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Acronyms and Abbreviations

AARSE
AfCAP
Al
ALOS
Aol
API
ASTER
CERSGIS
DEM
DFID
ESA
ESM
ELINT
EU

GB
GDEM
GIS
GNSS
GPS
HD
HIC
HR

loT

IRI

LIC
LIDAR
LVR
MERLIN
MR
NASA
NIAF
NIIRS
OSM
PMU
QGIS
RAI
RAMS
RCMRD
ReCAP
SAR
SD (card)
SRTM
UAV
UK
USA
UTM
VHR

African Association for Remote Sensing of the Environment
African Community Access Partnership

Artificial Intelligence

Advanced Land Observing Satellite

Area of Interest

Application Programming Interface

Advanced Spaceborne Thermal Emission and Reflection Radiometer
Centre for Remote Sensing and Geographic Information Services
Digital Elevation Model

Department for International Development

European Space Agency

Electronic Support Measures

Electronic Signals Intelligence

European Union

Gigabyte

Global Digital Elevation Model

Geographical Information System

Global Navigation Satellite System

Global Positioning Satellite

High Definition

High Income Country

High Resolution

Internet of Things

International Roughness Index

Low Income Country

Light Detection and Ranging

Low Volume Road

Machine for Evaluating Roughness using Low-cost Instrumentation
Medium Resolution

National Aeronautics and Space Administration

Nigeria Infrastructure Advisory Facility

National Imagery Interpretability Rating Scale

Open Street Map

Programme Management Unit

Quantum Geographical Information System

Rural Accessibility Index

Road Asset Management System

Regional Centre for Mapping of Resources for Development
Research for Community Access Partnership

Synthetic Aperture Radar

Secure Digital

Shuttle Radar Topography Mission

Unmanned Aerial Vehicle

United Kingdom

United States of America

Universal Transverse Mercator

Very High Resolution



Glossary of Terms

Archive imagery:
Artificial Intelligence:
Data modelling:

Digital Elevation Model:
Distributed computing:
Earth observation:
Interferometry (SAR):
LIDAR:

Linked data:

Machine learning:
Photogrammetry:
Remote sensing:
Semantic web:

Social media:

Spectral reflectance:
Tasked Imagery:

Very High Resolution:

Satellite imagery that is nominally more than two months old
and has been archived

The theory and development of computer systems to perform
tasks that normally require human intelligence

The process of representing data objects and their
relationships to other objects by applying special techniques

A digital model or 3D map of a terrain or landscape, created
from terrain elevation data

A model where networked computers communicate and
coordinate their actions to achieve a common goal

Gathering information about the earth’s physical, chemical
and biological systems, usually from space

Using two or more satellite based radar images to generate
maps of surface deformation or digital elevation

A method of surveying that uses a laser to measure distances
and produce a 3D representation of the object or area

A method of publishing structured data in a common format
so it can be interlinked and used through semantic queries

A type of artificial intelligence that enables computers to learn
without being explicitly programmed

Using more than one photograph of the same area to make
measurements between objects

To acquire information about an object without making
physical contact with it

An extension of the Web through standards that promote
common data formats; a framework for sharing data

Websites and applications that enable users to share content
or to participate in social networking

Measuring the amount of reflected radiant energy from the
surface of a material to identify characteristics of that material

Satellite imagery that is acquired by instructing a satellite to
take the images at a certain time in a certain location

Generally considered to be satellite imagery that is sub-metre
resolution, i.e. < 1.0 m
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| Introduction

This guideline is the result of two research projects that have focused on high tech solutions
for increasing the knowledge of road networks, with a focus on inventory and condition
assessment from satellite imagery. The projects are:

e Transport Infrastructure Monitoring project: Funded by the Satellite Applications
Catapult and implemented in Nigeria in 2013/14"

e The use of appropriate high-tech solutions for road network and condition analysis,
with a focus on satellite imagery: Funded by AfCAP (DFID) and trialled in Ghana,
Kenya, Uganda and Zambia in 2016/17°

The guideline is presented in two parts, an overall guide to the range of high-tech solutions
that are, and could be, used to increase knowledge of road networks in Africa; and a
detailed methodology for assessing road condition from satellite imagery.

Part 1:

The first part of the guideline outlines the various different high-tech solutions that are
available, or potentially available, and appropriate for Africa; and the situations in which
they would be most useful and cost effective. In many cases this will involve a combination
of more than one technology, working together.

Part 2:

The second part includes a detailed methodology for assessing road inventory and condition
from Very High Resolution (VHR) satellite imagery. This has been trialled in both of the
projects mentioned above, where the feasibility of the system was tested with encouraging
results.

The benefits of using this system over a traditional ground survey are:
e |t uses less resources in terms of manpower and logistics
e [t can be implemented more quickly over a very wide area

e [t reduces the need to physically visit the areas being surveyed, apart from a small
amount of ground truthing, as would be necessary for traditional surveys

e |t is more environmentally friendly, with a lower carbon footprint
The disadvantages are:

e The level of detail in terms of road asset capture is less; only objects visible on the
imagery can be captured

e The assessment accuracy decreases if more levels of condition are used; three level
systems with only good, fair and poor were the most accurate to assess this way

e Imagery acquisition is dependent on cloud cover and environmental conditions, so it
can take some time to procure the satellite imagery if not in the dry season

e |t can be more costly due to the price of the satellite imagery

! https://sa.catapult.org.uk/wp-content/uploads/2016/03/C222722-TranMon-CS-Stg4.pdf
2 http://www.research4cap.org/SitePages/Satellitelmagery.aspx
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e Unpaved road condition can appear to be different between wet and dry seasons, so
other indicators have to be used such as width and edge straightness

e Condition assessment should be assessed at the same time of the year, in order to
avoid misrepresentation between different seasons

This guide will show the situations in which this technology is most effective, and how it can
work with other technologies.

Il Background

The system of satellite assessment was developed following the recognition that many
countries have a lack of in-depth knowledge of their rural road network. This lack of
knowledge can be as a result of many factors, but the main contributing situations are:

e Alack of resources to carry out regular ground surveys

e Remote and inaccessible areas that are difficult to reach using traditional motorised
means

e Conflict affected areas where it is too dangerous to carry out traditional ground
surveys

e A lack of technology, or a lack of maintenance of such technology, that can gather
and store the necessary information

e A lack of relevant standards, specifications and guidelines on rural roads, leading to
low prioritisation of maintenance

e The lack of a maintenance culture, such that rural roads are given very low priority
compared to other networks

A manual system was chosen to trial the technology in Nigeria because there was a need to
provide local employment and it was a faster and easier way to test the feasibility, rather
than to try and develop an automated system. This principle was continued in the AfCAP
project, but it is recognised that an automated system, should they prove viable in the
future, will be less subjective and faster.

The decision to use this system should be based mainly on cost effectiveness, and the
accuracy and detail required for a particular output. The user should determine the desired
outputs, given the accuracy and detail required, look at the relative costs and select the
system that has the best value for money. This is discussed in more detail later in the
guideline.

IIl  The need for a guideline

This guideline is required in order to provide a basis for using high-tech solutions in Low
Income Countries (LICs). Because many of these technologies are new, and have either been
used to a limited extent or not at all, it is necessary to provide information to inform users
of:



e The range of high-tech solutions available and what use they can be put to in terms
of providing road network knowledge

e How to use high tech solutions to increase knowledge of road networks, or where
further information can be found on the solutions

e How to identify the benefits and limitations of high tech solutions and compare them
to traditional means of road assessment

e How to justify using high tech solutions over traditional means

e How different high-tech solutions can interact and provide multi-use solutions for
road management

e To identify how and where the outputs from the high-tech solutions can be used to
assist Road Asset Management Systems (RAMS)

This should be seen as a flexible document that can change rapidly, as the nature of
advanced technologies changes. New solutions are being found all the time, whether these
are new technologies or existing technologies being used in new and innovative ways.

Costs also change rapidly, with the price of new technologies often decreasing when the
uptake increases and competition emerges. For this reason costs are not included in this
guideline, but the projects outlined in ‘I - Introduction’ do show information on relative
costs, although this information should be checked before applying to a current situation.

Xi
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There are a number of high-tech solutions that can be used to increase our knowledge of
rural road networks. This guideline will cover the solutions that have definite cost effective
uses at the present time, but it should be noted that new technologies are being developed
all the time and existing technologies are becoming more feasible economically as

High-Tech Solutions

competition grows and they become available to a wider market.

This guide will suggest the most appropriate uses for the technologies, as well as
opportunities to use a combination of more than one technology together, in order to find

the most cost effective and appropriate solution.

The following technologies are covered:

Satellite imagery related technologies (apart from the road condition assessment

methodology, which is presented in part 2):
— Back analysis using archive imagery

— SAR imagery

— Change detection algorithms

— Spectral reflectance

— Online streaming of current Very High Resolution (VHR) basemaps

Unmanned Aerial Vehicles (UAVs)

— Multi-copter UAVs

— Fixed wing UAVs

— Hybrid UAVs

— High altitude pseudo satellites
Smartphone applications, including:

— Apps to measure IRI

— Social Media apps

— ‘Street Bump’ pothole locating software
Internet based solutions, such as:

— FixMyStreet

— OpenStreetMap

— OpenRoads

— Proprietary mapping sites such as Google, Bing, etc.
GIS based solutions:

— Digital Elevation Models (DEMs)

— Drainage identification software

— Automated mapping

DashCams

Existing high-tech solutions that can act as complementary technology:

Aerial photography

LIDAR

Laser profiling

Roughness measurement (methods vary in level of sophistication)



Mini satellites
Photogrammetry
Interferometry

GNSS and GPS devices

Potential high-tech solutions in the future:

1.1

1.1.1

Automated condition assessment using satellite imagery
Linked data / Semantic web

Data modelling / Distributed computing

Artificial Intelligence / Machine Learning

Internet of Things

Big Data

Thermal imaging, infrared satellites

Satellite imagery related technologies:

Back analysis using archive imagery:
Introduction:

There is potential to learn more about roads and how they deteriorate by using back
analysis of archived satellite imagery.

Back analysis is traditionally used to investigate the performance of roads in
situations where the reason for their good or inadequate performance is not
evident, by analysing the design and construction in association with data gathered
on likely impacting factors, including maintenance history. Engineers can thus
identify reasons for good or inadequate performance and analyse this in relation to
other roads.

Satellite imagery could provide such information by using archived imagery to assess
the past condition of roads, but would have to be applied to specific cases and would
depend on the necessary imagery being available. Very high resolution imagery is
not yet very commonly available, so this would not be possible in every case.

Potential Uses:

Back analysis using archive imagery can be particularly useful for rural unpaved
roads, because in most cases records do not exist of their construction or
maintenance. Archive imagery can be used to learn how quickly roads deteriorate
and the nature of that deterioration by assessing historic images over time. It could
also be useful to determine the optimum frequency for unpaved road condition
surveys, by determining how quickly the roads deteriorate and how frequently they
need to be inspected for condition. Many countries specify that unpaved roads
should be surveyed for condition every year, but this imposes a high burden on
scarce resources. If it could be proved that yearly surveys are not necessary, and that
they could be carried out every two or three years, this would go some way towards
easing the survey burden on rural roads organisations.



Methodology:
The process to carry out back analysis using archive satellite imagery would be:

— ldentify the need for the research and whether satellite imagery would be an
appropriate way to achieve the expected outputs

— ldentify the road or roads that are to be investigated

— Select an Area of Interest (Aol) that covers the roads identified, making sure
to minimise the areas not required by selecting a polygon that only covers the
road and the part of the road corridor necessary to carry out the back analysis

— Check that the necessary archive imagery of appropriate resolution and
quality is available for the years that are needed

— Procure the imagery and carry out the back analysis

Benefits:

— The benefits of back analysis are to gain an insight into the past and work out
how road were constructed and why they performed as they did

— The most likely benefit is to provide a log of the change in road condition
over time, which can inform road organisations of the necessary frequency
for condition surveys

Limitations:

— Archive imagery can provide ‘snapshots’ of road condition over time, but will
not be able to provide the full picture for most back analysis applications, but
it can assist in the process

— Archive imagery would need to be linked to other impacting factors such as
climate and maintenance interventions

— Very high resolution imagery has only been available for about 10 years,
which is not long enough to use for the full history of many roads, and lower
resolution imagery is likely to be inadequate for the task

— Availability of appropriate archive imagery may be limited, depending on the
Aol

1.1.2 SAR imagery SAR Antenna

Introduction:

Synthetic Aperture Radar (SAR) is a

form of radar that can be used to

create two dimensional or three Backscattered
dimensional images of an object. It Radar Pulse
is used primarily for defining
landscapes on the earth’s surface,
using a satellite platform. The SAR
image is created when successive
pulses of radio waves are
transmitted and the echo of each
pulse is received and recorded. A Figure 1: SAR survey

Ground Targets



single beam forming antenna is used to transmit the pulses and receive the echoes,
with wavelengths of one metre, down to several millimeters (Figure 1). As the SAR
satellite moves, the antenna location relative to the target changes with time. Signal
processing of the successive echoes allows the recordings from the multiple antenna
positions to be combined to create high resolution images.

Potential uses:

The main use for SAR would be to identify the location of roads and extract basic
information such as length, width and possibly condition. With further research it
may be possible to extract more detailed information on the surface, such as the
type of materials used to construct the road (earth, gravel bituminous, concrete) and
some information on the road design in terms of gradient, camber, etc. The diagram
in Figure 2 shows how SAR pulses are projected and received, indicating that smooth
surfaces reflect most of the waves away from the antenna, whereas rough surfaces
reflect more waves back to the antenna. This is shown in the respective shading on
the final image; darker areas indicate smooth surfaces where most of the waves
have been reflected away, and lighter areas represent rougher areas where more
waves have been reflected back to the antenna. Traditional uses of SAR include the
detection of oil spills on water, where the oil creates a smoother surface than the
surrounding water; in the same way that a paved road would reflect more waves
than an unpaved road, assuming that conditions are assessed during the dry season,
which is normal practice. If assessments ot -
are undertaken during the wet season wave wave
then muddy or flooded roads could give \\A‘\‘
misleading results.

Methodology:

If SAR is to be used, the first step is to | Smooth surfce
justify the cost by carrying out a review

that compares the cost of the SAR Mg
imagery with the cost of the equivalent
visual imagery, why it is needed and what
the benefits would be. It may be that SAR
is needed simply because environmental Slightly rough surface
conditions do not allow the acquisition of

visual imagery in the time given, for

example extensive cloud cover or hazy ™

conditions due to dust or humidity, but

the user needs to be sure that SAR will

provide the solutions required at a cost Rough'surfaice
that can be justified in terms of the Figure 2: SAR reflection
outputs that will be produced.

Back scattered
component

In terms of image interpretation, little work has been carried out on roads, so initial
uses are more likely to be research based. Some information is available in the Desk



1.1.3

Study report for this project®. Research will probably start with the identification of
roads and road surface types.

Benefits:

— The main benefit for SAR imagery is to acquire imagery of an area that is
difficult to capture due to cloud or hazy conditions for long periods of the
year, which would make a traditional visual image difficult to acquire

Limitations:

— At the present time the cost of high resolution SAR imagery is very high,
which limits its use for road condition analysis

— In terms of analysis of the imagery, SAR is harder to interpret as it is black
and white, and the different shadings represent the amount of radar waves
that are reflected, which is based on the roughness and surface orientation of
the object

— Specialist training would be required to interpret SAR imagery

Change detection algorithms
Introduction:

It is possible to automatically detect the differences between two visual satellite
images taken at different times, using change detection algorithms. In terms of
roads, this technology is in its very early development, but it has been used
successfully on larger areas for purposes of flood monitoring or crop identification.
Algorithms have been developed that detect the changes based on various
parameters, such as pixel change and colour/hue.

Potential uses:

To date these algorithms have mainly been used to detect changes in land use. Gross
change detection, such as the identification of a road damaged by a major event like
an earthquake, is possible. However, the slow gradual change of the condition of the
road has not been sufficiently addressed to date. When it is at the stage whereby it
can be reliably used to detect the changes in road surfaces, relevant applications will
undoubtedly be developed. A potential additional use could be the monitoring of
bio-engineered slopes, where the growth of plants could be seen using change
detection.

Methodology:
As this process is not yet fully developed, there is no recognised methodology.
Benefits:

— The potential benefit of an algorithm to automatically detect the change in
satellite images of roads is that it is potentially faster than manual methods

3http://www.research4cap.org/Library/Workmanetal TRL 2016 UseAppropriateHighTechSolutionsforRoadNe

tworkConditionAnalysis PRDeskStudy AfCAP GEN2070A-v161007.pdf
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1.1.4

— The process could be used to update condition surveys over time and to
detect significant areas of deterioration on roads
— It could also be used to detect changes in width or surface type, which could
indicate differences in condition
— There may also be some areas where it would be of benefit over visual
assessment by identifying subtle differences, perhaps in drainage or
vegetation encroachment

Limitations:

— At present the limitations are not entirely understood because the algorithm
has not yet been fully developed

— Limitations will undoubtedly be related to imagery resolution and clarity, but
this depends on the purpose for which the information is needed

Spectral reflectance

Introduction:

Some research has been carried out in this area, using satellite imagery to identify
different spectral signatures of materials, of paved roads in particular. Every material
has a spectral signature, which can be visualised in curves as a function of
wavelength. The technology works by measuring reflected or emitted radiation from
materials, as they reflect or absorb radiation from the sun in different ways,
depending on their surface features. The signature depends on the moisture
content, surface roughness and geometric circumstances of the material.

Potential uses:

uses of
reflectance
been to
determine vegetation
health levels around
the world and to detect
oil spills, which have a
higher reflectance than
clear water.

Traditional
spectral
have

Some research has
been carried out on
paved roads, as shown
in Figure 3, where the
spectral signature of
various surfacings and
conditions were
determined and a
section of the network
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1.1.5

was assessed”. There is also the potential to use spectral reflectance to identify the
materials on a gravel or earth road, or to tell the difference between earth and
gravel roads.

Methodology:

An accepted methodology for use in the road sector has not yet been developed.
However, some good examples of how spectral reflectance has been used in the past
can be drawn on to assist in the development of a methodology. The most recent is a
paper in 2016° which monitored changes in asphalt pavement condition using the
spectral change of aged asphalt material.

