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This course has a support site: hittps://sites.google.com/view/gnsstutorial

= Cc O @ https://sites.google.com/view

Android GNSS Tutorial

Al

Click here to download the short-course slides

Sample log files to run with GnssAnalysisApp

These zip files have GnssLogger log files with ephemeris for you to process with the GnssAnalysisApp
driving (log file, driving, GPS, L1L5, with truth nmea)

ionotropodemo (two log files, GNSS and GPS-only, stationary with true position in readme.txt)

GnssAnalysisApp will download ephemeris zip files,

= Get gzip.exe from here www.gzip.org/gzip124xN.zip

Extract the files, rename gzip.exe to gunzip.exe

Move gunzip.exe to somewhere in your Windows

CneccAnalucicAnn dacltan ann daumlasd in fila

Google

and attempt to unzip them using gunzip in Windows.

ﬁ Tutorial resourcées

More information about GNSS Measurements,
including which phones support raw measurements,
see: https://g.co/GnssTools

For Matlab code for processing GPS measurements

see the opensource folder in the GPS Measurement

Tools repository on GitHub.


https://sites.google.com/view/gnsstutorial

1. Raw GNSS

Overview

1. Raw GNSS Measurements

Google



Tips, tricks and knowledge to take away

Google

Use Desktop Analysis Tool to create the derived data file for you

o this is where you find pseudorange, and smoothed pseudorange
Do analysis on data from the derived data file
Beware the weak, and low elevation, signals - filter them out before analyzing the
atmosphere

O use elevation mask (= 15 degrees)

o use CustomDataFilter.m
Be aware of inter-system and inter-signal biases
Beware of the ADR (Accumulated Delta Range) residual analysis for inferring
anything about the atmosphere - there is a 1 mm/s drift in the residuals (cause
unknown).

© Google 2018
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1. Raw GNSS

2. Logging Tools

3. Pseudorange

4. Analysis Tools 5. Hands-on Exercises

Location APls, Measurement APIs

aka Google Play Services aka Google Mobile Service
Most Android phones have this (not China)

— / A \
Location APIs, android.gms.location
e Places
Geofencing
Fused Location Provider (FLP)
Fit
Activity Recognition

Nearby

All Android phones have this
A

—

. . R
Measurement/Sensor APIs, in android.location
e |ocation

e GnssClock GNSS Raw Measurements

e GnssMeasurement }

All phones with:
GNSS chips build date 2 2016
OS = Android N (Nougat)

© Google 2018 5



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Overview

Raw GNSS Measurements

Logging Tools

How to get Raw Pseudorange

Analysis Tools (and smoothed pseudorange)
Hands-on Exercises

a s woh =

Google

© Google 2018
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2. Logging Tools

GNSS Logger

GNSS Analysis

Google



2. Logging Tools

https://g.co/GnssTools

GnssLogger App for phone, see app store:

Google

17:52 @ % ®A4030%

gnssLogger

GnssLogger App

Ads - Related to your search

*
>
L4

Status: Crypto LastSeen - Anti Spy 4 Fi
Wallet, Messen... Telegram Track... Scanner & Spy...

You might also like

Garmin Connect

A



https://developer.android.com/guide/topics/sensors/gnss.html

2. Logging Tools

Logging the raw data on your phone: @

1,

Log Map Plots Status  Skyp

Location .

GNSS Location . MeasuremD

Fused Location Network Location

Navigation Messa... GnssStatus .
Antenna Info

Nmea ® Log Sensors

Log RINEX o

Residual Plot
Auto Scroll
Licensing Information
HELP Exit
HW Year: 2020 v3.0.3.1

Platform: 12, API Level: 32
HW Model: Broadcom, BCM4776, GLL

vaw 170 AN A0 CNACOD

Google

2,

Home Log Map Plots Status  Skyp

nalBiasUncertaintyNanos = 1.0

GnssMeasurement:
Svid =1
ConstellationType = 1
TimeOffsetNanos = 0.0
State = 16384
ReceivedSvTimeNanos = 149490922835062
ReceivedSvTimeUncertaintyNanos = 1000000000
CnODbHz = 15.688
PseudorangeRateMetersPerSecond = 158.488
PseudorangeRateUncertaintyMetersPerSeconds =
299792458.000
AccumulatedDeltaRangeState = 16
AccumulatedDeltaRangeMeters = 3464.733
AccumulatedDeltaRangeUncertaintyMeters =
3.403E38
Multipathindicator = 0
AgcDb = 30.79895782470703
CarrierFrequencyHz = 1.17645005E9
CodeType = Q
BasebandCn0ODbHz = 11.688169479370117
FullinterSignalBiasNanos = 6.897607905035344
FulllnterSignalBiasUncertaintyNanos =
7.671281903963041
SatellitelnterSignalBiasNanos =
6.897607905035344
SatellitelnterSignalBiasUncertaintyNanos = 1.0

Time Remaining: N/A

Timed Log

Start Log

Delete Log Files

Home Log Map Plots Status  Skyp

B T T

UncertaintyNanos = 1.0

GnssMeasurement:
Svid =1
ConstellationType = 1
TimeOffsetNanos = 0.0
State = 16384
ReceivedSvTimeNanos = 149495922832395
ReceivedSvTimeUncertaintyNanos = 1000000000
Cn0ODbHz = 16.891
PseudorangeRateMetersPerSecond = 159.765
PseudorangeRateUncertaintyMetersPerSeconds =
299792458.000
AccumulatedDeltaRangeState = 16
AccumulatedDeltaRangeMeters = 4261.678
AccumulatedDeltaRangeUncertaintyMeters =
3.403E38
Multipathindicator = 0
AgcDb = 28.704256057739258
CarrierFrequencyHz = 1.17645005E9
CodeType = Q
BasebandCnODbHz = 12.89141845703125
FullinterSignalBiasNanos = 6.897607905035344
FullinterSignalBiasUncertaintyNanos =
7.671281903963041
SatelliteInterSignalBiasNanos =
6.897607905035344
SatellitelnterSignalBiasUncertaintyNanos = 1.0

Time Remaining: N/A

Stop &

Send

(| @ Share with Gmail

Justonce Always
Use a different app

B Messages

Q WhatsApp

Maps
Add to Maps

Keep Notes

Photos
Upload to Photos

‘ e Drive

Nearby Share



2. Logging Tools

Logged Data is stored locally, on the phone:

30 @ d 88% W 12:17

= Internal storage Q
Mt > sdcard oo
gnss_log
\11/29/17 12:17 1 item
o M av-Yal
11/29/17 12:15 10 items
Pictures
11/15/17 21:04 3items
DCIM
10/22/17 18:06 3items
Android
10/21/17 00:20 3items
Ringtones GNSS Logger data is stored locally on your phone.
10/20/17 22:57 1 item

Google doesn’t get any data from these log files.

VoiceRecorder

10/20/17 22:57 03

Notifications




2. Logging Tools

From Android 11+

Files app: Other storage, System traces, “Hamburger” menu =, Phone name, Android, data,
com.google.android.apps.location.gps.gnsslogger,
files,gnss_log

165700 @ % T et 0 ®AM94% 165700 @ % T ot 0 ®AM94% 1659 O @-% T ot © ®4M94% 05:50 @ A % T S PART70% 0553 @ A # T S PAR70% 17:0000® % T E % 17:010 % T N P A092%

= 2 Files Q & Other storage =  System traces g Files = data Q data i gnss_log Q

System traces ®© Recent Pixel6Pro > Android > data com.google.android.apps.docs.editor... gnss_log_2022_04_03_15_55_49.220
Videos Al Cloud Developer B

144 M8 Files from System traces B s (= Images | J Audio | [ Videos | [ Dd

com.google.android.apps.docs.editor... gnss_log_2022_04_03_15_55_49.txt
Audio 8) Bugreports Files in data :::] Apr 3,325 kB, TXT document

8B & Videos

. com.google.android.apps.dynamite gnss_log_2022_04_18_10_32_00.220
@ Drive

Documents & other g Audio android.auto_generated_rro_product__ 1032, 14.87 k8, BIN file

65MB

Documents X le.andioid.apps fitness nss_log_2022_04_18_10_32_00.nmea
Aons D com.google.al pp: gnss_log_ A

e = System traces android.auto_generated_rro_vendor__

4 Downloads

asactions com.google.andtoid.apps.gmm 2022_04_18_10_32_00:txt
ccrelive.reliveapp it

<D
com.google.android.apps.location.gp... gnss_log_2022_04

com.acehardware.rewards 17:01, 644 kB, TXT

B ¥ Bugreports
Favorites Safe folder com.google.android.apps.maps gnss_log_2022_04_18_16_56_37.nmea
B com.airbnb.android 17:01, 131 M8, BINf
e fvandiggelen@gmail.com
com.google.android.apps.messaging gnss_log_2022_04_18_16_56_37txt

e Drive ccom.amazon.avod.thirdpartyclient B 17:01, 3.28 MB, TXT do
fvandiggelen@google.com

Storage devices

o Internal storage No items

199 GB free

e Drive com.google.android.apps.nbufiles

Other storage glendagiven@gmail.com com.amazon.mShop.android.shopping

=/ Browse cloud storage and developer files

@ System traces com.google.android.apps.nbu.paisa.u...
com.android.chrome

<+ ®

com.google.android.apps.nexuslaunc...
Browse

com.android.managedprovisioning

or, using adb (Android Debug Bridge):
adb root
adb pull . /storage/self/primary/Android/data/com.google.android.apps.location.gps.gnsslogger/files/gnss_log/ /destinationFolder

Google




2. Logging Tools

Overview

Most important takeaway:
3. How to get Raw Pseudorange Understand tRx and tTx

Google



3. Pseudorange

A reminder of what we mean by “pseudorange”

Each Satellite Stamps the Transmission Time
GPS Receiver Measures the Arrival Time

Pseudorange
= Arrival Time - Transmission Time

S
o
; Q‘
0
(S
"

Pseudorange
= (Arrival Time - Transmission Time)*c
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-
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P

© 2016, Per Enge and Frank van Diggelen for AA272C
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1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools

5. Hands-on Exercises

To find the GNSS Measurement APls ...

ne® 9 O

1% Making Your App L NASA GPS GLO ep 10 - Google Drive ‘@& The Institute of Na Location & Contex' & gps.h latest »
L 2

1 ) C ¥ | 2| Android gnss measurement api

Mail Images

Google

android gnss measurement api

(=

Google

3)

GnssMeasurement | Android Developers

https://developer.android.com/.../android/.. /GnssMeasurement.h... ¥ Android ~
A class representing a GNSS satellite measurement, containing raw and ... This GNSS

measurement’s tracking state has code lock. .... Added in API level 24.

/i GnssMeasurement | £ X \\ |

& Cc O ‘ B https://developer.android.com/reference/android/location/GnssMeasureme

=
|'| Developers

& Reference

Android APIs

 android hardware.display

+ android.hardware.fingerprint

+ android.hardware.input

+ android hardware.usb

+ android.icu.lang

+ android.icu.math

+ android.icu.text

+ android.icu.util

 android.inputmethodservice

~ android location

Overview
v Interfaces
~ Classes

Address
Criteria
Geocoder
GnssClock
GnssMeasurement
GnssMeasurementsEvent
GnssMeasurementsEvent.Callback
GnssNavigationMessage
GnssNavigationMessage.Callback
GnssStatus
GnssStatus.Callback

APl level: 24 3

DESIGN DEVELOP DISTRIBUTE

GnssMeasurement

public final class GnssMeasurement

extends Object implements Parcelable

java.lang.Object
L android.location.GnssMeasurement

A class representing a GNSS satellite measurement, containing rav

Summary

int ADR_STATE_CYCLE_SLIP

The state of the 'Accumulated Delta Range' has a cycle s18

int ADR_STATE_RESET

14



1. Raw GNSS

In Section 1 we saw the difference between this, and this.

