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ABSTRACT  

In recent years, GNSS positioning and navigation 

technology and its applications have experienced 

a rapid growth, especially in the intelligent 

transportation systems and services (ITSS).  

Advanced ITSS applications have shown great 

potential in changing peopleôs driving behaviour 

and a promising future in the mass market 

applications.  For these applications, a high level 

of positioning accuracy, reliability, coverage and 

mobility is demanded.  Research has shown that a 

real-time positioning system of decimetre 

accuracy will be a typical requirement for the 

next generation of GNSS applications. 

 

Network Real Time Kinematic (NRTK) is a 

proven technique to deliver a cm-level accuracy 

with more efficient and inexpensive infrastructure 

than traditional RTK positioning.  However, it 

requires a two-way communication link between 

the rover and Central Processing Facility (CPF), 

unless the rover is constrained within a fixed 

reference stations cell.  Due to the capacity of the 

CPF server and the communication channel, a 

two-way service is limited when adopted in mass 

market applications.  Besides, a good NRTK 

system relies heavily on the quality of the 

wireless communication media.  A wide coverage 

is required, especially in remote rural areas, 

which cannot be satisfied by the current 

commercial cell phone network services.   

 

The Satcoms in Support of Transport on 

European Roads (SISTER) project promotes the 

integration of satellite communications with 



GALILEO to enable mass market take-up by road 

transport applications.  This project is supported 

by the European Commission under the 6th 

Framework Programme (FP6) for Research and 

Development.  One of the major project 

objectives is the enhanced Europe-wide 

implementation of a communication satellite 

based RTK solution and its subsequent 

optimization.  In contrast to the cell phone 

network based two-way communication in 

traditional NRTK, a communication satellite 

based one-way broadcast is proposed in SISTER.  

A parameter based model for RTK correction will 

be established in the NRTK CPF, covering the 

whole area of Europe; these parameters are 

transmitted by the communication satellite and 

rebuilt into the industry standard messages on the 

rover side.  This mechanism does not require the 

rover report its approximate position to the CPF, 

enables the NRTK broadcast service for an 

unlimited number of users.  The communication 

satellite also helps to improve the service 

coverage from regional to Europe-wide, 

especially in remote areas. 

 

This paper reports the current progress of the 

communication satellite based NRTK solution in 

the SISTER project.  The implementation is 

established on a unique, flexible and accessible 

basis.  A research testbed reference network has 

been established in a large region of central 

England and Wales; a dedicated software suite 

NtripTalker has been developed to intercept and 

manipulate the traditional NRTK correction 

messages; an algorithm is under development to 

convert the corrections into parameters on the 

CPF side and rebuild the corrections from the 

parameters on the rover side; a survey vehicle has 

been equipped with NRTK compatible receivers 

to provide positioning solutions and a high-grade 

IMU system to give truth solutions.  The whole 

architecture has been tested in both static and 

mobile trials, where the Thuraya communication 

satellite was used.  It has been estimated that 

120kbps bandwidth is required for European 

coverage. Further optimization modelling is 

being carried out to minimize the bandwidth, in 

order to better fit the communication satellite 

capability.   

 

Introduction  

The emerging and evolving of the Global 

Navigation Satellite Systems (GNSS) in the past 

two decades have greatly advanced the 

development of the satellite positioning and 

navigation technologies and boosted their 

applications. These applications widely spread 

into various civilian areas including profession 

surveying, transportation, safety surveillance, life 

rescuing, agriculture, fishery and so on.  ITSS is 

one of the most significant areas among above.  

In-car or on-held navigation devices have been 

more and more frequently used in peopleôs daily 

lives, providing primary level ITSS.  Navigation 

function has become a common configuration for 

the high-profile mobile phones, such as Nokia 

N95, iPhone and Google G1.  Satellite 

positioning/navigation technology combined with 

the latest modern electronic technology gives 

road user a unique experience and a great 

convenience in travelling.  However, the 

positioning accuracy from either in-car or on-held 

devices is limited at around 5-15 meters and is 

severely affected by signal interruptions, which 

means it cannot provide the proper navigation 

instructions at all times, especially in some 

circumstances like motorway exits and urban 

canyon environments. 

 

With the pursuing of a higher level of 

convenience, efficiency and safety, more 

advanced ITSS applications have been proposed 

and are currently under development, which 

includes road pricing, assisted driving, interactive 

junction control, emergency positioning 

reporting, lane detection, parking space guidance 

etc.  They have shown a promising future in the 

mass market applications and a great potential in 

changing peopleôs driving behaviour.  For these 

applications, a high level of positioning accuracy, 

reliability, coverage and mobility is demanded.  