Benefits:

— Large areas can be assessed without having to visit them on the ground
— There is potential for this to be a rapid assessment system

Limitations:

— Research in this area is not yet advanced enough to have a practical and cost
effective use for rural roads, but it is certainly an area of interest for the
future

— Cost s likely to be high, at least initially

Online streaming of current VHR basemaps
Introduction:

A new satellite imagery basemap called ‘One Atlas’ was launched in late 2016 that
covers the entire earth with professional grade imagery, with all areas at a minimum
of 1.5 m resolution and urban areas at 0.5 m resolution. The website is
http://www.intelligence-airbusds.com/one-atlas/ . This basemap is updated at least
yearly and is available online 24 hours a day. This overcomes the two main issues
with free maps, such as Google and Bing, where the resolution is variable and the
age of the imagery can be several years old.

Other online options include DigitalGlobe’s GBDX, which is a cloud-based resource
that allows the user to process Earth Observation (EQ) data on a subscription basis,
thereby reducing costs; the website is https://platform.digitalglobe.com/gbdx/. This
is already being used to assess, for example, how successful a sales day was in the US
by counting cars in parking lots. Algorithms and machine learning can be applied to
cloud resources, without having to purchase imagery. The entire catalogue is
available, not just current imagery, which also provides potential for back analysis, as
discussed earlier.

4

Herold, M.et al.,, Imaging spectrometry and asphalt road surveys, Transport Res. Part C

(2007),d0i:10.1016/j.trc.2007.07.001

5

Pan, Y et al, Road pavement condition mapping and assessment using remote sensing data based on

MESMA, 9t Symposium if the International Society for Digital Earth, 2016
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Potential uses:

Although the 0.5m resolution is not yet available in rural areas, this is exactly the
type of development that would make the satellite condition assessment system
more widely feasible and able to compete logistically and economically with
traditional methods. At present, it is a good resource for producing or checking
mapping, and could be used for condition assessment in urban areas, or anywhere
that the 0.5 m resolution is available and reasonably up to date. Imagery could be
used up to 6 months old, so long as there has been no significant weather impact
during that time. For most dry seasons this would be possible if the imagery is
procured towards the start of the dry season, but realistically a shorter time between
image acquisition and assessment is desirable.

If this type of resource is extended to 0.5 m resolution on a wider scale in rural areas,
as it would be expected to over time, it would enable the system to provide the level
of cost effective inputs into road asset management that could make it accessible to
almost any roads organisation.

Cloud-based resources have clear potential in terms of analysing road assets or
condition over time, depending on the resolutions available for the EO datasets.

Methodology:

The methodology will be very similar to that shown in Part 2 of this guideline. The
only changes would be in image acquisition and the details of assessing the
suitability of the imagery. There would also be potential to apply algorithms and
machine learning to such resources in order to extract relevant information for road
authorities in LICs.

Benefits:

— Itis expected to be cheaper to use than procuring imagery on a yearly basis.
— As the resource is a streaming set-up, it reduces the requirement for
extensive data storage facilities
— Itis a good resource that can be used as a basis for producing current and
accurate mapping
Limitations:

— Itis not yet of sufficient resolution for condition assessment of rural roads

— Internet connection quality and speeds in Africa may limit its usability

— The feasibility of using this resource for condition assessment is not yet
tested, so a trial would be required to check the feasibility

1.2 Unmanned Aerial Vehicles

UAVs, or drones, are very useful and flexible tools to assist with many aspects of road asset
management, from collecting inventory details to assessing condition. They have increased
in popularity in recent years. However, the regulations on their use vary greatly between
countries, which affects how useful they can be. The regulations vary from simply limiting
the height at which UAVs can fly in some countries, to extensive limitations in others which



effectively prohibit their use. The lack of knowledge of the new technology, combined with
a fear of UAVs being used for illegal practices, has effectively led to many countries being
cautious over their use. This situation should improve as understanding, awareness and
methods of monitoring UAVs catch up with the technology.

The price of UAVs can vary greatly, depending on the type (multi-copter, fixed wing or
hybrid), with commercial UAVs ranging from a little over a thousand dollars, to in excess of
one hundred thousand dollars. In this respect the user should carefully identify the use to
which the UAV is to be put before it is procured, so that a cost effective decision on which
UAV to procure can be made. The categories below show the different types of UAV and
their most relevant uses for rural roads.

1.2.1

Multi-copter UAVs
Introduction:

Multi-copter UAVs are essentially
a helicopter with more than one
rotor, with most having between
four and six rotors, although up to
eight is possible (Figure 4). They
are controlled remotely, either by
line of sight or via the integral
camera, or they <can be
programmed to fly set routes. Figure 4: Multi-copter UAV

This type of UAV is now very

common, both commercially and

privately. They can be a platform for the attachment of various technologies, such as
cameras, video, thermal imaging, infrared and LIDAR.

Potential uses:

They have a wide variety of uses, with roads applications becoming ever more
popular. Multi-copters in particular are more suited to spatial applications, but can
be used for road surveys. This type of UAV was used in the USA to research the
collection of condition data on unpaved roads, using photogrammetry techniques6.
The main uses for this type of UAV in the road sector is for the surveying of potential
road alignments, monitoring construction or maintenance projects, assessing
condition, locating materials sources, mapping urban areas and the inspection of
bridges or larger culverts. The monitoring of landslides and cut slopes that are some
distance from the road and difficult to access, can also be a use for this technology.

Methodology:

The methodology for using multi-copter UAVs would be to initially assess the cost
effectiveness of using this technology. UAVs are still relatively expensive, so a
comparison should be carried out between them and traditional data collection
methods. There may be situations where UAVs would be technically superior, or

e Brooks, C. et al., Characterization of Unpaved Road Condition Through the Use of Remote Sensing Project
(2014), http://integratedglobaldimensions.com/unpaved/
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1.2.2

more cost effective, but these should be identified before the technology is used.
This technology is rapidly advancing and systems have already been developed for
bridge inspection, which are commercially available. UAVs are able to produce
higher resolution imagery than satellites, so there is a potential to assess roads
where more detailed condition assessments are required.

Benefits:

— These types of UAV are able to hover and are very agile in terms of where
they can go and what they can do

— No runway is necessary and they can be launched from almost anywhere

— The images produced are very stable, due to the gyroscopes, gimbals and
other instruments used in their construction

Limitations:

— Multi-copter UAVs still have a more limited range and battery life than other
types, which needs to be considered when deciding what type of platform to
use

— They are more suitable for urban areas with high road densities, where large
amounts of information can be captured in a small area

— They can be very expensive to procure

— The operating costs can also be high, as each road has to be flown
individually

Fixed wing UAVs
Introduction:

Fixed wing UAVs are more like a
conventional aeroplane. Again,
there are several types on the
market. The flight mechanism is
similar to multi-copters, although
line of sight is less popular
because fixed wing UAVs fly
faster and further, so if they have
to stay within line of sight this Figure 5: Fixed wing UAV
seriously limits their utility.

Potential uses:

These types of UAV are more useful for road surveys as they have a longer range
than multi-copters and can fly faster. The types of utilisation include alignment
surveys, mapping, condition surveys and inventory collection; plus there are
possibilities to use fixed wing UAVs for condition surveys by video and LIDAR,
producing 3D mapping of roads by photogrammetry, etc. The type of UAV shown in
(Figure 5) was used in Tanzania to map flood areas in Dar es Salaam’.

" http://ramanihuria.org/using-drone-imagery-generate-flood-inundation-models/
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1.2.3

Methodology:

The main principle of the methodology is similar to multi-copter UAVs, namely to
check the cost effectiveness against traditional surveys, and to make sure that the
purpose to which they are assigned is feasible and appropriate. The type of fixed
wing UAV is also an important consideration in terms of the regulations on flying
UAVs. If line of sight is compulsory then fixed wing may not be appropriate.

Benefits:

— The benefits of fixed wing UAVs are that they have longer range and can stay
in the air for more time than other types of UAVs

— In this respect they are more suited to the linear nature of roads, rather than
spatial surveys of land areas or agriculture

Limitations:

— To be effective they need to fly beyond the line of sight of the operator, if
this is permitted (some countries restrict UAVs to line-of-sight flight), which
means that they have to be either programmed to fly a route or controlled
remotely through the camera on the UAYV itself

— A controlling system that allows programmed or remotely flown UAVs is
generally more expensive than a line-of-sight remote control vehicle

— Because there needs to be a lot of time invested in planning and
programming flight routes, the operating costs can be high

— They are less agile and do not have the ability to hover, so close inspection of
particular objects is less feasible

— They also need a runway to take off and land, which can be difficult to
arrange

— Some smaller fixed wing UAVs are hand launched, but effectively they have
to crash land on return, which can cause minor damage

— They can be expensive to procure

Hybrid UAVs
Introduction:

Hybrid UAVs are a combination of

fixed wing and multi-copter, a typical

example of which can be seen in <l ﬂ
(Figure 6) In most cases the multi- —— _— v
copters are used to elevate the UAV / B >

to a position whereby the fixed-wing / .
propulsion can take over, thus
limiting the need for a runway. Once
at flying altitude the rotors fold away
automatically so as not to interfere
with the flight, and are then re- Figure 6: Hybrid UAV

deployed when the UAV needs to
land.
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Potential uses:

The ultimate uses are similar to multi-copter and fixed wing UAVs, but the hybrid
features give them more flexibility in how they are used. For example in road
surveys, it may be possible to stop and inspect certain objects more closely, whilst
still achieving longer range surveys.

Methodology:

The main principle of the methodology is similar to both multi-copter and fixed wing
UAVs, namely to check the cost effectiveness against traditional surveys and to make
sure that the purpose to which they are assigned is feasible and appropriate.

Benefits:

— No runway is necessary, as the vehicle can take off using the helicopter
blades and they transform to fixed wing flight in mid-air
— ltis also able to land using the rotor blades

Limitations:

— Hybrid UAVs are at present expensive
— Their use for roads is dependent on them flying beyond line of sight, which
means more sophisticated software and hardware

High altitude pseudo satellites
Introduction:

This is a recent development of
UAV that flies at very high altitude,
up to 70,000 ft. They are solar
powered and can stay aloft for

several days. An example is shown > s e
in Figure 78. . - .:‘/A ',“M = ,.%ﬁ
Potential uses: Figure 7: Pseudo satellite

So far pseudo satellites have been used as the platform for high resolution
photographs and video, LIDAR, RADAR and Broadband Communications, as well as
some military information collecting applications such as Electronic Support
Measures (ESM) and Electronic Signals Intelligence (ELINT). They can provide very
high resolution imagery of the earth, at NIIRS 6 to 8, with the highest resolution so
far recorded at 13cm.

Methodology:

As these UAVs have not been used for road applications, no methodology exists at
the present time. However, a logical approach would be to first review the
information that can be provided by these pseudo satellites, and determine whether
the special features such as the increased resolutions or the video capability is
essential for the information that is desired. If these aspects are not essential, then
the potential user should consider other established survey platforms that will be

8 http://defence.airbus.com/portfolio/uav/zephyr/
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13

available at more reasonable costs. Although there is potential to use such
technology for road condition surveys, it is not at present likely to be a cost effective
option.

Benefits:
The benefits of this technology are wide, with the main ones being:

— Higher resolution imagery than satellites

— Can stay aloft for very long periods of time (potentially several months)

— Are more flexible than satellites and can be tasked to revisit areas several
times in a short space of time

— Are solar powered, so need little maintenance and are to some extent self-
sustaining, with minimal impact on the environment

— They have the potential to produce imagery at a lower cost than satellites,
although firm data on cost is not yet available

— There are less limitations on the permissions to fly, as they flay at too high an
altitude to interfere with commercial flights

Limitations:

Due to the fact that this technology is very new and not yet fully tested, the
limitations are not fully clear, but are likely to be:

— The high capital costs of the equipment are a limitation, but this is expected
to reduce as more are made and the full potential of the equipment is
realised

— The equipment is only likely to be feasible on a hired basis, or on a tasking
basis in a similar way to satellite imagery

Smartphone applications

There are many mobile phone applications that can be useful for road monitoring.

1.3.1

Roughness Measurement apps
Introduction:

The roughness of a road can potentially be measured using smartphone apps. These
apps use the accelerometer, gyroscope and GPS in a smartphone to measure the
roughness against a set scale, the International Roughness Index (IRl). There are a
number of such apps now on the market, perhaps the most established is ‘Roadroid’,
and the World Bank have developed their own app called ‘RoadLab’.

Potential uses:

The main use for this type of application is to measure roughness of a road. Geo-
referenced photographs can also be ‘tagged’ to the road, and will show as
thumbnails on the final map. This allows the user to show photos in the location they
were taken. GPS tracks can also be extracted from the smartphone files, which help
to locate the road on a map. The GPS tracks are only normally accurate to about 3 -
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10 m horizontally, but can be adjusted in GIS software to match the centre-line of
the road.

For unpaved rural roads a smartphone app is not recommended as an absolute
measurement of IRI, but it can be very useful in indicating the relative difference in
surface roughness between roads within an area. They are more effective for paved
roads. A typical interface for a roughness app is shown in Figure 8.

Methodology:

Each smartphone app EEE XD 7 altooxem 2148 £ ¢ & X [P 7 il 100% 88 21:57
has |ts own |nstruct|0ns = Roughness evaluation/bump detection = Roughness evaluation/bump detect.. EXPORT
and management

CURRENT ALL

CURRENT ALL

software that are

integral t.o the app. .
Some provide the results Data Collection Status: On
Total number of bumps:

directly, whereas others

| O sy n

make the results j | ' Y g, E—
available through their |
website, which attracts a

. . Poor Fair Good [xcoll(::\l Poor Fair Good Excellent
subscription before they 09 100% 25%
can be viewed or m
downloaded. The basic 0 Total road roughness evaluated: 462 meters
principles are  very 120m
similar and include the Figure 8: Typical roughness app interface

following aspects:

— Set up projects and project roads

— Date and time logged by the smartphone

— Set up options for calibration, such as suspension type

— Some require calibration runs against known roughnesses as measured by
other equipment

— Establish phone in a secure holder inside the vehicle so that it is integral with
the vehicle body

— Record the roughness as the vehicle travels the road, minimum speeds are
normally required

— Download data to website, dropbox or to the phone itself

— Photos that can be geo-tagged

— Speed, location, orientation and XYZ movement is recorded

The websites for the apps are:
RoadLab: https://www.roadlab.org/
Roadroid: http://roadroid.com/

Benefits:
The benefits are several:

— It is not necessary for an engineer to carry out the survey, it can be
undertaken by a technician, or even the driver
— ltis a cheap alternative, compared to other roughness measuring equipment
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Calibration is simple, if it is needed at all

It can be used in any vehicle that is in reasonable condition, vehicles do not
need to be new or have new suspension and tyres

It produces results in a format that can be used immediately, with little
analysis

Limitations:

There are also many limitations, although some apply equally to other modes of
roughness measuring equipment:

Social Media apps

The apps are limited to the accuracy of the driver

Most drivers spend their lives avoiding potholes, but in order to gain an
accurate picture of the roughness of the road the survey vehicle must drive in
the normal traffic lanes, which means driving through defects and potholes!

It can be difficult to teach to a driver who is responsible for the condition of
the vehicle s/he drives to drive through potholes, but if they follow the path
of least resistance and avoid the defects, it will not provide a true picture of
the roughness of the road

The apps are less accurate at slower speeds and for the lower conditions of
unpaved roads, for example Fair, Poor and Very Poor

It is harder to maintain a steady speed on a poor condition unpaved road,
without avoiding the defects, so it essentially provides relative results but
does not replace established roughness measurement techniques.

Introduction: Share to Facebook

This is a new innovation and as yet has
not been fully developed. The principle

is to develop an app within a social #Obstruction =

media platform where people can share

information on roads in their Obstruction (e.g Fallen

community. This would then be
informed to the local authority
responsible for road maintenance.
Figure 9 shows a mock-up of a potential
app that is being developed in Ghana.

Potential uses:

The main use for this technology would

Tree on Road)
¥ou are reporting a road defect.

Who should see this?

j @ Fublic
be to report problems with the road, so 7 Anyone on or off Facebook

issues such as potholes, obstructions or

road

g Friends

safety dangers, with a geo- ik vour friends on Facebook
referenced and tagged photo. It should
be possible for the local authority to
monitor the results and decide on a

Figure 9: Potential social media interface
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threshold whereby a certain number of reports or “likes” authorises action.
Methodology:

As this is still in development there is no established methodology. However, the
principles are to use social media platforms to raise awareness of road defects or
safety issues, using geo-tagged photos and descriptions. There is a possibility to link
directly to road organisations or their websites, provided that they have the
resources to respond. An important part of any methodology would be to assess the
capacity of the roads organisation to respond to feedback from such an app. Once
the app is released there will be significant expectation from the public for prompt
action, and if this is not forthcoming then the process could cause more problems
than it solves.

Benefits:

— The main benefit of such an app would be the wide range of people it would
reach, in potentially remote areas

— Itis potentially a good source of crowdsourcing for road maintenance data

— There may also be a possibility to link such an app to one of the roughness
measuring apps, so that it can be easily linked to a specific road

Limitations:

Until the product is fully developed its limitations will not be known, but they are
likely to be related to the capacity of the local roads organisation to respond to the
feedback.
— If the public are asked to report issues on the road, they will expect a
response within a reasonable time
— If there are many reports of issues, and no feedback, it would be very
negative for the responsible authority
— This aspect needs to be fully considered before the app is launched
— Data connection will be required, either through smartphone data or via Wifi

‘Street Bump’ pothole locating software
Introduction:

This is a crowdsourcing app that was developed for the City of Boston, USA, which
uses the accelerator in a smartphone to note the location of bumps in the road,
which are then sent directly to the Boston roads department. Volunteers download
the app and activate it when they drive. When each bump receives a certain number
of ‘hits’ the city authority sends out a maintenance gang to fix the pothole. This
principle is being duplicated in a number of other places worldwide.

Potential uses:

The main use is to locate potholes or defects without having to make physical
surveys of the road. The app is being used in several American cities, as well as
outside the USA.

16



1.3.4

Methodology:

A methodology is included on the ‘Street Bump’ website at:
http://www.streetbump.org/about , where the app can be downloaded for free.