2. Logging Tools

3. Pseudorange

4. Analysis Tools

e

Google APIs for A

HOME GUIDES

© com.google.android.c x \\ |

Cc 0O iﬂ https://deveIopersgoogle.com/android/reference/com/google/android/gms/locatlﬁ/pa(ﬁ‘ ® Q &

games.multiplayer.realtime
games.multiplayer.turnbased
games.quest

games.request
games.snapshot
games.stats

games.video

gcm

identity.intents

identity.intents.model

iid s S 2 > ® S 2 5 5 S
FusedLocationProviderApi  The main entry point for interacting with the fused location provider. v okt hestiware gl GpsStatus.NmeaListener  This interface was deprecated in API level 24. use OnNmeaMessageListener
location + android.hardware.usb S
Geofence Represents a geographical region, also known as a geofence. 2 MR :
Overview + android.icu.math
» ) ) ) ) . ) . < sndroadioutad LocationListener Used for receiving from the L when the location
ActivityRecognition GeofencingApi The main entry point for interacting with the geofencing APIs. ekl has changed.
ActivityRecognitionApi  android.inputmethodservice onN M Li Used f ving NMEA sent P the GNSS
ivi i i A nNmeaMessagelListener ised Tor receivin sentences from the 3
ActivityRecognitionResult LocationListener Used for recen.llng notlﬁ.cailcns from the ) android location g 9
- FusedLocationProviderApi when the location has changed. (e
DetectedActivity + Interfaces CI
! - ) ) B B ) } « Classes asses
FusedLocationProviderApi SettingsApi The main entry point for interacting with the location settings-enable e
APls. v i
Geofence andhoxdmede aidofx Address A class representing an Address, i.e, a set of Strings describing a
e aSasTades  android.media.browse )
+ android media.effect location.
GeofencingApi + android.media.midi R PRI S 3
Classes + android.media projection Criteria A class indicating the application criteria for selecting a location
GeofencingEvent + android. media.session provider.
GeofencingRequest + android. media.tv o A s o i - =
. - - - o S . + android.mtp eocoder class for handling geocoding and reverse geocoding.
LocationAvailability ActivityRecognition The main entry point for activity recognition integration. e s
5 oo o . — = + androidnethttp GnssClock A class containing a GPS clock timestamp.
ActivityRecognitionResult Result of an activity recognition. N R ‘ -
GnssMe:surement A class representing a GNSS satellite measurement, containing raw

oid

REFERENCE

com.google.

Contents
Interfaces

Classes

Interfaces

ActivityRecognitionApi

ndroid.gms.locati...

fernal: Count: 32, Average: 3.9

The main entry point for interacting with activity recognition.

5. Hands-on Exercises

A fk | [= B[]

& androm:

ation | Anc x \\_\
¢ >C 0 Bhw

developer.android.com/reference/android/location/package-summary.html|

%@L 0O

Q Search

|i| Developers DESIGN  DEVELOP  DISTRIBUTE )+ DEVELOPER CONSOLE

Added in API level 1

& Reference

android.location

Android location-based and related services.

Android APIs

v android bluetooth

~ android bluetooth.le

+ android.content
 android.contentpm

v android.content.res

 android database
 android.database.sqlite

+ android.databinding

~ android.drm

+ android.gesture

+ android.graphics

+ android.graphics. drawable

+ android.graphics.drawable shapes
+ android.graphics. pdf

+ android hardware

~ android hardware.camera2

« android hardware.camera2 params
 android.hardware.display

+ android hardware fingerprint

APl level: 24

This APl is not the recommended method for accessing Android location.

The Google Location Services AP, part of Google Play services, is the preferred way to add location-
awareness to your app. It offers a simpler API, higher accuracy, low-power geofencing, and more. If you are
currently using the android.location API, you are strongly encouraged to switch to the Google Location
Services APl as soon as possible.

To learn more about the Google Location Services API, see the Location APl overview.

Interfaces

GpsStatus.Listener This interface was deprecated in API level 24. use GnssStatus.Callback

instead.

1 Google Play Services, higher abstractions of location

android.location, for Raw Measurements 15




1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Stylistic note for this section:

Green-outlined box,
means an extract from android.location APls

Google © Google 2018 16



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

i GnssMeasurement | 2 X \a
6

How to make sure
you're looking at
Android release “N”
or later

C 0O ‘B https://developer.android.com/reference/android/location/GnssMeasu

i
l'l Developers DESIGN DEVELOP DISTRIBUTE Q_ Search

& Reference o]

Gnssl\/leasurement

public final class GnssMeasurement
+ android.hardware

+ android.hardware.camera2
+ android.hardware.camera2.params
+ android.hardware.display
+ android.hardware.fingerprint L android.location.GnssMeasurement
+ android.hardware.input
+ android.hardware.usb
v android.icu.lang
v android.icu.math
+ android.icu.text
v android.icu.util
+ android.inputmethodservice
~ android.location
Ouoryviow

extends Object implements Parcelable

java.lang.Object

A class representing a GNSS satellite measurement, containi

API level 24 = Release N

Google © Google 2018 17



1. Raw GNSS 2. Logging Tools

3. Pseudorange

4. Analysis Tools

& Cc 0O [B https://developer.android.com/reference/android/location/GnssMeasurementsEvent.html

Qx| e O 9

DESIGN  DEVELOP

Reference . ,
Aclass nting a conta

Android APIs APl level: 24 =

 android.inputmethodservice
~ android.location
Overview
 Interfaces
~ Classes
Address
Criteria
Geocoder
GnssClock
GnssMeasurement
GnssMeasurementsEvent
GnssMeasurementsEvent.Callback

Summary

class

Nested classes

DISTRIBUTE

er for data associated with a measurement event. Events are delivered to registered instances of

GnssMeasurementsEvent.Callback.

GnssMeasurementsEvent.Callback

Used for receiving GNSS satellite measurements from the GNSS engine.

Q Search

p)» DEVELOPER CONSOLE

5. Hands-on Exercises

GnssMeasurementEvent.Callback

GnssNavigationMessage

A Callback Inherited constants

GnssStatus
GnssStatus.Callback v Frominterface a
GpsSatellite
GpsStatus
Location
LocationManager
LocationProvider
SettinglnjectorService
« android.media
 android.media.audiofx
 android.media.browse
 android.media.effect
 android.media.midi
 android.media.projection
+ android.media.session

Fields

public static fin

Creator<GnssMeasu

Public methods

int

GnssClock

Collection<GnssMeasurement>

getClock()

Gets the GNSS receiver clock information associated with the measurements for the

current event.

getMeasurements()

Gets a read-only collection of measurements associated with the current event.

describeContents()

Describe the kinds of special objects contained in this Parcelable instance's marshaled

 android.media.tv
 android.mtp

+ android.net
 android.net.http
+ android.net.nsd
 android.net.rtp
 android.net.sip
v android.net.wifi

GnssClock

Collection<GnssMeasurement>

getClock()
Gets the GNSS receiver clock information associated with the measurements for the

current event.

getMeasurements()

Gets a read-only collection of measurements associated with t

 android.net.wifi.p2p
) 1 i nsd

String

toString()

© Google 2018 18




1. Raw GNSS

2. Logging Tools

3. Pseudorange 4. Analysis Tools

6

Cc 0O ‘ B https://developer.android.com/reference/android/location/GnssClock.html

% ® 20

.
[ ] Developers

& Reference

Android APIs

v android.icu.text
 android.icu.util
+ android.inputmethodservice
~ android location
Overview
v Interfaces
~ Classes
Address
Criteria
Geocoder
GnssClock
GnssMeasurement
GnssMeasurementsEvent

Google

APllevel: 24 &

DESIGN DEVELOP  DISTRIBUTE

extends Object implements Parcelable

java.lang.Object
L android.location.GnssClock

GnssClock

public final class GnssClock

p>» DEVELOPER CONSOLE

Added in API level 24
Summary: Inherited Constants | Fields | Methods |
Inherited Methods | [Expand All]

Public methods

int

double

double

double

double

long

int

int

long

double

describeContents()

Describe the kinds of special objects contained in this Parcelable instance's marshaled representation.

getBiasNanos()

Gets the clock's sub-nanosecond bias.

getBiasUncertaintyNanos()
Gets the clock's Bias Uncertainty (1-Sigma) in nanoseconds.

getDriftNanosPerSecond()
Gets the clock's Drift in nanoseconds per second.

getDriftUncertaintyNanosPerSecond()
Gets the clock's Drift Uncertainty (1-Sigma) in nanoseconds per second

getFullBiasNanos()
Gets the difference between hardware clock (get TimeNang«{ )) inside GPS receiver and the true GPS

time since 0000Z, January 6, 1980, in nanoseconds.

getHardwareClockDiscontinuityCount(
Gets count of hardware clock discontinu#ies.

getlLeapSecond()

Gets the leap second assgefated with the clock’s time.

getTimeNanos()
Gets the GNSS receiver internal hardware clock value in nanoseconds.

getTimeUncertaintyNanos()

Gets the clock's time Uncertainty (1-Sigma) in nanoseconds.

5. Hands-on Exercises

-
. LES
~a
~

-
o*? LN
IS
oS

This is the time tag of the GNSS Measurement

Added in API level 24

getTimeNanos

long getTimeNanos ()

Gets the GNSS receiver internal hardware clock value in
nanoseconds.

This value is expected to be monotonically increasing while the
hardware clock remains powered on. For the case of a
hardware clock that is not continuously on, see the
getHardwareClockDiscontinuityCount() field.

The GPS time can be derived by subtracting the sum of
getFullBiasNanos() and getBiasNanos() (when they are
available) from this value. Sub-nanosecond accuracy can be
provided by means of getBiasNanos().

The error estimate for this value (if applicable) is
getTimeUncertaintyNanos(). 19



https://developer.android.com/guide/topics/manifest/uses-sdk-element.html#ApiLevels
https://developer.android.com/reference/android/location/GnssClock.html#getHardwareClockDiscontinuityCount()
https://developer.android.com/reference/android/location/GnssClock.html#getFullBiasNanos()
https://developer.android.com/reference/android/location/GnssClock.html#getBiasNanos()
https://developer.android.com/reference/android/location/GnssClock.html#getBiasNanos()
https://developer.android.com/reference/android/location/GnssClock.html#getTimeUncertaintyNanos()

1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

“ Cc 0 | B https://developer.android.com/reference/android/location/GnssMeasurement.html pxg ‘

F--3
l" Developers DESIGN DEVELOP DISTRIBUTE

eference W—
- GnssMeasurement e e

public final class GnssMeasurement

Android APIs APl level: 24

+ android.inputmethodservice
~ android.location
Overview java.lang.Object
v Interfaces
~ Classes
Address
Criteria
Geocoder
GnssClock A class representing a GNSS satellite measurement, containing raw and computed information.

extends Object implements Parcelable

L, android.location.GnssMeasurement

int describeContents()
Describe the kinds of special objects contained in this Parcelable instance's marshaled representation.

double getAccumulatedDeltaRangeMeters()
Gets the accumulated delta range since the last channel reset, in meters.

int getAccumulatedDeltaRangeState()
Gets '‘Accumulated Delta Range' state.

double getAccumulatedDeltaRangeUncertaintyMeters()
Gets the accumulated delta range's uncertainty (1-Sigma) in meters.

long getCarrierCycles()

The numbher of full farrier ruclac h the llita and tha

GnssMeasuremen| (IS IR ‘

o
Google So, how do you get pseudorange?

