
4 On Bus Communication Trial 
 

4.1 Introduction 
 
This sub project has investigated data capture from buses and evaluated the application of 
wireless and 3G services with moving vehicles. There are two main elements to this project.  The 
wireless transfer of GPS-derived positional data from local buses operating in Reading is a 
development of an existing system, which relies on GPRS packet data to relay vehicle location to 
a central server.  This data is used to provide real time arrival predictions for passengers and for 
traffic management strategy selection.  Limitations on data transfer capacity currently restrict the 
range of data that can be analysed.  
 
Connexionz have developed a multi-carrier interface for the on-board Automatic Vehicle 
Location (AVL) unit which can be used to connect to a router to enable seamless communication 
via the GPRS and 3G services and integration with the wireless network.  The new unit is known 
as the On-Vehicle Server (OVS).  These units include a significant number of technical 
improvements over the previous generation of equipment that should also improve the general 
reliability and robustness of the system. 

4.2 Objectives 
 
The specific objectives for the sub project are as follows: 

�  To demonstrate the technical feasibility of the alternative wireless technologies (GPRS / 
3G / WiMax/Wi-Fi) to provide a communications infrastructure that meets or exceeds the 
current levels of performance in a cost effective and reliable manner; 

�  To provide a successful demonstration of the new OVS equipment and 
telecommunications services that will provide a strong platform for business growth in the 
UK; 

4.3 System Description 
 
RBC has had a fully operational public transport AVL system for four years. It includes 150 local 
buses, the majority operated by Reading Transport Limited, the council-owned bus company. In-
Vehicle GPS receivers derive location information and transmit this to on-board computers (the 
On-Bus Unit) which relays the information to a central server using a GPRS modem over the 
Orange GSM data network. GPRS is designed to operate at data transfer rates between 56Kbps 
and 114Kbps and the mobile tariffs used depend on the amount of data transmitted. For this 
reason the frequency and amount of data currently transmitted is limited to minimise system 
running costs.  Data is not sent to vehicles whilst they are in service. 
 
The location data is processed at a central server and the information is then relayed to roadside 
signs to provide bus arrival predictions for waiting passengers.  In a server to server link the data 



is passed to the UTMC common database where it is used to give web-based information similar 
to the roadside data and to inform the Council’s dynamic traffic management strategies. 
 
The on-bus environment is a particularly difficult one in which to achieve component reliability 
in electronic equipment. It is prone to extreme vibration and electrical fluctuations and all devices 
need to be ruggedised and protected to withstand these conditions. There are also potential 
problems with dust and moisture ingress. 
 
A further constraint is that high-volume data transfers are using a wireless interface made whilst 
buses are in depot.  These transfers include schedule updates, which may cover the entire 
network, and graphics files for in-vehicle display.  When power is withdrawn from the units (due 
to driver shutdown at end of shift) then the on-vehicle unit powers down, potentially losing part 
of the data transfer. 
 
Some 150 buses operating in Reading are fitted with OBUs and GPRS modems which 
communicate positional data to the central server in the Civic Centre.  The major limitations 
inherent in the previous architecture are a consequence of the communication parameters – 
positional data is only transmitted every 20 seconds and no data is sent if the vehicle is locally 
assessed as being “on track” against a stored schedule.  There is no scope within the data 
allowances for transmissions to the vehicle.  As part of a planned technical refresh all units are 
being modified to include the multi-channel communications facility. The new communication 
architecture has been successfully integrated with the central server, the core unit and the other 
on-bus peripherals. 
 
The project has been developed in line with the general principles of interoperability set out by 
the UK Real Time Information Group and the specific recommendations in relevant technical 
papers: 

�  RTIG T011 National Architecture 1.1 (June 2004) 

�  RTIG T016 Communications Briefing Paper: Introduction 1.0 (July 2005) 

�  RTIG T017 Communications Briefing Paper: Wireless LAN 1.0 (July 2005) 
 

4.3.1 On-Bus Units 

 
The on-bus hardware comprises an On-Vehicle Server (OVS) unit designed to manage both the 
standard Real-Time-Information (RTI) functionality which is shown in Figure 4.1 and the 
SEEDA communication requirements.   
 