Most of them require a real-time positioning 

accuracy of metre or even sub-metre level, which 

can be hardly satisfied by the conventional 

satellite navigation technology.  

 

Network RTK  

Real-Time Kinematic (RTK) positioning is one 

of the most suitable solutions providing an 

accuracy at sub-meter level.  With the support of 

a nearby reference station (RS), the common 

errors and biases in the rover carrier phase 

measurements can be estimated.  If a data 

communication link is established, these 

estimations can be applied as measurement 

corrections in the rover positioning process, and a 

solution at a centimetre level accuracy can be 

achieved in real-time.  However, in traditional 

single RS based RTK positioning, the rover-RS 

distance is limited to within 20km.  This is due to 

the rapid increase of the distance-dependent 

errors, which mostly consist of the atmospheric 



biases.  If the rover goes much beyond this 

boundary, to maintain accuracy at cm level, it 

must switch the data links with different RSs, 

which causes logistical problems and also 

requires the support of a dense RSs cluster.  This 

mobility constraint limits the application of the 

traditional RTK for road users.  To solve this 

problem, an evolutionary technology called 

Network based RTK (NRTK) has been developed 

in the late 1990s.  It utilizes the measurements 

from an array of continuously operating reference 

stations (CORS) to create local precise error 

corrections, which can effectively mitigate most 

of the distance-dependent errors (such as 

ionosphere and troposphere errors).  NRTK can 

increase the rover-RS distance up to 50km or 

longer, depending on the local terrestrial 

conditions.  And the RS density in NRTK is 

normally 3-6 times less than the traditional RTK 

cluster.  Meanwhile the rover can achieve an 

accuracy level as good as or even better than the 

traditional RTK.  In NRTK the rover is required 

to maintain a communication link with the 

network central processing facilities (CPF).  The 

CPF allocates the rover the most suitable RS cells 

and also provides the rover with the corrections 

on a cell basis.  This central processing 

mechanism also makes the switching of RS cells 

easier, and provides the rover a much greater 

reliability and mobility.  The schematic diagram 

of NRTK architecture is shown in Figure 1. 

 

  

Figure 1 Network RTK system architecture 

which consists of a network reference stations 

(left), central processing facility (middle) and the 

user groups (right) 

 

The NRTK technique has been extensively tested 

in the past several years, and has been 

commercialized in a few countries.  In the United 

Kingdom, Ordnance Survey (OS) is the national 

mapping agency to provide the most accurate and 

up-to-date geographical data.  It has established 

the OSNet
TM

 which consists of 108 permanent 

reference stations that cover the whole country.  

OSNet
TM

 has been fully operational since 2006.  

At the moment, OS has two commercial partners 

to provide the NRTK service to the customers: 

Leica Geosystems (UK) (with its service branded 

as SmartNet) and Trimble (with its service 

branded as VRSNow).  The station distribution 

map of SmartNet is shown in Figure 2, which 

consist of more than 150 stations (including 

Leicaôs own Stations).  It is one of the most dense 

RS network in the world. 

 

 
Figure 2 UK Network reference stations  

(cited from: smartnet.leica-geosystems.co.uk). 

 

Wireless Communication 

Wireless communication plays an important role 

in NRTK technology and the final positioning 

quality is affected by the delay and loss of the 

corrections during the transmission procedure.  

The impact of the data transmission to the 

position quality has been analysised in [Yang et 

al. 2009]. 

 

In the traditional RTK, the rover is limited within 

about 20km to the nearest RS.  Based on this 

nature, radio technology (UHF/VHF/Spread 

Spectrum) was typically used.  It is realiable and 

free of charge.  The disadvantages of this method 

include limited range, requiring lisence and loose 

management (user control).  In the era of NRTK, 

the commerical cell phone network is the most 

popular media for the data transmission.  It can 

provide a much wider coverage than radio, which 

meets the mobility requirement of NRTK.  

Besides, the evolvement of the mobile technology, 



the consequently appearance of the 

GPRS/EDGE/UTMS/HSDPA network, provides 

NRTK a stable, high-speed, wide bandwidth and 

IP compitable data link, which much improves 

the correction transmission quality.  The 

transmission performance of these mobile 

networks is compared in [Aponte et al., 2009b].  

