antenna 1 (b) RF cable for antenna 2 () RF cable for antenna 3

(d) RF cable for antenna 4 (e) RF cable for antenna 5

Fig. 3. Measured phase values of RF cables of five antennas for simulated GPS L1 signal.
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http://www.ipnt.or.kr



262 JPNT 13(3), 257-268 (2024)

Fig. 4. Jamming signal generator control automation program.

Table 3. Test evaluation condition for survivability of KASS augmented navigation.

Parameters Values Parameters Values
Jamming signal azimuth 90deg  Jamming power inc. step 1dB
Jamming signal elevation 0deg Jamming power inc. interval 5sec
Min. jamming power -130dBm Max. Jam. power hold time 480 sec
Max. jamming power -70dBm  Jam. Tx. power at moing Scn. 30 dBm

Platform moving velocity
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(a) Configuration structure

(b) Real configuration

Fig. 5. Proposed lab test configuration for survivability of KASS augmented navigation.

(a) Configuration structure

(b) Real configuration

Fig. 6. Proposed live test configuration for survivability of KASS augmented navigation.
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(@) Non-beam-formed processing toward KASS satellite (b) Beam-formed processing toward KASS satellite

Fig. 7. Static lab test result of KASS augmented navigation persistent time.

(@) Non-beam-formed processing toward KASS satellite (b) Beam-formed processing toward KASS satellite

Fig. 8. Static live test result of KASS augmented navigation persistent time.

(@) Non-beam-formed processing toward KASS satellite (b) Beam-formed processing toward KASS satellite

Fig. 9. Dynamic lab test result of KASS augmented navigation persistent time.
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