The Real-Time functionality enables information on journey progression to be presented to the 
passengers (via on-vehicle TFT screens), to the driver (although at present this option is not 
utilised by Reading Transport), to the public (via electronically equipped bus stop units, phone, 
the internet), to the location authority, and importantly to the bus operator (allowing dynamic 
monitoring and operation of the fleet, along with historic performance analysis/planning). 
 
In terms of the on-bus unit, simplistically this is achieved by populating the latter with details of 



the routes/trips operated by the bus company, and utilising an interface to the drivers’ electronic 
ticket machine (ETM) and input from a GPS receiver to track the vehicle against the schedule, 
generating predictions for completion of the trips based on current position and analysis of 
historic data.  Information on vehicle progress, along with the predictions, are transmitted over a 
communications link back to a central server, allowing the latter to distribute the information to 
the various users/clients identified above. 
 
In itself, the developments as part of the SEEDA project make no significant change to this core 
functionality, although the flexibility of communication medium incorporated as part of the 
project has potential cost benefits, and the increased speed/bandwidth of the SEEDA network 
provides opportunities to develop functionality that previously would have been technically not 
feasible or cost-prohibitive. 

 

Figure 0-1: On-bus unit  

 
The core on-bus unit hardware comprises a single-board computer (SBC) based around an ARM-
based processor.  It was designed and tested specifically to meet the harsh operating 
environments found on buses, taking advantage of the experience gained from 3 previous 
generations of on-vehicle hardware.   Key design aims were to improve robustness, simplify 
maintenance, and to produce a product with an extended lifespan by a combination of component 
selection, engineering design, and by incorporating flexibility to expand and interface to 
additional equipment as  requirements and technology advances. 
 
To facilitate robustness, the unit contains no moving parts.  Utilising an ARM processor results in 
a low power requirement and low heat generation, and as such the unit is able to operate in a 
fanless environment.  Similarly, moving components are also avoided by using flash disk storage 
rather than rotating disk units.   
 
The unit encompasses a power-management module, including a battery-backup, allowing the 
unit to be kept alive when power on the vehicle is switched off (or alternatively to be powered 



back on at a later time).  This is typically used to maintain Wireless LAN communications with 
the vehicle when powered off in the depot, allowing timetable, media and software revisions to 
be transferred on to the vehicle, and logs/statistical information to be retrieved. 
 
The core communication elements are facilitated by modules that can be replaced (or 
complemented) as new communication technologies emerge over time. 
 
The unit supports a wide range of interconnectivity with 3rd-party equipment, over and above 
that required to operate the core RTI functionality.   As an example, the unit has already been 
interfaced with a 3rd-party media device on a small number of OVS-equipped vehicles, with its 
Wireless capabilities allowing it to be used as a network hub on the vehicle and reduce the 
increasing amount of computer hardware being fitted to vehicles. 
 
The OVS unit runs a Linux operating system, onto which the RTI application has been ported.  
This arrangement provides a high degree of flexibility to deal with current and future capabilities. 
 
Throughout the duration of the SEEDA project, 3 iterations of the unit have emerged (rev0, rev1 
and rev2), each benefiting from relatively minor amendments based on bench and in-field 
testing/experience of the preceding unit.   

4.3.2 WiMax/WiFi Communication Link 

 
Historically, the Connexionz on-vehicle software utilised GPRS to transmit positional/prediction 
information back to the central RTI server.  A key requirement of the SEEDA project was to 
enhance the communications capability to allow the software to utilise the most appropriate 
network available for data transfer, and to dynamically switch between the networks as/when 
they became available. 
 
It was determined early in the project that direct communication between the vehicles and the 
WiMax network would not be feasible/practical (in the main due to the timing of the release and 
Alvarion implementation of the 802.16e “mobile WiMax” protocol which occurred after the 
hardware purchase project deadline had passed. A denser mobile network would also require a 
much higher project budget than that available), so consequently the interface to the SEEDA 
network is via the distributed Wi-Fi network. However, there is nothing to preclude changes to 
this choice (either widely or on specific test buses). 
 
To facilitate the dynamic switching between networks, data elements are now classified by type, 
allowing preferential networks to be associated with each type, whereby a hierarchy of possible 
networks would be used in priority order. For typical RTI data, if the SEEDA network is 
available it will be utilised, but if not data will be sent immediately over GPRS/3G.   Although 
not current utilised, for high-volume less time-critical data (maybe streamed video for later use) 
transmission could be prevented from occurring until the SEEDA network was detected. 
 
