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DGPSIN MOBILE PHONES —PERSPECTIVES, TECHNOLOGY , LIMITATIONS
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Abstract

The article addresses the issue of DGPS applicatiorobile phones. In introduction the review oégently active
services of reference networks in Poland is gistond section discuss state of the art in positipnsing mobile
phones, here also the concept of DGPS is presemtesl.following section shows the software’s alduorit with
separation into NMEA decoder part, NtripClient s@fte, and DGPS solution description. The softwdreukl be
ready to release in the middle of 2011. It shodlowashorten time to first fix especially in theban canyons, and
which is the most important feature, upgrade th&tjpm accuracy to 1 meter.
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1 [INTRODUCTION

Currently, there are several manufacturers of negbiilones, which includes on boards GPS chipsets.nidrket
leaders (Nokia, Samsung, iPhone, Blackberry), @vehe middle shelf products provide GPS functidgall his paper
is focused on Nokia phones due to their low complexiecent costs, and availability on polish markgifferential
GPS or Differential GNSS in case of usage of mbamtone navigation satellite system, is the presilaind surveying
where required accuracy is on the level of 0.0%emét is possible to achieve such high level ¢égnity due to the real
time transfer of corrected observations from theebaeceiver to the rover receiver. Currently inaRdl and
neighborhood countries there are 120 GNSS stafgnsorking in the frame of the ASG-EUPOS netwopkoviding
different services to the end users (NAWGEO, KODQIBWGIS). Depending on the available observationshe
reference station and rover receiver there arerdifit type of corrected observations and variadellof accuracy [2]:

*  GNSS L1/L2 phase measurements highest presentaagci05 meter (NAWGEO),
 GNSS code measurements, with corrections tailardke user position, accuracy 0.25 meter (KODGIS),
¢ GNSS code measurements, accuracy 1.00 meter (NAWGIS

While the first service constitutes 98% [2] of theeyload of the ASG-EUPOS network the last two areexploited so
far. In the author’s opinion it is due to lack afvartisement of the system in the other applicatiand also lack of the
appropriate software for mobile platforms. This @apddresses the problem of developing such sddtfear mobile
platforms focusing on Nokia phones with Symbiand arsing for transferring corrections Networked B@ort of
RTCM via Internet Protocol (Ntrip) version 2.0 [2hd for collecting observations National Marine dilenics
Association 0183 (NMEA) protocol.

2 DGPSAND PRESENT STATE OF THE ART IN THE NAVIGATION IN MOBILE PHONES

In the mobile market (Nokia also) currently there aumber of phones with GPS chip (one GNSS onlif) &2
channels and code measurements, providing on ttutothe NMEA message written into *NME file. Whén
becomes more and more popular, the manufacturéhe ohobile phones and GPS chipsets add additionationality
like [2] receiving SBAS (EGNOS), Assisted GPS (AGRSd hybrid navigation (using WiFi Access Pointsl &SM
network positions).

Basic Single Point Positioning is based on two rimfation: the coordinates of the satellites, pseaniges, using
these two software estimates 3 coordinates of éaeiver KYZ), receiver clock errordf), thus there are need for at
least four visible satellites. The accuracy of sschution is limited to 10 — 15 meters, the timeg&d solution might be
as long as 12,5 minutes (if the almanac data arefalate), and the horizontal obstacles are ptesen

Allowing receiving the Satellite Based AugmentatiBgstem corrections (EGNOS or WAAS), on the same
frequency as the almanac data. In such messagesish@nosphere model transmitted, this modelsisduinstead of
standard Klobuchar model. It improves the accurddye solution by a factor of two/three so now #oeuracy of the
solution might be 2-3 meters. The main disadvaniagkat the geostationary satellites in Europel@rated in South
and on the very low elevation angle 220hus, most of the time, especially in the citiég, SBAS systems are useless.

Assisted GPS is a way to speed up the initialimapoocess (receiving signal and almanac data froteast 4
satellites). It needs an internet connection tostiveer which, provides first estimates of the sipasition (based on the
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cellular tower position and signal strength), aralyralso provides with missing observations in aesgérban canyons,
or in some modes even calculates the positioneofifer. The main advantage is the shorter Timeifso Fx (TTFF),
and possible navigation in urban canyons.

Hybrid navigation uses any other possible locasiervice provided by the cellular phone network, Wi&twork,
or Inertial Navigation System.

Up till now none of the mass market manufacturethaf mobile devices have provided the DifferenG®S
solution for navigation. Differential GPS basedamie measurementBif). 1) offers the positioning precision on the
order of 1 m (NAWGIS) or 0.25m (KODGIS) and fagtdtialization process (TTFF).

