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ABSTRACT 

The remoteness of the Pacific Island Countries (PICs), similar to parts of Africa, creates 
difficulties, both logistically and economically, to undertake detailed in-country 
investigations on the road networks. Therefore, rapid assessments of the condition of the 
existing road pavements are required to determine the level of required donor investments 
to maintain the integrity of the road network. This paper explores the use of Roadroid, a 
simple android application, as a low cost solution to evaluating road roughness in the 
Pacific region. The case study presented in this paper demonstrates the use of the 
Roadroid application on the road network in Kiribati, one of the smaller and debatably the 
most remote PIC. The results from the study discuss the performance and practicability of 
the android application, primarily as an Information Quality Level-3/4 information device, in 
the Pacific region. 

The results from the field surveys supported the delivery of an Information Quality Level-
3/4 device. The large variation reported in the surveys between the International 
Roughness Index collected was attributed to the small sampling intervals embedded in the 
device. Post-processing of the data, which averaged the unfiltered data across one 
kilometre sub-sections along the main road in South Tarawa, reduced the variability 
reported across the road network and provided results consistent with what experienced 
evaluators expected. Field surveys were conducted with the smartphone device and the 
data was analysed post survey. However, the statistical reliability of the device was less 
satisfactory when the roughness measurements were compared across various speeds. 
However, within the accuracy limits of an Information Quality Level-3/4 device, considered 
to be ±20 % of the International Roughness Index, the equipment more than satisfied the 
need.  

Roadroid can assist the asset management of road networks by offering a low-cost 
solution to monitoring and reporting on the roughness condition of pavements in the 
Pacific region, as well as in other developing regions. Although this paper reports on the 
performance of the device, further comparison is recommended to confirm the reported 
International Roughness Index values accurately reflect the condition of the road 
pavement. To do so, it is recommended to comparatively study the results from the 
Roadroid android application with those from specialized instrumented vehicles, such as a 
laser profilometer. 
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1  INTRODUCTION 

Pacific Island Countries (PICs) are characterized by small, remotely located communities 
that are scattered across several islands in the Pacific Ocean. Coupled with small and 
growing economies, the demand on the existing road networks is cumbersome. With 
limited capacity of the Governments, road maintenance is often deferred to donor 
organizations, such as the World Bank Group, to finance.  
The size and populations of the remote PICs vary. Tuvalu is one of the smallest Pacific 
States and accommodates approximately 12,000 residents on 26 km2 of land area. The 
sealed road network length in Tuvalu is only 18 km. Kiribati, one of the more remote PICs, 
is larger with a land area of 811 km2, population of 100,000+, yet is scattered across 3.5 
million km2 of the Pacific. On South Tarawa, the length of the sealed road network is 
approximately 36 km (World Bank, 2011a; World Bank, 2011b).  

The remoteness of these countries, as is the case in Africa, creates difficulties, both 
logistically and economically, to undertake detailed in-country investigations on the road 
networks. Technical assistance and expertise from developed countries provide support to 
the Governments of PICs that characteristically have limited capacity, both financially and 
operationally, to sufficiently evaluate network performance. In most cases, larger and more 
expensive items employed in methods of collecting road condition data are mobilized in-
country, increasing the already high costs of road assessments in the Pacific. Mobilization 
time is greatly dependent on the shipping schedules in the region and, given the 
remoteness of the islands, is often intermittent with ships only visiting some of the islands 
every 6 weeks. As a result of the above, delays in road evaluations and increased costs, in 
comparison to developed countries, are experienced in PICs. Local technical staff are 
unfortunately not well versed with the sophisticated measures such as the International 
Roughness Index (IRI). Therefore, rapid assessments of the condition of the existing road 
pavements are a necessary input to an economic evaluation of investments, and are 
required to determine the level of required donor investments to maintain the integrity of 
the road network – an asset to the country. 

Roadroid (version 1.2.1) is a simple android application which evaluates the roughness of 
paved road pavements. Compared to other specialized instrumented vehicles in the 
market (Harrison and Park, 2008), Roadroid is a low cost and easily portable solution that 
makes use of the built-in triaxial accelerometer. The latest version of Roadroid can be 
installed from http://roadroid.com/app/roadroid.apk. 