In terms of hardware, the OVS units are currently equipped with an 802.11g Wi-Fi module and a 
3G module (which communicates via the Orange network using Reading Borough Council’s 
private APN).   As the vehicles progress along their routes the on-vehicle software is constantly 



searching for connectivity to the SEEDA network, and once located will utilize this for 
transmissions.  When connectivity is lost it will revert to utilizing GPRS/3G. 
 
The mechanisms developed for achieving this are in no way limited to Wi-Fi and GPRS/3G – 
additional communication modules could be added to the unit either now or in the future as new 
technologies emerge, with configuration framework outlined above allowing these to be 
incorporated either as a replacement or as an alternative for particular types of data, based on 
specific volume, cost and bandwidth considerations.   As an example, were mobile WiMax 
deemed feasible, it would be straightforward to connect a WiMax device to the OVS and utilize 
that instead of or alongside the current Wi-Fi interface. 
 
The on-vehicle software developments required to facilitate this prioritisation and automatic 
switching was also reflected in development of software for the central server – particularly to 
support transmission of data from the server to the vehicle over the most appropriate network at 
any point in time, but also to ensure that sufficient information was recorded for each data 
transfer to allow logs to be produced for the SEEDA evaluation.   
 
In addition, although outside of the specific requirements of the SEEDA project, an interface has 
been developed between the central RTI server and Reading Borough Council equipment to 
allow Rail Departure and Traffic information to be received by the former – the aim being to 
allow this data to be transmitted automatically (over the SEEDA network) to appropriate vehicles 
for display to the passengers.  

4.4 Trial 
 
The prime focus of the trial was to measure the effectiveness in using the SEEDA network from 
standard RTI transmissions from the vehicles to the central server, with this data being 
accumulated automatically by the vehicles/servers.  Separate evaluation of transfers of data from 
the server to the vehicle, or bulk data from the vehicle to the server, were handled manually and 
can be used to reflect the potential to implement future functionality that utilises such 
communication requirements. 
 
To facilitate the prime SEEDA evaluation, the configuration enabled on the vehicles is relatively 
simplistic – the vehicles are always searching for the SEEDA network, and whenever found will 
utilise it in preference to the GPRS/3G network.  The Connexionz software did not send 
messages on a fixed-time basis, but rather as/when it determined the need to do so based on 
progress against expectation, but in addition sent a heartbeat message after a period of time if 
was not necessary to communicate for any other reason.   As there was no revenue cost 
associated with sending traffic over the SEEDA network, the frequency of heartbeats when 
connected to the SEEDA network has been increased to send a message every few seconds, 
rather than the 2 minutes previously configured for over-GPRS/3G heartbeats. 
 
Information from the buses and the RTI server was amalgamated so that for each message 
transmitted a record was produced incorporating date/time of transmission, vehicle position, 
which network was used, and whether or not the transmission was successful.  This information 
was collected and collated automatically, and allowed a picture of where connectivity to the 



SEEDA network was being achieved, how many messages were being transmitted while 
connected, and the effectiveness of switching between the SEEDA and GPRS/3G networks. 
 
Some 12 buses operating in Reading fitted with upgraded OVS units which communicated 
positional data to the central server in the Civic Centre were put into trial in June 2008, on which 
the evaluation was carried out. Subsequently, more buses will be fitted with upgraded OVS units 
until all 150 Reading buses are equipped. 

4.5 Evaluation  

4.5.1 Evaluation methodology 

 
A data driven method was adopted in the evaluation. The evaluation was focused on the 
performance of the WiMax/ Wi-Fi service to communicate with moving buses to transfer the 
existing GPS based location information used in Reading’s Real Time Passenger Information 
System. The potential of the WiMax/ Wi-Fi service in delivering greater data transmission 
capacity will also be examined.  
 
The technical performance of the wireless network was characterised by a number related 

attributes, including: 

·  Data volume realised by the project network in the trial  
·  Volume data transmission speeds 
·  Reliability of data transmissions at different speed and proximity to access points 

 
The evaluation was focused on deriving reliable information from a large quantity of data. 
Automatic data collection was the main instrument for gathering information from the trial. 
Technical performance was derived from the log data generated during the trial, including all 
records from logs of OVS units and Reading bus server.  
 
