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Double Frequency Pro GPS Single Frequency Pro GPS Low cost GPS
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From GPS to GNSS

=

GPS is not the only positioning system available

Other countries apart from US are building global (or regional)
satellite systems

GNSS—> Global Navigation Satellite System

GLONASS BeiDou Galileo QZSS IRNSS
Russia China Japan India
\ \ %

Y Y

Global Regional
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Current status of GNSS

Will include
Orbital altitude geostationary
satellites?

Number of Number of

SVs in orbit planned SV

NO
GPS 32 32 20,180 km (WAAS)
GLONASS 24 24 (30) 19,140 km NO
’ (SDCM)
. 4 NO
Galileo (test phase) 30 23,222 km (EGNOS)
BeiDou-2 4 27 (MEO) 21,528 km YES
(COMPASS) 5 3 (IGSO) 35,786 km (5 + BeiDou-1)
(" )
QZSS 1 7 32,000 — 40,000 km YES
’ ’ (3 + MSAS)
. J
IRNSS 3 7 - YES

(3 + GAGAN)




GNSS availability

Number of GNSS satellites that will be available depending on the location on the globe

Asia Oceania Region is Showcase of New GNSS Era
GPS+GLONASS+Galileo+COMPASS+IRNSS+QZSS
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HEKIBERIE > X7 L (QZSS: Quasi Zenith Satellite System)
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GNSSY b Eein (GPS+GLONASS)

iIPhone 5 https://www.apple.com/jp/iphone-5s/specs/
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Processed Data vs Raw Data

Antenna

N

GPS receiver

Host system

Baseband IC
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Testing low-cost GPS receivers @RisH, Kyoto univ.

Geodetic (dual-frequency)
receiver: JAVAD

Rty

-
- Lruno

~ 25,000 USD

Mid-cost single-frequency
receiver: FURUNO

~ 6,000 USD

Low-cost single-frequency
receiver: u-blox

~ 600 USD

(raw data logger prototype Fr—
built at Osaka City University) — S Experiment by Dr. Realini



GPS receiver comparison @RIisH, Kyoto univ.

FURUNO

u-blox

S
JAVAD

Number of
epochs: 2686

Mean

St. Devw.

RMSE

Cost

JAVAD L3- JAVAD L3- JAVAD L3-
JAVAD L1 FURUNO L1 u-blox L1

1.0 mm

2.2 mm

2.5 mm

~ 25,000 USD
(dual freq.)

1.1 mm

2.3 mm

2.6 mm

~ 6,000 USD
(single freq.)

0.8 mm
3.1 mm

3.3 mm

~ 600 USD
(single freq.)

Result by Dr. Realini
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GPS only processing
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MATLAB Java'

http://www.gogps-project.org

goGPS

goGPS project

I Home
About
Download
Publications
Documentation
Gallery

Support
Bug tracker

Links

Latest comments

Thorsten on goGPS
project is warming
up...

ege010 on goGPS
project is warming
up...

ags on goGPS project
is warming up...
ege010 on goGPS
project is warming
up...

Chris on goGPS project
is warming up...

goGPS MATLAB 0.4.2

QoGPS MATLAB version 0.4.2 is available for download.
Main changes introduced since v0.4.1beta:

Core:

Added an outlier detection and removal method based on a Leave-One-
Out (LOO) procedure (it's applied to all Least-squares and Kalman filter
solutions)

Added the use of antenna PCO/PCV to correct phase observations

Input:

Added support for NVS receivers (with GPS, GLONASS, Galileo and QZSS
observations; only GPS and GLONASS navigation data); This
development was supported by the JSPS Grant-in-Ald for Sclentific
Research (Issue No. 24700105)

Added support for reading receiver antenna phase center offset from
ATX files

Added new functions that read RINEX files and synchronize observations
among different receivers

Added batch processing (i.e. automated processing of multiple input
RINEX files)

Output:
Automatic generation of daily RINEX files, following the standard RINEX
file naming scheme, for both rover and master decoders

Added hourly file division for rover and master monitors. Increased the
number of digits for counting the hours in the filename (from 2 to 3).
Added a check to avoid overwriting existing files for rover and master
monitors

Added output PDF with plots of the code and phase residuals of each
satellite

open source positioning software

W Tweet 4
W Follow @gogps

Knowledge partners

SV 20, POLITECNICO
Ol MILANOD®

Technology
partners

G
I ReD)

CRYMS
-
- L
£
WARRR AP At AT e

COCe TMUWNER®

Supporters

N (,)5(,,.~(>_JP

© JENCBA

open source positioning software



Typical functions of
GNSS processing software

DATA ACQUISITION PROCESSING OUTPUT

Format encoding,
data writing
(text files, KML, GPX,

Format decoding, data Parameter estimation

reading (RINEX, RTCM,
proprietary formats, ...)

