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ABSTRACT 

 

Due to the existence of distance-dependent 

errors such as satellites’ orbit and atmospheric 

biases that cause a phenomenon called spatial 

decorrelation of errors, traditional single-

reference-based RTK GPS positioning requires 

that a rover receiver must be situated at distances 

not farther than about 20 kilometres from a 

reference station in order to achieve centimetric 

positioning accuracy.  However, the advent of 

Network-based RTK (NRTK) GPS positioning 

has removed such a constraint through the use of 

the raw GPS observations gathered from a 



network of continuously operating reference 

stations (CORS) to create precise error models 

that can effectively mitigate most of the distance-

dependent errors.  The separation between a rover 

receiver and a nearest reference station can reach 

50 kilometres or longer.  This technique has been 

extensively developed and tested during recent 

years and the overall performance in terms of 

achievable accuracies, reliability and mobility is 

as good as or even better than that can be 

achieved using conventional RTK GPS 

positioning technique. 

 

Dedicated communication links such as phone 

lines or the Internet are used to stream the raw 

measurements gathered by the receivers at CORS 

sites to a network control centre (CC).  At the CC 

a software suite processes these observations and 

produces NRTK corrections according to the 

Radio Technical Commission for Maritime 

Services v3.1 standards (RTCM v3.1).  Once the 

NRTK corrections have been generated, they are 

broadcast to the services subscribers via an 

appropriate wireless communication links such as 

GSM/GPRS or HSDPA.  These wireless 

communication links play a vital role in 

achieving good positioning performance.  They 

must ensure high flexibility and availability to 

satisfy the requirement of centimetric positioning 

accuracy and mobility that NRTK GPS can offer. 

 

For the research presented in this paper, the 

NRTK GPS corrections were collected in a static 

mode during the month of April 2009 in order to 

assess the performance of both GPRS and 

HSDPA based wireless communication 

technologies for the transmission of the NRTK 

corrections.  The RTCM v3.1 message collection 

was carried out in an area with good GPRS and 

HSDPA coverage using an in-house software 

suite called IESSGNtripTalker.  The data sets 

were subsequently decoded and analysed using 

in-house scripts developed with Matlab 

programming.  The assessed contents include the 

correctness, completeness and latency of the 

NRTK correction messages as received through 

two types of wireless data link.  These are three 

major aspects of the RTCM v3.1 messages that 

affect the positioning performance in terms of 

achievable accuracies, reliability and mobility of 

the NRTK GPS positioning technique. 

 

INTRODUCTION 

 

The centimetric accuracy that can be achieved 

with NRTK GPS directly depends on whether the 

instant RTCM network corrections are correctly 

delivered to the roving receivers. RTCM v3.1 

employs the Networked Transport of RTCM via 

Internet Protocol (NTRIP) standard for the 

efficient transmission of NRTK corrections via 

the Internet.  NTRIP is equally effective at 

allowing wireless Internet access through mobile 

IP networks (RTCM, 2004).  Therefore, the 

wireless communication links that are used to 

transmit the NRTK corrections should not only 

support IP connections but also allow high speed 

data transmission, low latency and long-term 

stable connections.   

 

Currently, there are many wireless technologies 

that could fulfil the requirements for the 

transmission of NRTK corrections. For instance, 

since the advent of General Packet Radio Service 

(GPRS) it has been widely employed in many 

Machine to Machine (M2M) communication 

applications such as accessing financial portfolios 

via mobile phones or online, remote management 

of ATMs, tracking vehicles and cash in transit, 

capturing metre readings and monitoring energy 

consumption, setting up highly effective and 

reliable surveillance and alarm systems, and 

accepting and authorizing credit and debit card 

payments on the move (Aponte et al., 2009b).  

All the aforementioned applications as well as the 

transmission of RTCM corrections require a fully 

manageable wireless data solution that can be 

offered by GPRS.  GPRS enhances the GSM 

mobile phones by enabling them to send and 

receive data more rapidly in a cost-effective 

manner. With a GPRS connection, the phone is 

"always on" and can transfer data as soon as 

requested.  GPRS offers coverage of up to about 

99% of the UK population and is currently the 

main method adopted by the NRTK service 

providers in the UK for the transmission of the 

RTCM messages. 