For those technical performance attributes which cannot be derived from the core data, dedicated 
tests were conducted to collect necessary data to characterise the attributes of interest.   
 
General descriptive statistic methods have been utilised for result analysis. Summary statistics 
were used to quantify attributes based on the sample of observations.   

4.5.2 Data Collection 

 
Data for the technical performance evaluation was accumulated automatically (with some semi-
manual correlation required) during standard operation of the OVS equipment, which was 
provided to the TRG by Connexionz. 
 
The core data collection started from the beginning of June 2008 when OVS units were installed 
on 12 buses. As part of standard real-time AVL operation, the average transmission volume for 
each vehicle was approximately 1,250 messages per day. This varied for individual vehicles 



depending on the services to which it is allocated. Typical size of the messages was between 28 
to 64 bytes. When within the WiMax / Wi-Fi network coverage, the volumes might increase as 
message transmission was typically made on average around every 30~40 seconds.  
 
The format of data provided is shown in Table 4.1. The dataset has been devised to allow 
performance measurements to be made whilst vehicles were operating both within and external to 
the areas of the SEEDA WiMax / Wi-Fi network coverage and whilst moving between coverage 
areas. Data provided for this evaluation was collected between 3 June to 22 July 2008, and 
consisting of about 491 thousands records. 

Table 0-1: Format of core data 

Item Format Comment 

Date ddmmyy  OVS 
Timestamp Time Hhmmss 

Timestamp from On-Vehicle Server (OVS) 

Latitude d m.mN 

Longitude d m.mW 

 
Lat/Long co-ordinates (degrees + decimal minutes + 
heading).  

Date Ddmmyy  

Time Hhmmss 
Timestamp from GPS Receiver 

Vehicle 
Speed 

nnn.n Ground speed in knots 

GPS Data 

Status C 
GPS co-ordinate status indicator: 
     A = Active (valid) 
     V = Void 

Vehicle Identifier Nnnnn (Reading Transport) Fleet number for vehicle 

Sequence Number Nnn 

A cyclical number for each vehicle in the range of 1-999; non-
sequential values suggest transmission loss.   The sequence 
starts from 1 when a vehicle equipment first powers on, and 
increments independent of the transmission network.  The 
number resets to 1 after reaching 999 (or on the vehicle 
equipment re-powering). 

Network Utilised for 
Transmission 

C Indicator to show which network was used to transmit the 
message from the vehicle: 
 
C will be one of: 
W = WiFi 
O=Orange (GPRS/3G) 
 

Transmission Success 
Indicator 

c Indicator to identify whether or not the message was 
successfully received on the server;  c will have values of: 
 
    S = Transmission was successful 
    F = Transmission failed 
 
Note that failed transmissions will be identified by comparing 
Server log information with data retrieved from the on-vehicle 
logs.   For failed-transmissions, not elements of the data 
record will be available, and it may not be possible to identify 
all failed transmission records. 



Size of transmission 
(bytes) 

nnnnnn Size of data in bytes (excluding any UDP Header 
information).  The majority of (automatic) messages 
transmitted from the vehicle will be < 100 bytes. 

Transmission Latency ss Measures the time taken (in seconds) from message 
transmission on the vehicle to being processed on the server.  

 
In addition to the core data collection, two additional tests were carried out. The first test was to 
verify performance/capacity whilst transmitting large volumes of data, and to carry out specific 
transmission speed tests. These included both vehicle-server and server-vehicle communications. 
The second test was to exclusively test an AP located at M4 Junction 11 where the bus routes did 
not reach. 
 
The ‘volume data’ transmission tests were carried out in a manual fashion on 14 July 2008 with 
an OVS unit fitted to a passenger car.  Three data files of 50Kb, 100kb, and 1Mb was used to 
roughly reflect the size of a single CCTV static image, real time passenger information and on-
vehicle log. These data transmissions simulated the publication of revised timetable/service data 
to be vehicles (currently carried out by Wireless LAN within the Bus Depot), streaming of 
multimedia content, transferring of rail/traffic information to the vehicle, and the retrieval of on-
vehicle log information off the vehicles. The tests were done at three Access Points, and in each 
site, three timed transmissions of each file both to and from the OVS unit. Altogether 54 data file 
transmissions were made and the data transfer speeds were measured and recorded. The 
passenger car was parked probably around 50-75metres from the APs during these tests. 
 