This paper explores the use of a low cost solution to evaluate road roughness in the 
Pacific region. The case study presented in this paper demonstrates the use of the 
Roadroid android application on the road network in Kiribati, one of the smaller and 
debatably the most remote PIC. The results from the study discuss the performance and 
practicability of the android application, primarily as an Information Quality Level (IQL)-3/4 
(Paterson and Scullion, 1990) information device in the Pacific region, with application in 
Africa. Unlike precise roughness measurement devices, such as laser profilometers, IQL 
3/4 devices provide an approximation of the roughness, generally on the order of +/- 20% 
of the true value. They are used for screening studies, economic analysis, but not detailed 
design. 
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2  THEORETICAL FRAMEWORK OF THE STUDY 

2.1  Conceptual Design  

As discussed above, Roadroid is a low cost and highly portable roughness meter (it is a 
smartphone and holder), which has been developed in Sweden (Roadroid, 2013). The test 
environments in Europe differ to the implementing environments in the Pacific particularly 
in respect to the roughness levels, traffic loadings and weathering, pavement types, and 
fluctuations and variability between the seasons. The success of the Roadroid android 
application on Swedish road networks is noted in (Roadroid, 2013); however, the 
geographical transferability of the application has yet to be explored. Therefore, the design 
of this study focuses on implementing a low cost solution and evaluates the transferability 
of Roadroid to developing countries in the Pacific region.  

2.2  Objectives of the Study 

The objectives of the study were two-fold: (i) to determine the effectiveness and 
appropriateness of the Roadroid android application to the PICs with limited capacity in 
collating road condition data; and (ii) to evaluate the performance of the Roadroid android 
application, as an IQL-3/4 device, for road pavement types typical of those in the Pacific 
region. To demonstrate these objectives, this paper considers a case study focused in 
Kiribati, located in the Pacific region, where the Roadroid android application was 
implemented in-country. 

3  ROAD CONDITION REPORTING 

Road roughness, measured using the International Roughness Index (IRI) scale, is 
defined as the response of a standard vehicle to deviate from the longitudinal profiles of 
the road surface and subsequently affects the riding quality (Sayers et al., 1986). This 
should not be confused with macro- or micro-texture, which are defined as the undulations 
resulting from voids between the aggregate chips and cavities on the aggregates, 
respectively. The latter influence the friction of the road surface and contribute to the traffic 
noise of the road, yet should not affect the performance of the road in regards to road 
roughness. Figure 1 presents typical and expected IRI values for a variety of pavement 
types. 

 
Figure 1: IRI Scale (Sayers et al., 1986) 
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4  INFORMATION QUALITY LEVEL 

Road condition data and the information collected through road inspections can be 
presented in either simple or detailed terms. The level of information reported in the data 
collected in the field is dependent on the variety of effort and level of sophistication of the 
collection and processing methods. The amount of detail presented as information can 
increase depending on the task and overall situation. For example, at a greater distance, 
the outline of an object is identifiable but the features and attributes of the object are 
undetectable. As one moves closer to the object, the amount of detail recognized from 
above increases so the features of the object become clear.  

The idea behind this led to the development of the concept of IQL (Paterson and Scullion, 
1990). Figure 2 shows definitions of each IQL. The detailed data at the base of the 
pyramid can be aggregated into fewer individual data items, collectively, to be considered 
as higher IQL data. The use of the data determines the IQL of the data collected. 

This paper explores the use of the Roadroid android application in the collection of road 
roughness data. It is proposed that the collected data will be used in the decision making 
process at a network level, opposed to a project level. More specifically, the data will be 
used in the evaluation of the road roughness condition across the network. Therefore, the 
performance of the device, as an IQL-3/4 device, was assessed. 

 
Figure 2: Information Quality Levels (IQL) definitions (Bennett and Paterson, 2000) 
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5  SMARTPHONE APPLICATIONS 

The introduction of smartphones has opened an industry of smartphone applications that 
are accessed daily, for example public transportation timetables, GPS activities, and 
weather and news updates. With the availability of wireless internet connections on all 
smartphones, location tools within the applications are possible. However, as many of the 
PICs are remote, generally the infrastructure capacity is limited and the availability of 
wireless internet on the more remote and less developed PICs are not yet available, as the 
Pacific seldom offers continual access to the internet through 3G or 4G networks to their 
cellphone users. The developed world is much more advanced than the PICs with: (i) a 
larger population and usage of smartphones within the countries; (ii) faster and more 
reliable connectivity, particularly accessibility to the internet, provided by the 
telecommunication providers; and (iii) the capacity for research and development of 
smartphone applications. The limited telecommunications capacity faced by PICs restricts 
the breadth and diversity of the applications available to developing countries. 
Constructively, the Roadroid android application does not rely on continual cellphone 
connectivity when in use, instead utilizes the GPS functions in-built in the smartphone, and 
therefore the limited infrastructure capacity in the Pacific is not anticipated to negatively 
affect the performance of the device. 