Public methods

[ describeContents()

getAccumulatedDeltaRangeMeters()
getAccumulatedDeltaRangeState()
getAccumulatedDeltaRangeUncertaintyMeters()
getCarrierCycles()
getCarrierFrequencyHz()
getCarrierPhase()
getCarrierPhaseUncertainty()
getCn0ODbHz()

getConstellationType()
getMultipathIndicator()
getPseudorangeRateMetersPerSecond()

getPseudorangeRateUncertaintyMetersPerSecond()

getReceivedSvTimeNanos()
getReceivedSvTimeUncertaintyNanos()
getSnrinDb()

getState()

getSvid()
getTimeOffsetNanos()
hasCarrierCycles()
hasCarrierFrequencyHz()
hasCarrierPhase()
hasCarrierPhaseUncertainty()
hasSnrinDb()

toString()

writeToParcel(Parcel parcel, int flags)
© Google 2018
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https://developer.android.com/reference/android/location/GnssMeasurement.html#describeContents()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getAccumulatedDeltaRangeMeters()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getAccumulatedDeltaRangeState()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getAccumulatedDeltaRangeUncertaintyMeters()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierCycles()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierFrequencyHz()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierPhase()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierPhaseUncertainty()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCn0DbHz()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getConstellationType()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getMultipathIndicator()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getPseudorangeRateMetersPerSecond()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getPseudorangeRateUncertaintyMetersPerSecond()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getReceivedSvTimeNanos()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getReceivedSvTimeUncertaintyNanos()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getSnrInDb()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getState()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getSvid()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getTimeOffsetNanos()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierCycles()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierFrequencyHz()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierPhase()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierPhaseUncertainty()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasSnrInDb()
https://developer.android.com/reference/java/lang/String.html
https://developer.android.com/reference/android/location/GnssMeasurement.html#toString()
https://developer.android.com/reference/android/location/GnssMeasurement.html#writeToParcel(android.os.Parcel,%20int)
https://developer.android.com/reference/android/os/Parcel.html
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“ Cc 0 | B https://developer.android.com/reference/android/location/GnssMeasurement.html pxg ‘

e
l'l Developers DESIGN DEVELOP  DISTRIBUTE

& Reference Summary: Constants | Inhef
nssMeasurement e e
Android APIs APl level: 24 & ) )
L i public final class GnssMeasurement
+ android.inputmethodservice extends Object implements Parcelable
~ android.location
Overview java.lang.Object
interiaces L, android.location.GnssMeasurement
~ Classes
Address I
Criteria .
Geocoder Public methods
GnssClock
GnssMeasuremen| int describeContents()
___ GnssMeasurement Describe the kinds of special objects contained in this Parcelable instance's marshaled representation.

double getAccumulatedDeltaRangeMeters()
Gets the accumulated delta range since the last channel reset, in meters.

int getAccumulatedDeltaRangeState()
Gets '‘Accumulated Delta Range' state.

double getAccumulatedDeltaRangeUncertaintyMeters()

Gets the accumulated delta range's uncertainty (1-Sigma) in meters.

long getCarrierCycles()

« » aTha nuimhar af filll carriar cunlac h tha catallita and tha

You get ReceivedSvTimeNanos,
and from that you make the pseudorange

Google

Public methods

describeContents()
getAccumulatedDeltaRangeMeters()
getAccumulatedDeltaRangeState()

ame e — DeltaRangeUncertaintyMeters()

3()

encyHz()

)
:Uncertainty()

Type()

Vuitipathinadicator()
getPseudorangeRateMetersPerSecond()

etP ncertaintyMetersPerSecond()
getReceivedSvTimeNanos()
getReceiv eUncertaintyNanos()
getSnrinDb()

getState()

getSvid()

getTimeOffsetNanos()
hasCarrierCycles()
hasCarrierFrequencyHz()
hasCarrierPhase()
hasCarrierPhaseUncertainty()
hasSnrinDb()

toString()

writeToParcel(Parcel parcel, int flags)
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https://developer.android.com/reference/android/location/GnssMeasurement.html#describeContents()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getAccumulatedDeltaRangeMeters()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getAccumulatedDeltaRangeState()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getAccumulatedDeltaRangeUncertaintyMeters()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierCycles()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierFrequencyHz()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierPhase()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCarrierPhaseUncertainty()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getCn0DbHz()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getConstellationType()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getMultipathIndicator()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getPseudorangeRateMetersPerSecond()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getPseudorangeRateUncertaintyMetersPerSecond()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getReceivedSvTimeNanos()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getReceivedSvTimeUncertaintyNanos()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getSnrInDb()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getState()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getSvid()
https://developer.android.com/reference/android/location/GnssMeasurement.html#getTimeOffsetNanos()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierCycles()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierFrequencyHz()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierPhase()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasCarrierPhaseUncertainty()
https://developer.android.com/reference/android/location/GnssMeasurement.html#hasSnrInDb()
https://developer.android.com/reference/java/lang/String.html
https://developer.android.com/reference/android/location/GnssMeasurement.html#toString()
https://developer.android.com/reference/android/location/GnssMeasurement.html#writeToParcel(android.os.Parcel,%20int)
https://developer.android.com/reference/android/os/Parcel.html
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Why isn’t pseudorange provided explicitly?

Because about half of all GNSS location on smartphones happens before time

(TOW) is fully known.

Smartphone GNSSes make extensive use of

getReceivedSvTimeNanos

long getReceivedSvTimeNanos ()

For GPS & QZSS, this is:

Searching : [ e 1
C/A code lock : [0 1ms ]
Bit sync : [ 0 20ms ]
Subframe sync [ e 6s ]
TOW decoded : [ © 1week ]

Gets the received GNSS satellite time, at the measurement time, in nanoseconds.

* Received GPS Time-of-Week at the measurement time, in nanoseconds.

« The value is relative to the beginning of the current GPS week.

Given the highest sync state that can be achieved, per each satellite, valid range for this field can be:

: STATE_UNKNOWN /
: STATE_CODE_LOCK is set

: STATE_BIT_SYNC is set
: STATE_SUBFRAME_SYNC is set
: STATE_TOW_DECODED is set

measurements long before TOW is decoded. That is
how they get TTFF of 1 to 2 seconds ("

These measurements are considered invalid in
traditional GNSS. So you can use Android raw
measurements to create RTCM and RINEX format log
files, but not vice-versa without losing information.

For example: when only this bit is
— set, ReceivedSvTimeNanos is a
value from zero to one millisecond.

Google

' See “A-GPS” Book, van Diggelen, Chapter 4 *
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Examples of SvTime < 20ms

> K <« M N o «» AB
Svid ReceivedSvTimeNanc ReceivedSvTimeUncertaintyNanos ConstellationType

17D 4161153 6

5 «—— BeiDou

1074 7769046 14 6
22 1074 586891 6 6 Galileo
30 1074 6540385 1 6
2 47  164773920061633 17 1 GPS

s SUL

» fingerprint.h

362| * If GNSS is still searching for a satellite, the correspong

e should be
4,161,153 ns =4.1 ms > fumed locafionih 363| 7 set to GNSS_WEASUREMENT_STATE_UNKNOWN()
» gatekeeper.h 365 | typedef uint32 t GnssMeasurementState;

37| Fdefine GNSS MEASUREMENT STATE CODE LOCK (1<<0)

— — % erine <<
State =17 = 0001 0001 > Graioch 368 | #define GNSS _MEASUREMENT STATE BIT SYNC (1<<1)
: 369 | #define GNSS MEASUREMENT STATE SUBFRAME SYNC (1<<2)
» hardware.h 370 | #define GNSS MEASUREMENT STATE TOW DECODED (1<<3)
) 371| #define GNSS MEASUREMENT STATE MSEC AMBIGUOUS (1<<4)
» hdmi_cec.h 372 | #define GNSS MEASUREMENT STATE SYMBOL SYNC (1<<5)
S il 373 | #define GNSS MEASUREMENT STATE GLO STRING SYNC (1<<6)
W_auh_loxen. 374 | #define GNSS MEASUREMENT STATE GLO TOD DECODED (1<<7)
» hwcomposerh 375| #define GNSS MEASUREMENT STATE BDS D2 BIT SYNC (1<<8)

. , .
For the rest of this short-course, we’ll focus on GPS measurements where TOW is known.
Google © Google 2018 23




3. Pseudorange

How to get pseudorange:

Pseudorange
= (Arrival Time -

Two methods: Transmission Time)*c

1) construct it from the various time values (complicated)

2) let the Gnss Analysis Tools desktop app to it (recommended)

Google 24



How to get GPS pseudorange (1):

From GnssClock

public long getTimeNanos ()

APl level 24

Q

Gets the GNSS receiver internal hardware clock value in

nanoseconds.

This value is expected to be monotonically increasing while the
hardware clock remains powered on. For the case of a hardware

clock that is not continuously on, see the

getHardwareClockDiscontinuityCount() field.

The GPS time can be derived by subtracting the sum
ofgetFullBiasNanos() and getBiasNanos() (when they are

available) from this value. Sub-nanosecond accuracy can be

provided by means ofgetBiasNanos().

From GnssMeasurement

Each Satellite Stamps the Transmission Time

GPS Receiver Measures the Arrival Time

public long getReceivedSvTimeNanos ()

A
API level 24 }E}
4

L3

.

Gets the received GNSS satellite time, at the measurement Ilmé, in

nanoseconds.

For GPS & QZSS, this is:

Received GPS Time-of-Week at the measurement time, in
nanoseconds.

The value is relative to the beginning of the current GPS week.

and Frank van Diggelen for AA272C

22

getFullBiasNanos()

Gets the difference between hardware clock (getTimeNanos()) inside GPS

receiver and the true GPS time since 0000Z, January 6, 1980, in nanoseconds.

Google

You must adjust the GnssClock value to the
same time reference as GnssMeasurement


https://developer.android.com/reference/android/location/GnssClock.html#getFullBiasNanos()
https://developer.android.com/reference/android/location/GnssClock.html#getTimeNanos()

Each Satellite Stamps the Transmission Time

H ow to g et G F) S pse u d oran g e (2 ) GPS Receiver Measures the Arrival Time

From GnssClock (‘é

The GPS time can be derived by subtracting the sum of getFullBiasNanos() and getBiasNanos()

. <
©2016, Per Enge and Frank van Diggelen for AA272C 22

tRxNanos = TimeNanos - (FullBiasNanos + BiasNanos) - WeekNumberNanos

|
Referenced to GPS Epoch

Y
Referenced to GPS Week

From GnssMeasurement /@

tTxNanos = ReceivedSvTimeNanos

getReceivedSvTimeNanos ()

For GPS & QZSS, this is:
\ J

Referenced T'o GPS Week

° Received GPS Time-of-Week at the measurement time, in
nanoseconds.
° The value is relative to the beginning of the current GPS week

GOOgle Google 2018 26




Access the spreadsheet for the pseudorange exercise:
https://sites.google.com/view/gnsstutorial

< cC O & https://sites.google.com/view/gnsstutoria

Android GNSS Tutorial

File Edit View Insert Format Data Tools Add-ons Help

& e~ s % 0 00123~ Aral . 10
TimeNanos
B ) E F «» J
ImeNanos FullBiasNanos BiasNanos HardwareCloc
72076939000000 -1151285108458178048 0 188
72076939000000 -1151285108458178048 0 188
72076939000000 -1151285108458178048 0 188
= raw.csv prsWithPrinMeters Large number problem

G Example Spreadsheet for wWorking with raw measurements directly «— Scroll down to f|nd th's
C
——


https://sites.google.com/corp/view/gnsstutorial

1. Raw GNSS

2. Logging Tools

3. Pseudorange

4. Analysis Tools

5. Hands-on Exercises

Google Android App: GnssLogger, all these values are read to a log file.

tRxNanos = TimeNanos - (FullBiasNanos + BiasNanos) - WeekNumberNanos

d

> B <

> D

-

TimeNanos
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000

© o N o o B~ W N

=25
o

hhneUncena"ﬂyNanos

+ = prs.csv

%GPS Week number:
weekNumber = floor(-double(gnssRaw.FullBiasNanos)*1e-9/GpsConstants. WEEKSEC);

prsWithPrinMeters

E

F

FullBiasNanos

-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048

BiasNanos

O |O|OCO|IOC|O|O|O|O |O

Large number problem -~

Code snippet from MATLAB/gpstools/opensource/ProcessGnssMeas.m

Google

.