(position, atmospheric parameters,
clocks, ...)

4\ $
| goGPS =
MATLAB Java‘

GPS observations, ﬁ Least-squares adjustment,

Estimated parameters,
ephemeris, ... Kalman filtering, ... ﬁ

variance/covariance
matrices, ...




gOG PS MATLAB - Real-time and post-processing

- developed in MATLAB 7.6+ - works on both Windows and UNIX

- GUIs available - single-frequency (L1) positioning

F — g — — -
s I SAGEPS MAT: ==
p—— Fle Ee Yew lsst Yol Dedoop ‘Windw Wb -
Tools Help Ddde RIKNDIIEL- R 08 a8
Settings b ok & beth £ death m phot g cycheslip y only dyn shy
— : | N
goGPS open source positioning  — Kaiman fiter . - . o
Error standard devistion :
Mode Options East 05 m Code 3 m Inttiod state . > M
Post-processing v Linear constraint Neth 05 m @ 003 'm DTM (h) {
|| Reference path Up 01 m 1
Navigation v (V] Plot while processing
Elevation cut-off 10 deg | Weighting model
\ V] Draw skyplot & SNR graph — - Same weight for all observations
Kabuan Sher = || Google Earth overiay e () Satelite elevation
) ™7 Plot error el Cycle slp threshold 3 cycles @ Signal-to-noise ratio
h - B . .
Code and phase double ; ] Plot master station Min. rumber of satelites 2 (©) Elevation and signak-to-noise ratio - : : :
type —— - 0 - -
Fpul fle || Piot ambiguities L || Direction estimation (stop-go-stop) o 9 0 L
| RINEX fies R il
Use NTRI amic model — — Ambiguity restart after anomabes
9 goGPS binary data i = 1 : 1
V] Use Doppler for cycle slips Const. velocity v Observed code - phase difference v )
~ Input/Output files — Master station — Rover port and protocol ——— R 6@ Vou Test Tosk Ouitop Window Wi .
' V| Read master position from RTCM / RINEX 1 Jde kA OIWL-Q 08 =0
/data/data_RINEX/basket/perim2 080 Browse = _
ECEF (XY.Z) i NA v | |UBX (u-blox
Idata/data_RINEX/basket/COMO1190.080 Browse ( |4398306.3892 NA v | |VUBX (u-blox
704149 9358 NA v | |UBX (u-blox
/data/data_RINEX/basket/COMO1190.08n Browse 4550154 8609 NA e | lUBX (u-blox
goGPS binary data input ==
Master sarver /N
./data/data_goGPS/yamatogawa
goGPS data output folder goGPS output prefox
2101 | ™ show
s out 3
/data/data_RINEXUbasketrefSASKET.mat| | Browse Ext ’ l Load settings ’ [ Save settings ] [ go !




goGPS Java WebUI

goGPs project open source positioning software

Select Observation data.

samile data

yamatogawa_rover.obs (136.68KB) - m
5467.3828125KB/s

Select Navigation data.

samile data

yamatogawa_rover.nav (9.1KB) - X |
9099.609375KB/s

Select Master observation
data.

sample data
Master Obs
yamatogawa_master.ob... (182.17KB) - (X
182166.9921875KB/s

Terms of

BAF - &F (B) 2012-2013 "7 5O R - Uy ROAVEa—TFT o4V Z#HWCAMED - T —EXDORE |
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Networks of permanent GNSS stations

IGS Tracking Network

Japan
8 GEONET

Data SIO, NOAA, US. Navy, NGA, GEBCO
Image © 2012 TerraMatrics

© 2012 Cnes/Spot Image
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