 

On the other hand, the newly emerging 

communication technologies such as High-Speed 

Downlink Packet Access (HSDPA) - better 

known as 3G (the third generation) have paved 

the way to the so called mobile broadband which 

allows subscribers to use the existing wireless 

mobile phone networks to access the Internet 

employing the IP standards at speeds similar to 

those that are offered by an Asymmetric Digital 

Subscriber Line (ADSL). Current HSDPA 

deployments support down-link speeds of 1.8, 

3.6, 7.2 and 14.4 Mbps.  Although 3G is not yet 

widely available in the UK, the mobile phone 

network operators are rapidly updating their 

infrastructure in order to increase the 3G 

connectivity coverage.  



 

Intensive research has been recently carried out 

at the IESSG in the University of Nottingham in 

order to study the status of the GPRS wireless 

transmission of NRTK messages with a major 

research focus on the transport applications 

(Meng et al., 2009). Tests carried out by the 

authors reveal some availability problems in the 

NRTK services in the UK which are mainly 

caused by instability in the wireless data links 

(Aponte et al., 2009a and 2009b). In some cases 

the availability of the NRTK corrections was 

about 88% with the wireless connections being 

completely dropped after 2 or 3 hours of 

continuous operation. The combined voice and 

data SIM cards used during these tests are 

believed to be the main cause of these instability 

problems when interrupting the GPRS connection 

after long period of connection to the mobile 

phone network. 

 

Subsequent analysis of the impact that 

commercial GPRS communications have over the 

availability and general performance of a NRTK 

GNSS service shows that under the ideal 

conditions (low multipath environment and clear 

sky view), the availability of the NRTK services 

directly depends on the proper reception of the 

network correction messages (Aponte et al., 

2009b). Fixed-IP SIM cards that are specially 

designed for data transmission only under the 

GPRS protocol, proved more stable than normal 

combined voice and data SIM cards used in the 

aforementioned tests. The former allowed 

continuous connections for more than 24 hours 

without dropping communication, whilst, in one 

case, data transmission was stopped after 18 

hours when using the normal dynamic-IP SIM 

card.  

 

The main objective of this paper is to report the 

results of the most recently tests being carried out 

at the IESSG in order to compare the 

performance of both GPRS and HSDPA based 

wireless communication technologies for the 

transmission of NRTK corrections.  In 

conclusion, the results demonstrated HSDPA to 

be a very promising wireless communications 

solution for the transmission of NRTK 

corrections that has several advantages over the 

traditional GPRS communications. 

 

TESTING METHODOLOGY 

 

The NRTK corrections provided for the 

SmartNet service were used during these tests. 

SmartNet is a NRTK service offered in the UK 

by Leica Geosystems and Ordnance Survey Great 

Britain (OSGB). It comprises about 150 CORS 

distributed fairly evenly in the whole country as 

shown in Figure 1. Since July 2007, Leica 

Geosystems has also offered the SmartNet 

service in Ireland and Northern Ireland. Although 

the majority of CORS are owned by OSGB, 

known as OSNet, 23 CORS sites are managed 

and owned by Ordnance Survey Ireland and 

Ordnance Survey Northern Ireland, and 20 CORS 

sites are owned by Leica. All sites in Ireland used 

GPS and GLONASS receivers and OSGB is 

currently upgrading OSNet to GPS, GLONASS, 

and Galileo-ready receivers/antennas (Aponte et 

al., 2009b). 

 
Figure 1: Distribution of the SmartNet CORS as 

of 15 August 2007. 
 

The tests were performed using a facility within 

the IESSG building and include the capture of the 

RTCM messages from SmartNet by using two 

computers running in parallel as shown in Figure 

2. 

 



 
Figure 2: Testing configuration. 