.
.
(3
(S
(]

G H
BigsUncertaintyNanos Svid TimeOffsetNanosl State
26.54 2 0 15
26.54 3 0 15
26.54 6 0 15
26.54 12 0 15
26.54 17 0 15
26.54 19 0 15
26.54 24 0 15
26.54 25 0 15
26.54 28 0 15

tTxNanos = ReceivedSvTimeNanos

K

ReceivedSvTimeNanos
422785326362991
422785311363053
422785328163761
422785324936930
422785318856058
422785325657035
422785327049795
422785314216671
422785314964982
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Google Android App: GnssLogger, and one more thing: TimeOffsetNanos

double getTimeOffsetNanos ()
Gets the time offset at which the measurement was taken in nanoseconds.
The reference receiver's time from which this is offset is specified by getTimeNanos().
The sign of this value is given by the following equation:
measurement time = TimeNanos + TimeOffsetNanos
The value provides an individual time-stamp for the measurement, and allows sub-nanosecond accuracy.

> B <

> D

-

TimeNanos
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000
72076939000000

© o N o o B~ W N

=25
o

hhneUncenahﬂyNanos

E

F

G

FullBiasNanos

-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048
-1151285108458178048

BiasNanos

O |O|OCO|IOC|O|O|O|O |O

H

BiasUncertaintyNanos Svid

26.54
26.54
26.54
26.54
26.54
26.54
26.54
26.54

26.54

12
17
19
24
25
28

tRxNanos = TimeNanos - (FullBiasNanos + BiasNanos) - WeekNumberNanos from previous slide

= (TimeNanos + TimeOffsetNanos) - (FullBiasNanos + BiasNanos) - WeekNumberNanos

Google

\ | J K
TimeOffsetNanosﬂState ReceivedSvTimeNanos
0 15 422785326362991
0 15 422785311363053
0 15 422785328163761
0 15 422785324936930
0 15 422785318856058
0 15 422785325657035
0 15 422785327049795
0 15 422785314216671
0 15 422785314964982

© Google 2018
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https://developer.android.com/reference/android/location/GnssClock.html#getTimeNanos()

3. Pseudorange

Making pseudoranges in the worksheet.

ARITHMETIC HEALTH WARNING:
We use worksheets for illustration only - because you will get precision errors of the order of 1000 ns

because of the large numbers, especially FullBiasNanos

A B €
1 X y = (x+1) z=x+1-1=x?
2 -1151285108458178048 -1151285108458170000 -11512851084581700001

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Making GPS pseudoranges in the worksheet (for illustration only)

t{RxNanos = (TimeNanos + TimeOffsetNanos) - (FullBiasNanos + BiasNanos) - WeekNumberNanos = tRxNanos

Normal = read from GnssLogger

Google

© Google 2018

fx =(B2+I2)-(E2+F2)-K2*604800000000000
> B <« E F  4)»H I J K L M N o
1 Week # | tRxNanos TxNanos = Pseudorange in ms Pseudorange
TimeNanos FullBiasNanos BiasNanos [Bvid [TimeOffsetNanos |State ReceivedSvTimeNanos) 7e-6%(tRxNanos-tTxNanos) in meters
2 7207693900000 -1151285108458178048 0 o} 15 1903 4227853971 69920|- 422785326362991 70.807 21,227,383
3 7207693900000 -1151285108458178048 0 3 of 15 1903 422785397169920 422785311363053 85.807 25,724,252
4 7207693900000(% -1151285108458178048 0 6 o} 15 1903 422785397169920 422785328163761 69.006 20,687,526
S 7207693900000 -1151285108458178048 of 12 of 15 1903 422785397169920 422785324936930 72.233 21,654,906
6 7207693900000 -1151285108458178048 oy 17 o} 15 1903 422785397169920 422785318856058 78.314 23,477,905
7 7207693900000 -1151285108458178048 of 19 o} 15 1903 422785397169920 422785325657039 71.513 21,439,024
8 7207693900000 -1151285108458178048 o) 24 o] 15 1903 422785397169920 422785327049795 70.120 21,021,485
9 7207693900000 -1151285108458178048 of 25 o} 15 1903 422785397169920 422785314216671 82.953 24,868,758
10 7207693900000 -1151285108458178048 o) 28 o] 15 1903 422785397169920 422785314964982 82.205 24,644,420
1 7207793900000(§ -1151285108458178048 0 2 o} 15 1903 422786397169920 422786326364257 70.806 21,227,004
12 7207793900000 -1151285108458178048 0 3 o] 15 1903 422786397169920 422786311362544 85.807 25,724,404
+ = prs.csv ~ prsWithPrinMeters ‘ Large number problem ~ //
Key: N
Italics = derived values tRX {:é - tTXﬁ\ = pseudorange

31
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Making GPS pseudoranges in Matlab

First we get gnssRaw from: [gnssRaw] = ReadGnssLogger(dirName,prFileName);

%GPS Week number:
weekNumber = floor(-double(gnssRaw.FullBiasNanos)*1e-9/GpsConstants. WEEKSEC);

%compute time of measurement relative to start of week

%subtract big longs (i.e. time from 1980) before casting time of week as double

WEEKNANOS = int64(GpsConstants. WEEKSEC*1e9);

weekNumberNanos = int64(weekNumber)*int64(GpsConstants. WEEKSEC*1e9);

tRxNanos = gnssRaw.TimeNanos -gnssRaw.FullBiasNanos - weekNumberNanos; Note: when we deal with these
%tRxNanos is now since the beginning of the week numbers, subtract large integers first.

%subtract the fractional offsets TimeOffsetNanos and BiasNanos:
tRxSeconds = (double(tRxNanos)-gnssRaw.TimeOffsetNanos-gnssRaw.BiasNanos)*1e-9;
tTxSeconds = double(gnssRaw.ReceivedSvTimeNanos)*1e-9;

prSeconds = tRxSeconds - tTxSeconds;
Priv = prSeconds*GpsConstants.LIGHTSPEED;

Code snippet from MATLAB/gpstools/opensource/ProcessGnssMeas.m

© Google 2018 32

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Open-source code

GNSS Logger apk (app) and GNSS Analysis source code is available on GitHub

e See links on https://g.co/GnssTools

e GNSS Logger is Java code

e GNSS Analysis is Matlab code

e In both cases only GPS analysis code is available as open-source

e You can submit contributions (e.g. add other GNSS open-source code).

The compiled version of GNSS Logger and GNSS Analysis are fully GNSS
compatible (i.e. GPS, GLONASS, BeiDou Galileo, QZSS).

GOOg|e © Google 2018 33
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4. Analysis Tools

Overview

4. Analysis Tools (incl. pseudorange and smoothed pseudorange)

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

https://g.co/GnssTools

/ Vi Raw GNSS Measurem X \
<« c 0O ‘ @ Secure | https:/developer.android.com/guide/topics/sensors/gnss.htm| Q *‘ eRC 60 X & B :
.
LI nkS to tool S: M Moma Now i Raw GNSS Measur |5 Links to siides, do- i GnssMeasurement [G] Android GNSS We' [ Google Groups [} Groups: GPS Meas < Advanced Leader: »
.

=
| | Developers DESIGN DEVELOP  DISTRIBUTE Q search [P PLAY CONSOLE

& API Guides Develop > API Guides > Location and Sensors

find the tools in the GPS s V Raw GNSS Measurements
Measurement TOOlS repo On '[I"::i:er;droid Framework provides access to raw GNSS measurements on several Android ———
GitHub, which includes the

GNSS Logger APK and the

> Android devices that support
Note: Google has released version 2.5.0.0 of the GNSS Analysis App. For more information, see the raw GNSS measurements

GNSS Analysis app v2.5.0.0 release notes. > Logging raw measurements

> Analyzing raw measurements
This article lists Android devices that support raw GNSS measurements as well as tools to log and analyze

> GNSS Analysis Control
GNSS data. You can find the tools in the GPS Measurement Tools repo on GitHub, which includes the GNSS Panel

. Logger APK and the GNSS Analysis app for Linux, Windows, mac0S, and the Installation and User Manual. > GNSS Analysis interactive
plots
GNSS Analysis app for e et O s e T T RO G s s
page to test new phone designs, validate functionality, develop new algorithms, evaluate improvements to > GNSS Analysls app v2.5.0.0
the GNSS system implementation as well as building value added apps. release notes

> Provide feedback

Linux,
I Windows,
mac0S,
and the
Installation and User Manual.

Android devices that support raw GNSS
measurements

Before you can get any raw GNSS output, you need to make sure that you have a device that can capture such data. Most devices manufactured in 2016
or later and shipped with Android 7.0 or higher provide raw GNSS data

Depending on the device, raw GNSS measurements can include all or some of the following data:
« Pseudorange and pseudorange rate.

« Navigation messages.

« Accumulated delta range or carrier.

« Hardware (HW) clock

Connectivity = The table below lists devices that support raw GNSS measurements and the data they provide. This isn't a comprehensive list, you should contact the
manufacturer to make sure that a specific device supports raw GNSS measurements.
Textand Input >
Android Automatic Gain Navigation Accumulated delta HW Global
Dats Storage: ke version Control messages range clock systems.
Administration v HTCU11 Plus 8.0 no no no yes GPS
GLONASS

Web Apps ~

HTCU11 Life 8.0 no no no yes GPS
Best Practices. ~ GLONASS

I |

Google © Google 2018
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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

Installing desktop Analysis Tools

Read the manual, follow carefully

GnssAnalysisApp Installer

Connection Settings

GnssAnalysisApp 1.06
Analyze your GNSS system, using log files from GnssLogger apk.

Read GnssLogger log files and analyze:
APIs, C/No, Receiver clocks, Measurement accuracy

Android Location
location-partners-feedback@google.com

EEETEN T

Google

MATLAB Runtime is required.

Choose installation folder:

{usr/local/MATLAB/MATLAB_Runtime]|

Browse... |

1

Restore Default Folder |

Required Software X

MATLAB

R2016a

A

Download in progress...

Downloading ... (57 of 348 MB)

-
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4. Analysis Tools

[\

CONTROL PANEL

Find Log File Anylysis Plots

GNSS Measurements

Log File

Directory

Start UTC
Reference PVT

Stationary Receiver: Lat (deg)
Moving Receiver: NMEA File:

All plots:

Status:

All status messages are logged to file:

Android GNSS Analysis v2.6.3.0 . o x

End UTC

Lon (deg) ) Alt (m)

Clear Status Window

Select GnssLogger log file

Look In: |C3 demofiles ~| (&) [ [ |88 5=

E) gnss_log_2016_06_30_21_26_07.txt

File Name: | |

Files of Type: ‘ (% txt) M

Open | cancel




4. Analysis Tools

CONTROL PANEL Android GNSS Analysis v2.6.3.0 - o x
Control
[ Find Log File | Analysis Plots

Analyze and Plot

Clear Settings ...

GNSS Measurements
Log File
Directory

Start UTC | 2016 06 30 21 26 08.4 End UTC | 2016 06 30 21 29 50.9 /| lono v/| Tropo

Reference PVT

Stationary Receiver: Lat (deg) Lon (deg) ) Alt (m) Manual
® WLS
Moving Receiver: NMEA File: NMEA
All plots:
Status:

Clear Status Window

Start UTC, End UTC, lono, Tropo, and [Reference PVT] panel read from ...
../demofiles/gnss_log_2016_06_30_21_26_07-param.mat

to-ol —ciick the [Clear Settings ...] button

Log file found, now click the [Analyze and Plot] button to process

All status messages are logged to file:
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(seconds)

(ppb)}
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[((EES)

* Svid Freq, mean, o (m)

G02.L1, 4.3, 5.6
GO6.L1, 2.3, 43
6.0
135
6.7
5.6
25.0
8.0
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* Svid Freq, mean, ¢ (m)

G02,.1,-0.0,0.1
GO06.L1,-0.0,0.1
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4. Analysis Tools

CONTROL PANEL Android GNSS Analysis v2.6.3.0 - o x
Control
Find Log File Analysis Plots
Analyze and Plot
Write Data to File Tile Plots
Make Report
Clear Settings ...
GNSS Measurements
Log File
Directory ‘
Start UTC | 2016 06 30 21 26 08.4 End UTC | 2016 06 30 21 29 50.9 v/|lono v/| Tropo
Reference PVT
Stationary Receiver: Lat (deg) Lon (deg) Alt (m) Aanual
e WLS
Moving Receiver: NMEA File: NMEA
All plots: Menu Bars Black ) White Close Plots
Status: Clear Status Window

ftp://cddis.gsfc.nasa.gov/gnss/data’hourly/2016/182/
... hour1820.16n.Z,
If automatic ftp or unzip fails: get files "by hand", extract contents to log-directory: .../demofiles/
hour1820.16n ... got valid ephemeris for 31 GPS sats
Removed measurements for 1 satellite below 5 degrees elevation
Reference Pos set to median WLS position
Wrote gnssPvt_rawPr to: gnss_log_2016_06_30_21_26_07_rawPr.nmea and *.kml
Wrote gnssPvt_smPr to: gnss_log_2016_06_30_21_26_07_smPr.nmea and *.kml|
Computing measurement errors ...
Saved settings from [GNSS Measurements] panel, and [Reference PVT] panel to
.../demofiles/gnss_log_2016_06_30_21_26_07-param.mat

All status messages are logged to file:

Writing derived data to a file ...