Benefits:

— This system saves on manpower and other resources, by letting
crowdsourcing locate the potholes

Limitations:

— The system is limited to the people who use it and relies on them placing the
phone correctly in the vehicle and using it regularly

— The roads organisation has no control over the number and location of roads
that are surveyed using this method, so complete coverage may not be
possible if an insufficient number of people participate, which could
necessitate running parallel survey systems

— Any issues with the system have not been publicised

— Has been applied only major urban environments so far

NIAF monitoring and payment app
Introduction:

The DFID supported NIAF project developed a bio-metric mobile phone app for road
maintenance workers and supervisors. The principle is that the supervisor or worker
takes a geo-referenced picture of the work they have carried out each week, then
sends it to the project office. The office checks the pictures against the work
programme, confirms the output and transfers payment to the worker’s phone. This
was developed originally to prevent the need for managers to take large amounts of
cash to remote areas for payment of workers, and to avoid third parties from
diverting the cash from the people who earned it.

Potential uses:

This has potential uses for many maintenance workers in Africa, especially in
countries where mobile phone payments are common, such as Kenya. It could be
converted to be applicable for the monitoring of almost any project.

Methodology:

The NIAF project is not currently in operation, so no formal methodology is available.
However, the principle is to:

— Enrol workers and supervisors from local communities

— Collect biometric information on each person and store in a central database

— Road authority to approve information and distribute ATM cards

— Work is monitored either by site visits or by workers/supervisors sending
photographs of work done to the roads organisation for approval

— Payment is approved or rejected (more evidence may be required)

— If approved, payment authorisation is sent to the bank
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— Funds are transferred to the relevant accounts

— Workers/supervisors are able to withdraw funds via ATM

— Funds can also be loaded to mobile phone if preferred (similar to M-Pesa
system)

Benefits:

No need to carry large amounts of cash to the field

Saves on transport and time to pay workers

It is safer and more secure

— The money can be guaranteed to go directly to the people who earned it

Limitations:

— All workers need a smartphone with a camera
— There are still ways to circumvent the system and for worker’s wages to be
diverted

1.4 Internet based solutions:

1.4.1 FixMyStreet Website
Introduction:

FixMyStreet is a web site that encourages people to report issues with the roads in
their local area. It is run by ‘MySociety’, which is a not-for-profit organisation that
builds online technologies designed to give people the power to get things changed.
FixMyStreet is established under the ‘Better Cities’ heading, which helps local
authorities and empowers their citizens, but their initiatives are active in more than
40 countries across the world.

Potential uses:

This type of website can help the local roads organisation to gain a better knowledge
of the condition of their roads, especially if resources for condition assessment are
scarce.

Methodology:

For a methodology it is possible to refer to the FixMyStreet website:
https://www.fixmystreet.com/ . To report a problem:

— Search for the area in which the defect/problem is located; either postcode,
street name or area

— Locate the problem on the map provided

— Enter details of the problem

— FixMyStreet send the details to the responsible roads organisation

— Track the issue on the FixMyStreet website, regular updates should be
provided

Benefits:
— It saves on condition assessment resources
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— It puts local roads organisations in more direct contact with their community
— It encourages transparency and accountability

Limitations:

— It could provide too much data on minor problems that the local roads
organisations do not need to know about, and as such increase their
workload or cause abortive visits to deal with minor problems

— The feedback does not necessarily guarantee that the most urgent issues are
being reported, in effect the most active communities will receive the most
attention

— ltrelies on reliable internet accessibility and a computer or smartphone, all of
which are less available in rural Africa

— Experience of this technology is limited to urban areas so far

OpenStreetMap
Introduction:

OpenStreetMap is a mapping system that relies on volunteers and crowdsourcing to
develop maps across the world. It works in much the same way as Wikipedia, by
encouraging the public to send in information, which is then posted on the website
and is subject to scrutiny by experts and users alike.

Potential uses:
The main use is to develop accurate maps using local resources.
Methodology:

To learn about how OpenStreetMap works and how data is uploaded, it is possible to
refer to the website: https://www.openstreetmap.org/#map=3/9.88/27.42 The
basic methodology is to:

— Register as a user on the OpenStreetMap website

— Carry out systematic surveys using tools such as handheld GPS units,
cameras, notebook or voice recorders

— Enter the data into the OpenStreetMap database, via the website

Benefits:

— It creates a live, up to date mapping system for the entire world

— The maps are open source, so are free to access for anyone

— Provides competition and hence a motivation to update mapping, to other
commercial map providers

Limitations:

— At present OpenStreetMaps is more populated in urban areas, where more
people have access to internet and GPS enabled devices, so urban areas are
well covered

— Inrural areas where there is less access to technology, especially in Africa, the
coverage of road mapping is more sparse
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— As with Wikipedia, it is possible that not all of the submissions are entirely
accurate, as it is unlikely that all can be rigorously checked

— There may also be some vested interest in declaring a road, when it is not
necessarily officially recognised as such

OpenRoads
Introduction:

OpenRoads is a system that is being used on a project in the Philippines to map roads
using various different types and formats of data, obtained from various sources. The
data sources include satellite imagery, UAVs and any open source materials that are
available. It also uses volunteers to provide geo-tagged photos or information on
roads. The principle is to build up a database of as much information as possible on
the road network.

Potential uses:

This technology can be used to create maps, which have additional information such
as photographs of the road and road condition data. It can also be used to monitor
road projects.

Methodology:

To learn more about the OpenRoads project it is possible to visit the website:
http://www.openroads.gov.ph/ . The principle is to collect information from as many
different sources as possible in order to provide up to date information on road
projects, plus on the network in general. Information is effectively crowdsourced and
made available as open source data.

Benefits:

— Existing information is pooled and becomes more useful as a database than it
would as individual pieces of information

— The resources used to collect the information are less intensive than if
primary information were to be collected

— It establishes a community of volunteers who can be called on to provide
additional information, probably more quickly and cheaply than the local
road organisation could

Limitations:

— To some extent the information is limited to what is available, so the
coverage is likely to be variable

— It can be difficult to transform different types and formats of data to be
usable in a single format
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1.5

Proprietary mapping sites such as Google, Bing, MapQuest, etc.
Introduction:

Very comprehensive maps and mosaicked satellite images are available from a
number of sources. Most are freely available on the internet. They have largely been
digitised or semi-automatically generated from satellite or aerial imagery.

Potential uses:

These resources are very useful for mapping of roads. The satellite imagery is also
useful for viewing features close to the road that could affect the road itself, as well
as materials sources. However, the utility of the information is dependent on the
date of the imagery. Rural road networks are constantly growing, so unless the
images are taken within 6 months it is likely that they will miss some roads. Although
this is an issue with other options, the proprietary mapping sites tend to be several
years out of date. For the same reason it is unlikely that road condition could be
determined from these images, partly because most of the mosaics are too low
resolution and partly because they are not current enough.

Methodology:

These sites are established by using existing imagery of varying resolutions and ages.
Different suppliers are used, but most imagery is not current.

Benefits:

— The main benefits are that this information is free and easily accessible
— It provides a largely complete overall picture of road networks

Limitations:

— In general the maps are very good, but the accuracy is not 100% and
especially smaller roads can be omitted or misrepresented.

— The age of the imagery, and therefore the maps, may not be current, in some
instances several years out of date

— The resolution of the imagery varies and may not be high enough for some
uses, such as condition assessment

— Imagery is obtained from different sources and is therefore processed
differently, which provides a lack of consistency in the appearance of some
areas

GIS based solutions:

There are a number of GIS based solutions that can assist with increasing the knowledge of
rural road networks.

1.5.1

Drainage identification resources
Introduction:

Apart from the SRTM, there are several other global drainage identification dataset
products available. This includes ASTER GDEM and Daichi (ALOS), which are available
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at similar resolutions to the most recent SRTM and are mostly free. ALOS is generally
considered to be the most precise, although they all have similar resolutions. ASTER
covers 99% of the earth’s land mass, and ALOS covers all areas within 82 degrees of
North/South.

Potential uses:

As well as drainage structure location, these datasets can be processed to produce
maps of surface temperature, emissivity, reflectance and elevation, plus they can be
used for disaster monitoring.

Methodology:
For methodologies the respective websites can be referred to:

SRTM: https://www2.jpl.nasa.gov/srtm/

ASTER GDEM!: https://asterweb.jpl.nasa.gov/gdem.asp

Daichi ALOS: http://global.jaxa.jp/projects/sat/alos/index.html

Benefits:

— The generation of digital elevation models reduces the need for extensive
surveying on site to determine catchment areas and drainage areas
— It can save time and cost over traditional surveying

Limitations:

— They are mostly free, so the user will need to make a judgement based on
the detail/accuracy required and the effort to process

1.5.2 Automated or semi-automated mapping
Introduction:

There are several systems available that attempt to automatically identify roads from
satellite imagery. In reality, all of them need some level of human intervention either
to check the mapping or to revise it. There seems to be no system developed yet
that can fully identify roads automatically without errors or human assistance.

Potential uses:

The systems are useful for reducing the human input into mapping from satellite
imagery.

Methodology:

Different methodologies are used for the different systems. There are too many to
list here, but there are several research studies®’® on the subject and an internet

? Sujatha C, Selvathi D; Connected component based technique for automatic extraction of road centreline in
high resolution images, 2015

% yuan J, et al; LEGION based automatic road extraction from Satellite imagery, in ‘IEEE Transactions on
Geoscience and remote sensing, November 2011
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search can reveal the options. Many rely on machine learning and algorithm
development.

Benefits:

— The benefit over manual digitisation is that staff time needed to digitise and
produce mapping is reduced

Limitations:

— The systems are not fully automatic, so will require a certain level of human
intervention to check and revise their outputs

1.6 DashCams

DashCams are high definition video cameras that are mounted inside the vehicle, normally
with a suction cup on the front windscreen. They are usually powered by the cigarette
lighter port in a vehicle, but can also be wired directly to the vehicle fuse board.

Introduction:

DashBoard Cameras, or DashCams, are designed
to record incidents from within a vehicle, and
were developed to record accidents and theft
from vehicles. However, experience with using
them on the AfCAP high-tech solutions project
has confirmed that they are a useful tool to
record the road condition during ground truthing
or during normal condition surveys. They provide
continuous high-definition imagery of the road,
with ultra-wide angle (140° angle) at 1080p Full
HD resolution. For unpaved roads this is good
enough to see changes in surface type, potholes,
drainage issues and most defects (Figure 10).

Figure 10: Typical DashCam

Potential uses:

They have been used to record rural road details for ground truthing. They are also
useful for identifying any anomalies or unusual features on the satellite imagery that
were not noted during the ground truthing. It is also possible to carry out visual
condition surveys by viewing DashCam videos, without the need to visit site. In this
instance roughness would need to be estimated on the World Bank visual
assessment scale.

Methodology:

A methodology for using the DashCams was developed under the high-tech solutions
project and can be seen in Annex 1.

Benefits:

— A permanent record of the road is maintained
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— The engineer does not need to visit the site; a technician, or even just the
driver, can record the videos
— Itis useful to help identify unusual features on satellite imagery

Limitations:

— The storage requirements are high; the video requires approximately 32 GB
of storage on SD card for four hours of recording, which necessitates
additional storage capacity in terms of external hard drives or servers

— There is a need to download information regularly from the SD cards, to
prevent it being overwritten

— At least two 32 SD cards are needed for each camera, which allows for eight
hours of video per day and downloading the data every evening

— The windscreen of the vehicle needs to be kept clean to ensure image quality

— No items should be kept on the dashboard, to prevent reflection in the video

Complementary Technology

Existing high-tech solutions that can act as complementary technology:

1.7.1

Aerial photography
Introduction:

Aerial photography is a well-established
method of collecting images of roads and road
networks. The platform can be by rotating
wing or fixed wing aircraft, depending on the
output required (Figure 11). Other types of
aircraft such as balloons and microlights can
be employed as platforms for the
photography.

Figure 11: Aerial photography

Potential uses:

Some of its most common uses are mapping, inventory collection, landslide
assessment and monitoring of projects. Three dimensional imagery can be produced
from sets of aerial images taken from slightly different positions. Stereoscopic
assessment can also be made from pairs of images using a stereoscope, which will
allow the assessor to view a 3D image and hence identify some features that would
not be visible on a single 2D image.

Methodology:

Various methodologies can be used to produce information on roads using aerial
imagery, depending on the planned use. Key considerations are:

— Resolution required, which will depend on the platform altitude, camera
equipment, weather and other variables

— Location, size and shape of the target

— Atmospheric conditions
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— Use to which the images will be put
Benefits:

— It provides high quality, high resolution images

— The equipment being used can be controlled from on-board the aircraft

— Many countries have historical aerial imagery that goes back many years, and
which could be useful for a back analysis study

— 3D information can be provided

Limitations:

— It is expensive to procure new imagery by this method

— It requires flight plans and permissions to fly, which can be onerous to obtain

— It has to some extent been overtaken by the use of UAVs, which are more
flexible, cheaper and carry less risk

1.7.2 LIDAR
Introduction:

Light Detection and Ranging (LIDAR) uses laser 2
pulses to measure the distance to a target,
measuring the reflected pulses with a sensor. The
differences in the return times and wavelengths
can then be used to make a digital representation ‘
of the target. LIDAR used for land surveys is i\
dependent on the accurate GPS positioning of the HA

platform it is surveying from. i \\ GP:[ZLX
Potential uses: @ ATy \ ‘;‘Q‘;.““*'
LIDAR can be used to make high resolution S 4 i o
maps“. It is also being used to assist the ~— & ;%
navigation systems for autonomous vehicles and . o

is used for speed detection, as well as monitoring Figure 12: Airborne LIDAR survey

of land wuse, urban development, pollution

monitoring, transport planning and oil and gas exploration. It can be used from a
variety of platforms, including aircraft (Figure 12), UAVs, vehicles and can also be
hand-held.

Methodology:

LIDAR is well established and various methodologies can be used, depending on the
uses to which it is put. In the past the most common platform for LIDAR has been
aeroplane or helicopter, but with the advent of UAVs it has become more accessible
and cost effective. LIDAR can be effectively combined with aerial photography using
the same platform, to provide high quality 3D models of an area or a road.

1 http://www.worldhighways.com/EasySiteWeb/HandleRequest/categories/measurement-survey-design-

software/news/unganda-investing-in-road-maintenance-and-management/
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Benefits:

LIDAR is very accurate
It allows fast acquisition

well

It minimises human dependence
It is not reliant on good weather, and can operate in moderate weather quite

It can to some extent operate beneath the tree canopy on rural roads by

using on a UAV platform, although if the tree cover is light the LIDAR may be
able to provide enough information anyway from the points that penetrate

the canopy

which it is put
Limitations:

UAVs are used

The cost can be quite high

1.7.3 Laser profiling

Introduction:

Producing a very accurate profile of
the pavement surface is common in
high  income  countries. The
methods™ range from point lasers
on a transverse bar, to spinning
lasers that can provide a 360° image
of the road and its environment
(Figure 13).

Potential uses:

The main use of this equipment is to
define the roughness, rutting and
contours of the road surface. It can
also be used to identify specific
potholes or defects, and can identify
road assets.

12 Mays C, Wright A, Furness G: Road surface texture inspection using high resolution transverse

measurements, 2006

It has a high density of data, with point clouds beyond 24 points per m?
It can be cheaper than traditional data collection, depending on the use to

If the canopy is dense it cannot be penetrated from airborne LIDAR, unless

Very large datasets are difficult to interpret and process
There are no international protocols
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Figure 13: Vehicle mounted laser profiler

profile
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Methodology:

Different methodologies are available for the different systems. Essentially the road
is identified and the surveys are then undertaken at an appropriate time, making
sure that traffic will not be so high as to disrupt the surveys.

Benefits:

— The system is very accurate

— Some systems can provide details on the whole road environment, not just
the road surface

Limitations:

— The system is expensive

— Itis normally fitted within a specific vehicle, although portable versions have
been developed by TRL for use in low income countries

— Thisis also dependent on weather

— Itis not generally appropriate on poor or dusty unpaved roads

1.7.4 Roughness measurement equipment
Introduction:
There are several established ways to = —
measure road roughness. This  Bartery TR
includes the bump integrator (Figure 5@ o
14),  MERLIN  (Figure  15), :aéf—llfm—

roughometer, 5" wheel bump @Jﬁ” @
integrator, profile beam, walking OF FERENTIAL
profiler, inertial measurement unit,
laser profilers (as mentioned above)
and smartphone apps (also Pointer
mentioned before). Roughness is St R
usually measured against the

International Roughness Index scale,

as developed by the World Bank in
1986. The World Bank have also

Figure 14: Vehicle mounted bump integrator

produced a guide13 to estimating f' \ o |
roughness on paved and unpaved I w,lw N T I Stabiliser
roads using visual indicators and ride Whestwith marker in Pt e
. . . Qo
quality at certain speeds as the main
factors: the IRl levels for this are Figure 15: MERLIN roughness measuring equipment
?

shown in Table 1.

B Sayer M, Gillespie T, Paterson W: Guidelines for conducting and calibrating road roughness measurements,
World Bank Technical Paper 46, 1986
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1.7.5

Table 1: IRI for unpaved and paved roads

Condition description World Bank visual IRl for | World Bank visual IRI for
unpaved roads (mm/m) paved roads (mm/m)

Very Good <5.0 <3.0

Good 6.0-11.0 4.0-6.0

Fair 11.0-15.0 7.0-8.0

Poor 15.0-19.0 9.0-10.0

Very Poor 19.0-24.0 >11.0

Potential uses:
The primary use is to measure road roughness.
Methodology:

The variety of roughness measuring equipment is very wide, so the methodologies
vary significantly. It should be noted that vehicle based roughness equipment is
usually sensitive to speed, and will not provide accurate measurement at low speeds
(normally < 20 kph). Visual assessment can be quite accurate, especially when an
experienced assessor is used.

Benefits:

— Each system of roughness measurement has its own benefits, based on cost,
accuracy and ease of use

Limitations:

— Limitations are also based on the same factors

— Older methods such as the MERLIN and Bump Integrator are slower

— Most are response based systems, so require calibration and are dependent
on a minimum speed being achieved

Mini satellites
Introduction:

Mini satellites are now
established, although they are still
being developed and improved
with each new launch; a typical
example can be seen in Figure
16, They weigh only about 4 kg
and operate in low earth orbit
between 475 km and 700 km,
providing imagery of between 3 m
and 5 m resolution. Their main

Figure 16: Mini satellite

" https://www.nasa.gov/mission_pages/station/research/experiments/1326.html|
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1.7.6

claim is that when they establish 150 satellites, with each one taking a picture every
second, they will able to image the entire Earth, every day.