 

Computer 1 was connected to the Internet using 

a 3G connection from Three (Hutchison 3G UK 

Limited) through a USB modem (Figure 3) while 

Computer 2 used a GPRS connection from 

Vodafone (Vodafone Limited) which was 

implemented by using a mobile phone as an 

Internet modem (Figure 4). Both computers used 

the IESSG NTRIP Talker software which is an 

in-house NTRIP client developed in order to 

gather the RTCM NRTK corrections from any 

service provider (Yang et al. 2009). The data 

collections were run in parallel and lasted for 

about one hour (01h 03m 36s).  

 

 
Figure 3: The configuration of Computer 1. 

 

 
Figure 4: The configuration of Computer 2. 

 

The IESSG building presents good GPRS and 

HSDPA signal reception and the studied wireless 

communication protocols showed speeds of 

approximately 460 kbps and 3.6 Mbps 

respectively during data collection. The NRTK 

correction collected for these tests were formed 

by the RTCM messages numbers 1004, 1006, 

1008, 1012, 1032 and 1033 which for a common 

operation of 6 GPS and 4 GLONASS satellites 

would yield about 1500 bps of data (RTCM, 

2006). Such an amount of data for second is 

considerable lower than the capacities at which 

both of the wireless links used in these tests were 

working on. Therefore, GPRS and 3G would 

theoretically satisfy with easy the NRTK 

demands of data transmission. 

 

Additionally, as shown in Figure 5 a Leica 1200 

receiver was used to collect raw observations for 

baseline post-processing in a kinematic mode 

against the collected messages. 

 

 
Figure 5: Leica 1200 receiver for collecting raw 

data. 

 

Once the one hour correction data sets from 

both computers (3G and GPRS) were gathered, 

the Matlab scripts developed by the authors were 

subsequently used to decode and analyse the 

RTCM messages in terms of their correctness, 

completeness and latency so that the comparison 

of both wireless data links could be carried. 

 



LATENCY OF THE RTCM 

TRANSMISSION 

 

Theoretically, latency could be defined as the 

time elapsed between the delivery and the 

reception of each RTCM message. The 

determination of the latency of the received 

messages is not an easy task. Since SmartNet is a 

commercial service no access to the server 

operations is available and therefore tagging the 

messages at the time of delivery from the server 

was not possible. In order to precisely estimate 

the latency in this research the IESSG NTRIP 

Talker registered the time of reception of the first 

message in each computer (UTC time in the local 

computer) and each successive message was 

tagged using the CPU clock rate. The UTC time 

was subsequently converter to GPS time and the 

latency is calculated as the GPS time from each 

message type 1004 and 1012 minus the GPS time 

at which each of those messages was received at 

the host computer. Although this is not an exact 

method for calculation of the latency as time 

errors due to the host computer clocks will be 

present in the calculations, this method gives a 

clear understanding of the latency experienced 

for each wireless communication link.  

 

A time series of the latency presented for the 

messages RTCM 1004 (green) and RTCM 1012 

(blue) when received at computer 1 (3G) can be 

seen in Figure 6. The average latency presented 

in the 1004 messages was 0.30 +/- 0.23 s peaking 

at about 2.51 s in several occasions and with a 

minimum latency of 0.0036 s. The 1012 

(GLONASS) message is delivered after the 1004 

and therefore the latency must be bigger than the 

observed for the GPS message. The average 

latency for this message was 0.55 +/- 0.24 s with 

several maximums at about 2.58 s and a best time 

at 0.04 s. 

 

 
Figure 6: Latency of messages 1004 (green) and 

1012 (blue) as observed at Computer 1 (3G). 

 

On the other hand, as shown in Figure 7, the 

latency observer in computer 2 (GPRS) was 

larger than the abovementioned. Message 1004 

showed an average latency of 0.34 +/- 0.47 s with 

the largest latency located at about 13.41 s and a 

minimum latency of 0.02 s. As expected the 

latency of the 1012 was even larger with an 

average of 0.62 +/- 0.46 s and a maximum 

latency of about 13.41 s and a minimum of 0.12 

s. 

 

 
Figure 7: Latency of messages 1004 (green) and 

1012 (blue) as observed at Computer 2 (GPRS). 