The M4 Junction 11 test was carried out on 27 June 2007. Standard real-time AVL operation was 
run using an OVS unit fitted to a passenger car. The car was parked in a parking bay within the 
junction, about 20 meters away from the AP. The test was carried concurrently with a VoIP test 
(details about the VoIP test can be found in Section X of this report). As the vehicle was 
remained within the coverage of the project wireless network, an increased volume of 
transmissions could be expected. The test lasted for about two hours; communication data in the 
same format of the core data was recorded for further analysis. 

4.5.3 Study Area and Sample Size 

 
The project WiMax / Wi-Fi network was designed to cover both the Reading city centre and A33 
corridor (for details of the project network coverage, please refer to Chapter 2 of this report).  The 
routes of the trial buses with equipped OVS units essentially covered all APs with the exception 
that the AP at M4 Junction 11 was out of the range of any bus routes.  
 
When trial buses were within the range of Wi-Fi APs, the OVS units were designed to transfer 
AVL data using the project wireless network. Outside the range, the OVS units used GPRS for 
standard AVL transmissions. 
 
The study area in this evaluation was limited to where Wi-Fi data communication was possible. 
Outside this area, all data transmissions would be with GPRS networks. The data collected for 
the evaluation contained data transmissions everywhere on the bus route through both Wi-Fi and 
GPRS networks. As the objective of this evaluation was to investigate the performance of the Wi-
Fi network, it was necessary to exclude the data collected outside the project network coverage.  



 
The study area for this evaluation is shown in Figure 4.2. The area covered both the city centre 
and the A33 corridor. The area was determined based on an analysis of the locations of those 
successful data transmission through Wi-Fi network. All locations with successful data 
transmission with the Wi-Fi network were included in the area, thus the study area may be 
regarded as the smallest area which covered all successful data communications with Wi-Fi.  
 
Data provided for evaluation were collected from 12 OVS units, of which more than 90% of data 
was from 7 units. The remaining 5 units were collecting data only for a few days and data 
samples from these units were relatively small, which made them not suitable for any unit-based 
analysis, and hence, data from the 5 units were not included in the analysis. The total size of 
sample was 278,305.  
 

 

Figure 0-2: Study Area   

4.6 Results 
 
Performance of the data communication within the project network has been examined 



extensively. Different measures were used to characterise different aspects of data 
communication, and the results are presented below.   

4.6.1 Data volume 

 
The first important question about the bus communication trial was how much data transmissions 
can be transferred from the GPRS/3G network to the WiMax / Wi-Fi network. This will 
determine the potential economical savings from the deployment of the system. The data volume 
via Wi-Fi, and the geographical distribution of these data transmissions were examined. 
 
The geographical distribution of successful Wi-Fi transmissions is shown in Figure 4.3. Six APs 
can be clearly identified in the figure.  From the enlarged distribution of transmissions at one AP, 
it is clearly shown that the majority of successful transmissions were close to the AP location. 
The density of successful transmissions decreased as the distance to the AP increased. The 
‘cloud’ pattern of successful transmissions around the APs can be clearly identified. 

            

Figure 0-3: Geographical Distributions of Successfu l Wi-Fi Communication Attempts   

Because of the nature of the ‘Wi-Fi clouds’ configuration of the project network, less than half  
the A33 corridor was covered. Unless more Wi-Fi APs were erected along the corridor, the 



network was only able to provide intermittent connectivity for AVL data transmission. No 
successful transmissions were recorded in the city centre is because the city centre network was 
still under construction during the data collection. Once completed, near continuous coverage of 
Wi-Fi can be expected at the central Reading area.  
 
Daily data transmission rates based on 7 OUV units are shown in Figure 4.4. All the units were 
collecting data for more than 15 days. Except for unit B, between 100 and 200 messages were 
successfully transferred through Wi-Fi network. The average number of successful transmissions 
through Wi-Fi is about 140 per day. The significantly lower transmission rate at unit B is 
probably caused by its host bus route, which travelled on the A33 corridor less frequently than 
host buses of other units. 
 