Potential uses:

To date their most common use is to help monitor land use, urban development and
to assist with disaster recovery missions. They are also suitable for mapping.

Methodology:

An example of mini satelltes use and applications can be seen at
https://www.planet.com/ The methodology would be developed to suit each
application.

Benefits:

— They provide up to date imagery on a regular basis
— Some products can be provided at low or no cost, depending on the use

Limitations:

— They are limited by weather and cloud cover

Digital Elevation Models (DEMs)
Introduction:

Digital Elevation Models' are created from
satellite radar and optical imagery and provide
a 3D image of the earth. The images show
elevation, with the lighter shades depicting
high areas such as hills, and the darker areas
showing lower areas such as valleys and rivers.
DEMs from NASA are commonly used (as

shown in Figure 17Error! Reference source Source: NASA website (footnote 15)
Figure 17: DEM for Ghana

not found. from Ghana) and are black and
white as standard. They are freely available on
the NASA website, and the training manual
includes instructions on how to download and
analyse them (Section 4.4.1, pages 32 to 36).
These DEMs were created from images taken
by the space shuttle missions, Shuttle Radar
Topography Mission (SRTM), where the
shuttle ‘Endeavour’ orbited the earth 16 times
per day over 11 days in February 2000 and
was able to collect data for more than 80% of
the earth’s surface. Recently released
reprocessed versions of SRTM are 30 m
ground resolution, whereas the original SRTM

: A
Source: NASA website (footnote 15)
Figure 18: Tinted DEM in South Africa

 https://www2.jpl.nasa.gov/srtm/
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was 90 m. The first DEMs were made available in 2003 and are the most intensively
downloaded product in NASA history.

It is also possible to acquire DEMs with colour tinting, to show the elevation more
clearly, as seen in Figure 18. This allows the assessor to identify the high and low
areas more easily.

Potential uses:

DEMs can be processed to show drainage catchment areas and channels, using GIS
software. This can be useful to help identify where drainage structures are located
on a road, and instructions in how to do this are included in the training manual.

Methodology:

For instruction in how to process DEMs and use them to assess drainage from
satellite imagery, refer to the high-tech solutions project training manual Section 4.4,
pages 31 to 46.

Benefits:

— The potential drainage of an area can be estimated using desk based
processes

— An general idea of the relief and landscape of the road network can be gained
using DEMs

— DEMs could be useful for estimating the impacts of climate change

Limitations:

— They can only really be used as an estimation of drainage locations, which
also need to be verified in other ways

Photogrammetry
Introduction:

Photogrammetry'® is a
technique whereby multiple
photographic images are used
to develop a 3D image of an
area or object, as shown in
Figure 19, in much the same
way that our eyes allow us to
judge distance and see things

in three dimensions. 6% overlap forefaft
Figure 19: Aerial photogrammetry

Potential uses:

Photogrammetry is well established as a process and has been used to develop 3D
maps. It has also been used on UAVs to develop point clouds of a road surface; this
can produce detailed profiles of the road and any defects such as potholes can be
measured for depth and area.

'® http://www.isprs.org/

30



1.7.8

Methodology:

The methodology for photogrammetry is well established. In aerial photogrammetry,
the camera is mounted in an aircraft and is usually pointed vertically towards the
ground. Multiple overlapping photos of the ground are taken as the aircraft flies
along a flight path. Traditionally these photos were processed in a stereo-plotter (an
instrument that lets an operator see two photos at once in a stereo view) but now
they are often processed by automated desktop systems to produce 3D images.

Benefits:

— Itis a well-established and reliable system
— It can be relatively cheap if large areas are undertaken

Limitations:

— For roads this technique necessitates several passes along the road, which
can be expensive depending on which type of platform is used

Interferometry
Introduction:
17 SAR 2,
Interferometry uses "XBP
SAR imagery (as .
explained above) and 7§ Bn
uses two images of the (e R,
same place, taken at R,
different times and
possibly on different Pi

orbits (Figure 20). The 7 ﬁ\

output is a 3D image of a
specific place that is very Figure 20: SAR Interferometry

accurate. It also

measures changes in deformation to very high levels, over periods of days up to
several years.

Potential uses:

Traditionally interferometry has been used for geophysical monitoring of natural
hazards, such as earthquakes and landslides. It has also been used to measure
subsidence and monitor instability of structures. There is potential to measure the
condition of a road, for example by using interferometry to measure rut depth and
potholes, and monitor their changes.

Methodology:

The methodology for interferometry is well established. It uses two or more
synthetic aperture radar (SAR) images to generate maps of surface deformation or
digital elevation, using differences in the phase of the waves returning to the

Y https://trid.trb.org/view.aspx?id=869654
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satellite. The phase of the return wave depends on the distance to the ground, as the
path length to the ground and back will consist of a number of whole wavelengths
plus some fraction of a wavelength. This is known as a phase shift (or difference) in
the returning wave.

The total distance to the satellite is known based on the time that it takes for the
energy to make the round trip back to the satellite—but it is the extra fraction of a
wavelength that is measured to great accuracy. Hence, interferometry uses two
images of the same area taken from slightly different positions, and finds the
difference in phase between them, producing an image known as an interferogram.
This is a very simplified version of how the image is produced, but more detail can be
found by contacting Interferometric Synthetic Aperture Radar (InSAR) suppliers.

Benefits:

— Itis not dependent on weather as cloud is not an object for SAR
— Itisvery accurate

Limitations:

— This will be limited by the cost of SAR imagery

1.7.9 GNSS and GPS devices

825

Introduction:

Global Navigation Satellite Systems :
(GNSS)*® use constellations of ‘ N
satellites to locate a specific point
on earth. They can be accurate to
sub-millimetre and to six decimal
parts of a second with the most |
advanced equipment. [

The first GNSS satellite
constellation, the Global \
Positioning System (GPS), was %
established in 1993. A typical o 7 ' s \
constellation with the orbits of the [ 7 %2
satellites is shown in Figure 21. - : '

R

Ay

S
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A
|

GPS is an American system, but Figure 21: GPS satellite constellation

there are also other similar

systems available, such as the Russian GLONASS system, the European Galileo
positioning system, the Chinese BeiDou system and the Indian NAVIC system,
although not all of these are fully functional yet. There are 31 GPS satellites in orbit,
of which between five and 10 should be visible at any one time. This allows the
locationing to be as accurate as possible.

1 https://www.gsa.europa.eu/gnss-innovative-road-applications-0
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Potential uses:

GPS has many potential uses, from simple location of an object, to providing tracking
of vehicles and people, and assisting in systems such as LIDAR where the accurate
location of the platform is necessary. They are also incorporated into other systems,
such as those that navigate autonomous vehicles and smartphones. They have been
used to monitor the movement of suspension bridges, landslides and unstable areas
and of course for mapping of roads.

Methodology:

Each system has a slightly different methodology, but the principles are similar. Most
GNSS systems have an antenna and a receiver (or processing unit). Satellites house
the antenna, and each satellite has four highly accurate clocks, which send carrier
waves to earth at the speed of light. Control segments are ground stations that are
situated around the world, at known locations, and are necessary to synchronise the
clocks. The user segment is the receiver, which can be a handheld GPS, a sensor in a
camera, or phone, or almost any other device. This only receives information; it does
not send any information to the satellites.

The receiver works out its location by calculating how long it took the signal from
each satellite to arrive; it then multiplies that time by the speed of light to find the
distance to each satellite. It then uses at least three satellites to calculate its position
by trilateration, and because it knows the exact position of each satellite when the
signals were sent, it can translate this into a position on earth.

Benefits:

— GPSis an invaluable tool for road engineers to accurately locate assets
— Itis compatible with GIS applications to provide locations in a database
— GNSS is used in monitoring traffic and reducing congestion

Limitations:

— GPS accuracy varies with the type of device. Hand held models can be
accurate to a few metres, or specialist GPS devices can be accurate to
millimetres

1.8 Potential high-tech solutions in the future

This section deals with technologies that are either in the process of development, or are
established and being utilised, but have not yet been applied in the road sector. For
example machine learning is a well-developed technology, but has not yet been applied to
assessing the condition of roads from satellite imagery. Many of these technologies have
been utilised across different sectors, but also have the potential to contribute towards
increased knowledge of roads and their assets in LICs.
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1.8.1

1.8.2

Automated condition assessment using satellite imagery
Introduction:

This process is so far still in the development stage, but the principle is that road
condition assessment from satellite imagery can be automated using algorithms to
identify certain features on and around the road that indicate its condition. It is
assumed that an accurate centre-line will be necessary for this process, so good
mapping is likely to be a necessary precursor.

Potential uses:

Potentially this can be used to assess the condition of large areas of the road
network, very quickly. It is likely to need very high resolution imagery.

Methodology:

As this process is not yet developed, there is no methodology available. It is
understood that a pilot trial will be undertaken in Tanzania, funded by DFID, using
machine learning. The results of this project should be available as open source by
late 2018.

Benefits:

— It should allow the assessment of condition to be carried out very rapidly
— The system will reduce the subjectivity of the manual system
— The resource inputs are likely to be less than the manual system

Limitations:

— Very high resolution imagery will be needed, which at the present time is still
quite expensive

— There is still likely to be a requirement for calibration of the system for each
country/region/area

— The research is not yet finalised, so the benefits and limitations are still not
yet understood

— Assessing the condition of structures, especially bridges and culverts, will be
very challenging

5. Semantic Search 1. Knowledgebase

Linked data / Semantic web

Introduction:

These are internet based solutions.
There is a lot of data available on
rural roads and related information,
but it is all separately stored and
managed. This process aims to link
different data-sets so that they can
be wused more effectively. The
semantic web is an extension of the

web through standards by the 3. ROF Modeling
Figure 22: Semantic web diagram

4. Data Fusion 2. Raw Data
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World Wide Web Consortium (W3C)¥. The standards promote common data
formats and exchange protocols, to provide a common framework that allows data
to be shared and reused across application, enterprise and community boundaries
(Figure 22).

Potential uses:

There are some questions over the feasibility of a semantic web, but if it becomes a
reality it will certainly help with the management and use of road related data.

Methodology:

This concept does not have an overall methodology as such, but the W3C website
http://www.w3.org/ does include several methodologies for different aspects of the
system.

Benefits:
— All electronic data becomes usable and more easily managed
Limitations:

— The limitations are possibly the volume of data that is available and the
ability of the users to process it

1.8.3 Data modelling / Distributed computing
Introduction:

This is the process to define and analyse data requirements needed to support the
business processes within the scope of corresponding information systems in
organisations. A distributed system20 is @ model in which components located on
networked computers communicate and coordinate their actions by passing
messages. A distributed system is where more than one self-directed computer
communicates through a network and the computers work together to attain a
common goal by making use of their local memory.

Potential uses:

Examples of distributed computing are the World Wide Web, Facebook and Cloud
based systems. There are unlimited potential applications of such systems in Africa,
especially as internet improves.

Methodology:
Methodologies will vary between systems.
Benefits:

— Ease of access
— Software and cost sustainability
— Robustness because there are no single points of failure

¥ http://www.w3.org/standards/semanticweb/
2% https://www.techopedia.com/definition/7/distributed-computing-system
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— Modular, scalable architecture
— Open source software
— Cloud storage

Limitations:

— The use of such systems is limited by internet availability and speed

1.84 Artificial Intelligence (Al) / Machine Learning
Introduction:

This is an area of computer science that
provides computers with the ability to
learn without being explicitly
programmed. Machine learning
explores the study and construction of
algorithms that can learn from and
make predictions on data. Artificial
Intelligence can be defined as
intelligence exhibited by machines, so a
computer that perceives its
environment and takes actions that
maximise its chance of success at a
particular goal (Figure 23).

Figure 23: Artificial Intelligence

Potential uses:

There is a possibility to use some form of Al or machine learning to develop the
automated process of assessing road condition from satellite imagery. In situations
where roads are covered by a canopy, there could be scope to use Al to estimate the
condition of the unseen road, based on the visible road, as a human assessor would.
Machine learning is already being used in autonomous vehicles.

Methodology:

As Al and machine learning are effectively designed for each application, it is not
possible to produce a generic methodology**.

Benefits:

— The benefits of this would only be realised as the processes are developed,
but there is significant potential

Limitations:

— The limitations of Al and machine learning are not well defined as the
processes are still being developed, but it is unlikely that they will ever
replace the human brain, which would be the ultimate goal

! http://www.wired.co.uk/article/machine-learning-ai-explained
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1.8.5 Internet of Things
Introduction:
The Internet of Things (loT)* K -
is the network of physical Q ﬁ &l.c_mn
devices, vehicles, buildings =

and other items that are 22255 u,EJ'NTERN ETO — m 7

embedded with electronics,

-]
sensors,  software  and S = I H
T /

internet connectivity that —O—m
enable these objects to iV

’—‘—‘ ) ‘--. \ —
collect and exchange data, = I_,__ i A ca— -
as represented in Figure 24. = el
The loT allows objects to be Figure 24: The Internet of Things

sensed or controlled
remotely using existing network infrastructure, which creates opportunities for more
direct integration of computer based systems into the physical world.

Potential uses:

Existing uses include smart homes, smart cities and intelligent transportation. In
terms of the road sector the IoT can be used for vehicle monitoring, journey time
surveys, roughness via smartphone apps, road safety applications by monitoring
vehicle movements or faulty vehicles and traffic congestion monitoring, to name but
a few. Smartphones are already common in Africa, and as internet connectivity
improves and becomes cheaper, many of these applications will be realised, and
undoubtedly new ones will arise.

Methodology:

To be viable everything has to have a unique identity, this is the core principle of
computer functionality. It also has to have a means of communication to the
internet, as well as some sort of sensor that can tell us something about it. Finally
there must be a way to control it, often by smartphone.

Benefits:

— loT can be used to learn about things, monitor things, search for things,
manage things and control things, so the potential for use is wide

Limitations:

— Computer systems such as this will always be vulnerable to viruses and bugs
— Auvailability, speed and cost of the internet

2 "nternet of Things Global Standards Initiative". ITU. Retrieved 1 June 2016.
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1.8.6

1.8.7

Big Data

Introduction:

Big Data®® is the term used for data sets
that are so large or complex that traditional
data applications do not have the capacity
to analyse or manage them. Big data can be
defined by several aspects: volume, speed,
diversity, inconsistency and complexity.
Challenges of wusing big data include
capture, cleaning searching, sharing
storage, transfer, visualisation, querying,
updating and data privacy.

Traffic

NN
G
Mobile

Phone data

Satellite
data

Potential uses:

Very many uses have aIready been found Figure 25: Big Data for the road sector

for big data. In the road sector there are

existing examples, including a project to measure ground movements using GNSS big
data from the European Space Agency (ESA) and predict road maintenance needs as
a result. Mobile phone data can also be used to monitor traffic flows and vehicle
behaviour. The range of potential sources of big data for the roads sector is growing
(Figure 25).

Potential uses include providing information on contractors, materials, standards
and specifications, maps and cadastral information, product performance, cross
border transportation monitoring, harmonisation of rules and regulations such as
axle weight monitoring, and many more.

Methodology:

Each application of big data will require a separate methodology, depending on the
data itself and the use to which it is being applied.

Benefits:
— The main benefit of big data is the accuracy it provides from large data sets
Limitations:

— The main limitation of big data is the capacity to analyse and manage it,
which can be difficult with limited resources in Africa

Thermal imaging, infrared satellites
Introduction:

Thermal imaging from infrared cameras has been used for many years in various
ways. Everything emits thermal radiation as a function of its temperature, and this
radiation is picked up by infrared monitoring devices.

2 "BM What is big data? — Bringing big data to the enterprise". www.ibm.com. Retrieved 2013-08-26
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Potential uses:

Thermal imaging cameras are used to detect defects in building insulation, to
identify faults in power lines, scan for people with illness at airports, to locate
disaster victims, to see through smoke and locate fire hotspots and to assist the
police in detecting criminals. In terms of roads thermal imaging cameras are being
used to monitor the condition of roads in Finland; where water is trapped in the
surface of the road it can be detected by monitoring the changes in temperature of
the road surface. These are potential sites of failure in cold conditions.

Thermal imaging has been used from satellites to detect volcanic activity,
temperature of the earth’s surface, to track forest fires and to show cloud
temperature from weather satellites®®, but it is unlikely that the resolution is high
enough to have any use for monitoring road condition at the present time.

Methodology:

There is no generic methodology for thermal imaging, as it depends on the use to
which it is being put.

Benefits:

e The potential of this technology is yet to be fully realised for roads, but the
development of the technology in Finland is promising, although this may
have limited application in the warmer climates in Africa

Limitations:

e The technology has not yet been developed for the African environment

Complementarity of solutions

All of the solutions discussed thus far provide individual options to increase knowledge of
rural road networks, either now or in the future. Some of the options are tried and tested,
some need to be developed further and some are potential technologies for the future. A
wide range of probable, possible and potential options have been discussed, and in many
cases a combination of solutions will produce the optimal outcome. Table 2 shows how
these different options can interact to provide optimum solutions for inventory and
condition capture.

Of the options identified that are already being utilised in the road sector, the solutions can
be categorised into two basic areas, collection of the data and processing of the data:

Data collection:

Satellite solutions

UAVs

Smartphone applications
DashCams

** https://www.nasa.gov/mission_pages/landsat/main/LDCM_TIRS_intro.html
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e Aerial photography

e LIDAR

e Roughness measurement
e Laser profiling

e GNSS

Data processing:

e Back analysis

e Change detection

e Spectral reflectance

e OpenStreetMap

e OpenRoads

e DEMs

e Drainage identification resources
e Mapping options

e Photogrammetry

e Interferometry

The ‘future’ options have not been included here as their utilisation is not yet clear. Most of
the data collection solutions provide raw data, such as satellite imagery or
videos/photographs, which have to then be processed further in order to provide useful
information. Most of the data analysis solutions use the data and process it into a useful
form of knowledge for the roads organisation. However, there is some overlap in the two
groups, for example smartphone apps collect the data and also process it, to present it as
roughness in terms of IRl, and OpenStreetMap collects information by crowdsourcing, as
well as processing it into maps.

In this respect the options are presented in the following table to show how complementary
technologies can work together:

Table 2: Complementarity of technologies

Solution Status Complementary technologies Comments/secondary options

Satellite Under DashCams and Roughness for ground|UAVs could also be used to gather

imagery development |truthing. information on structures, to

DEMs to indicate drainage channels. complement the basic assessment.