Using smartphones to report road condition has been a topic of research studies as early 
as the late 2000s. A number of research studies have explored the use of smartphones in 
road condition reporting. One study focused on utilizing the accelerometer, microphone 
and in-built GPS features in smartphones to detect potholes and bumps in the road 
(Mohan et al., 2008) in developing regions where the urban traffic flow is high. In such 
cases, traffic flow patterns are more complex than in developed countries due to the varied 
road conditions resulting from the potholed roads and heterogeneous vehicle composition. 
Other studies have reported on the success of in-built accelerometers to detect potholes, 
specifically, to further inform a real-time alert system and enhance the response of the 
Road Controlling Authority and remedial works (Ghose et al., 2012; Mednis et al., 2011). 
The in-built GPS functions have also been utilized in reporting on real-time traffic 
congestion (Ban et al., 2009). 

This paper does not intend to provide a comparison of the existing smartphone 
applications nor review the technology architecture and platforms behind the development 
of the Roadroid android application. Instead, this paper addresses the practicability of the 
device in low income, remote countries with variable road network conditions. The use of 
other road roughness applications, android or others, and a comparison of the applications 
against industry standard practices for IRI data collection will be reported in supplementary 
case studies. 

6  CASE STUDY 

6.1  Background 

The islands of Kiribati are located in four separate hemispheres, resulting in one of the 
most geographically dispersed countries in the world. South Tarawa, the south-western 
island, is a distance of at least 3,300 km from the most north-eastern island, Christmas 
(Kiritimati) Island. Approximately half of the total country’s population resides on South 
Tarawa. The employment rate in Kiribati is 18 % (World Bank, 2011b).  
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Unlike other PICs, South Tarawa is a series narrow islands connected by causeways, 
which encompasses a lagoon. At the widest part, South Tarawa is some 2000 metres 
wide, but most of the islands are 200 metres wide or less. A single main paved road runs 
the length of the island, with a local street network in the villages. Most of this road is 
surfaced with a chipseal, although in some places, typically the urbanized community 
areas, the main road has been surfaced with a thin AC layer. The Government of Kiribati 
has limited funds to invest in preserving the integrity of their road network. As a result, the 
main road is in very poor condition and deteriorating. The road is scattered with unfilled 
potholes, which not only poses a safety hazard but increases the travel time of the road 
users and vehicle operating costs. The traffic composition comprises of mainly light 
vehicles, light heavy commercial vehicles included. The use of heavy commercial vehicles 
in Kiribati is infrequent as there is no industry requiring such vehicles and machinery. 
However, as donor involvement is set to increase in the future, infrastructure development 
of the island will accelerate with many of the proposed projects involving heavy machinery 
using the network to access the construction sites.  

6.2  Study Methodology 

Data was collected using the Roadroid android application, which was downloaded on a 
Samsung Galaxy SII smartphone as recommended by the developers of the application, in 
March 2013, and mounted in a medium-sized hatchback vehicle. Accordingly, the vehicle 
setting selected for the mounted device was a standard / medium sedan vehicle. The 
smartphone was mounted to the windscreen and calibrated further following the guidelines 
that accompany the device (Roadroid, 2013). 

The aim of the analysis was to: 
1. Assess the instrument’s effectiveness for a network roughness survey of the 

main road on South Tarawa; 
2. Test the repeatability and reliability of the device at various speeds, and 
3. Evaluate the practicality and applicability of a smartphone application for use 

in developing countries, such as the PICs. 

6.2.1 Network Roughness Data. Using the Roadroid android application, roughness data 
was collected along a 24 km length of the main road on South Tarawa, in both lane 
directions, from the Betio Causeway toll bridge to Bonriki International Airport. The current 
condition of the main road inhibited a vehicular speed of greater than 50 km/h, although 
the speed travelled across the sample length varied due to (i) other vehicular traffic 
influences, (ii) pedestrian safety, (iii) the number of speed humps on this section of road, 
and (iv) the condition of the road surface on some road sections being so bad the vehicle 
could not comfortably travel above 20 km/h. The Roadroid android application does not 
operate under vehicle speeds of less than 20 km/h and therefore IRI data is not collected 
when the speed it too low (Roadroid, 2013). The roughness data was assessed against 
subjective roughness estimates from two experienced highway engineers. Unfortunately, 
at the time of surveys, conventional IRI instruments such as laser profilometers were not 
available in Kiribati for a comparative assessment. This is to be the focus of subsequent 
case studies. However, given the extensive testing throughout the development of the 
Roadroid android application – albeit on Swedish roads – the roughness values recorded 
by the device can be assumed dependable for the intended purposes of this case study 
and implementation of an IQl-3/4 device.  
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6.2.2 Repeatability and Reliability. A repeatability and reliability exercises were conducted 
to determine the speed and vehicle dependency of the Roadroid android application, if 
any. To do so, the asphalt airport runway at Bonriki International Airport was repetitively 
measured at various speeds. The wheelpaths chosen were on either side of the centreline, 
typical of the position of the gears of an aircraft. Photographs depicting the runway surface 
are presented in Figure 3.  