For comparison, the daily data transmission rates through the GPRS network is also shown in 
Figure 4.5. The average successful transmission through GPRS/3G network is about 1100 per 
day, which accounts for 88.7% of all AVL transmissions everyday, as illustrated in Figure 4.6. 
The average ratio of messages transmitted through Wi-Fi is 11.3%. 
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Figure 0-4: Daily Data Transmission Rate using WiFi    
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Figure 0-5: Daily Data Transmission Rate using GPRG /3G   

 
The relatively low percentage of message transmission through Wi-Fi may partly be a result of 
the comparatively few amount of access points along the A33 corridor, as it was intended that 
Wi-Fi coverage was going to be provide as ‘patches’ rather than areas. It should also be noted 
that the city centre network was still under construction when the data for this evaluation was 
collected. Message transmissions through Wi-Fi could be expected to increase significantly once 
the city centre installation is complete as the majority of buses spend a much larger proportion of 
time in the city centre than on the A33 corridor.  
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Figure 0-6: Percentage of Wi-Fi Data Transmissions (average 11.3%)   

4.6.2 Transmission Reliability 

 
Data transmission reliability refers to the ratio of the number of success to the total number of 
data transmissions. It is considered that two key factors, which affect the success rate, are 
proximity to access points and the host vehicle speed of the on-vehicle unit when data 
transmissions are ongoing. The quality of the connecting devices’ radios and deployment of 
antennae are also critical as is backend application infrastructure.  
 
Success rates of message transmissions were examined against both proximity and speed. The 
results are shown in Figure 4.7 and 4.8 respectively. 
 
From Figure 4.7, it can be clearly seen that the success rate decreased as the distance between the 
OVS and an access point increased. There are three sharp reductions of success rate of 13% at 
100 m, 15% at 150 m and 12% at 200m. Within 100 meters the success rate was reasonably high 
and beyond the 200 meters, the success rate became significantly lower. Based on this result, it 
may be concluded that reliable data communication is possible within 100 meters of an access 
point. The data link degrades significantly between 100 and 200 meters, and beyond that, data 
transmission through Wi-Fi may not be reliable.  This seems to suggest that the effective range 
Wi-Fi is about 200 metres. 
 
The success rate of message transmissions did not vary much as long as the host speed of the 
OVS was less than 40 mph. The success rates were higher at low speed (less than 10 mph) than at 
moderate speeds between 10 and 40 mph. The difference was about 10%. The success rate 
became very low when the host vehicle speed was over 40 mph. The speed limit on the A33 
corridor is 40 mph, therefore the number of high speed samples was small at about 2000 as 



shown in the Figure 4.8.  
 
It should be noted that the speed of host vehicle could determine the time duration an OVS unit is 
able to stay within the range of an access point, thus can indirectly affect transmission reliability. 
For example, at 40 mph (17.9 m/s), a host vehicle can travel 200 meters in 11.2 seconds, whilst at 
20 mph, in 22.4 seconds. At low speed, the host vehicle has higher chances of staying within the 
close proximity to an access point which will increase chance of success transmission. Overall, 
the result seems to suggest that speed does not affect transmission reliability much, and at normal 
operating speed, stable transmission success rate can be obtained. 
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Figure 0-7: Wi-Fi success rate at different proximi ty to access point   
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Figure 0-8: Wi-Fi Success Rate at different speed    

4.6.3 Transmission Latency 

 
Transmission latency refers to the time taken from message transmission on the vehicle side to 
being processed on the server. Distributions of measured latency are shown in Figure 4.9. On 
average, latency based on Wi-Fi transmissions is about 0.7 seconds shorter than that based on 
GPRS/3G network. This may be expected, as the data rate of Wi-Fi is higher than that of GPRS 
so that it should take less time to transmit a message. The majority of the observed latencies are 
small, i.e. within 2 seconds; this may be attributed to the small size of message which logically 
takes a shorter time to be transmitted.  
 