GNSS for mapping of roads. Processing options include back analysis,
Change detection for use with archive|change detection, mapping.

imagery. Where SAR imagery is used
Spectral reflectance to assess paved|interferometry is also an option.

roads.

UAVs In use / Generally associated with aerial| DashCams and roughness would be
under photography or videos. useful for ground truthing, if required.
development |[Can use LIDAR in addition for 3D|UAV imagery is being used to research

imagery. automated condition assessment
Photogrammetry also used to process
imagery for 3D results.

Smartphone |In use/ under|Can assist with other options, by|Limited accuracy of some apps

apps development |providing an estimate of roughness or|(roughness), but high potential for future
/ potential indication of where potholes are. use.

Videos may help to confirm outputs|Main use will be as a complementary
from smartphone apps. option to other technologies.
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DashCams Under UAVs to inspect structures. DashCams provide a snapshot of the
development |LIDAR to determine profile. road condition and inventory.
/ potential Roughness measurement equipment. |Potential to work with the other options
GNSS to provide location and route. mentioned to produce a detailed
condition survey of the road.
Aerial In use Works well with LIDAR to provide 3D|Most aerial photography is now being
photography imagery of roads and determine|taken from UAV platforms due to lower
accurate mapping. cost and ease of use.
Potential to work with other solutions|Archive aerial photography could be
to provide comprehensive mapping|useful for back analysis.
and condition surveys.
Photogrammetry used to produce 3D
mapping
LIDAR In use Can work with UAVs and aerial|Very accurate, used from aerial or
photography vehicle platforms.
Research ongoing to use LIDAR from a|Smaller and lighter versions now being
vehicle platform. developed for use with UAVs.
Roughness In use Usually a complementary option to|Roughness measurement is a solution in
measurement other surveys, as mentioned above. its own right, but can be a useful addition
to many types of surveys to confirm
results or to act as a baseline.
Laser profiling| In use Tends to be a standalone option to|Can provide information on roughness,
profile the road, but is usually part of a| rutting and defects. Often used with
more detailed survey. video and structural surveys to provide a
holistic view of the road.
GNSS In use Used to provide location and route, is| GPS incorporated into DashCams,

often incorporated into the other high-
tech solutions mentioned in this report.
Usually  the  accuracy required
determines whether individual GNSS is
used or not.

smartphones etc. tends to be accurate to
between 3m and 10m. If this is not
accurate enough then specialist GPS
equipment will be required.
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2 Methodology for Road Inventory Collection and Condition
Assessment from Satellite Imagery

2.1 Preliminary tasks

2.1.1 Deciding whether to use this Methodology

This system of road inventory collection and condition assessment is not appropriate for all
situations. The user should consider the options fully before deciding on this system. The
user needs to be satisfied that the system will provide the outputs that they require, for a
cost that is affordable within the time it is required. They also need to check that they have
the capacity to use the system.

The factors that should be considered are:

e Cost: At present satellite imagery is relatively expensive, especially at the higher
resolutions. Image providers recognise that the cost of imagery is restricting its use,
so changes are in place to provide imagery at lower cost by making it accessible in
different ways. This includes providing imagery that is accessed via the internet and
is therefore not owned by the user, but the user has access to it on a subscription
basis. Providers are using Application Programming Interfaces (APIs) to provide the
user with different options to suit their needs, both technically and financially.
Imagery is expected to reduce in price in the medium to long term, which will make
this system more financially feasible. In order to confirm that the system is
appropriate financially, the user should make an assessment based on the full costs
of the system, including calibration and ground truthing, and compare it to the costs
of carrying out the surveys using existing methods. There will be other
considerations, but a financial feasibility study should always be carried out.

o Detail: The user should be satisfied that the level of detail the system provides is
appropriate to the requirements. It should be noted that in many cases using 0.5 m
resolution imagery it is difficult to locate smaller structures such as culverts, and
their condition cannot be accurately assessed from satellite imagery, as this requires
being able to see inside the culvert. Other inventory features such as road signs and
barriers are also hard to define, but road markings such as lining and zebra crossings
on paved low volume roads through villages and settlements can normally be
identified, so long as they are in relatively good condition. The user must make a
judgement call on whether the system will provide them with enough detail for their
needs.

e Resolution: In terms of satellite imagery resolution there are four factors to
consider:

— Spatial Resolution: This specifies the pixel size of the image covering the
earth’s surface. If an image is referred to as 0.5 m resolution, each pixel will
be 0.5 m x 0.5 m square. This essentially determines how much detail can be
seen in an image.
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— Temporal resolution: This specifies the time it takes for a satellite to revisit a
location. In general high temporal resolution is less than three days, whereas
low temporal resolution would be more than 16 days. This is important to
consider if imagery is required quickly, or if seasonal limitations need to be
observed. High temporal resolution gives a much better opportunity to
acquire imagery within the timescale required.

— Spectral resolution: This determines the number of spectral bands within
which the sensor can collect reflected radiance. In addition to the number of
bands, the position of those bands within the electromagnetic spectrum is
also important.

— Radiometric resolution: This is defined as the ability of a system to record
many levels of brightness (contrast) and the number of greyscale levels.

These four factors determine the utilisation of the satellite image. There is a trade-
off between spectral and spatial resolution, as a system with high spectral resolution
can only offer medium or low spatial resolution, so it will be necessary to find
compromises between the two. Resolution depends on the instrument used and the
orbit altitude. For the system proposed in this guideline the overriding requirement
is the spatial resolution. The highest spatial resolution available at the present time is
0.25m from DigitalGlobe.

Accuracy: The accuracy of the system will depend on a number of factors:

— Human judgement: Manually assessing satellite imagery is a subjective process
and depends on how the assessor perceives the imagery. Their accuracy will be
down to how well they are trained, their knowledge and experience of roads and
road maintenance, their diligence, their attention to detail and how seriously
they take the task.

— Image quality: Even at the same resolution, imagery quality can vary. This can be
dependent on atmospheric conditions and how well or appropriately the image
is processed.

— Calibration: The calibration process is described in detail later, but it is an
important factor in determining the accuracy of the system because it acts as a
guide to the assessor.

The user should assess whether the potential accuracy is sufficient to provide the
information they need, or not, and whether they have sufficient resources to deliver
that quality in terms of training, qualified staff and calibration equipment. In general,
although a five-level system is inherently more accurate, a system with less levels of
condition can be assessed more accurately using satellite imagery. This is also likely
to be the case for other subjective types of assessment, such as visual assessment.
Inventory collection is less subjective and more related to image quality, for example
a road sign may be visible, but it will probably not be possible to determine the
nature of the sign.

In trials the three level condition system attained an accuracy against the ground
truthing of approximately 80% to 85%, whereas a five level system was in the region
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of 60% to 70%. It should be noted that the assessments that were more than one
condition level away from the ground truthing were low, at less than 5% for a five
level condition system, and less than 1% for a three level system; so if a broad
assessment is required this gives confidence that it will be accurate enough.

In terms of mapping road centre-line position, this system is likely to be more
accurate than traditional methods and better than hand-held GPS, smartphone or
other standard GPS-enabled technology (unless specialist equipment is used). The
imagery is very high resolution and enables the person digitising the roads to fix the
centre-line accurately, to within a metre horizontally, or better. Road lengths will
also be more accurate than vehicle odometers, measuring wheels and other
traditional methods.

Time: The user should also consider how quickly they need the information. For this
system the main constraint is when the imagery can be acquired. Assessments
should be planned for the dry season so that imagery can be acquired within a
reasonable timescale.

In terms of the actual assessment it can be carried out very quickly, depending on
how many staff are assigned to the task. With practice it should be possible for each
person to assess approximately 100 km of road per day, and with experience
possibly more, depending on the clarity of the imagery. Although many staff can be
used to assess the imagery concurrently, there is a risk that consistency will reduce,
especially in the first year. If staff are trained well, retained on the same task and
gain experience, consistency will build.

For a rapid assessment of a large network, this system could prove to be a good
option, provided that the other factors combine to produce an appropriate output.

Resources: The user should carefully consider the resources necessary to implement
this system, including imagery acquisition, calibration and ground truthing, software
and hardware, training, assessment and analysis of the results. They are summarised
below:

— Imagery acquisition is usually done through websites or directly with the
supplier, but payment may need to be made in Dollars or Euros, which can be a
problem for some road organisations.

— Calibration will require resources to assess the condition of a sample set of
roads, in the same way that it has been traditionally done. This sample is likely
to be less than 5% of the network, but should be allowed for.

— Ground truthing is part of the calibration process, but may include the use of
equipment, such as video cameras, roughness measuring equipment and
smartphone apps.

— Software will be necessary, QGIS is recommended as an open source freeware,
but other GIS programmes may be preferred if staff are already familiar with
them.

— Hardware may need to be procured, specifically external disk storage or server
space for large files (video files). In addition smartphones, cameras or video
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cameras may be required, and specialist roughness measuring equipment would
be optional.

— Training will be necessary in GIS software, imagery interpretation and analysis,
and the extent of this training will depend on the existing capacity of the
available staff.

— The human resources to assess the imagery for road condition and analyse the
results are clearly essential. The capacity should be carefully assessed as the
organisation will procure expensive imagery, and the staff need to be available
and qualified to assess it effectively.

Permanent Record: The user should also consider if a permanent record of the
inventory and condition assessment is desirable. This system provides permanent
evidence of the road condition, via the imagery, which can be revisited at a later
date, as well as mapping, so that current and future maps can be checked accurately
against the imagery. It can also be useful in terms of cadastral mapping, where
boundaries are in dispute or alignments change over time due to encroachment.

Having a permanent record of the road network is desirable in most cases as it
allows auditing to take place. Condition surveys can be checked by assigning a
different person to assess the same road, and comparing the results. This facilitates
continuous checking and improvement of the system. It can also be useful in terms
of monitoring the effects of climate change on roads, and assessing their resilience.
It is also possible to monitor community changes to some extent, in terms of
residences, although it is not possible to measure the number of people resident.

All of these uses can be facilitated by a satellite condition assessment system that
has been used to extract road mapping and inventory, in order to provide a
permanent record of the road network.

Licensing: It should be noted that all satellite imagery comes with terms and
conditions, and a licence agreement. All suppliers have different licence agreements,
but the principles are similar. There is normally a single ‘End User’ who has the right
to ‘use’ the imagery, within the limits specified.

The legal terms and conditions under which satellite imagery is procured can be
confusing to a new customer, as it can be unclear as to the reason behind the legal
requirements. Whilst every supplier will craft their own terms and conditions some
broad principles are common:

— Satellite imagery is easily copied hence, in order to protect their investment,
suppliers seek to restrict the way in which the user can copy and distribute
the imagery. To allow this control suppliers do not transfer ownership to the
user; the user does not own the imagery, they only have a licence to use it.
This also means that they cannot have exclusivity over the imagery, so the
supplier can re-sell the same imagery to another user.

— The licence will include details as to how the imagery can be used. Clearly the
user cannot just make copies of the imagery and sell them on, but it can be
less clear as to how any products using the imagery can be distributed.
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— The licence will normally make a distinction between products in which the
initial imagery can be extracted and those in which it can’t. The former have
restrictions on their distribution (normally only internally to the customer, or
to a small number of named sub-licensees) and the second, which are termed
‘Derived Works’ by Airbus DS and ‘Feature Derivatives’ by DigitalGlobe,
normally have unrestricted distribution.

— As an example, if a user took a satellite image and overlaid it with annotation
showing the condition of various roads, this would have tight restrictions as
to its distribution. This is because, despite the annotation, the imagery is
complete and could be extracted and used for additional purposes by anyone
who receives it.

— If a user extracted road condition from the imagery and presented it in a
tabular form, perhaps in a spreadsheet or database, or presented it as a
shapefile, then it could be given a wide distribution. This is because the
original imagery cannot be extracted from the product.

— Provision is normally made in the licence terms for the use of the imagery for
promotional, or media, purposes.

Sample licence agreements and conditions of use can be seen here:
http://www.intelligence-airbusds.com/en/886-legal-documents-and-supply-
conditions

and;

https://www.digitalglobe.com/legal/product-terms-and-conditions

Appropriate uses

In summary, this system is most appropriate for the following country or regional situations:

Medium to low precipitation, with longer dry seasons, so that the imagery can be
reliably procured

Medium to low vegetation cover, so that inventory items, drainage and other
features are more visible

A lower number of condition levels, for example the ideal system would be three
levels of Good, Fair, Poor which can be assessed more accurately than a five level
system, although the five level system will provide an inherently more detailed
outcome

Three levels of condition should be adequate for many lower level rural roads

Areas that are inaccessible or hard to reach because of conflict, where this system
allows the assessor to save resources or assess the roads with minimal risk

A country that has an operational RAMS where the type of information from this
system would be helpful to produce the outputs of the RAMS

Anywhere that accurate mapping and road lengths are required
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Where basic information and condition on the network is sufficient for the needs of
the roads organisation; detailed inventory and accurate roughness or structural
assessment is not possible with this system

Where even basic information on the network is lacking, such as the location and
length of roads, plus their condition

Where information on the network is required quickly over a wide area

Less appropriate uses

The situations where the system is less appropriate are generally as follows:

2.1.2

In heavily tropical areas with long wet seasons

Areas with very high vegetation levels as the road furniture, assets and surface can
be obscured by the canopy, and the vegetation can also obscure waterways and
structures

In countries with five level assessment systems the system would need to be
assessed to see if it provides the necessary accuracy

If detailed inventory, bridge and culvert condition information is required, this
system would not be appropriate

Where there is a complete and up to date inventory of roads, their assets and
conditions; in this case it would be necessary to check if the system would add
anything to the existing information

Procuring Imagery

The majority of satellite imagery can be procured online. However, it is always advisable to
make contact with the supplier first in case any discount can be negotiated or any special
deals are available. Also it should be possible to liaise with the supplier to have the images
processed to suit the particular need, for example for road condition particular hues or
contrasts may provide a clearer image for assessment.

For road condition, Very High Resolution (VHR) imagery is used, although there is no
internationally agreed definition of the different resolutions. The following definition from
the European Union (EU) provides a good guide:

VHR1 Very High Resolution 1 where resolution<=1m

VHR2 Very High Resolution 2 where 1 m <resolution< =4 m
HR1 High Resolution 1 where 4 m <resolution< =10 m

HR2 High Resolution 1 where 10 m <resolution< =30 m
MR1 Medium Resolution where 30 m <resolution< = 100 m
MR2 Medium Resolution where 100 m <resolution< = 300 m

LR Low Resolution where resolution > =300 m
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There are several different suppliers who supply a range of resolutions, as well as Synthetic
Aperture Radar (SAR) imagery. The suppliers, resolutions and costs are changing constantly
as new satellites are launched, so for the most up to date information on which resolutions
are available and from which satellites, it is best to check the internet. The following are the
current suppliers of VHR imagery less than 1 m resolution when processed:

— Deimos-2

— Dubaisat-2

— EROSB

— GeoEye-1

— Kompsat-3

— Pleiades 1A & 1B
— Skysat (TerraBella)
— UK-DMC3 (constellation)
— Worldview 1

— Worldview 2

— Worldview 3

— Worldview 4

Detailed guidelines on how to procure imagery are shown in the Training Manual; Annex A,
Section 7.1, page 78.

Two types of imagery are available; tasked and archive. Tasked imagery is acquired by
‘tasking’ the satellite to take images of a particular area, whereas archive imagery is
generally imagery that has already been taken and is stored in a database. Imagery is
generally considered to be archive when it is more than two months old.

Tasked Imagery

In order to acquire new imagery for a particular area, it is necessary to ‘task’ a satellite to
take that imagery. This involves a number of decisions:

e Define the Area of Interest (Aol). This is a geographical area of the earth that you
want to assess. The area can be any shape or size. It is necessary to define the geo-
referenced location of the shape, either in latitude/longitude or in terms of the
Universal Transverse Mercator (UTM) coordinate system, which uses Eastings and
Northings. The two can be converted easily by using on-line converters, such as
http://www.latlong.net/lat-long-utm.html. It may be necessary to know the UTM
Zone in order to carry out this conversion, which can be found in QGIS.

e Define the maximum amount of cloud cover you are willing to accept. This is defined
in terms of percentage of cloud. If it is necessary to have a completely cloud free
image, you can specify 0% cloud, but this will make it more difficult to acquire the
imagery. For the recent project a level of 10% maximum cloud cover was used. This
was only an issue in Uganda, where some cloud was present. However, where
portions of a road was obscured by cloud it was possible in most cases to estimate
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the general road condition under the cloud based on the sections of road that were
visible.

e Define the angle of incidence: This defines the angle at which the image is taken, as
shown in Figure 26. It is generally accepted that an angle as close to nadir (a 0°
viewing angle) as possible is best, as this provides a more accurate image with less
perspective based distortion or obstruction, for example by trees. For this project a
maximum angle of incidence of 20° was used, because it gives a better chance of the
imagery being procured within a reasonable timescale. If lower angles are specified,
it effectively reduces the area of the earth that the satellite can procure imagery
from. It is not recommended that angles more than 20° are specified for the purpose
of road condition assessment.

Figure 26: Angle of Incidence for satellite imagery

e Define the date of acquisition: It is also necessary to define the dates between which
you wish the imagery to be acquired. If it is not possible to acquire the image
between these dates, it will be necessary to extend the time allowed for acquisition,
provided that the conditions are still appropriate for image acquisition, i.e. minimal
cloud. The time required depends mainly on the environmental conditions. Most
satellites revisit areas every few days, or even more frequently, so if conditions are
good, acquisition can be achieved quickly. Some local issues such as dust and
burning can affect acquisition. Depending on the provider used, there may be
differences in price depending on how soon the imagery is required. Some providers
make a distinction between emergency, rapid and speculative tasking and change
their prices accordingly. For humanitarian emergency situations the providers can
provide imagery at no cost.