The exercise recorded roughness measurements for three speeds: 30 km/h, 40 km/h, and 
50 km/h. Two runs were completed at 30 km/h and 40 km/h, and three runs at 50 km/h, 
along the asphalt airport runway at Bonriki International Airport, where one run in this 
exercise was defined as a single trip in either the Eastbound or Westbound vehicle tracks. 

The study extended the investigation of the repeatability performance of the Roadroid 
android application to consider whether different vehicles have any effect on the 
repeatability of the IRI measurements. The roughness data recorded from the operation of 
each vehicle was not processed post survey because of a storage bug, which has since 
been remedied by the developers. Therefore, this paper only reports the interpretations of 
the authors given their first-hand observations of the readouts. Two vehicles of identical 
make and model (Suzuki Grand Vitara) were employed in this exercise in Tonga, where 
the roughness along a very smooth asphalt surfaced road was measured. As with any 
sample testing, a repeated wheeltrack was established along the road surface to minimize 
the variation between roughness measurements from vehicular wander and speed 
variation – something that becomes difficult given the natural variance in human (driver) 
behaviour.  

 
Figure 3: Surface condition of the Bonriki International Airport runway in South Tarawa.  

(L) Ponding, as a result of depressions. (R) Severe degradation of the surface, resulting from a 
basecourse layer failure and patching. 

6.2.3 Practicality and Applicability to the PICs. The Roadroid (2013) provided the study 
with a guide to operating the Roadroid android application once installed on the 
smartphone device. The success of a tool is greatly dependent on the ease of use to the 
user. The study considered three attributes of the application to appraise the practicality of 
Roadroid, including: 

1. User input required while recording IRI measurements while conducting field 
surveys; 

2. Accessibility of post-survey data processing and analysis, and 
3. The overall performance of the device in accurately evaluating the roughness of 

road networks in PICs, given a visual inspection of the road surface. 
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6.3  Results and Analysis 

6.3.1 General Road Network Roughness Surveys. The roughness of the main road 
connecting Betio Toll Bridge to Bonriki International Airport (Northbound), and return 
(Southbound), in South Tarawa are presented in Figure 4. The device records an IRI 
roughness measure at a time interval of one second, as opposed to distance based. The 
raw (unfiltered) data is presented in Figure 4a, which reports a large variance in IRI along 
the road length. This detailed low-level data exceeds the detail necessary of IQL-3/4 data, 
and therefore the raw unfiltered results from each direction were manually averaged over a 
one kilometre length (refer Figure 4b). The developers are updating the application to 
include a feature where the user can select their preferred section length for reporting. It 
can be seen from Figure 4b that the average IRI across the road length is similar between 
the two lanes (10.3 and 10.8), despite the severe deterioration. 

While the road is heavily damaged with numerous potholes along its length, the expected 
IRI, given the scale presented in Figure 1, was estimated as only up to 12, while Roadroid 
indicated that approximately 20 % of the one kilometre lengths exceeded an IRI of 12 
(refer Figure 4b) and individual 1 second readings were about 20 IRI. This, and other 
testing, suggested that there was an issue with the roughness filters used by Roadroid and 
that this was resulting in short wavelength roughnesses being over-reported. The 
developers are currently calibrating the system with the results from a laser profilometer on 
asphalt surfaced pavements. 

6.3.2 Speed Dependency. One of the aims of the repeatability and reliability exercise in 
Kiribati was to determine the speed dependency of the Roadroid android application, if 
any. The accuracy of the reporting of the smartphone application was investigated in other 
exercises in this case study. Therefore, for this exercise, the focus remained on the 
statistical difference between several runs on the same wheeltrack, with any outliers 
removed purposefully, to prevent skewed distributions, and consideration given to the 
natural wander of human driving behaviour. Bonriki International runway is 2 kilometres 
long. For consistency across the exercise, a path of 1650 metres was established. To 
ensure sufficient data was available for the statistical analysis, the IRI data recorded at 
every one second interval was averaged over 100 metre sub-sections. 