It should be noted that this measurement could be affected by time-drift on the OVS and any 
overhead on the server might also result in delay prior to processing of the message. On the initial 
batch of on-bus units there was a known problem with the real-time clock. When it was not 
possible to resynchronize the OVS based on the GPS data, the clock wandered and could become 
inaccurate.  The problem was fixed in the rev2 units. This time-drift can shift the observed 
latencies ahead or behind by the amount of inaccuracy of the OVS clock, which resulted in small 
variations at both side of the true latencies. This can also explain why many negative latency 
values were observed. The latency value might be only used to identify the general trend of 
transmission latency rather than confirming absolute values. However, as clock drifts are random 
with an expectation value of zero, the general trend identified from large number observations 
should be valid.  
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Figure 0-9: Transmission latency  

4.6.4 Data Transmission Speed Test 

 
It was not possible to accurately derive the communication speed from the core data because 
there was time-drift in OVS clock and the size of messages was very small. In order to measure 
the data transmission speed through the WiMax / Wi-Fi network, ‘volume data’ transmission 
tests were carried out manually. The tests were done at three Access Points based on the 
transmissions of three data files of 50KBytes, 100KBytes, and 1MByte. The results are shown in 
Figure 4.10 and 4.11 respectively. 
 
 It can be seen from the Figures that high data rates are achieved for both server-to-vehicle and 
vehicle-to-server communications. The mean server to vehicle data rate was 210 Kbits/sec whilst 
the mean vehicle-to-server data rate was 244 Kbits/sec. The test results suggested that high 
volume data transfer through the WiMax / Wi-Fi network is practical. For the transmission of a 
typical CCTV image of 50 KBytes, it took less than 3 seconds on average. Even for the 
transmission of a large data file of 1 MByte in size, typical for vehicle data download/upload 
applications, it took about 35 seconds on average. Given the fact that a bus travelling at 20mph is 
within 200 m range of an access point for more than 40 seconds, the test results suggested that 
transmission of 1 MByte of data should be feasible with an access point each time. This implies 
that all three proposed large volume data applications, e.g. CCTV static image, real time 
passenger information and on-vehicle log, are all feasible. 
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Figure 0-10: Wi-Fi data transfer speed test results  (server to vehicle, download)   
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Figure 0-11: Wi-Fi data transfer speed test results   (vehicle to server, upload)  

 
 
As a separate exercise, the transmission of a 5MB data-file whilst moving between the 4 sites at 
B&Q, Thames Water, Rose Kiln Lane and Morrison's were also tested.   This was successful in 
that while the transfer stalled when the vehicle with OVS had moved out of coverage of a 



particular AP, it automatically resumed after being connected to the next AP (and did so 
repeatedly until the full transfer was complete).   The overall transfer took approximately 
25minutes (including "in-between" driving time).   This behaviour is potentially useful where 
large volumes of data transfer are required but where immediate completion is not critical, in that 
once the transfer has been initiated it will complete as/when the vehicles connect to subsequent 
APs. 

4.6.5 M4 Junction 11 Test 

 
This test was intended to investigate the AVL data operation under continuous coverage of the 
WiMax / Wi-Fi network. As there is no revenue cost associated with data traffic over the SEEDA 
wireless network, the frequency of AVL data transmission was increased to every few seconds 
compared with the 2 minutes currently configured for over-GPRS/3G network. The test results 
can be regarded as what could be expected in standard AVL data operation once a complete 
coverage of Wi-Fi is realised. In addition, the test served as a complementary test for this access 
point as the access point was out of bus routes and no data was picked up from the above 
mentioned bus trial. Test results are summarised as follows: 
 

�  Test time from 10:13:23 to 12:21:14, lasting for 2hours 8minutes 
�  1350 message transmission attempts were observed, which was about one attempt every 

5.7 seconds. 
�  Of which, 1151 attempts were through WiMax / Wi-Fi network, 199 through GPRS/3G 

network. 
�  1050 out of 1151 Wi-Fi attempts were successful, the successful rate was 91.2% 
�  1050 out of 1249 successful transmissions were through WiMax / Wi-Fi network, the 

percentage of data transmissions via the wireless network is 84.1%.  
 