L ! 1 WiFi 1

Fig.1 The DGPS concept

This paper discuss the possibilities to impleni2@PS software for Nokia mobile phones with Symimaerating
system. In each DGPS system there are four intesitipg elements needed:

« set of pseudoranges (to GPS satellites) for GPSlendteiver

e set of pseudoranges (to GPS satellites) for GPSurgraBased Augmentation System, (or Satellite Based
Augmentation System)

e data link between reference network GBAS (or SBA%) mobile phone (via GPRS, EDGE, 3G or WiFi)
« software able to utilize corrections coming fronBAS or SBAS system

3 DGPSSOFTWARE
The software described in this paper is separatedsi main blocksKig. 2):

* NMEA file, located on the mobile phone, decoder chhin turns should give the set of SPP solutions,
pseudoranges, and possibly ephemeris as obserube yobile receiver

* NtripClient software which is able to connect te tNtripCaster port to receive pseudorange cormegtio
pseudorange correction rates, and optionally gatefphemeris.

 DGPS software which will be responsible for caltiola of the GPS satellites orbits, DGPS solutiomngl a
coding solution into new *.NME file.

NMEA decoder SPP BLh,

ALM, GGA,GRS.. }—»/Pseudoranges,
almanac

L DGPS

solution

augmented
BLh in NME
file

GBAS or pseudoranges
caster outputs- corrections,
c:s?esr I:JtR:E > to txt file —»/ corrections rates
P ephemeris

Fig. 2 The DGPSflowchart
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3.1NMEA decoder

The mobiles described here are most of the timégpgd with a SIRF GPS chip which transmits the olet®ons
in the NMEA format into the ASCII file. The file otains continuously appended NMEA message. Hereawse
planning to use following messages:

* ALM - almanac data providing input for orbit aredaulations,
* GGA —fix information basic information concernihgt/Lon,

« GRS - GPS Range Residuals with respect to obtailetion,

e GSV - Detailed Satellite data the present visipiit satellites.

File after update by the GPS chip should be opetteh with the aid of pattern recognition functiovost recent
information should be located and stored into sapdile or into the memory.

3.2NtripClient software
According to the Ntrip specification (RTCM) versi@r0, the Ntrip system consist of [2]:
« NtripSources, which generate data streams at afiggelocation,
« NtripServers, which transfer the data streams facssource to the caster,
« NtripCaster the major system component,
* NtripClient which access data stream of desiredc#at the NtripCaster.

The first three are provided and maintained byrtlamagement of the ASG-EUPOS and working in thetied,
transferring into the NtripCaster port 2101 the RT@essages over HTTP protocol. As stated beforartbssages
composition differs from service to service. Cuthgrthere are number of casters in Europe (EUREFSRPOS,
CZEPOS...). The tasks for the NtripsClient softwiare:

< retrieve from the NtripCaster sourcetable withaathilable mountpoints,

e request from the NtripCaster GNSS data from chos®untpoint, here also authorization is being
processed,

+ send information in case of communication loss,
e write the requested information into a file or lauff

The requested information consist of: pseudorapsge®ctions, pseudoranges correction rates, eplermh@roperiaty
message used.

3.3DGPS solution

The present pre realization stage of the projesirags usage of the classic iterative method teedolvposition of
the receiver. The method is separated into sestaps:

e Calculation of the position of the satellites iretkarth Centered Earth Fixed based on the 3 angles
rotation,

e Correction of pseudoranges with RTCM derived cdioes,
« Based on the linearization of the equation foreast 4 pseudoranggsetween satellit€ and receiveg

[2]:

=V %P+ -V P + (25— Z,0 +cdt

D
derive the system of linear equations:
dr = [ATA] 7" ATL
@
wheredx is a corrections to approximate position of theeieer, and matrixA is a design matrix of the

form:
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andL is a vector containing the differences betweengseanges from measuremegts and based on
coordinates of satellites and the iteratively oietd coordinates of the receivil. The vector L is of the
form:

L=pp—Pp

4
e The missing weighting matrix might be considerethim future development stage of the project,
e Transformation XYZ ->BLh,

« Also there is possibility to further improve thdwg@mn based on troposphere corrections.
All functions will be written in C++ and tested ancessible Nokia phones.

4  SUMMARY

Due to the increasing market for mobile phonestfmosng, there is a need to develop the servicagptrade time
and precision of the first fix of the mobile receito one meter. The article shows the concepta&nrsing of accuracy
of mobile phones positioning by using internet dathk to the pseudorange correction data provithere the software
is separated into three parts: NMEA decoder paripQlient software, DGPS solution. NMEA decodertpgaansfers
the measurements (pseudoranges residuals, aln@madjnates), to the required form/file, while lt@lient connects
to the port on NtripCaster to download pseudorarggesctions data, and eventually also ephemerspéed up the fix
time. DGPS solution is planned to be deliveredimple as possible to speed up the processing,efunthprovements
are considered. The application should be opertior6 months and available from OVI store.
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