Figure 5 depict the correlation between the recorded roughness measurements, averaged 
over 100 metre sub-sections, given the various vehicular speeds. The data reported larger 
variation across areas of the pavement where defects were present, such as in Figure 5 
(R) where the significant deterioration and patching attempts shown in Figure 3 are located 
at 900 metres in the Westbound direction. 

It was found the Roadroid android application exhibited repeatability over the longer 
sampling sections consistent with IQL-3/4 assessments compared to the data recorded at 
every one second interval. The analysis of the raw unfiltered data showed a high degree of 
variation between the recorded measurements, particularly at the higher speeds 
investigated in the study (50 km/h). This observation, compared with those presented in 
Figure 5, suggests the use of small sampling intervals is not statistically reliable.  
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The significance of the differences between the runs at each speed was analysed using 
paired t-tests. As shown in Table 1, repeatability was observed across 5 of the 6 tests, 
suggesting that the Roadroid android application consistently measures roughness at a 
given speed. Table 2 presents the results of the paired t-tests when comparing the 
recorded IRI across various vehicle speeds. The results were less satisfactory and it can 
be concluded the reliability of the smartphone application is poor between various speeds. 
However, as IQL-3/4 data is typically used in a network-level capacity for the purpose of 
informing pavement maintenance works (Bennett and Paterson, 2000), the accuracy of an 
IQL-3/4 measurement was considered appropriately for the intended purpose of the device 
to be +/- 20 % IRI, and the smartphone device does reflect this type of repeatability. 

 
Figure 4a: Raw (unfiltered) data 

 
Figure 4b: Averaged data per kilometre 

Figure 4: Roughness recordings for the main road in South Tarawa, Kiribati 
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Table 1: Sample Statistics for the Repeatability Exercise 

Speed 
(km/h) 

Direction Run 

Sample Statistics (IRI) 

Repeatability
1 

Average 
Standard 
Deviation 

30 

Eastbound 
1 3.51 1.63 

No 
3 3.09 0.78 

Westbound 
2 3.34 1.16 

Yes 
4 3.21 1.39 

40 

Eastbound 
5 4.27 1.23 

Yes 
7 4.36 1.37 

Westbound 
6 4.64 2.11 

Yes 
8 4.58 2.24 

50 

Eastbound 

9 4.04 1.27 

Yes 11 3.97 0.97 

13 3.89 0.91 

Westbound 

10 4.38 1.62 

Yes 12 4.28 1.43 

14 4.43 1.85 
1 
Based on the reported p-values. 

 

Table 2: Reliability between Vehicle Speeds 

Direction Speed (km/h) Comparison P-Values Reliability 

Eastbound 

30 – 40 < 0.0005  No 

30 – 50 < 0.04
 

No 

40 – 50  < 0.04 No 

Westbound 

30 – 40 < 0.0005 No 

30 – 50 < 0.0006 No 

40 – 50  > 0.05 Yes 

 

 
Figure 5: Eastbound (L) and Westbound (R) runs for the repeatability exercise on the Bonriki 

International Airport runway in South Tarawa, Kiribati 
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3. Inconsistencies in the recorded IRI values between the two vehicles. 
Although some variation was anticipated in this exercise due to the variable nature of 
human (driver) behaviour, the inconsistencies between the IRI measurements recorded 
with the device exceeded those that were expected. Although the vehicles were of the 
same make, the tyre pressures were not measured at the time, and because of the lack of 
time, the measurements could not be repeated. It was postulated that the higher tyre 
pressure caused larger variation in IRI and that it was more prone to texture effects than 
the softer tyre. The reported variation in the IRI values could be attributed to this 
hypothesis, and will be explored further in succeeding case studies. 

6.4  Practicalities 

The operation of Roadroid is simple and requires little input from the user once the survey 
commences. Once calibrated, the device easily records the roughness of the road and 
stores the information within the device. The information can easily be uploaded to the 
developers’ webpage for post-processing, if the user opts for post-processing via the 
developers; otherwise manual post-processing is possible. The data upload to Roadroid 
server requires a Wi-Fi connection. On upload, raw data is compressed to a zip-file and 
transferred to the server by File Transfer Protocol (FTP) or Hypertext Transfer Protocol 
(HTTP). After a successful upload, the compressed files are also stored on the 
smartphone to prevent accidental loss or deletion of data. These backups can be manually 
deleted by the user, which is only possible when the device is connected to a computer. 
Alternative data submission is available via email directly from the smartphone. 

