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[Abstract]

This study performed fault test on global positoining system (GPS) carrier phase measurements, which is a preprocessing step
to generate the positioning correction information based on the global navigation satellite system (GNSS) infrastructure. The
existing carrier acceleration ramp step test (CARST) method affects the test result by using the mean value to eliminate the
receiver clock error. In this regard, this study applied differencing and compared its results with those of the existing CARST. The
fault simulation that applied artificial faults to the actual data found that the fault could be detected independently on each satellite
when difference method was applied, and the single difference CARST and the double difference CARST produced similar results.
The comparison with the existing method using actual data demonstrated the strengths and weaknesses of satellite and station
single difference. Nevertheless, it is our understanding that it would require an additional analysis to determine whether the results

were affected by the satellite or receiver clock error.
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Table 1. Technologies consisting of autonomous driving[2].

Technology Description

- Use radio detection and ranging (RADAR),

Environmental
perception

cameras.

pedestrians, etc.), road signs (lanes, stop lines,
crosswalks, etc.), and traffic lights.

light detection and ranging (LIDAR), and stereo

- Perceive static and dynamic obstacles (vehicles,

- Use the global navigation satellite system

Positioning and

. encoder, and other sensors for mapping.
mapping

- Estimate the absolute/relative position of the
vehicle.

GNSS), the inertial navigation system (INS), the

- Plan a route to the destination.

- Plan a route to avoid obstacles.
.. . - Make a decision for each driving situation
Decision-making
overtake a slow-driving vehicle, take a U-turn,
make an emergency stop, pull over, park, etc.).

(keep the lane, change the lane, turn left or right,

- Steer, accelerate/decelerate, and control gears

Control . .
and the actuator to estimate a given route.
- Use human-vehicle interaction (HVI) to
provide the situation information, warn the
driver, and receive input commands from the
Interaction driver.

- Use vehicle-to-everything (V2X)

with infrastructure and nearby vehicles.

communication to exchange driving information
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Table 2. Fault size in simulation.

epoch Applied fault (cycles)

100 1

10,000 -1

20,000 2

30,000 -2

40,000 5

50,000 -10

60,000 -20

70,000 50

80,000 -100

P

(;\wn
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Fig. 1. Locations of the stations and the baseline
distances.
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Table 3. Deajeon-Gongju double difference fault
simulation L1 acceleration values.

CARST CARST no
Applied fault PRN reflecting the | reflecting the Gap
fault fault
1 3 0.0090 3.5218e-4 0.0086
-1 9 -0.0089 -2.8356e-4 -0.0086
2 1 0.0173 3.9483e-5 0.0173
-2 1 -0.0173 3.0595¢e-5 -0.0173
5 2 0.0431 -1.7593e-4 0.0432
-10 5 -0.0865 -4.4153e-5 -0.0865
-20 2 -0.1729 1.4053e-4 -0.1730
50 12 0.4330 4.9523e-4 0.4325
-100 12 -0.8649 2.8452¢-5 -0.8650
E 4. O|SAE CARST 1AI0|Z L& AlZ2{0lM xfo| gf
Table 4. Gap in simulation for the fault of 1 cycle.
Acceleration Ramp Step
L1 0.0086 -0.0372 0.0727
L2 0.0111 -0.0477 0.0932

%10 DAE-BON DOY183

DAE-BON DOY 183 Fault Simulation

(b) ‘

L2 Ramp (m)

0.995 0.996 0.997 0.998 0.999 1 1.001 1.002 1.003 1.004 1.005
Epoch x10¢

a8 2. iM-E2 X|"44A= o|FAHE CARST L2 ramp Zzh
(a) & Hlolgf &3} (b) -1 AlOIE & 21Tt

Fig. 2. Results of the Daejeon-Boeun double difference
CARST L2 ramp: (a) when the fault was not
applied, (b) when the fault of -1 cycle was applied
to the reference satellite.
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Table 5. Double difference CARST failure satellite
analysis by fault size.

Fault size |acceleration] ramp step Hl2
o + + - + The fault
- - + - occurred
+ i + - in all
of 1lit
B.i N i _ N satellites
) + - + _ The fault
'3
Ai N T _ T occurred
. i n B} T only in
J
Py, i - n - the j
satellite
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Fig. 3. Double difference fault simulation CARST result:
(a) when the fault of 0.03 cycles was applied, (b)
when the fault was increased by 0.1 cycles and
applied.
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