 

COMPLETENESS OF THE RECEIVED 

RTCM MESSAGES 

 

Messages 1004 and 1012 contain all the 

pseudoranges and phase observations required to 

create complete RINEX files for GPS and 

GLONASS satellites respectively (RTCM, 2006). 

Therefore in order to determine the completeness 

of the received messages a mixed RINEX file 

was created using the content of the RTCM 

messages gathered in each computer. 

 

The frequency of both message types, 1004 and 

1012, is 1 hz and as they were collected at the 

same time, for the same position, and from the 

same CORS configuration both data sets should 

have the same quantity of observed epochs. 

 

The RINEX files obtained from the messages 

were then analysed using the TEQC software in 

order to count the number of epochs with valid 

pseudoranges and phase observations.  It was 

evident that from an approximate of 3750 epochs 

the messages collected in computer 1 (3G) 

presented no observation missing whereas 

messages from computer 2 (GPRS) had 13 

epochs without valid observations. 

 

By zooming Figure 6 it can be appreciated that 

the missing observation events took place 



between epochs 2400 and 2450 when the GPRS 

data link presented a latency of about 13.41 s 

which was caused by a data reception blackout of 

about 14 s as can be clearly seen in Figure 8. 

 

 
Figure 8: A data reception blackout of 

approximate 14 s in the GPRS connection 

(computer 2) took place between epochs 2400 

and 2450. 

 

CORRECTNESS OF THE NRTK 

CORRECTIONS 

 

As mentioned in RTCM (2006) the transport 

layer of the RTCM SC-104 Version 3 messages 

contain a 24-bit Cyclic Redundancy Check 

(CRC) for high data transfer integrity.  Such CRC 

parity provides high protection against burst as 

well as random errors during messages 

transmission.  

 

During the data decoding process the CRC of all 

the messages were checked with only one 

message of about 8100 failing the check. This 

only happened in the data collected using the 

GPRS connection. On the other hand, 100% of 

the messages received using the 3G link passed 

the CRC check. 

 

As a further way to check the correctness and 

also the completeness of the RTCM messages, 

the RINEX files created from the collected 

messages (GPRS and 3G) were used in order to 

perform a post-mission kinematic processing of 

the raw observations gathered with Leica 1200 

receiver using Leica Geo Office software.  

 

Table 1 clearly shows than the messages 

collected using the GPRS data link could not 

solve the ambiguities in 17 epochs whereas the 

correction collected through the 3G link allowed 

fixed ambiguities in 100% of the epochs.  

 

Table 1: Statistics of the positioning performance 

with different data links. 

Solution 

Type 

GPRS - 

Epochs 
3G - Epochs 

Missing 12 0 

Stand Alone 0 0 

DGPS 5 0 

NRTK 3737 3754 

 

The same can also be seen in Figure 9. The 

RMS errors from both data sets are practically the 

same aside for the results from the GPRS 

correction messages which presented a high 3D 

RMS of about 0.5 m during the DGPS epochs 

when re-fixing the ambiguities after the messages 

reception outage showed in Figure 8.  

 

 
Figure 9: Time series of the RMS errors from the 

corrections collected through the 3G and GPRS 

data links. 

 

CONCLUSIONS 
 

The results presented in this paper confirm that 

the wireless communication through HSDPA 

(3G) is a very promising technology for the 

transmission of the RTCM NRTK corrections 

from the control centre to the roving receivers.  

 

HSDPA shows more stable performance than 

GPRS link during the reception of the RTCM 

messages. The latency of the messages collected 

with the former approach was very good (about 

0.30 +/- 0.23 s) and allowed 100% of correctness 

and completeness. In contrast, GPRS data link 

failed to produce NRTK positioning for about 17 

epochs and 1 message did not pass the CRC 

check. 

 

The performance of the 3G and GPRS wireless 

communications for the transmission of the 

RTCM messages has been analysed in a static 

mode in this preliminary study. Further tests with 

roving receivers are currently being performed by 

the authors. 
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