Wrote derived data to .../demofiles/gnss_log_2016_06_30_21 26 07.derived




1. Raw GNSS

CONTROL PANEL

Analyze Compare ’ Al
Control

[ FindLogFile | 'M¢

| Analyze and Plot 4\

’Write Data to File

2. Logging Tools 3.

Log file

Pseudorange

4. Analysis Tools

of derived data

5. Hands-on Exercises

NOTE: Raw and Smoothed PR are in this log file

Make Repo
# Raw ElapsedRealtime TimeNanos FullBiasNanos BiasNanos BiasUncertaintyNanc DriftNanosPerSe DriftUncertaintyN Har State ReceivedSvTimeNanos
( Raw 72066156 72077939000000 -1151285108458 0 290.04968824  -10.44367167  9.725224775 15 422786326364257
on RAW 72066156 72077939000000 -1151285108458 0 29.04968824  -10.44367167  9.725224775 15 422786311362544
Lo Raw 72066156 72077939000000 -1151285108458 0 29.04968824  -10.44367167  9.725224775 422786328163499
Di Raw 72066157 72077939000000 -1151285108458 0 29.04968824  -10.44367167  9.72522477 422786324938402
Raw 72066158 72077939000000 -1151285108458 0 290.04968824  -10.44367167  9.72522477 422786318854444
Raw 72066158 72077939000000 -1151285108458 0 29.04968824  -10.44367167  9.725224775 422786325655597
Raw 72066159 72077939000000 -1151285108458 0 29.04968824  -10.44367167  9.725224775 22786327049332
Raw 72066160 72077939000000 -1151285108458 0 29.04968824  -10.44367167  9.725224775 422786314218724
Raw 72066160 72077939000000 -1151285108458 0 290.04968824  -10.44367167  9.725224775 422786314963456
#MEAS TimeNanos Svid CarrierFrequenc' CnODbHz AzDeg ElDeg ( RawPrM ,RawPrUncM RawPrErrorM
MEAS 72077939000000 I 6.| 1575420000 33.5 83.7 62.483 1.29 3.298 -3.098 .62
MEAS 72077939000000 12 1575420000 346 314.554 41623  21656901.04 2.998 -2.457  21656898.63
MEAS 72077939000000 17 1575420000 39.1 55.133 25.21 23480825.77 1.799 0.201 23480822.96
MEAS 72077939000000 19 1575420000 42 43.12 48.227  21441891.39 1.199 -0.459  21441892.53
MEAS 72077939000000 24 1575420000 30.4 250.632 57.707 21024060.15 4197 -2.266 21024059.72
MEAS 72077939000000 25 1575420000 27.5 303.286 7.635  24870579.66 5.696 -6.677  24870574.92
MEAS 72077939000000 28 1575420000 30.6 109.618 8.509 24647314.63 4197 -7.244 24647316.64
Google © Google 2018 41




4. Analysis Tools

Other useful features of the tools: Mission Planner

I i Skyplot o Mission Planning: Skyplot -
Mission Planning: Skyplo =

End point, Svid
End point, Svid g
= O 610
e e G13
G13 e
e e G20
= * G21
o O G24
c O G27
=l * G29
= O G32
S e R721
R721 2
® R723 s
e R730 o
e R732 Ltk
® R735 S
s - R747
e R747 : BIIT
® R751 ikt
e R753 L
® R754 L
E07 E
E12 £l
E13 &=
E15 £
E18 2
B E20
E20 £
o O E26
i QO E27
E27 ol
2 O c3m
c.3 M2 c e
i Q c3me
' O c3ms
O cMm3s

al = [2018/09/24 19:30

0l yrct +1

LLA =[ 25.762, -80.192, O0m]
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1. Raw GNSS

2. Logging Tools

3. Pseudorange

4. Analysis Tools 5. Hands-on Exercises 6. Future: Apps and Research

Other useful features of the tools: Receiver C/No comparison

lAnaIyze |Comparc— About |

Compare multiple data files side-by-side: strongest C/No bar graphs.

[ Log File 1 | ..JCNoComparison/Pixel1_gnss_log_2017_06_20_10_31_41.txt, Google Model: Pixel, Android 8.0.1 l Clear1 J
| LogFile2 | | . /cNoComparison/Pixel2_gnss_log_2017_12_21_10_42_19.txt, Google Madel: Pixel 2, Android 8.1.0 | Clear2 |
e Sl GRS
[ Log File 3 | ..JCNoComparison/Pixel2XL_gnss_log_2017_12_21_10_41_54.txt, Google Model: Pixel 2 XL, Android 8.1.0 l CIealGJ

C/No strongest sats

File Edit View |Insert Tools Desktop Window Help ~ W File Edit View |Insert Tools Desktop Window Help ~ M File Edit View |Insert Tools Desktop Window Help £
JCNoComparison/Pixell_gnss_log_2017_06_20_10_31 41.txt .../CNoComparison/Pixel2_gnss_log_2017_12 21 10_42_19.txt .../CNoComparison/Pixel2XL_gnss_log_2017_12 21 10_41_54.txt
Google Model: Pixel Google Model: Pixel 2 Google Model: Pixel 2 XL
50 50 50
45
40 e
GPS threshold reshold
GLO threshold
35
30
£ £ =
o 2 ) )
= = =
20
15
10
—~ — — — — — —
5 =l =2 = =% = =L =
o =) — < ~ o~ n
m — — — o o~ —
0 Q (©) (&) Q o o o
! GPS GLO
! |
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1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises 6. Future: Apps and Research

Other useful features of the tools:

lllustrated by hands-on exercises ...

Google © Google 2018 44



5. Hands-on Exercises

Overview

5. Hands-on Exercises

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Hands-on exercises

1. .../GnssAnalysisFiles/demofiles/
o The demo log file you downloaded with the desktop app
o Learn the basic capabilities of the analysis tools

2. .../GnssAnalysisFiles/driving/

o GPS dual-frequency log file with ground-truth nmea
o Analyze reflections in urban canyons

3. .../GnssAnalysisFiles/ionotropodemo-2017/

.../GnssAnalysisFiles/ionotropodemo-2022/
o GNSS log file, stationary, at a known position, open sky
o Analyze iono and tropo errors.

Google

© Google 2018
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5. Hands-on Exercises

Exercise #1 .../GnssAnalysisFiles/demofiles/

. RF Clocks
® [ ] CONTROL PANEL Android GNSS Analysis v2.5.0.0 1 |

Measurements
r L 10 .
Analyze Compare About
Control = Il ]
Find Log File Interactive Plots Select satellites for plots

GNSS Measurements

Log File

Directory | /Users/fvandiggelen/Desktop/GnssAnalysisFiles/demofiles/

Start UTC End UTC 5 o ’ : % ;
Reference PVT > ) : ; )

Stationary Receiver: Lat (deg) 0.0000000 | Lon (deg) 0.0000000 Alt (m) 0.00

o) WLS
Moving Receiver: NMEA File: | “.nmea, ".ixt

Status:

Al status messages logged to file:

Clear Status

Google



5. Hands-on Exercises

Download log files for the following exercises
https://sites.google.com/view/gnsstutorial

Android GNSS Tutorial

W  Tutorial resoureés™

Sample log files to run with GnssAnalysisApp

These zip files have GnssLogger log files with ephemeris for you to process with the GnssAnalysisApp
driving (log file, driving, GPS, L1L5, with truth nmea)
ionotropodemo (two log files, GNSS and GPS-only, stationary with true position in readme.txt)

Coogie wovuyrs zuTy v


https://sites.google.com/corp/view/gnsstutorial

1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Exercise #2 .../GnssAnalysisFiles/driving/

GNSS Measurements

/m gps_log_2017_03_06_sanfrancisco_L1L5.txt
Directory ~/Desktop/GnssAnalysisFiles/driving/

Start UTC yyyy mm dd hh mm ss.s End UTC yyyy mm dd hh mm ss.s lono Tropo

Reference PVT
() Manual

(C)wLS

@Receiver: NMEA File: | 2017_03_06_sanfrancisco_truth.nmea %

Stationary Receiver: Lat (deg) 0.0000000 | Lon (deg) 0.0000000 Alt (m) 0.00

Google © Google 2018 49



5. Hands-on Exercises

AnaIyS|s example, dnvmg into San Francisco:
. e . | ,

1'*("« s EAV Y
an"'_. Vet

‘\1! ARy Q-‘ b
\ B UACRAALK TR ER AN

bRV
JUERiRCe Veteey

AR R A J
%‘%gf’é‘:‘nuﬂn guic!’”é}‘? ]

: AYATH S WA B
o ‘%’Nﬂ“ﬁi‘ “&i‘“ S
&~

e 7 T —

IR Y AT,

A




5. Hands-on Exercises

Analysis example, driving mto San FranC|sco

End point, Svid

Svid,Freq, mean, o (m)

;
I
[ ] " S
o | G22,L1,33.1,38.0
: | G23,L1, 3.6, 10.1
8 =
1 (W T
TR e =
bl =
flL.F e ﬂ
s TJN f 1 kﬂ\k
i) bl i o ¥
f [l [ ot 8
MH MW | f
\ W‘:U \ | -50
H ’” TV
M " il “‘ '
VR BNl s
W “
| -
P D | | . : ‘
,“ ﬁr 400 600 800 1000 1200
What happened with satellite G227




1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Exercise #3 .../GnssAnalysisFiles/ionotropodemo-2017/

1. Use true position for Reference PVT

2. Select highest satellites to use for clock bias computation
CustomParam.txt

3. Remove iono and tropo model from analysis

Then error plot will show all errors relative to the highest satellites.

Google

© Google 2018
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5. Hands-on Exercises

How to get true position from Google Earth (1)

Prefe rences Preferences

Touring Navigation General

[ 3D View [T

Texture Colors Anisotropic Filtering Labels/Icon Size Graphics Mode

Show Lat/Long

Decimal Degrees ~ High Color (16 bit) off Small
() True Color (32 bit) © Medium © Medium Use safe mode
Units of Measurement  Compress High Large
MeterS,KilometerS Show Lat/Long Units of Measurement Fonts Antialiasing
© Decimal Degrees System default Off
. Degrees, Minutes, Seconds Feet Miles =
Terrain Degrees, Decimal Minutes ; ! Choose 3D Font © Medium
Use high quality terrain Universal Transverse Mercator () Meters, Kilometers High

Military Grid Reference System

Use 3D imagery o
errain
Elevation Exaggeration (also scales 3D buildings and trees): 1| (0.01-3)

©Z Use high quality terrain (disable for quicker resolution and faster rendering)
4 Use 3D Imagery (disable to use legacy 3D buildings)

Atrmncnhara

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

How to get true position from Google Earth (2)

7.._ @® Google Earth Pro
¥ Search ﬁ ¥ o' S| = @) & Jv_ [ X& R
/ ‘ . T~ N \t b »

Search

Sign in

ex: 37 25' 19.1"N, 122 05' 06"W

Get Directions History

» Places

¥ Layers
v % Primary Database

» | & Thenew Google Earth
> ¥ Borders and Labels

Places
> 2 Photos
E= Roads
» @ER 3D Buildings

»  &* Ocean
> | %% Weather
> % Gallery
» @ Global Awareness
> More
¥ Terrain

hG = height above Geoid,
from Google Earth 3D Buildings, 20m
hS = height of stand = 1m

dE = -32, Ellipsoid - Geoid

lat}137.421568°  lon -12: 429° elev 20m & ealt 116 m

hE = hG+hS+dE = 20+1-32 = -11 m.