Archive imagery

In general, archive imagery can be defined as imagery that was acquired more than two
months previously. It usually attracts a lower price, in some cases up to half the cost of
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tasked imagery. The assessor will have to make a judgement as to whether archive imagery
is appropriate for the task in hand, or not. This will depend on a number of factors:

e Timing: If there has been little or no rain since the imagery was acquired, it is likely
that road conditions will not have changed significantly and the imagery will
therefore be appropriate. However, if the archive imagery was acquired either
before or during the wet season there is a risk that conditions will have changed.

e Development of the network: It is possible that some new roads will have been
constructed since the archive imagery was procured. In most cases this can be
checked with the local road administrative bodies, but if the purpose of the
assessment is to consider informal or very low level roads, this information may not
be available. The assessor should therefore make a judgement on this basis, having
liaised with the relevant authorities.

e Maintenance: It is possible that major maintenance or rehabilitation will have taken
place on the network since the archive imagery was acquired. If condition
assessment is the main aim of the exercise, this would reduce the accuracy of the
assessment as some roads would show a different condition on the imagery to their
actual condition at the time of assessment. In such a case the assessor should
consult the local road administration to determine whether major maintenance has
taken place since the date of the archive imagery acquisition.

As archive imagery has already been acquired, it is not necessary to specify information such
as cloud cover and angle of incidence. It is possible to visit the relevant websites and check
what imagery is available. The imagery can be viewed to check for clarity and cloud cover,
before a purchase is made.

2.1.3 Software

GIS software is essential for this system in order to process the imagery and carry out the
interpretation and assessment. It is recommended that QGIS is used because this is
freeware that can be downloaded without charge, although there are terms and conditions
of use that the user should check before committing to this software. It is possible to use
other GIS software if the necessary licences have been procured, but the training manual
has been produced based on QGIS. If a different software were used, the manual would
need to be revised, although the principles will be similar.

There are various versions and it is constantly being updated and improved, but the current
training manual is based on Version 2.14. However, later versions are also appropriate and
any differences in instruction from the manual will be fairly minor. The software is available
for Windows, Mac OS X, Linux, BSD and Android and can be downloaded from the QGIS
website at: http://www.ggis.org/en/site/forusers/download.html

No other specialist software is necessary, apart from the normal operating systems that are
installed on standard computers. It is recommended that the user also has word processing
and spreadsheet applications available as they can be useful in analysing and presenting
data.
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2.1.4 Pre-processing of Imagery

There are a number of processing activities that normally happen before the imagery is
provided, hence they are called pre-processing. This is undertaken by the image provider,
but the user can provide some input into how they want the processing to be undertaken.

e Orthorectification

Satellite images are taken of a curved surface, the earth. Orthorectification is the process of
removing the effects of image perspective (tilt) and relief (terrain) effects for the purpose of
creating a planimetrically correct image. By combining coordinates of identifiable reference
points in the image with detailed height data, each pixel is placed in the correct geographic
location. The resultant orthorectified image has a constant scale wherein features are
represented in their 'true' positions.

e Pan-sharpening

Pan-sharpening is a process of merging high-resolution panchromatic (grey shades) imagery
and lower resolution multispectral imagery to create a single spatially detailed, high-
resolution colour image. There is software available that will undertake this process, but in
most cases this is undertaken by the image provider. It is of course possible to acquire the
panchromatic and multispectral images separately, but this is usually only done for specialist
uses.

e Atmospheric corrections

Atmospheric correction is the process of removing the effects of the atmosphere on the
reflectance values of images taken by satellite or airborne sensors. This is necessary because
some of the light reflected towards a sensor will be scattered by particulates or water
droplets, and alternatively additional radiance can reach the sensor due to the same issue.
Atmospheric correction accounts for both of these phenomena in order to produce a more
accurate image. There are various methods for achieving atmospheric correction, but this
will again be carried out by the image provider in most cases.

e Mosaicking

When an order is made for satellite imagery, it usually bears no relation to the path of the
satellite. Therefore, in order to provide the requested Aol it will be necessary to ‘stitch’
different images together. This process is referred to as mosaicking, as the image tiles are
combined in a similar way that mosaics are constructed. The image provider will combine
different overlapping images into one seamless mosaic of images. This process is usually
automated or semi-automated.

e Format conversions

Satellite imagery can be supplied in a wide range of file formats. In most cases they are
supplied in a picture format that is compatible with GIS software, such as GeoTIFF. Usually
the image data can be converted to many different types of formats to suit the user, in
digital or print.

2.1.5 Processing Imagery

There are a number of tools available in QGIS and other GIS software that allow the user to
alter the appearance of the imagery. Basic processing of the image is important so that it is
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presented in the most appropriate way for its intended use, so for road condition
assessment the road surface needs to show as much detail as possible. Detailed guidelines
on how to process imagery are shown in the Training Manual produced under this project,
page 20 and 27-31.

2.2 Inventory collection

2.2.1 Introduction

In order to collect inventory details, an accurate map is required. VHR satellite imagery
provides a very good basis for mapping, using digitisation. Inventory information can be
collected from the imagery, although the effectiveness varies between inventory types. For
example, it is very difficult to identify road signs, and almost impossible to identify the type
of sign. However, larger structures such as bridges tend to be easier to identify, whereas
culverts are harder to see. For rural networks road furniture is usually less frequent, but it is
important to locate structures and vulnerable areas such as landslides or bio-engineered
slopes.

2.2.2 Mapping

Once the imagery has been processed it is ready for mapping, inventory collection and
condition assessment. If accurate and up to date GIS-based maps are already available, it
should not be necessary to produce any new mapping from the imagery. However, the
mapping is an important part of the project so the user should check carefully that maps are
accurate and appropriate for use.

Mapping can be carried out as a stand-alone process to produce accurate and recent maps
of an area. This is achieved by digitising the centre-line of the road on a layer created in
QGIS. The process of digitisation is explained in the Training Manual in Section 5.2.1, pages
66 and 67. It is also possible to assign attributes to the digitised line as it is created, using
spatialite files. In this case these files would need to be established before the digitisation
starts: this process is covered under section 2.11. Mapping can also be used to locate road
inventory items. For rural roads there tend to be less inventory items than feeder or
strategic roads, but it is still important to collect what is there.

For the purposes of mapping, it is not always clear from the satellite imagery what is a road,
and what could be a track. In some countries the width of the road determines its status, for
example roads less than 3 m are not likely to be official roads. This is an estimate that will
vary between countries, but the absolute definition of a road must usually be taken on a
case by case basis, with the input of the local responsible authority. It is of course possible
for roads to be created and regularly used, without becoming the responsibility of the roads
organisation. This is the case in many countries, so the digitised network will need to be
double checked to ensure that only the registered roads are shown, or at least
differentiated from the other roads that are not registered. Figure 27 shows an arid area in
Zambia where there are a number of tracks and trials, but the only official road is indicated
by the amber digitised line.
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Figure 27: Image with many potential roads

2.2.3 Chainage versus geo-referencing

Traditionally road assets have been located using chainage, which is the distance of the
asset from the start of the road, measured along the alignment of the road. With the
adoption of GIS databases and applications, the option to geo-reference assets is also
available and is being increasingly used. However, for maintenance gangs to locate the asset
or source of a defect it is still likely to be more convenient to use chainage, so if possible
both options should be made available. QGIS on its own does not easily allow chainage to be
used, but most databases or RAMS do provide this option.

2.2.4 Road characteristics

The key to an effective road inventory is an accurate and current road network, with all of
the roads identified with descriptions and geo-referenced. A road inventory is best managed
within a database or GIS system, where it is easy to call up and manipulate the data. The key
parameters of a road should be defined based on the requirements of each inventory, with
typical inventory information being:

e Road Length; an accurate road length, digitised from the mapping as described in
section 2.1.6. Figure 28 shows how the road length can be determined in QGIS. First,
the user should click the symbol and use this to select the digitised road. Once
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the road is selected, as shown highlighted red in Figure 28, the features table will
show on the right hand side. From this it can be seen that this road is 3.633 km long.

e -B-a-L=E5 s8¢ Ty
2l
1 Identify Results
3 F= 5

Feature Value
4 condition
4 pname Local Road 2
4 (Derived)

(dicked ... 697217
(dicked ... 8293723
Closest ... 697216
Closest ... 8293739
Closest ... 62
Length 3.633 km
Vertices 170
feature id 23
firstX 695901
firstY 8293560
lastX 698423
lastY 8295269

4 (Adions)
= View feature...
name Local Road 2
condition Very poar
width 4
type village to vill...
colour #fF7600
4 name Local Road 2
4 (Derived)

(dicked ... 697217
(dicked ... 8293723
Closest ... 697216
Closest ... 8293739
Closest ... 62
Length 4,357 km
Vertices 211
feature id 28
firstX 695901
firsty 8293560
lastX 699070
lastY 8295393

aas, ) DigitalGIobe; Inc.

Figure 28: Road length example

Sections or links; divisions of the road based on significant changes in one or more of
the road characteristics, such as road surface type or geometry. Characteristics of
the road surface can be identified to some extent from the imagery, as shown in
section 2.3. Horizontal geometry can also be seen from the digitised line, although
changes in altitude that determine vertical geometry are more difficult to attain.
Some databases, or proprietary mapping applications such as Google Earth will show
the altitude change as the cursor moves along the road.

Approximate width; an average width of the road, determined from the imagery by
taking regular width measurements and averaging them. Figure 29 shows the
measuring tool in QGIS that can be used to measure the road width. The =~ symbol
can be used to open the measuring tool; the user should then click on either edge of
the road (as shown by the joined blue dots) and the dimensions will be displayed.
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Figure 29: Measurement of road width

e Start point; including an accurate description of the junction and a geo-referenced
location. As a minimum the start point description should show the name/number of
the two roads that intersect. Other information should be included such as nearby
landmarks or features, which could include houses, structures or natural features.
The geo-reference should also be recorded; in QGIS this is shown at the bottom of
the page, for example in Figure 29 it is shown as ‘Coordinate’.

e End point; including an accurate description of the junction or point and a geo-
referenced location. The end point can be a junction of two roads, or a simple point
on the map. Often rural roads will end at a village or house, or at a natural feature
such as a river. The end point should be described as accurately as possible and the
coordinates should be recorded.

e Significant junctions; where a side road meets the main road. It is important to
locate and reference significant junctions, either by chainage or by geo-referencing,
or both. A description of the junction location should also be recorded.

e Surface Type; including significant points of change in surface. In most cases a
change in the road surface can be seen on the satellite imagery. This should be
recorded in the details of the road features in QGIS, or whichever database is being
used, and may be used to define different road sections, depending on the criteria
used by each road organisation.
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2.2.5 Road furniture

In the context of rural roads, the most common road furniture items are traffic signs,
direction signs, mile posts, bollards and confidence blocks. Urban and strategic roads can
also contain other furniture, such as traffic barriers, benches, post boxes, street lamps,
traffic lights, bus stops and waste bins.

Occasionally objects can be identified from VHR satellite imagery that could be road
furniture, but not in enough detail to determine their exact nature. For example it may be
possible to see a road sign, but it is not possible to identify what type of sign it is. An
example of potential road furniture can be seen in the three different roads in Figure 30.

AIRBUS
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Figure 30: Location of road furniture

Therefore, at the presently available resolution of 0.5m, it is only possible to identify
potential road furniture. This is not sufficient for most requirements, but it should also be
noted that rural roads in general have very few road furniture assets. If there is road
furniture on a rural road it is best identified by video surveys, UAV surveys or by traditional
driver-through surveys.

2.2.6 Drainage structure identification

It is also possible to identify some drainage features from the satellite imagery. The general
parameters used are shown in Table 3:

Table 3: Parameters used for drainage identification and condition assessment

Item Description Comments
Iltem I.D. Automatically generated, but | QGIS and most databases will
can be edited automatically  generate identity

numbers for items, but these can be
changed to suit the prevailing
inventory system

Type Bridge, culvert, drift or | There are many different types of
causeway, vented causeway, | drainage within the main descriptions
unknown offered. These can be set in QGIS

spatialite files and edited as
necessary.

Drainage condition | Based on the prevailing | Each country has guidelines to assess
system, i.e. Good, Fair, Poor, | drainage features, and the levels of
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Unknown

condition can vary from three to five.
From the satellite imagery it is not
possible to see underneath or inside
the drainage features, so the true
condition cannot be assessed from
satellite imagery, hence  the
‘unknown’ category. Only superficial
condition of the top of the structure,
and any obvious non-functioning
drainage such as washouts, can be
reliably assessed from the imagery.

Length / Diameter | Approximate

length or

diameter of drainage feature

The dimensions of the structure can
be measured as shown in Figure 29,
so for bridges and drifts the length
and width is possible, but for culverts
only the length, and not the diameter,
can be measured. It may also be
possible to estimate the approximate
height of a bridge from the shadow
cast and the time of day.

Drainage features should be
entered into a QGIS layer as point
features. A different symbol can
be allocated to each type of
drainage feature, so they can be
easily identified on the imagery.
The symbols can be coloured
appropriately to indicate
condition, if known. There is also
provision for ‘Possible Drainage’,
where the assessor thinks there
should be a drainage structure,
but one is not visible on the
imagery, and ‘Unknown’, where a
drainage structure can be seen
but is not identifiable. It is
recommended that these two
categories are shown in blue, as
no condition can be attached to
them. The scheme shown from
green (good) to red (poor) is a
standard traffic light type scheme
and is the default for this
methodology, but the assessor
may wish to change this to match

© Airs Defence and Space — Nigeria, 2013
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Figure 31: Drainage locations plotted on a satellite image
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an existing scheme in their own country.

An example of drainage identification using the spatialite file can be seen in Figure 31. The
set-up of a spatialite file for drainage features is shown in Figure 32; note that any shape or
colour can be used to identify the features, so long as they are consistent within the country
or region being assessed.

Drainage Spatialite | Style @) L
gerp ISy ./ Symbol selector Pl ]
= Categorized
4 A Marker
Column abc Drianage Type A Simple marker |
A L
Symbol [
Color ramp [Random colors - " —
N &P LAY H
Symbol Value Legend .
Oe Bridge Bridge Unit [Millimeter -]
Co Culvert Culvert Transparency 0%|_|
- ol sl | ¢ (. |
e Drift Drift -
A Unknown Unknown Size 3.00000 SR E
Rotation 0.00 ° SRES
Symbols in group v
o 'S ] ® o o © Q
Star culv airport  arrow  capital circle city  diamond ellipse
® o * w * A 3
]
pentagor square star star2 star3  triangle triangle2 M
]
¥ Layer rendering - 1 =
Layer transparency D
Layer blending mode Normal
Feature blending mode [Normal ™ gl

Figure 32: Set-up of a spatialite file for drainage features

A number of symbols are readily available in QGIS, but there is an almost unlimited source
of other symbols available on the internet. The training manual provides links to some of
these sources.

Drainage is not always
easy to identify,
especially in  heavily
vegetated areas where
water courses and other
features  are often

obscured. In drier areas /é’ I =5 M
with minimal vegetation ¥ bigitalGlobe, Inc. | £ w, i
it is much easier to see. ; o - it
Nevertheless mistakes Figure 33: Satellite image of bridge Figure 34: Vented causeway

7

can be made, for

example in Figure 33 whereError! Reference source not found. the imagery appears to
show a bridge, but it can be seen in Error! Reference source not found. that it is in fact a
vented causeway. This is an example from Zambia, with the imagery acquired in October
2016. Despite this issue, satellite imagery can be useful in identifying where drainage
structures are, or should be, on a road.
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Digital Elevation Models

DEMs can be helpful in identifying drainage
features by indicating where the likely basins and
channels will be. How to process DEMs to show this
information is covered in detail in the Training
Manual on pages 31 to 46, and in section 1.7.6 of
this guideline.

Figure 35 shows a DEM with an area processed to
show the likely channels. These channels will
approximate to rivers, streams and general
watercourses. Given that the resolution is only 30
m, the accuracy is not exact, but it can provide a e »

good approximation of the ||ke|y locations of Source: NASA SRTM digital elevation models
bridges, culverts and causeways. Figure 35: DEM with channels shown

Figure 36 shows a more detailed extract of the
basins and channels that has been processed using
QGIS. Basins are the catchment areas shown in
different shades of grey, and the channels are the
likely drainage routes shown in light blue, within
each catchment.

Figure 37 shows a close up of the channels, ATk
superimposed on top of a satellite image. The light Source: NASA SRTM digital elevation models
blue line shows a likely drainage channel, which  Figure 36: Basins a"d;::n""e's processed from
approximates to the watercourse that is visible on

the satellite image. From this it is possible to locate the two brides/culverts that must be
present on the two paved roads shown. B A Lz

The assessor should look for:

e The channel lines in QGIS that will indicate the
likely location of watercourses

e Watercourses in heavily vegetated areas may
not be easily visible, so it may be necessary to zoom
in and out to locate them

e Any sign of structures alongside the road that
could indicate the presence of a drainage structure

© Airbus Defence and Space — Ghana, January 2017
Figure 37: Channel line shown on satellite imagery
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Some examples of drainage structures are shown below:
Causeways/Drifts

Figure 38 shows a causeway or drift, depending on
the terminology used. The obvious waterway
shows that there should be a drainage structure in
that location. The narrowing of the road, plus the
lighter surface colour, confirm the presence of a
causeway.

The assessor should look for:

A watercourse that crosses the road : AIRBUS

°

° Narrowing of the road © Airbus Defence and Space — Kelnya, March 2017
. ) Figure 38: Causeway location

e Straight, well defined edges

e Some slight shadow, depending on angle of incidence
e A different colour to the surface, a lighter colour could indicate that the causeway is
concrete

Turnouts/side drains

Figure 39 shows drainage turnouts and side drains
along a rural gravel road. The presence of turnouts
indicates that there is a side drain, in this example
an earthen side drain. The direction of the
turnouts also indicates which way the road is rising
vertically, so in this case the road is higher to the
left hand side and the water drains towards the
right.

AIRBUS
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Figure 39: Turnouts

The assessor should look for:

e Additional lines parallel to the road that could
indicate side drains

e Diagonal lines coming from the additional lines that indicate the presence of turnouts

e Side drains and turnouts will look similar in appearance

e A lack of culverts generally indicates that turnouts will be used, as seldom are both
present

Large culverts

Large box culverts are more easily identified than
smaller pipe culverts, due to the sizeable
headwalls, as can be seen in Figure 40. In some
cases the direction of flow can be estimated by the
erosion visible on one side of the culvert.

The assessor should look for:

e Headwall structures close to the pavement

e Evidence of drainage or small streams AIRBUS

© Airbus Defence and Space — Kenya, March 2017
Figure 40: Box culverts

60



Small culverts

Smaller culverts are more difficult to identify,
especially in heavily vegetated areas where
watercourses are not obvious. In arid areas it is
generally easier to locate small culverts as the
watercourse is clear and headwalls, outfalls and
erosion may also be visible. Figure 41 shows a
small culvert where the headwall and outfall are
visible, but this is still not very obvious. However,
when the image is zoomed out, as in Figure 42,
the watercourse becomes clear and it is obvious

that there should be some form of drainage at
that point on the road.

