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Outline
● Ecosystem snapshot
● Logging Tools

○ RINEX
○ Sensor logging
○ Updated UI

● Analysis Tools
○ L1,L5 analysis
○ Kalman Filter positions
○ ADR (carrier phase) positions
○ Select satellites for position
○ RINEX

● Android 11
○ Changes and updates to GNSS 

Measurements API
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RTK, PPP, Interference Detection, Health 
Monitoring, Analysis, ...

Raw GNSS Measurements in the Android Ecosystem
2020 Snapshot 

Google GNSS Analysis Tools Apps Research

17,000 downloads
(last year: 10,000)

1,350 papers
(last year: 900)
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Google Logging Tools: GnssLogger
○ RINEX
○ Sensors
○ Updated UI

Google Analysis Tools
○ L1,L5 analysis
○ Kalman Filter positions
○ ADR (carrier phase) positions
○ Select satellites for position
○ RINEX

Android 11, API preview
○ Antenna Phase Center Offset
○ C/No at Baseband and Antenna
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RINEX V3 logging

Android Raw Measurement API

RINEX
- STATE_CODE_LOCK

STATE_BIT_SYNC
STATE_SYMBOL_SYNC
STATE_SUBFRAME_SYNC
STATE_MSEC_AMBIGUOUS
STATE_TOW_DECODED

pseudorange getReceivedSvTimeNanos

- getReceivedSvTimeUncertaintyNanos

Doppler getPseudorangeRateMetersPerSecond

- getPseudorangeRateUncertaintyMetersPerSecond

Carrier phase getAccumulatedDeltaRangeMeters

- getAccumulatedDeltaRangeUncertaintyMeters

...

Observation 
codes:
I
Q
I+Q
L1C
...

Why didn’t Android use RINEX in the first place?
Because there are many raw measurement attributes that are very important to 
phones but not present in RINEX:
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RINEX logging feature

● New switch “Log RINEX” on settings UI.
● Logs a new file with .<yy>o extension during a 

logging session.
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RINEX logging feature, Demo
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https://docs.google.com/file/d/1epgSxonTVwZ8a6jpM6UqRM2Ns2HMpxgf/preview
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Resulting log file
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Sensor logging feature

● Raw sensor data
● Accelerometer, rate-gyro, and magnetometer 

measurements 
● In both calibrated and uncalibrated formats
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UI Improvements

Skyplot
az/el plot of all satellites

Status
ID, C/No, az, el

Unique feature
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Google Logging Tools: GnssLogger
○ RINEX
○ Sensors
○ Updated UI

Google Analysis Tools
○ L1,L5 analysis
○ Kalman Filter positions
○ ADR (carrier phase) positions
○ Select satellites for position
○ RINEX

Android 11, API preview
○ Antenna Phase Center Offset
○ C/No at Baseband and Antenna
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GNSS Logger

GNSS Analysis
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https://g.co/GnssTools

... find the tools in the GPS 
Measurement Tools repo on 
GitHub, which includes the 
GNSS Logger APK and the 
GNSS Analysis app for 

Linux, 
Windows, 
macOS, 

and the 
Installation and User Manual.

Links to tools:  
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https://developer.android.com/guide/topics/sensors/gnss.html
https://github.com/google/gps-measurement-tools/releases/tag/2.0.0.1
https://github.com/google/gps-measurement-tools/releases/download/V2.5.0.0/GnssAnalysis-LinuxV2.5.0.0.zip
https://github.com/google/gps-measurement-tools/releases/download/V2.5.0.0/GnssAnalysisWindowsV2.5.0.0.zip
https://github.com/google/gps-measurement-tools/releases/download/V2.5.0.0/GnssAnalysisMacV2.5.0.0.zip
https://github.com/google/gps-measurement-tools/releases/download/V2.5.0.0/Installation.Instructions.and.User.Manual.GNSS.Analysis.App.1.pdf
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GNSS Analysis App, v3.0.3.0

Version numbering: v3.0.3.0

Major release, compatible with Android P and Q (aka 10)
Major feature updates (from v3.0.0.0)

Minor feature updates
Bug fixes

Available now: https://g.co/GnssTools

Replaces v2.6.3.0
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https://g.co/GnssTools
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L1L5 C/No Comparison

Simulated measurement data to illustrate functionality of tools

Minimum C/No with 0 dBi RHCP antenna
with 2dB Front End Noise Figure

GPS (dB.Hz) GAL (dB.Hz)

L1/E1 45.5 47

L5/E5a (I + Q) 49 49

L5/E5a  (I only) 46 46

Antenna+filter loss at L5L1 Only
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Group Delay

L1
L5

When two signals of different frequency pass through a medium 
(including: Earth’s atmosphere, and the RF chain of the receiver), they 
experience different time delays relative to each other.

