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ABSTRAK

Kata kunci:

Pengujian penerima GPS, Software Defined Global Positioning System (GPS) digunakan secara luas di berbagai bidang, termasuk aplikasi pesawat

Radio (SDR), Pengujian statis dan dinamis, terbang dan roket yang kecepatannya melebihi standar. Simulator sinyal, yang relatif mahal, diperlukan

simulator GPS. untuk menguji perangkat GPS komersial dan metode pemrosesan sinyal GPS. Metodologi untuk
memverifikasi spesifikasi penerima GPS menggunakan simulator berbasis Software Defined Radio (SDR)
dijelaskan dalam makalah ini. Pengujian simulator dijalankan dalam mode statis dan dinamis. Temuan
pengujian menunjukkan bahwa sistem dapat mengukur ketinggian dan kecepatan, tetapi hanya sampai 50
km dan 500 m/s, sesuai dengan spesifikasi GPS komersial. Sistem simulator ini dapat digunakan untuk
mengevaluasi algoritme pemrosesan GPS di masa depan dalam lingkungan yang sangat dinamis.
Auvailable online at http://dx.doi.org/10.62870/tjst.v20i1.22637.

1. Introduction

The GPS is an instrument for determining the position, speed and acceleration of an object. GPS is used in many fields, such as the military, industry, and
others [1-3]. Nevertheless, in some aspects regarding elevation, speed, and acceleration, any GPS apparatus is restricted by the manufacturers and worldwide
rules [4]. In GPS technology, the term "CoCom limit" is used to limit functionality when the device calculates that it is moving faster than 1,000 knots
(1,900 km/h, 1,200 miles) and/or is moving at altitude. Refers to the limitations of GPS receivers that altitude over 18,000 meters (59,000 feet). If we want
to use a GPS receiver for a specific purpose, we need to check the parameters according to our needs. For example, tracking balloons requires an altitude of
more than 30 km, while tracking rockets requires a certain altitude and speed [5]. Simulations for high dynamic flight using a stand-alone single-frequency
GPS receiver are developed, where the aircraft velocity is up to 7000 m/s, and the acceleration is up to 7 g (9.8m/s2) [6]. There are several types of GPS
signal simulators on the market, however they are very expensive. Meanwhile, the signal simulator can employ SDR signals, such as GPS signals, which
are less expensive. Researchers use SDR to build a GPS signal emulator to test the capabilities of a GPS receiver[7-9]. This paper concerns the examination
criteria for a commercial GPS receiver that employs SDR as a transmitter emulator. The emulator assessments were executed in a stationary mode, ranging
from an elevation of 0 to 80 km or in a dynamic mode from 0 to 750 m/s. The evaluated receiver is a commercial GPS receiver that features the u-blox-7
GNSS modules.
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2. Research Methodology

Figure 1 depicts the GPS verification test setup. It comprises of a PC for generating GPS signals, an SDR for signal transmission simulation, and a GPS
receiver for verification. We use an open-source software called gps-sdr-sim [10] to produce static and dynamic GPS signals. We utilize a PC with the
Ubuntu 22.04 operating system. A PC with the Ubuntu 22.04 operating system is utilized. The SDR is connected to the PC via a USB connection, while the
GPS receiver is attached via a serial interface at a data rate of 9600 bps. A GPS receiver can receive the signal from the simulator via a direct cable connection
via an antenna. However, if utilize the antenna, the GPS satellite signals would most certainly interfere with it. As a result, the antenna must be installed in
a room that is not susceptible to satellite transmissions. A RG174 coaxial cable to link it straight to the SDR's GPS receiver is used.

GPS signals GPS receiver
simulator under test

Figure 1. System testing for GPS verification.

The GPS signal is transmitted on two radio frequencies in the UHF band, namely 1.57542 GHz (L1) and 1.2276GHz (L2). As shown in Figure 2, in
this simulator, the GPS signal transmitted only on frequency fL1 becomes the L1 carrier frequency of the signal transmitted from satellite k on the power
PC as follows [11, 12].

sk(t) = \[2P:Ck(t)D*(t)cos(2nf, 1 t) (1)

here C¥(t) is the signal code C/A with a speed of 1 Mbps, and D¥ (t) is a navigation signal with a speed of 50 bps.

Data D(r)
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Time [ms]|
Figure 2. GPS signal that emitted by satellite [13].
3. Result and Discussion

3.1 Experimental Setup

The setup of Experiment 1 is static with elevation variations from 0 meters to 80 km, as shown in Table 1, with elevation variations while latitude and
longitude are fixed. The coordinates for latitude and longitude are fixed with the values (-6.37448, 106.60593) at the laboratory site. The software gps-sdr-
sim command is: gps-sdr-sim -e brdc3540.14n -s 4e6 -1 -6.37448, 106.60593,1000. The last three numbers are latitude, longitude, and altitude, while the
previous parameters are the RINEX navigation file for GPS ephemerides [14]. For a dynamic simulation of a circular motion, the command in the software
is: gps-sdr-sim -e brdc3540.14n -u circlemotion.csv -s 4e6. All dynamic motion data is stored in a file that can be read and converted into a GPS signal.
Table 1 shows the variable GPS type neo-7 with airborne specifications.

Table 1. Specification GPS Neo-6 U-Blox (Airborne).