The assessor should look for:

e A watercourse that crosses the road

e Any sign on the road shoulder that there
could be a structure, headwall our outfall.

e Any sign of erosion on the shoulder or verges

e Any difference in the growth or density of
vegetation, often plants will grow more densely in
wetter areas

Bridges

Bridges can normally be seen on VHR satellite
imagery. For rural roads, where bridges are
smaller and less distinct, they can usually still be
identified by locating the water course, as shown
in Figure 43, which is in a highly vegetated area.
The span can be measured using the tool in QGIS
explained before. A rough rule of thumb is that if
the span is more than 5 m it is likely to be a
bridge, rather than a large culvert or causeway,
although this varies from country to country.
Figure 44 shows a bridge in an arid landscape
where the watercourse is clearly defined and the
presence of a bridge is obvious.

The assessor should look for:

e C(lear evidence of a watercourse, generally
bridges will be on rivers or larger streams

e A structure across the watercourse, generally
with well-defined edges and a uniform surface

e Shadow cast by the bridge (depending on the
angle of incidence)
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Figure 41: Culvert
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Figure 42: Culvert, zoomed out

© Airbus Defence and Space — Ghana, January 2017
Figure 43: Bridge in highly vegetated area
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e A possible slight change in the width of the road

2.2.7 Materials sources

It is also possible to identify materials sources using
satellite imagery. Quarries and borrow pits can
usually be seen clearly from the imagery, as shown
by the red circles in Figure 45, but the ownership
and material type, quality etc. will need to be
verified through contact with local engineers and
district staff. There is the possibility to use spectral
signatures to identify new materials sources®, as
mentioned in 1.1.4.

&
cF

The assessor should look for: AIRBUS

° Open areas that have no vegetation, usuaIIy © Airbus D(?fenceandSpaceTGhana,January2017
X i Figure 45: Materials sources
close to the road, but certainly with an access road
to the main road, as shown in Figure 45
e  Cut sections and wheeltracking within the area, which would indicate the presence of
earth moving machinery

2.2.8 Delineation

For paved roads, it is often possible to see the white
or yellow lining, as shown in Figure 46. On older
roads the lining may have been worn away, but on
newly surfaced roads with a dark surface, such as
the one shown in Figure 46 it is clearly visible. This
imagery can act as a permanent record of the lining
for future reference, so that it can be replaced
exactly when the road is resurfaced.

The assessor should look for:

e  Firstly identify the paved road, which will be
black or dark in colour

4™ AIRBUS
° Look for Whlte or ye”ow road marklngs on the © Airbus Defence and Space — Ghana, January 2017

Figure 46: Delineation
road surface &

> Hearn G, Greening T, Otto A; ldentification and mapping of calcrete deposits in Inhambane province
(Mozambique), 2013
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2.3 Condition Assessment

2.3.1 Introduction

2.3.2 Calibration

It is necessary to calibrate the system for each country or physiographic region, because the
nature of roads, materials, construction specifications and maintenance methods will vary,
and all of these factors can have an influence on the appearance of the road on a satellite
image. If the road features vary greatly within a country, it may be necessary to calibrate by
regions.

Calibration is achieved by identifying a sample area or roads that are broadly representative
of the network you want to assess. An Aol should be selected which includes roads that
cover the whole range of possible conditions, for example if a five-level condition system is
used it will be necessary to find an area that includes roads which will be assessed as Very
Good, Good, Fair, Poor and Very Poor. Alternatively if a three level system is used, the roads
will need to cover the conditions of Good, Fair and Poor. In order to do this for rural roads it
will probably be necessary to liaise with local road administrations, who should have a
better knowledge of the rural network than the national road authority.

The size of the Aol for calibration will depend on the density of the network and the range
of conditions that can be found. It is estimated that in most cases it should be possible to
calibrate using less than 5% of the network. If a larger sample is used it could result in
slightly higher accuracy, but the higher cost is unlikely to be justifiable. The need to include
local knowledge for the calibration process should be stressed.

The same imagery will be used for the calibration as for the main assessment. If subsequent
assessments are carried out at different times of the year it will be necessary to recalibrate,
as the appearance of the road will be different. If subsequent assessments are carried out at
the same time of the year calibration should not be necessary, unless changes have been
made to the condition assessment process, such as a change in the number of condition
levels or changes in the criteria for assessment. However, it is advisable that spot checks be
carried out each year to confirm that the assessment guide is still valid and accurate.

2.3.3 Ground Truthing

In order to establish a baseline for the calibration, it is necessary to carry out ground
truthing on the roads within the Aol. The ground truthing should be based on the existing
road condition assessment system in the country. This has the benefit of being able to
compare the current results directly to previous years and use them for back analysis if
necessary.

However, most systems specify that road conditions should be shown for particular lengths
of road, typically every 500 m, 1 km, 2 km or 5 km. This conflicts with the nature of the
satellite system, which is able to record the condition whenever it changes, with no
additional effort. The user needs to decide what type of output is required and adjust the
system to suit. It is recommended that a minimum condition length is applied to all roads
under the satellite system, and this would typically be between 100 m and 250 m. Areas
that show significant but very short changes in condition should be noted separately.
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If there is no established system of road condition surveys, or if there is flexibility in which to
select, it is recommended that a three level system is used. Three level systems have been
proven that they can be more accurately assessed than four or five level systems because
there are fewer choices to be made between condition levels. When selecting the system to
be used the assessor should bear in mind what the information will be used for and how
detailed or accurate it needs to be.

All of the roads of interest to the roads organisation within the Aol should be assessed for
condition. It is recommended that additional high-tech tools be used for the calibration, to
assist in the accuracy of the assessment and to provide the ability to audit the results. These
tools could include:

e Instruments for measuring roughness that are appropriate for use on paved and
unpaved roads, for example the bump integrator, roughometer, inertial
measurement unit; with the proviso that very rough or dusty roads cannot be
surveyed. It may also be possible to use a laser based profilometer, but this tends to
be too expensive for rural roads.

e A mobile-phone based app to provide an approximation of roughness, such as
Roadlab or Roadroid. This is a new technology and its accuracy for poorer condition
rural roads has not yet been fully tested for all apps. The app can however give an
approximation of roughness that allows the user to compare different roads,
although the results should be used with caution, as discussed in section 1.3.1.

e A video camera mounted within the vehicle. DashCams have been used for this
purpose effectively, and are cheap and easy to use. They provide a high definition
video of the road, and in addition to the video they record useful information such as
speed, location (geo-referenced), orientation, XYZ movement, date and GPS tracks.
This information provides a permanent record of the assessment and can be used to
audit the ground truthing. It is also possible to carry out the assessment directly
from the videos, which omits the need for an engineer to visit the site. This is shown
in section 1.6.

2.34 Developing an assessment guide for calibration

When the ground truthing has been finalised it is necessary to develop an assessment guide
for calibration, similar to the assessment guidelines documented in the trials reports. This
guide consists of sample satellite images from each condition of road, along with notes on
image interpretation and if possible some objective guidelines to interpreting the images,
such as the variation in road width. An example for the calibration assessment guide is
included in Annex 2, which can be used as a template for building up a guide in each new
country or region.

As mentioned above the road conditions, materials and other factors may vary greatly
within a country, in which case it will be necessary to produce more than one assessment
guide to cover the full range of variations. This could result in regional guides, or guides
specific to particular environments.
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2.3.5 Developing a reference document

Whilst the calibration is taking place, the assessor should note any anomalies or features on
the imagery that cannot be identified easily. These can then be checked against the
DashCam videos to determine their nature. It should then be possible to build up a
reference document of anomalies or special features on the road as they appear on a
satellite image, for future reference. As this document develops it will provide a useful
reference for less experienced assessors and should form part of any training that takes
place in the future.

Examples of anomalies can be seen in the pictures below, highlighted by red circles. In
Figure 47 there is a light circular shape with an outline on the satellite image that is not
readily identifiable. When the DashCam images are referred to in Figure 48 it is clearly a pile
of gravel or surfacing chips left next to the road. This could have been perceived as a defect
by an inexperienced assessor. Similarly in Figure 49 a dark line is evident along the edge of
the carriageway, which again could have been perceived as a defect. The DashCam video
shows it as a line of grass that is growing at the edge of the side drain (Figure 50).

AIRBUS
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Figure 47: Satellite image of gravel pile

AIRBUS
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Figure 49: Satellite image showing a line of grass Figure 50: DashCam showing line of grass

2.3.6 Training in assessment and image interpretation

If there are no staff who are experienced in road condition assessment from satellite
imagery, it will be necessary to carry out a specialised training course to teach the assessors
how to interpret imagery. Full training materials have been provided as part of the current
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project, which include a training manual and PowerPoint slides. This training was carried out
by the project partners and RCMRD during the current project. It is advisable that the
trainers include both roads experts and GIS/remote sensing specialists, as both of the skill
sets are essential for a successful outcome.

The course should ideally be of four days duration, allowing for six hours per day of contact
time. An outline schedule can be seen in Annex 3.

The training should be in a location that has reliable electricity, or a backup power source.
All participants should have their own dedicated computer to work on. Ideally this will be
their normal work computer, so that when they return to work the software is already set

up.

If staff are not experienced in GIS applications, it is recommended that they attend a basic
course in QGIS before the satellite road condition assessment course. This will provide them
with advance knowledge and give them a chance to practice beforehand, so that they can
make the most of the training.

It is recommended that a maximum number of participants be allowed per trainer, in order
that the trainer/s have time to support individuals and check that everyone has fully
understood each step of the process. Experience has shown that with one trainer for
GIS/image interpretation, supported by a road assessment trainer, the maximum number of
participants should be eight. For more than this an additional training assistant in GIS and
image interpretation should be provided.

Refresher training may need to be provided each year until the participants become fully
conversant with the system.

Training should be carried out in an environment conducive to learning, and sessions should
be limited to no more than 1.5 hours. Regular breaks are important and the smooth running
of the course will be enhanced if refreshments and lunch are provided on site.

Participants should commit to the full period of the training; if they miss sessions it will
impact on their ability to carry out the assessments fully and accurately. With this in mind it
is recommended that training be delivered at a location away from the head office/s of the
participants.

Wherever possible, local trainers should be used as this is more cost effective, sustainable
and builds the capacity of local organisations for the future. Local institutions in Africa who
could act as trainers include:

e RCMRD: Based in Nairobi, Kenya, RCMRD deals mainly with east and southern Africa
and has 20 contracting member states. Carried out training for Kenya in the current
project. http://www.rcmrd.org/

e CERSGIS: With a focus mainly on western Africa, CERSGIS is based in Accra, Ghana.
http://cersgis.org/home.html

e African Association of Remote Sensing of the Environment (AARSE). Africa wide
and established to promote the use of remote sensing, based in South Africa.
Individual and company memberships are available, the website is:
https://www.africanremotesensing.org/
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2.3.7

Assessment principles

There are a number of elements that can be used to interpret satellite imagery:

Location: This relates to the geo-
referenced position of the road and should
be as precise as possible. If automated
assessment is developed it will require
accurate locations, particularly the
digitised centre-line of the road. Generally
the hand-held GPS, mobile phone app and
DashCam tracks are not sufficiently
accurate without adjustment. The most
accurate locationing of the road is to
digitise the centreline on VHR satellite 4 DigitalGlobeginc.
imagery, as demonstrated in Figure 51,
which shows a digitised road centreline in
red.

Figure 51: Centre line of road

Site/situation/association: This can include the different physical aspects of the
road, such as elevation, slope, vegetation and materials. Association is where a road
can be linked to various features or activities nearby that may affect the road
condition. The images in Figure 52 and Figure 53 show the different aspects that can
be seen and that may affect the road. For example the desert area has no drainage,
apart from occasional turnouts, whereas the tropical area has complete vegetation
cover, but it is difficult to identify specific drainage structures.

AIRBUS

© Airbus Defence and Space — Uganda September 2016

© Airbus Defence and Space — Kenya March 2017
Figure 52: Desert area Figure 53: Tropical, highly vegetated area

Size: The dimensions of the road are an important indicator in its condition,
particularly how the width varies along its length. If a road is very narrow, it often
indicates that it is in poor condition as the drains could be overgrown and smaller
roads where buses and trucks cannot pass, often receive less maintenance. Variation
in width has also shown to be an indicator of condition. Figure 55 shows a poor
condition road with variable width, where vehicles have probably driven over the
shoulders to avoid the defects, whereas Figure 54 shows a good condition road with
consistent width.
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DigitalGlobe, Inc.

Figure 55: Good road with consistent width

Shape: The shape of a road is fairly
uniform, long and thin, which makes
them relatively easy to identify on an
image. However, shape can also help to
distinguish the features or structures on a
road, for example bridges and culverts.
Figure 56 shows how the road narrows
where a causeway is present, plus the
water course is evident which indicates
the presence of a drainage structure.

Height and depth: This feature is also
known as elevation and bathymetry,
which is how far an object rises above
the local landscape. Objects such as
buildings will exhibit some sort of radial
relief and most likely shadow, which can
indicate their height. Figure 57 shows an
example of this.

DigitalGlobe, Inc.

Figure 54: Poor road with variable width

3 & Das
© Airbus Defence and Space — Kenya

Figure 56: Shape of road indicating causeway

DigitalGlobe, Inc:

Figure 57: Indication of height and depth

Shadow: The majority of satellite imagery is collected within two hours of solar
noon, to avoid excessive shadow. Shadow can obscure other objects, even shadow
from clouds. However, in some instances shadow can help to discern the
identification of an object, such as monuments. Figure 59 shows how the road is
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obscured by the shadow from a cloud in the top right hand corner, and Figure 58
shows how the shadow of a culvert (north of the road in the centre) can be used to
help identify it.

AIRBUS
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Figure 59: Shadow indicating culvert Figure 58: Cloud obscuring the road

Tone and colour: Tone and colour can help to identify features on a satellite image,
for example vegetation is invariably green. The spectral signature of a material can
be used to identify its nature. In terms of roads, the tone and colour on the road
surface can be used to interpret its condition. Figure 60 shows a gravel road with
variable tone and colour, indicating poor condition, and Figure 61 shows a paved
road that has badly deteriorated, with the tone and colour showing that the
pavement has deteriorated to the extent that it has disappeared in large areas.

AIRBUS
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© Airbus Defence and Space — Uganda September 2016
Figure 60: Tone and colour on a gravel road Figure 61: Tone and colour on a paved road

Texture: This refers to the placement and arrangement of tone and colour in an
image. Descriptions such as smooth, intermediate and rough are used, but it should
be remembered that texture is a product of scale, so the texture will appear to
change as the assessor zooms in and out. Figure 62 shows a dramatic change in

69



2.3.8

texture, which indicates a large defective area on the road. Figure 63 also shows how
the texture can indicate that the surface is in fair to poor condition.

AIRBUS
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Figure 62: Texture indicating a defective area Figure 63: Texture indicating general condition

Pattern: The pattern can be defined as the spatial arrangement of objects in the
landscape. If objects are arranged systematically or randomly they will produce
patterns, which can provide clues as to their nature. For example tree plantations
and natural forests both contain trees, but a plantation is easy to detect from the
systematic pattern of the planting. It is difficult to see patterns on the road surface
due to the resolution, but patterns can often be seen alongside the road and could
help to indicate features that would affect the road condition.

Elements for condition assessment

The elements most prominent and useful for road condition assessment are:

Road width: The width of the road and how much it varies along the length of the
road is a good indicator of condition. Where the road width is consistent and does
not vary, it usually means a good condition road, indicating that the side drains have
been maintained and the surface has been graded. However, a road that changes
width often and by a large amount indicates that drivers have been driving over the
shoulder and beyond to avoid defects and potholes in the road surface. This applies
more to unpaved roads as the width of a paved road is fixed by the surfacing and
often by lined side drains.

The straightness/consistency of the road edge. The straightness of the road edge
tends to indicate how well the side drains have been maintained, and again whether
drivers are moving across the shoulder and beyond to avoid defects on the surface.
A straight and well-defined edge often indicates a better condition road than an
edge that varies and is less clear.

The shading/texture/hue of the road surface: The road surface itself can provide
clues to its condition. Poor areas tend to exhibit greater changes in texture and hue,
whereas good condition surfaces tend to appear more consistent and have a
smoother appearance.
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e The colours present in the road surface and surrounding land: Colour can indicate
the type of road materials present, for example gravel tends to be a lighter,
yellowish colour, whereas an earth surface appears darker and more brown. Paved
roads tend to appear more grey. Colour can also help to indicate the road condition,
with changes in colour possibly indicating damaged areas, for example darker
colours tend to indicate defects.

e Shadow, to indicate bridges, culverts and causeways: Bridges tend to be quite easy
to locate on a satellite image, because there is usually a waterway crossing a road,
which indicates there must be a bridge or some sort of culvert/causeway. However,
shadow can be used to define bridges, as causeways will not have a shadow
alongside because they are at approximately the same level as the river. The depth
of the shadow can indicate the height of the bridge, approximately. Headwalls from
culverts can also cast shadows, although these are harder to see.

e Patterns in the surface of the road made by wheeltracking from vehicles: Where
the wheeltracking of vehicles is visible on the imagery, it is a good indicator of
condition. Generally, if the wheeltracks are straight, it indicates that vehicles are
travelling in a straight line and do not need to deviate to avoid poor areas or defects
on the road surface. Conversely, if wheeltracks are winding it indicates that the
driver is manoeuvring to avoid potholes or defects in the surface, and the more
winding they are the worse condition the surface is likely to be in.

2.3.9 Elements for objective assessment

In some cases it may be possible to provide objective assessments of the condition using the
factors mentioned above, using QGIS to measure the level of condition. This will reduce the
overall subjectivity of the exercise and provide more reliability to the assessment. For
example, the variation in road width can be measured:

e Road width: Check the variation in width between the different conditions and try to
define the range of variability for each category. This can be done by taking a sample
length of road at a scale whereby the width can be accurately measured using the
measuring tool in QGIS, say 200 m, and measuring the width every 20m along that
length. Then take the maximum and minimum values and calculate how much they
vary either side of the average. This will provide enough information to indicate the
percentage variation in width for each condition of road, i.e. the data for Ghana was:

— Good: Variation in width up to 10%
— Fair: Variation in width between 10% and 20%
— Poor: Variation in width more than 20%

All of the elements of interpretation should be assembled together in a visual guide. An
example can be seen in Annex 2.