Also, the signal processing in different GNSS chips might result in 
significant differences in L1 v L5 delays, and this must be measured 
and compensated for before using L1 and L5 measurements together.

  Observed TtxL5 ≠ Observed TtxL1
i.e. PseudorangeL5 ≠ PseudorangeL1

TtxL5 = TtxL1 
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Inter System Bias

tGPS = tQZS  ≠ tGLO  ≠ tGAL  ≠ tBDS

The different GNSSes are synced to different times
(except QZS which manages to be synced to GPS)

Moreover, different GPS receivers will treat different 
signal types differently, resulting in further differences 
in observed times. These offsets must be measured 
and accounted for before combining pseudoranges 
from different systems.
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Example 1:
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Example 2:
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Raw pseudorange, Kalman Filter, Carrier Phase (ADR)

Result with PPK (Post-Processed-Kinematic)
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https://docs.google.com/file/d/1R7tadSH8zNX8WQDiNGAFsyUWjTyKAjTw/preview
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Raw pseudorange, Kalman Filter, ADR

Comparison of positions from the same data set, left to right:
● Raw Pseudorange, processed with Weighted Least Squares (weighted by reported measurement uncertainty).
● Kalman Filter, using WLS position, and WLS velocity (velocity computed from Doppler measurements)

Not shown: WLS position from smoothed pseudorange, is similar to Kalman Filter position.
● WLS position from ADR (Carrier Phase).

Conclusion: you should expect to get noisy positions from Raw Pseudoranges.
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Public methods
getAccumulatedDeltaRangeMeters()
getAccumulatedDeltaRangeState()
getAccumulatedDeltaRangeUncertaintyMeters()
getCarrierFrequencyHz()
getCn0DbHz()
getConstellationType()
getMultipathIndicator()
getPseudorangeRateMetersPerSecond()
getPseudorangeRateUncertaintyMetersPerSecond()
getReceivedSvTimeNanos()
getReceivedSvTimeUncertaintyNanos()
getSnrInDb()
getState()
getSvid()
getTimeOffsetNanos()
hasCarrierFrequencyHz()
hasSnrInDb()

Carrier Phase

22



2020  |  ©  Google 23



2020  |  ©  Google

Residual errors, single-differenced 
from reference SV G05 L1.

Using Reference PVT specified by 
user, in this case “Stationary Receiver, 
WLS median position”.

QUESTION: Why are these residual 
errors growing over time?

Hint:
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Residual errors, 
single-differenced 
from reference SV 
G05 L1.

Using Reference PVT:
nmea file from 
previously computed 
ADR position
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Select satellites for position

Suppose you wanted to remove all satellites above 30 degrees elevation. What would the position look like?
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Google Logging Tools: GnssLogger
○ RINEX
○ Sensors
○ Updated UI

Google Analysis Tools
○ L1,L5 analysis
○ Kalman Filter positions
○ ADR (carrier phase) positions
○ Select satellites for position
○ RINEX

Android 11, 
Raw Measurements and GNSS Status API preview
○ Antenna Phase Center Offset
○ C/No at Baseband and Antenna
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GnssAntennaInfo

New, optional antenna information

● Phase center offset (PCO)

○ Enables cm-level location

○ Useful for lever-arm offset in Android Auto

● Phase center variation (PCV)

○ Enables cm-level location

● Gain pattern

○ Improves GNSS C/N0 based location information

● Different values by frequency, and device state

PC
O

PCV
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see: https://developer.android.com/reference/android/location/GnssAntennaInfo



2020  |  © Google

GnssStatus

Since N, GnssMeasurement and GnssSvInfo APIs require Antenna C/N0

● For example, getCn0DbHz()

○ The value contains the measured C/N0 for the signal at the antenna input

● For developers

○ More indicative of external RF; easier to externally test

Several OEMs and vendors also want Baseband C/N0

● More directly measurable inside GNSS chipset

○ Useful in OEM and vendor device testing

● Android 11 adds basebandCn0DbHz

Pre-Amp & 
Front End

Down-converter 
A-to-D converter

Measurement 
Signal 

Processing
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see: https://developer.android.com/reference/android/location/GnssStatus
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Summary and Timeline

Android 11

GnssLogger

RINEX logging
Sensor logging
Updated UI

 Q3 2019     ... Q1 2020                  Q2 2020 Q3 2020 Q4 2020

Analysis Tools v3.0.3.0 

L1L5 Analysis
Kalman Filter and ADR (Carrier Phase) processing
Satellite Selection

Analysis Tools v4.0.0.0 

Read RINEX
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the end.  Thank You!
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