Rooftop true position: 37.421568, -122.085429, -11m
Goog|e © Google 2018 54



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

CustomParam.txt

sCurrently supported:

param.losSvid = list of svid to use for computing clock (Bc and BcDot)
Stemplate for losSvid.Svid: must have .FregBand, .Constellation, .Id
GpsL1lSvid.Id=0;

GpsLlSvid.Constellation=GnssConstants.GNSS CONSTELLATION GPS;
GpsLlSvid.FregBand=GnssConstants.Ll BAND; Sgeneric GPS L1 struct
Svid(1l)=GpsLlSvid; Svid(1l) .Id = 32;

sSvid (2)=GpsLlSvid; Svid(2).Id = 14;

param.losSvid.Svids = {Svid}; %pack in a ce Emmtﬁﬁ

GO08,L1
G10,L1
G11,L1

G14,L1
G18,L1

You edit these lines to choose the , 1 21 L1

reference satellite(s) you want. G241
Gt
G32,L1

And place this txt file in the same
directory as your log file.

Google



Analyzing,
errors:
lono +
tropo +
SIS’

In this exercise we will see
the measured values of
iono and tropo errors, by
adding and removing the
modeled values.

Google

CONTROL PANEL Android GNSS Analysis v2.5.0.0
Analyze Compare About
Control
; Select satellites for plots
Find Log File Interactive Plots
Analyze and Plot
Clear All Settings
GNSS Measurements
Log File gps_log_2017_11_10_13_26_23.txt
Directory | ~/Deskto A s/ionotropodemo/
Start UTC End UTC
Refer:
) - (®) Manual
< Stationary Receiver: Lat (deg) 37.4215680 | Lon (deg) -122.0854290 Alt (m) -11.00| = LS
WNMEA File: | *.nmea, *.txt NMEA
Status:

File found, now click the [Analyze and Plot] button to process
lono model disabled. Click [Analyze and Plot] to process measurements with this setting
Tropo model disabled. Click [Analyze and Plot] to process measurements with this setting

All status messages logged to file:

Clear Status

SIS errors = Signal In Space errors = errors after applying broadcast ephemeris and clock values



5. Hands-on Exercises

Notice the CustomParam.txt values being applied:

Status:

Reading file: .../ionotropodemo/CustomParam.txt

GpsL1Svid.ld=0; GpsL1Svid.Constellation=GnssConstants.GNSS_CONSTELLATION_GPS;
GpsL1Svid.FreqBand=GnssConstants.L1_BAND; %generic GPS L1 struct
Svid(1)=GpsL1Svid; Svid(1).ld = 32;

param.losSvid.Svids = {Svid}; %pack in a cell array {}

Removed 4 Dad meas. 4 will IOWUINC>o0U NS, 4 Wit FITUnc> v mis

Getting ephemeris, this may take a minute or two ...

Reading GPS ephemeris from hour3140.17n ... Got valid ephemeris for 31 GPS satellites
Wrote gnssPvt to: gps_log_2017_11_10_13_26_23.nmea and *.kml

Computing measurement errors ...

Saved all settings to .../ionotropodemo/gps_log_2017_11_10_13_26_23-param.mat

All status messages logged to file: Clear Status

First we select GPS satellites only, using the log file:
Then we use satellite ID 32 to estimate the clock.
This will give us all iono and tropo errors relative to satellite 32.

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises
| NON ) Clock frequency drift

(seconds)

GOOgle © Google 2018 58



5. Hands-on Exercises

! Skyplot Pseudorange errors

V| GPS

[ Go1,L1
GO8,L1
G10,L1
G11,L1 e 24

| G14,L1 : et . GO8,L1, 5.8, 0.4
G18,L1 : '
G21,L1 G11 G141, 2.7, 0.3
— ; - G22,.L1,11.3, 0.7
G24,L1 ) S == G24,L1,15.7, 0.6
G27,L1 : ' ol )
G31,L1 514 G321, 0.0, 60

| Gaz,L1 "

Svid.Freg, mean, o (m)

lono & Tropo Errors

|
30
(seconds)

Google




5. Hands-on Exercises

Skyplot
Analysis: Pseudorange errors
____—Svid.freg mean, « (m)
- G081, 3.3, 04
s e i =
2 Gl4l1, 2.4, 04
o G221, 7.4, 0.6
G24.1,141, 0.6
s sl = sl
oG ‘ g ° / = e o e G32.L1, 0.0, 0.0
—_—
g |- -
E 6 S oo
[ ¢ a4l
L = e e =
ok
2 I 1 I I I |
Ve
Eos
o 1 1 1 1 1 ]
(] 10 20 30 40 50 60
(seconds)

Show Raw

Tropo Error

Google



5. Hands-on Exercises

Skyplot Analysis: Pseudorange errors
Svid Freg, mean, o« (m)
4t -
. / \\“\H GO8.L1, 3.3, 0.4
‘/ e
: 3/ e 50
. . / =G ¥ N~
. 0 |~ 614,.¥2,5, 0.4
‘ g ,| \ | TN T
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‘1 ' ' 1 1 1 J
P — l‘_
€05}
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(seconds)

lono Error
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5. Hands-on Exercises

lono and Tropo Errors, and trend with elevation above horizon

Sat El
G24 9°
G22 13°
GO08 32°
G14 80°
G32 85°

Tropo error, lono modeled lono error, Tropo modeled lono & Tropo modeled

Google



L1, L5 and Carrier Phase

Google



1. Raw GNSS 2. Logging Tools 3. Pseudorange 4. Analysis Tools 5. Hands-on Exercises

Carrier phase = AccumulatedDeltaRange

Android APIs arilevet 24 = getAccumulatedDeltaRangeMeters Added in AP level 24
Criteria
Cébitder double getAccumulatedDeltaRangeMeters ()
GnssClock
e Gets the accumulated delta range since the last channel reset, in meters.
GnssMeasurement

GnssMeasurementsEvent : % : A
The error estimate for this value is getAccumulatedDeltaRangeUncertaintyMeters().

GnssMeasurementsEvent.Callback
GnssNavigationMessage

CHsaNaRaticHMEsatige Calbiack The availability of the value is represented by getAccumulatedDeltaRangeState( ).

GnssStatus e il HEE : , - :

CresStatus. Caliback A positive value indicates that the SV is moving away from the receiver. The sign of

GpsSatellite getAccumulatedDeltaRangeMeters() and its relation to the sign of getCarrierpPhase() is given by the equation:
GpsStatus

Location

2 accumulated delta range = -k * carrier phase (where k is a constant)
LocationManager

| IPRROETS Py, Y )X pagny

ADR is continuous only when clock is continuous, and there is no duty cycling

GOOg|e © Google 2016



&  Developer options Q

Carrier-phase PVT B

Enable / Dlsable Duty CyC“ng Select mock location app

No mock location app set

In Android P, Google added a Developer option to
enable or disable GNSS Duty Cycling

Force full GNSS measurements

Track all GNSS constellations and
frequencies with no duty cycling

e When selected: The GNSS chipset will not

duty cycle and will run at full power - keeping Becoming an Android Developer:

a continuous clock so one can receive 1. Gotothe settings menu, and scroll to,
. . or search for "About phone." Tap it.
e Look for more information at g.co/GnssTools ‘Build number-

3. Tapitseven (7) times

Also: some phones disable duty cycling automatically when you request raw measurements

Google © Google 2018 65





https://docs.google.com/file/d/1R7tadSH8zNX8WQDiNGAFsyUWjTyKAjTw/preview

—

Carrier wave measurement concept

Google

GPS Carrier |

One wavelength ~ 20 cm

C (::n(_;e?*f

meter-rule,

with labels every 30(

centimeter-rule,

with no labels

© Google 2022
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Duty cycling, and carrier phase

Phones duty cycle GNSS to save power, e.g. 1Hz = 0.2s on, 0.8s off, repeat.
Disable the duty cycling to get continuous carrier phase.

16:54 O % T ot ¥4 M95%

< About phone —

Enable developer
ﬁndroid version OptionS:

Device identifiers 1 . Settlngs,

1P address 2. About phone,
2604:0300110b:c64d:1061:438 3. Tap Build number
Wi-Fi MAC address seven times.

To view, choose saved network

Device Wi-Fi MAC address
0c:c4:13:29:aa:df

Bluetooth address
Unavailable

Up time
26:54:29

Send feedback about this device

Build number
SP2A.220505.002

Google

16:56 0 % T o$ 9.4 095%
& Developer options Q «—
Disable duty cycling:
1. Settings,
Max requests per session 2 Developer options
10 ’
3. Force full GNSS
gAax visible datasets measu rements

Reset to default values

Storage

Shared data

View and modify shared data

Location

Select mock location app

No mock location app set

Force full GNSS
measurements

Track all GNSS constellations and
frequencies with no duty cycling



Checking duty cycling:

Duty cycling

Google

50 - Antenna C/No in dB.Hz 50 Antenna C/No in dB.Hz
Svid,Freq, median Svid,Freq, median
GO8,L1,21.3 Go2)L1, 386
G10,L1,38.2
45 - G75,L1, 34.0 GO5,L1, 44.9
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Smartphone Decimeter Challenge, competition

$10,000 cash prizes + free travel, registration, & speaking slots at ION GNSS conference, Sep 2022
e SDC 2021 e SDC 2022
o 810 teams from 63 countries o Time: first week of May - end of July

o 121 traces released o ~300 traces in US Bay area and Los Angeles

o Phones: Pixels 4/5, Xiaomi Mi8, Samsung S20 o New phones included: Pixel 6, Samsung S21.
m Features: L1+L5, Carrier Phase ADR. m Features: L1+L5, Carrier Phase ADR

https://www.ion.org/gnss/googlecompetition.cfm

@ION

ION GNSS+ 2022
September 19-23

HOME ~ ABOUT ION ~ MEETINGS ~ MEMBERSHIP ~ TECHNICAL CONTENT RESOURCES v+ Q

Tutorials: Sept. 20

Denver, CO

EndAlignment

ION GNSS+ 2022

For Attendees

3 Technical Program

> Registration

Google, the Institute of Naviation's Satellite Division, and Kaggle are sponsoring the second Smartphone Decimeter Challenge at ION
GNSS+. The competition begins in early May, and 100+ new traces containing raw GNSS measurements, sensor data, and precise
> Hotel ground truth will be publicly available. ipation in the is open to everyone. P to submit an
abstract to the session titled *Smartphone Decimeter Challenge" taking place at ION GNSS+ 2022.

3 Travel and Visas See g.co/gnsstools for details.

Google © Google 2022



L1L5 C/No Comparison

L1 Only Antenna+filter loss at L5

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

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

L1/E1 455 47 From ICDs for GPS and Galileo

L5/E5a (I + Q) 49 49

© Google 2019 71

Google L5/E5a (1 only) 46 46



Group Delay

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 T’[XL5 # Observed Ttx |
i.e. Pseudorangel_5 # Pseudorangel_1

Google



Inter System Bias

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 be measured and
Coos = Eazs # Tao 7 Laar # Lo accounted for before combining pseudoranges from
different systems.