A promising feature of the Roadroid android application is the ability to capture GPS 
photographs of the road surface very easily while conducting the survey. Along with the 
survey data, these photographs are processed post-survey and presented, by location, on 
a map. 

During the operation, it was found that an event marker to designate different road 
features such as junctions or change of surfacing type would have been useful. The 
developers have been updating the Roadroid software to provide this feature. In addition, 
on-going development is addressing the concerns expressed in this paper and to provide a 
more consistent and reliable device. 
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7  CONCLUSIONS 

This paper has presented an analysis of the performance of the Roadroid android 
application as a low-cost solution for road condition surveys. The case study investigated 
the performance of the Roadroid android application in Kiribati, a PIC with limited 
resources and capacity to conduct in-field road condition assessments. To demonstrate 
the applicability of the device in the Pacific region, the study determined the effectiveness 
of the device in the Pacific environment and evaluated the performance of the IQL-3/4 
device in Kiribati. Given the low cost of the smartphone device compared to specialized 
instrumented vehicles in the market, implementing such routine road and pavement 
condition surveys of road networks in the Pacific region is feasible and affordable for PIC 
governments. It allows unskilled technical staff to collect data, and provides potential 
donors / funders with objective measures of the road quality. Such data is a necessary 
input to an economic evaluation of investments. 

The results from the field surveys supported its use as an IQL-3/4 device but suggest that 
there is a filtering issue resulting in an upwards bias for the roughness measurements. For 
the network survey, it showed consistent average roughnesses over long sections. 
Although roughness is reported at one second intervals, the work suggests that it would be 
more appropriate to report them over longer sampling intervals, such as 100 m.  

Repeatability of Roadroid was observed where consistency in IRI recordings at the same 
vehicle speeds was noted. The statistical reliability of the device was less satisfactory 
when the roughness measurements were compared across various speeds. However, 
within the accuracy limits of an IQL-3/4 device of +/- 20 % of the IRI, the equipment 
satisfied the need. It would be prudent for those using Roadroid to adopt a constant survey 
speed as is used with other IQL-3/4 instruments, such as 50 km/h. The study suggested 
variations between two vehicles used to mount the device and concluded the device is 
potentially vehicle dependent, but this dependency could be within the limits of an IQL-3/4 
device and thus not be a practical issue. 

With improvements to the filtering, and the adoption of larger sampling intervals, Roadroid 
has great potential as a low-cost, practical device for measuring road roughness at IQL-3/4 
level. This would assist the asset management of road networks in developing countries 
by offering a low-cost solution to monitoring and reporting on the roughness condition of 
pavements.  

8  ACKNOWLEDGEMENTS 

The authors would like to acknowledge the support from the Roadroid developers in the 
efforts towards this paper. 
  

152



 
Proceedings of the 33rd Southern African Transport Conference (SATC 2014) 7 – 10 July 2014 
Proceedings ISBN Number: 978-1-920017-61-3 Pretoria, South Africa 
Produced by: CE Projects cc   
 

9  REFERENCES 

Ban, X., Herring, R., Hao, P. and Bayen, A.M. 2009. Delay pattern estimation for 
signalized intersections using sampled travel times. Transportation Research Record: 
Journal of the Transportation Research Board, 2130, Transportation Research Board of 
the National Academies, Washington D.C., USA. 

Bennett, C.R. and Paterson, W.D.O. 2000. HDM-4 Volume Five: A guide to calibration and 
adaptation, The World Road Association (PIARC), International Study of Highway 
Development and Management (ISOHDM), Paris, France. 

Ghose, A., Biswas, P., Bhaumik, C., Sharma, M., Pal, A. and Jha, A. 2012. Road condition 
monitoring and alert application: Using in-vehicle smartphone as internet-connected 
sensor. Presented at 2012 IEEE International Conference on Pervasive Computing and 
Communications Workshops (PERCOM Workshops), Lugano. 

Harrison, F. and Park, H.A. 2008. Comparative performance measurement: Pavement 
Smoothness. Publication NCHR 20-24 (37B).American Association of State Highway and 
Transportation Officials. 

Mednis, A. Strazdins, G. Zviedris, R. Kanonirs, G. and Selavo, L. 2011. Real time pothole 
detection using android smartphones with accelerometers. Presented at 2011 International 
Conference on Distributed Computing in Sensor Systems and Workshops (DCOSS), 
Barcelona. 

Mohan, P. Padmanabham, V.N. and Ramjee, R. 2008. Nericell: Rich monitoring of road 
and traffic conditions using mobile smartphones. Presented at 6th ACM Conference on 
Embedded Network Sensor Systems, New York. 

