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Comparison of Positioning Accuracy Using the Pseudorange from
Android GPS Raw Measurements
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o] Aol A= FERE O] E9] GPS YA H|o]H & ©]-8-F SJAFAE 7]¥E GPS /d 55 AMA| A4t NMEA$} H] a gich, A  Hlo]
HE ©]-&-¢t GPS2 NMEAZTES] /45 H] L& 93l Nexus 9 Bl E RS AF8-3}131, 7-F ol 4] #]-85= GNSS logger o] & Aol A&
o]-g3slo] YAIHIoJE|F NMEAE X3IeIt AHEd HEF R 45S AT 98] VRSE 7+ AR 2 AME-slal, 5417t
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NMEA Z 3¢} vl watoiv). QA glol gl o] ojatA e S o] &3 GPSY] BE w1 423 RMS 3.05 m, 52 RMS 3.82 m, 33+ RMS
4.97 m= NMEA Y] 3 32 %, 524 65 %, 32+ 49 %9 4% 3HS gele &= g1t

[Abstract]

In this paper, the pseudorange-based GPS performance using the Android's raw measurements is compared with NMEA. In
order to compare the performance between the two different implementations, we used Nexus 9 tablets and collected the raw
measurements and NMEA data using the GNSS logger application provided by Google. To verify the performance of the final
coordinates calculated, the VRS was used as the reference coordinate and compared with the NMEA results. The resulting
horizontal, vertical, and 3D RMS errors of the pseudorange-based GPS using the Android’s raw measurements are 3.05, 3.82, and
4.97 m, respectively, which correspond to 32% horizontal, 65% vertical and 49% 3D performance improvement compared with
NMEA.
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Table 1. Android devices that support raw measurements.

Model Raw measurement Global systems
Huawei Honor 9 P,N, A, H G,R
Samsung S8(Exynos) P,N,AH G,R,E,C

Samsung S§(QCOM) P,H G
Huawei P10 P,N,A,H G,R,E,C
Huawei P10 lite P,H G
Huawei Honor 8 P,N, A, H G,R,C
Huawei Mate 9 P,N,AH G,R,C
Huawei P9 P,N,A,H G,R,C
Pixel XL P,H G
Pixel P,H G
Nexus 6P P,H G
Nexus 5X P,H G
Nexus 9(non cellular) P,N,AH G,R
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GnssLogger

SETTINGS LoG

Switch is OFF Location

Switch is OFF Measurements
Switch is OFF Navigation Messages

Switch is OFF GnssStatus

Switch is OFF Nmea

HELP EXIT

38 1. GNSSLogger A&l stH
Fig. 1. GNSSLogger screen.
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Table 2. List of raw measurement.
Name Data type remark
Raw String Header
ElapsedRealtimeMillis double
TimeNanos int64 Nano Second
LeapSecond int64
TimeUncertaintyNanos int64 Nano Second
FullBiasNanos int64 Nano Second
BiasNanos double Nano Second
BiasUncertaintyNanos double Nano Second
DriftNanosPerSecond double
DriftUncertaintyNanosPerSecond double
HardwareClockDiscontinuityCount double
Svid double
TimeOffsetNanos double Nano Second
State double
ReceivedSvTimeNanos int64 Nano Second
ReceivedSvTimeUncertaintyNanos int64 Nano Second
Cn0DbHz double
PseudorangeRateMetersPerSecond double
PseudorangeRateUncertaintyMetersPerSecond|  double
AccumulatedDeltaRangeState double
AccumulatedDeltaRangeMeters double
AccumulatedDeltaRangeUncertaintyMeters double
CarrierFrequencyHz double
CarrierCycles int64
CarrierPhase double
CarrierPhaseUncertainty double
MultipathIndicator double
SnrinDb double
ConstellationType double  |Global Systems
https://doi.org/10.12673/jant.2017.21.5.514

516

AN S A2 A ALgE] 9090

2 49

2SIl el Ak S 34
N e A AN TS W A7) Ao Do) &

& WA AR = gl A (DT 2k o] u Bl QEE
299,792,458 m/s ©]TH7].
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WeekNumber Nanos =
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Initial Estimations Project the a priori prediction =3
=X,y + Bu
Projected Prediction T > Pradiction
) Process

Projectthe o priori error covariance

Pi= ¢ Pey 9T+ Q

Acquiring the Optimal Kalman Gain
K,=Py-H -(H-P;-HT +R,)7?
Update the estimation states
HE)

Sensor Measurements

> Measurement

¥ = % + Kz, - Process

Update the Error Covariance
P,=(~-K. H)-P;

Updated Meaurement

[
a2 2. Ziok e U= 520
m

Fig. 2. Kalman filter algorithm flow chart.
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Diff= NMEA(m)— GPS(m) (6)
Improvement (%) = NAIEAg;;Zm?PS(m/) > 100% @)

33,4, 55 AR A HolE 7|9k GPS XA 7ol A
S Hi-2 =3 RMS 3.05 m, 54 RMS 3.82m, 3D RMS
4.97m o], NMEA 912 A3}e] 8= 4% RMS 3.84 m,
=% RMS 4.92 m, 3D RMS 6.53 m ©]t}.

¥ 3. 74 X} Zn}
Table 3. Horizontal error result.

Horizontal Comparison
count GPS(m) NMEA(m) Diff Improvement %
1 2.01 3.82 1.81 90 %
2 2.36 3.11 0.75 32%
3 3.11 3.54 0.43 14 %
4 4.08 34 -0.68 -17%
5 222 4.32 2.1 95 %
6 3.36 5.56 22 66 %
7 5.02 59 0.88 18%
8 2.25 2.74 0.49 22%
9 3.03 2.19 -0.84 -28 %
Average 3.05 3.84 0.79 32%
E 4. 3% 23 23}
Table 4. Vertical error result.
Vertical Comparison
count GPS(m) NMEA(m) Diff Improvement %
1 2.6 0.78 -1.82 -70 %
2 2.53 7.93 5.4 213 %
3 2.7 8.6 5.9 219%
4 6.51 5.1 -1.41 22 %
5 3.03 6.25 3.22 106 %
6 8.05 2.48 -5.57 -69 %
7 4.6 5.16 0.56 12%
8 1.66 4.42 2.76 166 %
9 2.72 3.55 0.83 31%
Average 3.82 4.92 1.10 65 %
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Table 5. 3D error result.

3D Comparison
count GPS(m) NMEA(m) Diff Improvement %
1 329 39 0.61 19%
2 3.46 8.52 5.06 146 %
3 4.12 9.31 5.19 126 %
4 7.69 6.13 -1.56 =20 %
5 3.76 7.6 3.84 102 %
6 8.72 6.09 -2.63 -30 %
7 6.81 7.83 1.02 15%
8 2.8 52 24 86 %
9 4.07 4.17 0.1 3%
Average 4.97 6.53 1.56 50 %
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