Recent research shows the usage of the fixed IP 

in the mobile network can further assure the 

continuity of the data link [Aponte et al., 2009a]. 

 

However, the coverage of the current mobile 

networks can not satisfied the further mobility 

demand of the advanced ITSS applications.  For 

economic reason, mobile networks are designed 

to give preference to the high population area, 

and have poorer service coverage in the rural area.  

It is possible that part of main roads in some 

remote area does not have any signal support.  

This will influence the continuity of the NRTK 

solution. 

 

Another drawback of the current NRTK is it 

requires a two-way communication.  Although 

NRTK has several working mode, VRS, MAX, 

iMAX and so on, most of them need the rover 

provides its approximate coordinates to the CPF, 

either for the estimation of the rover local 

correction, or for the determination of the RS cell 

where the rover sits in.  This two-way 

communication mechanism implies a Peer-to-

Peer link; the CPF capability will limit the 

number of supporting rovers and is a barrier for 

the NRTK towards mass market.  

 

Thus a one-way communication with wider 

service coverage is desired for the future NRTK 

data transmission. 

 

SISTER Project 

The Satcoms in Support of Transport on 

European Roads (SISTER) project promotes the 

integration of satellite communications with 

GALILEO to enable mass market take-up by road 

transport applications.  This project is supported 

by the European Commission under the 6th 

Framework Programme (FP6) for Research and 

Development.  In this project, through a number 

of proofs of concepts, the role of the satellite 

(both telecommunication services and navigation 

technology) will enable a series of road transport 

applications in Europe, including road pricing, 

traffic information, emergency position reporting, 

driver navigation assistance, map updating and 

tracking of dangerous goods.  

 

SISTER will address the integration and 

convergence between communication satellite 

and Galileo from two perspectives, how 

communication satellite can combine with 

Galileo to provide more effective applications, 

and how communication satellite can provide 

services that enhance the Galileo positioning 

services itself. The diagram of the SISTER 

project system architecture is shown in Figure 3. 

 

 
Figure 3 System architecture of SISTER project 

 

One of the major objectives in SISTER is the 

enhanced Europe-wide implementation of a 

communication satellite based RTK solution and 

its subsequent optimization.  In contrast to the 

cell phone network based two-way 

communication in traditional NRTK, a 

communication satellite based one-way broadcast 

is proposed in SISTER to deliver the RTK 

corrections.   

 

In the SISTER project envisaged RTK solution, 

the NRTK CPF will  gather the raw measurements 

from the CORSs spreading over the whole of the 

Europe, using them as samplings to generate a 

correction contour map for the whole area, and 

establish a parameter based model to describe the 

mathematical nature of this correction contour 

map.  On the rover side, these parameters will be 

used to rebuild the individualized RTK correction 

at the approximate rover location.  The final 

correction will be written into the industry 

standard messages, Radio Technical Commission 

for Maritime services (RTCM) 3 format [RTCM 

2006], which can be accept by any RTK 

compatible receiver.   

 

The communication satellite based transmission 

helps to improve the service coverage from 

regional to Europe-wide, especially in remote 

areas, where the mobile network signal is hard to 

reach.  The broadcast mechanism relieves the 

burden of the NRTK CPF, enables the RTK 



service to support an unlimited number of users. 

It also can reduce the user cost, because the data 

transmitted will be common for every user. 

 

One of the implementation issues of this scheme 

is the bandwidth.   Bandwidth resource in the 

satellite communication is much more valuable 

than mobile communication.  On the service 

provider side, every effort should be carried out 

to maximize the efficiency of the bandwidth 

usage.   The SISTER project is targeting at road 

transportation, where decimetre level accuracy 

will satisfy most of the applications.  Therefore 

centimetre level accuracy may be compromised 

to decimetre level, in exchange for an efficient 

transmission bandwidth.   

 

This modelling idea is illustrated in Figure 4, 

where location is presented in one dimension 

form due to simplification consideration.  In this 

figure, green dots denote the corrections at each 

reference station locations.  A sophisticated 

parameter model, denoted by the red line, can 

well represent the variation of the corrections; 

meanwhile a simple parameter model, denoted by 

the blue line, can only represent the variation in a 

certain extent.  However the latter uses a less 

number of parameters than the former, which 

leads to a smaller bandwidth requirement.  

Therefore the simply model is more attractive in 

the SISTER implementation, as long as the 

accuracy compromise is constrained in an 

affordable extent.  Trade-off between bandwidth 

and accuracy will be one of the major challenges 

in the SISTER enhanced RTK research. 
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Figure 4 Illustration of SISTER modelling 

 

Test Plan and Test Tools 

The envisaged SISTER enhanced RTK 

implementation test plan is shown in Figure 5.  