Google



Example 1:

Analysis: Pseudorange errors

Raw pr errors (measured raw pr minus expected pr)

U relative to GPS L1:

Svid,Freq, mean, o (m)

loG1 11.5m, GalE1 3.0m, BdsB1 6.7m
0 &psLt5 1.7m, GalES 4.3m -~— G02,L1, 8.6, 3.7
X . GO5,L1, 7.0, 3.3
o0 i1 | L zﬂ +— GO6,L1, 8.0, 5.1
0 A el A ¥ ll(‘l 1l l /] A ' | |} Q‘IZ L1, 7.4, 3.7
S . oA IARL Bl o B s Al g R BRI |1yt Belebliog 11, 10.4, 7.4 |
< 10 ig\qjg’ﬁ& g.;v:,-;;é?ﬁ ) ,M{\f AL f‘-, il (¥ «’"«5:‘2’{”"“} 251, 9.4, 3.5
L ¥ P A Va4 FAR ¢ ) i "‘ .r » v |
g-’ yls ;\1' ,‘..‘...r ,q’:v .h' ~ '\; b ' ‘ ‘!1 g &,. .&1: { i ‘ ;’; 29 L1 11 4 i )
O & A 71 R AR LR ‘;Ni'{u et 1 ' ,‘ .G31,L1, 9.5, 45 |
v ' Joi; | — L GO6,L5,10.2, 4.1 |
-10 1 | G24,L5,10.3, 3.6 |
G25,L5, 9.4, 3.1
-20 B22f L -RO5;+-3.8, 5.0

lono: klobuchar (GPS broadcast) Tropo hopfield (2OC 1016hPa
10 error in clock bias estimate

£ 19 Bhadtesed ”' IIII .“ ‘. Aatnd 5.

Show Smoothed

Google (secon ds)

23hP
" RoBL1. 52 6.9

™d 4 1 4 2 53
7, 5.4
120R20 L1 1«03 6.6

R21,L1,11.5, 6.3 | 74




Example 2:
Analysis: Pseudorange errors

Raw pr errors (measured raw pr minus expected pr)

Svid,Freq, mean, o (m)

tau relative to GPS L1:
GloG1 1461.9m, GalE1 -511.1m

-100

£q

GO08,L1, 15.2, 8.0
G10,L1, 15.7, 6.8
G11,L1, 18.9, 22.3
G14,L1,18.2, 7.1
i G18,L1,20.7, 9.0
\ % Ga0,L1, 26.0, 19.0
FNa®a1,L1,18.4, 14.2

\‘ \”‘W N G241 138, 7.7

G27,L1,16.2, 7.0
G32,L1,17.1, 7.2
RO3,L1, 19 4,19.8

3030 | | l ' ' ' Ro4 -1 6, 7.2
lono: klobuchar (GPS broadcast) Tropo: hopfield (20C, 1016hPa, 23hPa) RO4; 17718,

10 error in clock bias estimate R13,L1, 12.5, 35.5

i” o ~ il 4 .I II.". .'“".... .. """ ~5.8,76.9
.8,18.4

Show Smoothed

‘ 60 80 100 120 140 160  18Q@9.L12008, 8.6

-———g -

(seconds) R20,L1,14.7,11.8 75



CONTROL PANEL
The inter system biases, as measured by the receiver, itk O i
are saved in the derived data file o
Find Log File Anmiy

gnss_log 2018 08 08 18 56 58 pixel3.derived Analyze and Plot

. . (¢ Write Data to File
# Header Description:
#

# Version: v3.0.3.0
# Start: UTC [2018,08,09,01,56,54.439], GPS [2013, 352632.439]
# Intersystem bias (nanoseconds): TauGloGl 4876.515, TauGalEl -1704.802 ,

TauBdsB1l NaN, TauQzsJl NaN, TauGpsL5 NaN, TauGalE5 NaN, TauBdsBZ2 NaN, TauQzsJb
NaN

Google



Carrier Phase

“ Cc 0 | B https://developer.android.com/reference/android/location/GnssMeasurement.html pxg ‘

=
l'l Developers

& Reference

Android APIs

~ android.location
Overview
v Interfaces
~ Classes
Address
Criteria
Geocoder
GnssClock

APl level: 24 ¢

+ android.inputmethodservice

DESIGN DEVELOP DISTRIBUTE

Summary: Constants | Inhef
Methods | Inheriteq

GnssMeasurement

public final class GnssMeasurement

extends Object implements Parcelable

java.lang.Object
L, android.location.GnssMeasurement

A class representing a GNSS satellite measurement, containing raw and computed information.

GnssMeasuremL 1

Public methods

int

double

int

double

long

describeContents()
Describe the kinds of special objects contained in this Parcelable instance's marshaled representation.

getAccumulatedDeltaRangeMeters()
Gets the accumulated delta range since the last channel reset, in meters.

getAccumulatedDeltaRangeState()

—

Public methods

getAccumulatedDeltaRangeMeters()
getAccumulatedDeltaRangeState()
getAccumulatedDeltaRangeUncertaintyMeters()

Gets '‘Accumulated Delta Range' state.

getAccumulatedDeltaRangeUncertaintyMeters()

Gets the accumulated delta range's uncertainty (1-Sigma) in meters.

getCarrierCycles()

The numbher of full farrier ruclac h the llita and tha

Google

getCarrierFrequencyHz()

getCnODbHZz()

getConstellationType()
getMultipathIndicator()
getPseudorangeRateMetersPerSecond()
getPseudorangeRateUncertaintyMetersPerSecond()
getReceivedSvTimeNanos()
getReceivedSvTimeUncertaintyNanos()
getSnrinDb()

getState()

getSvid()

getTimeOffsetNanos()

hasCarrierFrequencyHz()
77

© Google 2019

hasSnrinDb()



Swd Freq median
d.l 38.6
5 44.9
3 37.2
ﬁ 2\}1 414
G2 LT, 34.6
25,L1, 40.2
G29,L1,41.6
G31,L1,39.7
GO6,L5, 36.3
G24,L5, 33.2
G25,15, 35.2

RO4,L1, 125

80
(seconds)

_—

—— il 39.4

100 F(121 ,38.2

R20.L1.32.9

End point, Svid

G02,L1
GO5,L1
GO6,L1
G12,L1
G21,L1
G24,L1
G25,L1
G29,L1
G31,L1
R04,L1
RO5,L1
RO6,L1
R11,L1
R12,L1
R20,L1
R21,L1
R22,L1

140

Svid, Freq
G02,L1
GO5,L1
GO6,L1
G12,L1
G24,L1

G25,L1

G29,L1
31,L1

GO6,L5

G245
G255

—— 5]
RO6,L1

80 100
(seconds)

120

|
140

20

40 60 80 100
(seconds)

120

140

4
e t i Mlv‘v""ﬂ'\/‘«"‘w«"‘.«
Q -14.3

L L

2 144

Svid,Freq, mean, o (m)
GO2,L1, 8.6, 3.7
G051L1, 7.0, 33

o7 5.1

SR 7R
' G31 L1)°al5; 4.5
| God.Ls, 102, 4.1
G24,.5,103, 3.6
- G255, 9.4, 3.1

+55Pa RO5(L4, 3.8, 5.0
RO6,L1, 5.2, 6.9

.
12,1,
Show Smoothed & e 80 1 20,L1,

©SLUnuS)  ———— R21.L1. 1

10
0,
E
G25,L1, 3.66, 2.34
G29 L1 4.19,2.80
0 4,56:0.20
, 0.65
4 L5,70.24, 0.65
| | | | (25,15, 3.61, 2.28
RO5,L1, -0.37, 0.62
RO6,L1, -0.21, 0.23
£ =
S = 2,[1,5.01.2.88
b\% 0 20 40 60 80 1@0&1. 0.?%90.82 140
(seconds) RO111 374 210




Elevation mask angle

Clear Settings ... G245 EZ6.E..
G255 ENE

GNSS Measurements

Log File

Directory

Start UTC | 2019 08 15 17 46 23.0 End UTC | 201908 1517 48 27.0 @Sk (deq) Dono +| Tropo

Reference PVT

Stationary Receiver Manual
Lat (deg) 7.4 82( Lon (deg) | -122.08350 Alt (m)
Moving Receiver ® ) WLS
All plots: Menu Bars Black ) White Tile Plots Close Plots
Status: Clear Status Window

El.mask (deg) changed to 15 , Click [Analyze and Plot] to process measurements with this setting

“El. mask (deg) changed to 15. Click [Analyze and Plot] to process measurements with this setting”

Google



Elevation mask angle

Clear Settings ... |

GNSS Measurements
Log File gnss_log_2019_08_1
Directory
Start UTC | 2019 08 15 17 46 23.0

Reference PVT

Stationary Receiver Manual

Moving Receiver e WLS

All plots: Menu Bars Black

Status:

Lat (deg)

C I wnite

Tile Plots

Lon (deg)

Close Plots

=l El.mask (deg) changed to 15 , Click [Analyze and Plot] to process measurements with this setting

Satellites below the mask angle are not used.

End point, Svid

0000000ODOGOGSS

G02,L1
GO5,L1
GO6,L1
G12,L1
G21,L1
G24,L1
G25,L1
G29,L1
G31,L1
R04,L1
RO5,L1
RO6,L1
R11,L1
R12,L1
R20,L1
R21,L1
R22,L1
EO01,E1
EO07,E1
E11,E1
E12,E1
E19,E1
E24,--

E26,E1
E31,E1
E33,--

c12,L1
Cl9—
C20,L1
C24,L1
C26,L1
C29,L1
C30—
G35



Custom Data Filter

Custom filtering of measurements by creating a script file, CustomDataFilter.m

You may filter on any of the "# Raw" header values in the GnssLogger log file:

# Raw,ElapsedRealtimeMillis,TimeNanos,LeapSecond, TimeUncertaintyNanos,...
FullBiasNanos,BiasNanos,BiasUncertaintyNanos,DriftNanosPerSecond,...
DriftUncertaintyNanosPerSecond,HardwareClockDiscontinuityCount,Svid,...
TimeOffsetNanos,State,ReceivedSvTimeNanos,ReceivedSvTimeUncertaintyNanos,...

Cn0ODbHz,PseudorangeRateMetersPerSecond,PseudorangeRateUncertaintyMetersPerSecond,...

AccumulatedDeltaRangeState, AccumulatedDeltaRangeMeters,...
AccumulatedDeltaRangeUncertaintyMeters,CarrierFrequencyHz,...
MultipathIndicator,SnrinDb,ConstellationType,AgcDb

Further details in the new User Manual at https://g.co/gnsstools
Google
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CustomDataFilter.m, example 1:

dataFilter={};

%Example of how to select satellites from GPS and GAL and :
dataFilter{end+1,1} = 'ConstellationType';

dataFilter{end,2} = '(ConstellationType)==1 | (ConstellationType)==6";

%Constellation types as specified in Android Raw Measurements API

dataFilter{end+1,1}
dataFilter{end, 2}

'CarrierFrequencyHz';
'CarrierFrequencyHz>1500e6'; %L1 only

C/No in dB.Hz

Svid;Freq; median

§ a0 A 4 G13L1, 35.6
d | HJ‘ ‘ﬂ |¥A[A ] : G15,LI'1, 34.8
St Wil il UJ.?** G17,L1, 45.1
M il | G19,L1,410
G20,L1, 38.6
10 - G24,L1,38.3
G28,L1,36.6
0 . . | | | | E02,E1,426 |
EO03,E1, 33.6
-
D ———FT1 42
[Soa) 100 200 300 400 500 600 700, B0d. 900
(seconds) — E25E1.405

GPS+GAL, L1:

10

North (m)

-5

E
a v2.6.6.0
29 .