It can be seen from the summary results that a high frequency of data transmission with a high 
success rate was achieved in the test. The high frequency data transmission could benefit real 
time traffic information, whilst the high percentage of data transmission through WiMax / Wi-Fi 
indicated that substantial cost savings might be achieved once the project network coverage 
expanded. The success rate of 91.5% was much higher than that based on core bus data, which 
was 34%. This may be explained by the fact that the OVS unit was stationary at about 20 meters 
from the access point. The results may be interpreted as the maximum achievable performance of 
AVL data operation through the project network. 

4.6.6 Economic Implications 

 
The economic benefits are likely to come from cost saving and new service provision. The cost 
saving can be achieved through reductions in the RTPI GPRS/3G communication costs. Because 
there are no revenue costs associated with data traffic over the SEEDA wireless network, any 
transfer of data volume from GPRS/3G network to the WiMax/Wi-Fi network will generate cost 
savings.  
 
Currently, the RTPI GPRS/3G connection cost is about £9000 per annum for about 150 Reading 
buses. The percentage of data transmissions through the WiMax/Wi-Fi network was observed at 



11.3% based on the core bus data. This figure is biased by the incompleteness of the network. 
Higher figures should be realised with further investment and the deployment of wireless 
hardware. On the other hand, the percentage of data transmissions through the WiMax/Wi-Fi 
network observed at M4 Junction 11 access point was 84.1%, which represented the maximum 
figure achievable at full network coverage. The cost savings at these two data transmission 
percentage would be £1017 and £7569. After the network completion, the data transmission 
percentage through the WiMax/Wi-Fi network could well be between these two figures, the cost 
saving would also be between these two projected values. Therefore, the economic benefits from 
cost saving may not be substantial. 
 
The economic benefits may also come from new service provisions which are made possible by 
the WiMax/Wi-Fi network. There are direct and indirect benefits from such provisions. Whilst it 
is always difficult to estimate indirect benefits from such service as CCTV static image transfer 
which will certainly improve security on buses, the direct benefits from new service provisions 
may be estimated from data capacity of the WiMax/Wi-Fi network.  
 
The potential direct values of data transmissions through the WiMax/Wi-Fi network are shown in 
Figure 4.12. This is calculated based on 150 buses with 18 operation hours per day. At different 
network coverage and data communication rate, the annual values could be between 0.2 to just 
over 2 millions. The potential economic benefits are substantial. 
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Figure 0-12: Potential values of volume data transm ission  

4.7 Conclusions and Recommendations 
 
Data communication of buses utilising the SEEDA WiMax/Wi-Fi network has been investigated. 
Data from 7 buses collected during a trial of 40 days has been analysed, and performance of the 



OVS units and the wireless network was evaluated.  
 
The results confirmed that both the OVS units and the completed part of the wireless network 
were working properly during the trial, and about 11% of all AVL data was transferred using the 
project WiMax/Wi-Fi network. However, to give this some perspective, this success rate has 
been achieved by only 7 WiMax/Wi-Fi Access Points live in the field, higher figures should be 
entirely realisable given a ubiquitous / blanket network. Given the very small number of live 
APs, an 11% success rate is a formidable achievement.  
 
The data transmission reliability was examined against proximity to access points and speeds of 
host vehicles of OVS units. The results are intuitively reasonable that the success rate of data 
transmission through Wi-Fi was inversely proportional to the distance between an OVS unit and 
an access point. The speed did not affect the success rate much as long as it was below the speed 
limit of 40 mph. It is expected that for most of time, buses would be travelling at a speed much 
lower than 40 mph, so stable data communication should be achieved. 
 
The latency of data transmission via the WiMax/Wi-Fi network is within few seconds and about 
0.7 second lower than that via GPRS/3G network. The volume data test revealed that an average 
of 244 Kbps and 210 Kbps of vehicle-to-server and server-to-vehicle speeds were achieved 
respectively. The claim that the proposed communication network provides much higher data 
rates and lower latencies than those provided by GPRS/3G network can broadly be justified. 
 
The cost saving from the shift of AVL data transfer from GPRS/3G to the wireless network is 
projected to be between £1017 and £7569 per annum, with high cost savings expected once the 
network was completed. More importantly, as the wireless network provided a higher speed data 
link which can achieve about 30 kbps speed, new services which was prohibited from low 
bandwidth and high cost of traditional communication link will become feasible, which could 
provide substantial additional economic benefits. 
 
 
 