The CORS raw measurements will be fed into the 

CPF via fixed internet link.  Leicaôs Spider is 

chosen as the CPF software, it is also the core 

software of Leica commercial RTK service 

SmartNet.  Its output (in RTCM 3 format) will be 

captured and modelled in a backoffice software 

running on a workstation.  The modelling 

parameters, as the processing result, together with 

the other SISTER applications data, will be 

uploaded to the communication satellite and 

broadcast to the end users.  The end user, 

typically a moving vehicle, will be equipped a 

middleware to receive the communication 

satellite data.  These data will be delivered to a 

vehicle pc, which also run a processing software 

to evaluate the model parameters and reconstruct 

the RTCM message, based on the local 

approximate coordinates.  This individualized 

correction will be fed into a commercial off the 

shelf (COTS) RTK receiver and solve the final 

positioning solution.  This is just a prototype test 

scheme, in the future commercial product, the 

middleware, the vehicle pc and the COTS 

receiver will be an integrated equipment, 

providing comprehensive assistant driving 

services. 

 

 
Figure 5 Enhanced RTK implementation test plan 

 

To achieve the envisaged prototype SISTER 

RTK solution, a series of work has been carried 

out to provide the suitable test bed and test tools. 

 

Jointly with Leica Geosystems (UK), a world 

leading GPS manufacturer, the Institute of 

Engineering Surveying and Space Geodesy 

(IESSG) in the University of Nottingham has 

started to establish its own testing RS network in 

2005, mainly for research purposes.  The final 

network will consist of 16 high grade geodetic 

GNSS receivers and cover an area of ~20,000 

km
2
 in the Midlands region in the UK, as shown 

in Figure 6 [Meng et al., 2008].  Currently there 

are 13 operational stations in this network and 

other three stations will be installed in this year.  

This network gives the researcher the full control 

and monitor of the RTK network, and has been 

used to facilitate and test the enhanced RTK 

implementation in the SISTER project.  



 

In 2008, a dedicated survey vehicle was 

purchased by the IESSG as a mobile testing 

platform, shown in Figure 7.  On the roof of it a 

steel rack is mounted to fix different type of 

antennas or CCD cameras.  Inside the vehicle, 

different types of COTS receivers have been 

equipped to test the positioning solution in 

various working modes; two vehicle PC are 

utilized to act as a real time 

processing/monitoring platform; a tactical grade 

INS POS/RS system is used to provide the ótruthô 

solution; a signal splitter is installed to feed 

signal to various equipments; other devices such 

as an onboard computer network, a power supply 

system, satellite- and terrestrial-based 

communications links are available on the vehicle 

as well [Meng et al., 2009].   

 

 
Figure 6 University of Nottingham / Leica 

Reference stations network 

 

 
Figure 7 Survey vehicle, its roof layout and 

interior equipments 

  

In terms of the software, a processing software 

NtripTalker has been developed.  It supports 

TCP/IP and the Networked Transport of RTCM 

via Internet Protocol (NTRIP) [RTCM 2004], and 

can act as NTRIP caster / client to receive / send 

RTCM messages.  It has the function of message 

capturing, restructuring, modelling and de-

modelling ; it can perform  statistical analysis; it 

can carried out a series of message manipulations 

such as holding, changing value and adding 

noise; it also has logging and replay function.  

NtripTalker can work with various input/output 

interfaces, and can be installed in both 

workstation side and vehicle PC side to satisfy 

different work requirements. 

 

 
Figure 8 NtripTalker software interface 

 

Primary Results 

Some initial tests and analysis have been carried 

out, and are summarized as follows, 

 

1. Bandwidth estimation 

 

Study has been carried out to estimate the 

bandwidth of the communication satellite 

transmission.   

  

In the NRTK implementation, different RTCM 

messages are transmitted with different rate.  The 

key information of these messages is summarized 

in Table 1.  When the number of the reference 

stations in the network is over hundreds, message 

type 1015 and 1016 will take more than 95% of 

the bandwidth resource.  In this case, from the 

study of RTCM protocol [RTCM, 2006], the 

transmission bandwidth can be simplified as,  

 

Transmission Bandwidth (bps) = 

     8*[Number of stations]*  

     (31+7* [number of SVs])  

     / [Combined Msg rate of type 1015 and 1016]  