1.9,55m (50%

Analysis: WLS positions
WLS position from raw pr

[Computed using: GPS GAL
Num pos fixes: 807

manual referhce position

Horizontal Error = (1.9,5.5)m (50%, 95 %)

, 95%)

-1 - 0
50 HVertical Ewer] = (89.8,4748m (50%. 95 %y

5 10

1 1 1 1 1 1

(

\ Show Smoothed \

| 300 400 500
(seconds)

© Google 2019

600 700

refereééaa\tnu%et;o
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CustomDataFilter.m, example 2:

dataFilter={};

%Example of how to select satellites from GPS and GAL and :

dataFilter{end+1,1} =

dataFilter{end,2} =

'ConstellationType';

'(ConstellationType)==

1 | (ConstellationType)==6";

%Constellation types as specified in Android Raw Measurements API

nalveie: CC/No

C/No in dB.Hz

) all sats

50
40
= 30
T
om
320 | G17,L1, 45.1
G19,L1,41.0
G20,L1, 38.6
10 G24,L1, 38.3
G28,L1,36.6
o . ' ' | , , GO1,5,340 |
G10,L5, 35.0
of
é)ge" DO | | | | | | | 03E 136 J
570 100 200 300 400 500 600 70f0y 80P 900
(seconds) FNR F1 398 ]

GPS+GAL, L1:
GPS+GAL, L1L5:

(50%, 95%)

D @ Analysis: WLS positions
WLS position from raw pr
8 (Computed using: GPS GAL®
Num pos fixes: 807
6 L
— 4r .
E RV T
% 241 ., y
2ol R
manual [SIIeRBe Position
-4 'Horizontal Error = (1.5,4.3)h (50%, 95%) [
e -10 5 0 5 10
E 7 vorticaPEFOT=e(dQ445:5)m(50%+0576) 3
Q
D 1 1 L L 1 L 1 |
mapyal refergpce altitu
snow Smoothed | 300 400 500 0 "760"""860" S0
(seconds)

© Google 2019
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CustomDataFilter.m, example 3:

dataFilter={};

%Example of how to select satellites from GPS and GAL and :
dataFilter{end+1,1} = 'ConstellationType';

dataFilter{end,2} = '(ConstellationType)==1 | (ConstellationType)==

%Constellation types as specified in Android Raw Measurements API

dataFilter{end+1,1} = 'Cn@DbHz"';
dataFilter{end,2} = 'Cn@DbHz>30"';
nalysis: C/No all sats
C/No in dB.Hz
50

Svid,Freq, median

\/W GO L1,36.4
45 fl- \1\\,489
Wy w -——;—G12L‘r378
L ‘ [ EGAs 366
= 40 !,tJ‘. , . —eﬂ—msu ,36.0
@ =7 R

GPS+GAL, L1: 1.9,55m (50%, 95%)
GPS+GAL, L1L5: 15,43 m
G+G, L1L5, >30dBHz: 1.5, 4.4 m

) @ Analysis: WLS positions

WLS position from raw pr

Computed using: GPS GAL
6 Num pos fixes: 807
4t
E.,l
=
= o v 2 4
© 0r et
pzd manual iSiSEeREe nosition
ol B, i o O
v [Horizontal Error = (1.5,4.4)m (60%, 95%)

-10 5 0 5 10

. G100, 3547 E %0 Pvamienr et e, 80 501 (50%06%]
& = ‘
(”(26” —— : : ; : : 03E i = 0 l : l : : : ma : efer : altit I
S r I artnu
S0 0 100 200 300 400 500 600 o7 Eéo 900 T T 300 400 500 600 "700°°"860"""“Joo
(seconds) EO8 FL};S.B (seconds)
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P. .
the end. Thank You!

extra slides follow ...




1176.45 MHz 1575.42 MHz
M-Code
L5 BOC(10,5) Lict

GNSS Frequency Spectrum: 5§ ) )
Highlighting L1,L5 P it

1602.0 MHz
==~ GLONASS

Shaded spectra (L2, E6, GLONASS CDMA, IRNSS) , pode |
Red = Military/Regulated use only e

GLONASS
C/A-Code
FDMA BPSK(0.511)
Shaded and red signals are not commonly
found in consumer GNSS.
Green and Blue signals are available in new s 207 4 e
esa A 15,4 ESbd BOC(6,1,1/11)
smartphones.
E5a-Q Esb-Q BOC..(15,2.5)
1207.14 MHz 1561.098 MHz
e Lol
COMPASS
cPll B2-Q (AS) B1-Q (AS)
BPSK(10) BPSK(2)
1176.45 MHz  1207.14 MHz b
B2a-D(0S] AItBOC(15.10) g21,.p (0S) ‘M‘ mécc)c'e,« 1111}
st | BOC(14.2)
cPil
B2a-P(0S) B2b-P (0S)
1575.42 MHz

1176.45 MHz
L5l

BPSK(10) M)”\‘“IH;\
® |

BOC(1,1)
azss Y/ 4
BPSK(10)

1176.45 Mhz

IRNSS SPS
—— BPSK(1)
® IRNSS RS
Image source: Source: Stefan Wallner, — BOC(5.2)

https://gssc.esa.int/navipedia/index.php/GNSS_signal IRNSS

I

E5/L5 Band E1/L1 Band



September 2019
L1,L5 signals from 56 operational satellites

7 Raw measurements, including carrier phase, from smartphones
/ Details will be covered in GNSS 102 class, 3:30pm
I
LS / 1575.42MHz
1176.45 MHz 7

“L17 1575.42MHz: GPS, QZSS L1, Galileo E1, BeiDou B1C
“L5” 1176.45MHz: GPS, QZSS L5, Galileo E5a, BeiDou B2a

Sources

https://www.navcen.uscg.gov/?Do=constellationStatus
http://qzss.go.jp/en/technical/satellites/index.htmI#QZSS
https://www.gsc-europa.eu/system-status/Constellation-Information
http://www.csno-tarc.cn/system/constellation




EESEE  NAVIC (previously IRNSS)

B {anhsmits on L5 and S bands

1
575.42MHz L5 S
1176.45 MHz 2592.08 MHz

LS
1176.45 MHz

“L17 1575.42MHz: GPS, QZSS L1, Galileo E1, BeiDou B1C
“L5” 1176.45MHz: GPS, QZSS L5, Galileo E5a, BeiDou B2a

Sources:

https://www.navcen.uscg.gov/?Do=constellationStatus
http://qzss.go.jp/en/technical/satellites/index.htmi#QZSS
https://www.gsc-europa.eu/system-status/Constellation-Information
http://www.csno-tarc.cn/system/constellation



Group Delay

Q

When two signals of different frequency pass through a medium
Tt TP‘H (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 T’[XL5 # Observed Ttx |
i.e. Pseudorangel_5 # Pseudorangel_1



Inter System Bias

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 be measured and
Coos = Eazs # Tao 7 Laar # Lo accounted for before combining pseudoranges from
different systems.




Raw pseudorange, Kalman Filter, ADR

Analysis: Positions Analysis: Positions Analysis: Positions 3 o

=
=
i
=
=
S
=

0 20 40 60 40

= E = == = 20 50 B30
[ERow Kalmanrilter Show ADR (seconds) Show Raw Show ADR (seconds) Show Raw [ERow Ralmanrilter,  (seconds)

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

e WLS position from ADR (Carrier Phase).

Conclusion: you should expect to get noisy positions from Raw Pseudoranges.

Google



Analysis: Accumulated delta range errors

ADR errors, i.e. measured ADR minus expected ADR (Carrier Phase) SvidiEredgmean. o (m)

12 G02,L1,1.10, 0.58
GO5,L1, 0.00, 0.00

10 - /“ GO6,L1, -0.38, 0.69
g G12,L1,1.41,0.93

G24,L1,-0.36, 0.60

8r N G25,L1, 3.66, 2.34
G29,L1, 4.19, 2.80

6 G31,L1,4.56, 3.20

~——— G06,L5, 0.08, 0.65
1 G24,L5, -0.24, 0.65
G25,L5, 3.61, 2.28
= - RO5,L1, -0.37, 0.62
RO6,L1, -0.21, 0.23
R11,L1, 3.76, 2.57
R12,L1, 5.01,2.88
R20,L1, 0.10, 0.82

Y . R21,L1, 3.74,2.10
-2 R22,L1, 4.62, 3.34
EO01,E1, -0.17, 0.37
).3.0 | | | | E12 F1,4.13,2.77

54 ér:wg;lke diff resxduglsfrom re!eyenceISV: G05, L1 E26.E1. 0.09. 0.63

HW Clock Discontinuity E31E1. 2.43, 1.83
- 5a, -0.30, 0.3!

(8
s 5a, -0.42, 0.7¢
& i . 1 | X . 5a, 3.91,2.73
S 20 40 60 80 100 120 Eﬁ?ge -20;9 3,10;2(
,£08, 2.29, 1.
Feeah) G20,L1,-0.19, 0.57,
Reference PVT
Stationary Receiver <-—-Manual —
Lat (deg) 37.4153795| Lon(deg) |-122.0834931| Alt(m)

Moving Receiver (o) WLS

Google

Residual errors, single-differenced
from reference SV GO05 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:

© Google 2019 92



[ NON ) Analysis: Accumulated delta range errors

ADR errors, i.e. measured ADR minus expected ADR (Carrier Phase)

0.2

Svid,Freq, mean, o (m)
GO02,L1, -0.04, 0.06
GO05,L1, 0.00, 0.00
GO06,L1, 0.04, 0.06
G12,L1, 0.09, 0.02
G24,L1, -0.04, 0.12
G25,L1, -0.12, 0.05
G29,L1, -0.02, 0.05
G31,L1, -0.01, 0.06
G06,L5, 0.02, 0.08
G24,L5, 0.02, 0.06
G25,L5, -0.18, 0.11
RO5,L1, -0.08, 0.07

© ——RO6,L1, -0.00, 0.05

R11,L1, 0.06, 0.02
R12,L1, -0.02, 0.06
R20,L1, 0.05, 0.05
R21,L1, -0.01, 0.05
R22,L1, 0.00, 0.04
EO1,E1, 0.04, 0.04
E12,E{, -0.04, 0.02

0.4 12030 | |
“" Single diff residuals from reference SV: G05, L1
HW Clock Discontinuity

X\
%00
o) &

E26,E1, -0.01, 0.07
E31,E1, 0.04, 0.02
~~" Tha, 0.01, 0.05

>a, -0.04, 0.05
’a, -0.11, 0.08

0 20 40 60 80
(seconds)

EZ6,E5a, 0.06, 0.07

C20,L1, 0.03, 0.03
C2A11 NNa nna

31,49, -0.11, 0.08

Residual errors,
single-differenced
from reference SV
GO05 L1.

Using Reference PVT:

nmea file from
previously computed
ADR position

Reference PVT

Stationary Receiver (U Device

Moving Receiver

@ NMEA NMEA File: | gnss_log_2019_08_15_10_46_22_Adr.nmea

Google
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Device position for reference PVT

Measurement Error Plots depend on the reference PVT
e Stationary
o  You enter it Manually, or ...
o  App will work it out for itself (median WLS)
e Moving
o You provide an NMEA file with reference PVT, or ...
o App will read the device GNSS position from the GnssLogger log file

GNSS Measurements
Log File gnss_log_2017_05_10_11_12_01.txt, Google Model: Pixel, Android O

Directory ~/Desktop/GnssAnalysisFiles/2017-05-10-Outdoorindzor-Pixel/

Start UTC 2017051018 12 01.4 End UTC | 20170510 18 14 52.5 | El. mask (deg)»

Reference PVT

Stationary Receiver (®) Device

Moving Receiver NMEA NMEA File:

Google

5| |¥|lono |v/| Tropo



Select satellites for position

End point, Svid

GO02,L1
GO5,L1
GO06,L1
G12,L1
G21,L1
G24,L1
G25,L1
G29,L1
G31,L1
R04,L1
RO5,L1
RO6,L1
R11,L1
R12,L1
R20,L1
R21,L1
R22,L1

Show Raw
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Select satellites for position

Analysis Plots v|GPS GLO GAL v|BDS ] Qzs
2efresh SVID Plots G02,L1 RO4,L1 E12.E1 C12,L1 J194,L1
GO5,L1 RO5,L1 £19.E1 C20,L1 J194,L5
GO6,L1 RO6,L1 E26 E1 C24,L1
ll - L | G1g,L1 R11,L1 E31 E1 C26,L1
Refresh Positions '
L ) | Ga1,L1 R12,L1 E01.E5a C29,L1
G24,L1 R20,L1 E07 E5a
G25,L1 R21,L1 E11 E5a
G29,L1 R22,L1 E12 E5a
G31,L1 E19,E5a
GO6,L5 E26,E5a
SVIDs from measurements G24,L5 E31.E5a

Suppose you wanted to remove all satellites above 30 degrees elevation. What would the position look like?

Google