Paterson, W.D.O. and Scullion, T. 1990. Information systems for road management: Draft 
guidelines on system design and data issues. The World Bank, Washington D.C., USA. 

Roadroid, 2013. User guide for ROADROID: The Cost-efficient road monitoring system. 
www.roadroid.com. Accessed 10th April 2013. 

Sayers, M.W., Gillespie, T.D. and Queiroz, C.A.V. 1986. The international road roughness 
experiment: Establishing correlation and a calibration standard for measurements. The 
World Bank, Washington D.C., USA. 

World Bank. 2011a. Kiribati – Road Rehabilitation Project: Project Appraisal Document. 
Report No. 59110-KI, The World Bank, Washington D.C., USA. Available: 
http://documents.worldbank.org/curated/en/2011/01/13756504/kiribati-road-rehabilitation-
project. 

World Bank. 2011b. East Asia and Pacific – Pacific Aviation Investment Project: Project 
Appraisal Document, Report No. 65353-EAP, The World Bank, Washington D.C., USA. 
Available: http://documents.worldbank.org/curated/en/2011/11/15496050/east-asia-pacific-
pacific-aviation-investment-project-east-asia-pacific-pacific-aviation-investment-project. 

153


	CONTENTS
	Disclaimer
	Organising and Technical Committee
	Review Process
	SEARCH
	PLENARY PRESENTATIONS
	Disinvestment, Decay, Determination, Delivery and Development in Passenger Rail in South Af
	Mechanistic-based Fees Structure for OS/OW Permits in Texas
	Sustainable Transport in Africa Challenges and Prospects

	1A: URBAN TRANSPORT: POLICY AND PLANNING
	A Policy Analysis Study as Input into the Effective Implementation of Facets of the National Development Plan
	The State of Transport Opinion Poll South Africa: A Comparison of the 2012 and 2013 Results
	Access And Mobility in Gauteng’s Priority Townships what can the 2011 Quality of Life Survey Tell Us?
	Information Security Vulnerabilities within EMV Automated Fare Collection, Their Consequence, and Possible Remedies
	The use of Compressed Gas in Public Transport in South Africa
	A Comparative Empirical Analysis of the Relationship between Public Transport and Land Use Characteristics
	An Investigation of the Perceived Consequences to Employees of Reducing Employment Related Trip End Choices in Cape Town
	Uses of ANPR Data in Traffic Management and Transport Modelling

	1B: INFRASTRUCTURE
	Conceptual Framework of Environmental Sustainable Interventions with the use of Green Infrastructure Design Criteria on Projects
	Investigating the Environmental Costs of Deteriorating Road Conditions in South Africa
	Environmentally Sustainable Use of Recycled Asphalt at OR Tambo International Airport
	Evaluation of a Smartphone Roughness Meter
	Practical Guideline for Trench Reinstatements in the Road Reserve
	The Design, Construction and Heavy Vehicle Simulator Testing Results on Roller Compacted Concrete Test Sections at the CSIR Innovation Site and on a Full-Scale Test Road at Rayton
	Ultra-Thin Reinforced Concrete Pavements (UTRCP): Addressing the Design Issues

	1C: TRAFFIC MANAGEMENT, SAFETY AND SECURITY
	Walk the Talk on the Mainstreamimg of Non Motorised Transport in South Africa
	Addressing Non-Motorised Transport Movement Along and Across Railway Lines in the City of Cape Town
	The Implementation of Traffic Calming Measures in the Cradle of Humankind, South Africa
	A Systems Approach to Improving Pedestrian Safety in Rural Communities
	South African Novice Driver Behaviour: Findings from a Naturalistic Driving Study
	Training, Testing and Licensing of Drivers of Public Service Vehicles: Their Implications for Compliance with Traffic Regulations in the City of Nairobi, Kenya
	Public Transport Sector Driver Behaviour: Measuring Recklessness Using Speed and Acceleration
	Driving on the Hard Shoulder: A Safety Assessment

	1D: RURAL TRANSPORT/ CAPACITY BUILDING
	Arrested Development: A Project Management Approach to Service Delivery in Rural Areas
	Utilizing Transport to Revitalize Rural Towns: The Case of Mthatha
	Integrated Public Transport Networks in Rural Kwazulu-Natal
	Transport and Rural Development: An Overview of the North West Province The Case of Ngaka-Modiri Molema District