Specification Maximum Parameter
Max altitude 50,000 m

Max. Velocity < 500m/s

Gravity <4g

Data update rate 5 Hz
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Figure 3. Dynamic experimental setup.

The second experimental setup is a dynamic condition with a radial velocity between 0 m/s and 750 m/s with an interval of 25 and 250, m/s, with the
same altitude of 1 km, but with different latitudes and longitudes. In Figure 3 we can see the dynamic motion of circular objects at a certain altitude according
to equation (2).

do
v=R ; (2)

Here, R is determined at 4 km, while 0 is varied to obtain object velocities up to 750 m/s. The experimental setup shown in Figure 4 consists of a GPS
simulator with a USRP B210 SDR and a Neo-7 GPS receiver. The GPS module is connected to a PC via a serial device (FTDI USB to serial) and sends
signals to the SDR via a coaxial cable. Then the SDR is connected to the PC via USB 3.0, which increases the transfer speed stably to more than 15 MSPS.

Figure 4. Experimental setup.

The SDR specifications range from 56 MHz to 6 GHz and cover all GPS signals. The GPS specifications can be found in Table 2. The maximum
sampling rate for ADC and DAC is 61.44 MSPS at 12 bit resolution and 2 ppm stability.

Table 2. GPS Spesification.

Parameter Value
Frequency range 70 MHz — 6 GHz
bandwidth Up to 56 MHz
ADC Sample Rate 61.44 MS/s
DAC Sample Rate 61.44 MS/s
DAC Resolution 12 bit

Frequency Accuracy 2 ppm
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Figure 5. Block Diagram Software GNU-Radio.

The software used to control the SDR is GNU-Radio, which is based on the Python3 programming language. The block diagram of the software can
be seen in Figure 5, with 4 MSPS data sampling. The function of this software is to read GPS signals and transmit them using the SDR at a frequency of
1.57542 GHz. The data of the GPS signal file is stored in 8 bits, because the USRP B210 supports only 8-bit files. For the transmission with SDR these data
are read and converted into the form of complex numbers. Since the device is directly connected to a coaxial cable, the RF output power does not need to
be very high, a power of about 1 dBm is sufficient. To monitor the results of the GPS receivers, we use the u-center software from U-block.

3.2. Result

Altitude and speed from the measurement results and input from GPS are shown in Table 3 and Table 4. In Table 3, the average number of detected satellites
is 8, but the deviation is about 100 m. As in the dynamic simulation, the measured velocity differs from the simulation input by 1 m/s. There is a correlation
between the number of satellites detected and the measurement deviation. The lower the number of detectable deviations, the lower the correlation and vice
versa.

Figure 6 below describes the GPS satellites seen from the site at the time of the experiment, today Thursday at 13:35. The number of satellites detected
by the system device is shown in blue in Figure 6. The visible satellite positions can be retrieved using the software available on the website [15].

Figure 6. Appearance of GPS satellites at the experimental location.
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Table 3 shows the altitude of the simulation result. It was shown that at altitudes 0 to 50 km, the satellite successfully locked and measured the data,
and at an altitude of 80 km it failed to lock, this corresponds to the specifications of the receiver. It concluded that the altitude specification and simulation
result was the same.

Table 3. Altitude Simulation Measurement Results.

Altitude (km) Measured (km) Satellite

0 0+0.1 1,7,8,27,30,10,14,21
1 1+0.1 1,7,8,27,30,10,14,21
10 10+0.1 1,7,8,27,30,10,14,21
20 20+0.1 1,7,8,27,30,10,14,21
40 40+0.1 1,7,8,27,30,10,14,21
50 50+0.1 1,7,8,27,30,10,14,21
80 fail fail

Table 4 demonstrates that the GPS encounters a failure when the speed surpasses 750 m/s, rendering it unable to receive the signal. Furthermore, the
implemented system successfully validates the GPS module. Both tables confirm that the usage of SDR in the GPS receiver, employing this particular
algorithm, imposes limitations on measuring both the altitude and speed of the object, which should not exceed the provided specifications.

Table 4. Speed Simulation Measurement Results.

Velocity(m/s) Measured (m/s) Satellite
0 0.0+0.1 1,7,8,27,30,10,14,21
25 25+0.1 1,7,8,27,30,10,14,21
250 250+ 0.1 1,7,8,27,30,10,14,21
500 500+ 0.1 1,7,8,27,30,10,14,21
750 fail fail
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Figure 7. Output at GPS receiver.

To monitor the output of the GPS receiver, Figure 7 shows that the u-center software connected to the rs232/serial communication can clearly see the
data and satellite position and other important parameter data [16].



TEKNIKA: JURNAL SAINS DAN TEKNOLOGI VOL 20 NO 01 (2024) 40-45 45

4.

Conclusion

The outcomes obtained from the experiments demonstrate that the suggested system possesses the ability to authenticate GPS receivers in both stationary
and dynamic scenarios using software-defined radio (SDR). It is noteworthy that the altitude and velocity provided by the simulation results, obtained
through SDR usage, are restricted to a maximum of 50 kilometers and 500 meters per second, respectively. In the future, novel algorithms developed
internally could be employed to analyze extremely dynamic signal data and identify a higher number of GPS signals compared to conventional receivers
available in the market.
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