	2A: PUBLIC TRANSPORT PLANNING AND REGULATION
	Institutional Development in Public Transport: Implications of Selective Compliance for Nairobi’s Paratransit System
	Public Transport Strategy 2007: ‘First Pillar’ Modal Upgrading – The Minibus-Taxi
	Public Transport Transformation: An Incremental Approach to Delivering Public Transport Systems in South Africa
	Models and Implications for Industry Compensation in the Restructuring of Public Transport in South Africa
	Simple Capacitive Seat Sensing for Occupancy Detection and Passenger Counting in Minibus Taxis
	Towards Appropriate BRT Station Design from a Pedestrian Spatial Utility Perspective
	The Development of a Generic Step-Wise Framework for Achieving a Multimodal Platform in a Developing Country Environment
	Planning of a Public Transport System for the City of Kigali, Rwanda
	Is Railway Capacity Unlimited? (A Practical Analyse, Applied to South African Cases)

	2B: INFRASTRUCTURE
	Comparative Evaluation of an Experimental Binder in Hot- Mix Asphalt: Correlating the Predicted Performance of the Binder with Asphalt Testing
	Surface Run-off Behaviour of Bitumen Emulsions used for the Construction of Seals
	Crushing Damage Estimation for Pavement with Lightly Cementitious Bases
	CBR Accuracy in Question
	Evaluation of the Performance of Aggregate in Hot-Mix Asphalt
	An Evaluation of the Compressive and Shear Strength of an Alternative Material: Stabilized Fine-Grained Fly Ash
	The Application of Tactile Ground Surface Indicators (TGSI’S) on Intersections in South Africa
	Influence of Mica on Compactability and Moisture Content of Cement–Treated Weathered Granite Gravel

	2C: TRAFFIC MANAGEMENT, SAFETY AND SECURITY
	Towards the Development of a Scientifically Accountable, Comprehensive and Integrated National Road Traffic Safety Databank in South Africa
	Naturalistic Driving Data: Managing and Working with Large Databases for Road and Traffic Management Research
	Road Accident Data Base: The Case of Cacadu District Municipality
	An Assessment of the Readiness of South African Roads Authorities to Reduce Urban Limits in Line with International Trends
	The Safety of Traffic Circles in Ethekwini
	Road Safety, Maintenance and Claims for Damages Lessons from Cases and Investigations
	Death or Alive: Can Road Accident Victims in the Western Cape get Access to Trauma Care?

	2D: FREIGHT AND LOGISTICS
	Logistics in Southern Africa – Challenges and Opportunities for an End to End Solution
	Modelling Logistics Behaviour in the FMCG Industry
	The Contribution of District Freight Logistics Strategy to Local and Regional Economic Development in Vhembe District Municipality: Experiences, Prospects and Options
	Designing Market Appropriate Supply Models for African Expansion in the Pharmaceutical Industry
	Development of Modelling Systems for an Effective Humanitarian Supply Chain for Disaster Relief Operations in the Southern African Region
	Understanding Emission Reductions in the Freight Transport Sector through System Dynamics
	The State of Logistics in 2013: Bold Steps Forward

	3A: TRAFFIC ENGINEERING
	Functional Classification of Roads in the Ethekwini Municipal Area
	Freeway Management and the Impact on Response and Clearance Times
	An Investigation into the Performance of Full BRT and Partial Bus Priority Strategies at Intersections by Micro-Simulation Modelling in a South African Context
	Design Considerations for Bus Priority
	Stop/Go's on Our Roads: What does this Cost our Economy?
	Minibus Driving Behaviour on the Cape Town to Mthatha Route
	The Role of Traffic Circles in Constrained Urban Environments
	Design and Implementation of a Turbo Roundabout

	3B: TRANSPORT SYSTEMS AND OPERATIONS
	Achieving Sustainability in BRT Implementation in the City of Johannesburg
	Managing Traffic Congestion in Small Sized Rural Towns in South Africa: The Case of Vhembe District Municipality
	PRASA: Joining Demand Forecasting and the Technology Choice Framework
	Unlocking South African Cross-Border Transport Challenges: A Case Study of Beitbridge Border Post
	Maritime Transport Policies of The Republic of South Africa Since 1994: Challenges and Opportunities for the Next Twenty Years
	Flight Operational Considerations during Airfield Design

	4A: IPTN (IMPLEMENTING PUBLIC TRANSPORT NETWORKS) WORKSHOP
	Myciti Bus Rapid Transit It is not just about the Bus

	STUDENT ESSAY
	Some Visions for Designing Mozambican Low Cost Roads based on New Alternative Construction
	Walk-Friendly Communities through Mobility Management Programs at Local Government Sphere
	How Swaziland and South Africa can Integrate to Improve their Economic Status through