2.3.10 Assessment methodology

The assessor will also need to develop a system for assessing the roads. The first step is to
set up spatialite files in QGIS so that attributes can be assigned to the roads being assessed.
The spatialite file will be based on the condition assessment system being used and will
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include a number of parameters that will help to identify the road or section, its features
such as surface, drainage, width and any others required, plus the road condition. The steps
necessary to establish a spatialite file are shown in the Training Manual under section 2.1,
pages 7 to 11.

The basic parameters used in spatialite files are shown in Table 4 below, but any number
can be used so suit the local conditions and the outputs required by the user:

Table 4: Parameters used for road condition assessment

Item Description

Road I.D. : Automatically generated, but can be edited

Road type: Category of road, i.e. Strategic, Feeder, Community

Road surface: Gravel, Earth, Bituminous, Concrete

Road width: Can be entered in increments, to be set by the user
Drainage type: Notes whether drainage is visible or not

Road condition: Based on the prevailing system, i.e. Good, Fair, Poor

Road length: Automatically generated from the digitised length of the line

This will appear as a drop-down box when the digitised line has been completed and is
ready for finalisation.

The colour scheme used is a standard traffic light system, from green to red. The assessor
can use any scheme they like, as it is easy to change in QGIS, but the traffic light system is
the default for this methodology. The scheme for five condition levels is shown in Figure 64
and for three levels in Figure 65.

Very Good Good Fair Poor Very Poor | Unknown
Dark Green | Light Green| Yellow Amber Red Blue

Figure 64: Condition colour scheme for five levels

Good Fair Poor Unknown
Light Green| Yellow Red Blue

Figure 65: Condition colour scheme for three levels

Different linear symbols are used for ground truthing and for assessment. The screenshot in
Figure 66 shows the set-up of the ground truthing spatialite file using different symbols. The
symbol used for ground truthing is the ‘steps’ symbol, which essentially shows two parallel
solid lines. This allows the actual assessment to be superimposed on top of the ground
truthing, whilst both remain clearly visible. This makes it possible to see both at the same
time, and therefore makes it possible to make an assessment of the correlation between the
two.
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Figure 66: Set-up of spatialite file for ground truthing

The line for the assessment of condition, as made by the assessor, should be in contrast to
the ground truthing line. In the example in Figure 67 the line is shown as a coloured dotted
line, which fits within the two solid ground truthing lines. In this case the road has been
ground truthed as fair (yellow), but the assessment has been made as partly fair and partly
poor (orange).

© Airbus Defence and Space — Kenya, March 2017

Figure 67: Ground truthing and assessment comparison

The dotted assessment lines are established in a spatialite file in QGIS, as described in the
training manual. An example of the assessment spatialite options can be seen in Figure 68.
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The symbol used is called ‘Construction road’; shown as ‘Constr’. This is the default symbol
for assessment lines, but the assessor can use any symbol they like, so long as it clearly
denotes the road and its condition.

Kenya Spatialite copy | Style 4 7 By el aecio | @ PX4 1
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Figure 68: Set-up of spatialite file for road condition assessment

The assessment methodology is generally down to personal preference gained through
experience, but a number of tips or methods will be shown in the training and are included
throughout the Training Manual. These will include:

e |Initial assessment: Start by taking a quick look through the whole road, to identify
any major changes in width, nature, materials, vegetation, etc: anything that could
justify dividing the road into smaller sections or links.

e Find a comfortable zoom distance where it is possible to accurately digitise the
centre-line of the road. Note any potential junctions.

e Familiarise yourself with the visual guide and try to get an overall impression of
where the road sits, for example in the fair to poor category.

e As the digitisation proceeds, regularly zooming in and out will provide a better
overall perspective on the condition.

e Stop the digitisation at every change of condition and use the drop-box to enter the
condition for that link.

e Make sure that each new link is snapped to the previous link, to provide continuity
when measuring road lengths from the digitised line.

The assessor should familiarise themselves with the imagery before starting the assessment.
If they were not involved in the processing, they may wish to re-process the imagery in
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order to suit their own style of assessment. If the assessor is new to the system, they may
wish to practice on one or two roads first, before they start the assessment proper. They
should work through the road network in a systematic manner, making sure that each road
is completed before the next is attempted.

Different sections can be created within one road. This is usually done when there is a
significant change in the details, such as a change in surface type or condition, or in some
cases a large change in width. Where there is more than one section in a road, the digitised
lines should be ‘snapped’, so that they link and can be measured together. If existing
digitised lines are used they can be split to form more than one section, using the splitting
tool in QGIS.

2.4 Miscellaneous

This section covers the checking and auditing of the system, using the system in a RAMS and
the integration of other technologies within the system to collect road inventory and assess
road condition by satellite imagery.

2.4.1 Checking / Auditing

It is important to build in a number of checks and balances to the system. As it is a manual
system and effectively subjective, the system and subsequently the confidence of the
results will be strengthened the more it is checked and adjusted. The checks that should be
considered are:

e DashCams to check the calibration and ground truthing. Ground truthing is usually
also a fairly subjective exercise, although most systems try to break it down to assess
different elements of the road. The DashCam provides a good quality video of the
road that is sufficient for a visual assessment, but in addition it records speed and
XYZ movement, which are useful secondary indicators of condition.

e Smartphone IRl can also be used as a check. It is not recommended as a primary
measure of condition, but it does provide a useful check against the visual
assessment.

e There can be issues with manually collected ground truthing data, in terms of
labelling and locating the information properly. The ground truthing teams should be
properly briefed and given a checklist of the critical aspects on each form that have
to be filled accurately. Often items such as start and end point, or descriptions of the
junctions are omitted or not identified concisely. These are critical points to identify
a road accurately and should be checked for accuracy. Geo-referencing should be
recorded where possible, as rural road maps are often inaccurate and cannot be
reconciled to national maps.

e The condition assessment itself should be checked regularly by a supervisor who is
experienced in image interpretation and GIS software. Firstly the guide should be
checked that it is the correct and most up to date document. The guides must
remain as live documents to reflect the ever changing nature of the rural roads.
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e They should look for any anomalies in the assessment and that the roads assessed
are showing appropriate conditions. They should also check that the digitisation is
being carried out accurately and that the digitised lines are at least within the
boundaries of the road surface. They should check for consistency of assessment and
that the assessor is regularly consulting the assessment guide.

e [tis necessary to check at the beginning of each assessment period that the software
is still set up correctly and that the spatialite files have the correct styles attached.
This is easy to check, but it is possible for errors to occur if the program has been
used for other applications in the meantime.

2.4.2 Using the system in a RAMS

This system will be more effective and easier to use if it is combined within a Road Asset
Management System (RAMS) database. The RAMS should be GIS based, as the system relies
on QGIS to manipulate and assess the data, although in theory any GIS software would
function effectively. Being located within a RAMS will allow the user to more easily insert,
manage and assess the data that is collected from the assessments. It will also provide the
flexibility required to present results in different formats, for example as a linear referencing
or geo-referenced.

The use of a RAMS has the advantage of easier access to the data, the possibility to locate
places by chainage as well as geo-referencing, it makes it simpler to add attributes to each
line and data manipulation is easier.

There are many different types of RAMS available, some off-the-shelf and some bespoke or
tailored to specific needs. The system of condition assessment from satellite imagery does
not need a RAMS to operate, it has been designed to operate independently. However, if
there is a RAMS available and compatible with the system, then the assessor should
consider using it.

QGIS can be used to provide some of the information necessary to assist the roads
organisation to plan and prioritise maintenance.

e An accurate base map of the road network is the key base information required for
any system that deals with road maintenance. This aspect can be easily provided by
QGIS through digitisation of the necessary roads.

e An inventory is also necessary. In terms of rural road inventory, there are generally
less inventory items present than strategic networks. This system facilitates the
collection of some items of inventory, as described in section 2.2. In terms of
processing of inventory data it is likely to be facilitated by a RAMS, but QGIS is able
to use search and identify functions to manipulate inventory data.

e Condition data is essential for maintenance planning and prioritisation. Most
maintenance systems rely on a headline road condition, such as ‘Good’, ‘Fair’, ‘Poor’,
or a variant of this. In QGIS this information is available for all roads or sections of
roads, and can be manipulated using QGIS tools, but again this woukd be more easily
managed within a RAMS.
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If a RAMS is not available, or is not functional, then QGIS will be able to provide mapping,
inventory and condition information, to the levels outlined in section 2. The use of this data
will depend on the maintenance planning system present in each country, so it is not
possible to provide a generic guide here on how this information will be used to plan and
prioritise maintenance. However, section 2.1.1 should be referred to as it outlines some of
the main factors to consider when deciding whether to use this system.

2.4.3 Integration of other high-tech solutions

Some high-tech solutions have been recommended for use with the system, such as IRI
measuring equipment or apps and DashCams which are covered in section 2.6.1. However,
there is also the possibility to use other technologies to enhance the implementation of the
system. It is recognised that the only condition that can be assessed is that which is visible
on the satellite imagery, so bridges, culverts and other structures have limited visibility. In
this case it may be possible to use other solutions, such as:

e Using UAVs to inspect under bridges or inside culverts. This is becoming more
common and companies are offering this service in Africa. It is a good potential
supplement to the satellite assessment system as it is not possible to obtain such
detail from the imagery.

e Using UAVs to employ photogrammetry techniques to provide detailed cloud maps
of the road surface, with similar outputs to a profilometer. This would only be
feasible and cost effective for short sections where specific and detailed information
is necessary.

e SAR imagery can be used to avoid issues of visibility and cloud cover. However, with
the current cost of SAR it is unlikely to be cost effective. If a specific use could be
found it would most likely to be for specialist applications in small areas.

e DEMSs can be used to identify drainage catchment areas and channels by processing
the models, as explained in the training guide. This then provides an indication of the
location of drainage structures that may not be easily visible on the imagery, such as
culverts and causeways/drifts.

In general it is not sensible to mix the satellite assessment with a traditional visual survey
that requires the surveyor to visit the road. The satellite imagery is expensive and it should
be utilised to the fullest extent, so carrying out on-the-ground surveys in areas where
satellite imagery has been procured (other than the calibration surveys) defeats the object
of using satellite imagery.
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Annex 1: DashCam guide for use

Refer to user’s manual for full instructions:

e Note: Ensure that the vehicle windscreen is clean at all times.

VIDEO MODE

— Set resolution of the images to suit situation, (highest resolution is recommended)

— Set exposure and white balance, i.e. for brightness (bright sunlight/overcast/etc.)

— Set audio on/off — if you want to record condition verbally the audio can be used

— Set date and time stamp for the country where it is being used (default is GMT), and
make sure it is set to ‘ON’ (‘ON’ is the default)

— Set loop recording time (default is usually between 3 and 5 minutes, this means that files
will be recorded as a series of 3-5 minute files, but can be downloaded and viewed as one
continuous file).

e NOTE: When 32GB disk is full it will start recording again from the beginning, so the
data will need to be downloaded when the disk is full and the disk cleaned, or
another card inserted. Card will be full at approximately 4 hours of continuous
recording, so data should be downloaded twice per day, or every 3.5 hours.

e NOTE: Card should be re-formatted every few days to ensure reliability of data.

— G-Sensor — leave ON

— Motion detection — leave OFF

— Number Plate — Enter the registration number of the vehicle, this will then show on the
recorded video

— Driver Fatigue Warning — leave OFF

— GPS stamp — Leave ON, this will then show coordinates on the video

— Compass — leave ON

— Password — it is possible to set a password to protect use of the camera, recommended
that this is not used at this time as it should be accessible to a range of staff

— Speed units — Select for KMH or MPH, depending what is standard in the country of use

PHOTO MODE

— Unlikely to be needed. Mobile phone software will be used in parallel, which allows the
assessor to take geo-referenced photos. Recommended that the dash-cam is used for
video only, as photos can be extracted from the video itself.

SET-UP Menu
— Follow recommendations in manual

CAPACITY
— Maximum resolution: 1920 x 1080 HD @ 3 fps or 2.0 MB/s
— Maximum capacity: for 32GB card, 240 mins (4 hours) recording at 1920 x 1080

Viewing Files: Video program and manual can be downloaded from the CD that was
provided with the camera. Also available on-line https://www.nextbase.co.uk/help-and-
support

Note: This is for ‘Nextbase’ DashCams, for other makes see manufacturer’s instructions.
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Annex 2: Assessment guide for calibration
UNPAVED ROADS - 2017 Pleaides Imagery

The satellite assessment methodology will need to be calibrated. Each country has different
road condition parameters, environments and processes. The methodology will need to be
calibrated to fit with the prevailing system, which involves a process of calibration. This
guideline explains the calibration process and includes a guideline for assessing the
condition of roads in ............ (insert country name).

The first step is to identify a small number of roads or road sections that can be used for
calibration. Ideally these roads should cover the full range of conditions, from ‘Good’ to
‘Poor’, (or whatever system is typically used) and that are typically found in the area being
assessed. If condition assessments are already available, these can be used, so long as they
are accurate and in line with national practice and regulations. If no conditions are available
then surveys will need to be carried out to establish the ground truthing.

When the ground truthing information has been collected, it is necessary to create a
condition map of the roads surveyed for ground truthing and selected for calibration. This is
achieved by digitising the roads with condition, showing the colours assigned to condition,
as shown in Figure A. This range of conditions should then act as a guide to the assessment
of condition by satellite imagery.

Good Fair Poor Unknown
Light Green Yellow Red Blue Figure A

When the ground truthing map
has been completed for the
sample roads, as shown in Figure
B, the assessor should note the
features of each condition that are
common and can be identified
easily from a satellite image. A
guideline can then be built up that
will  assist the assessor in
determining the condition of the
roads from the satellite imagery.

The simplest way to do this is to
take three or four screen-shots of
the road for each condition, and
provide explanations as to what
the assessor needs to look for. Wherever possible this guide should use measurable
indicators, such as variation in the width of the road. The manual system of assessment is
fairly subjective, so any information that can reduce that subjectivity is welcome.

© Airbus Defence and Space — Uganda, September 2016

Figure B
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Elements of Image Interpretation

The principles of image interpretation fall into the following categories:

Location
Size
Shape
Shadow

Tone and colour
Texture

Pattern
Height and depth
Site/situation/association

The criteria for assessing road condition are based on the following features that are visible

on the satellite imagery:

Note:

Edges of road: The edges of the road can indicate the road condition, depending on
whether they are clear, broken, faint, etc. If the edges are straight and well defined it
suggests that there are drainage channels alongside the road, and that drivers are
not driving over the shoulder to avoid poor or damaged areas. If the edges of the
road are broken, unclear or difficult to define, it suggests that the drainage is not
functioning properly and the road is not well maintained.

Width of road: The width of the road and how much it varies can be a good indicator
of the condition of an unpaved road. On unpaved roads drivers tend to drive over
the shoulders to avoid poor areas and potholes, which has the effect of widening the
road. This is more prevalent in arid areas where there is no vegetation to prevent
drivers leaving the road, but it also happens in lightly vegetated and savanna areas.

Surface: A certain amount of detail can be seen on the surface of the road. Different
colours, textures, patterns and shading can be identified from the imagery. If the
surface is uniform, with consistent colour and shading, it suggests that the road is in
good condition. However, if differing colours and shading can be seen it suggests
that the condition is not so good.

Wheel tracks: On gravel or earth roads it is often possible to see wheeltracks of
vehicles. Generally, if the wheeltracks are straight it suggests that vehicles are
travelling in a straight line at a reasonable speed and there are no defects to avoid.
However, if wheeltracks are winding or irregular it suggests that drivers are driving
to avoid damaged areas on the road such as potholes or soft spots. The more the
wheeltracks vary, the more likely it is that the road is in poor condition.

the following images were all acquired for Ghana in January 2017
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Description

Example

Good (Green):

Some slight differences in surface
colour and texture can be seen, but
generally very even.

Negligible or slight variation in
width, up to 10%.
Edge of road consistent and

straight, but may vary slightly in
isolated areas.

See Figures 1.1 to 1.5.

Condition can be relative for earth
and gravel roads. If the surface can
be determined, the condition of
earth roads can be shown as good
when the width and edges vary
slightly  and some surface
irregularities can be seen.

For unpaved roads this category
will normally apply to recently
constructed or rehabilitated roads,
or roads that have received regular
maintenance and grading.

Figure 1.1 Newly rehabilitated road, hence light
gravel, striaght edges

© Airbus Defence and Space

Figure 1.2 Well maintained road inpopulated area

AIRBUS

© Airbus Defence and Space

Figure 1.3 Good road with clearly visible side drains

AIRBUS

© Airbus Defence and Space

coloured
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Figure 1.4 Slightly lower quality, some variation in surface
visible and slight variation in width, some wheeltracking

© Airbus Defence and Space

Figure 1.5 At the limit of ‘good condition’, wheeltracking
evident but fairly straight, width variation and changes in
colour/shading

AIRBUS

© Airbus Defence and ébace
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Fair (Yellow):

Different shading and colours
visible on road surface, but not
dramatic.

Width varies slightly by 10% to 20%
and edges appear more broken,
although maintain a relatively
straight appearance.

Where wheel tracking is visible, it
tends to be fairly straight,
indicating  that  vehicles are
travelling quickly with no obstacles
to avoid.

See figures 2.1 to 2.6.

Figure 2.1 Fair condition, possibly an earthen surface, but fairly

consistent colouring and width

© Airbus Defence and Space

Figure 2.2 Variation between light and dark and some uneven
areas visible, consistent width

© Airbus Defence and Space

Figure 2.3 Gravel road, some variation in colour/shading but
with an obvious defect in the centre of the image

© Airbus Defence and Space
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Figure 2.4 Fair road in heavily vegetated area, variations in
surface colour/shading but fairly consistent width

AIRBUS

© Airbus Defence and Space

Figure 2.5 Small access road, narrow but fairly consistent
surface colour/shading

© Airbus Defence and Space

Figure 2.6 Poor quality image, but surface consistent

.

© Airbus Defence and Space
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Poor (Red):

Significant variation in the colour
and shading of the surface.

Width variable by more than 20%.

Edges of road not clear, variable
and often not straight or broken
and can be indistinguishable from
the surrounding land

Some wheel tracking
winding to avoid defects.

visible,

See Figures 3.1 to 3.5.

Note: These roads can be very
narrow so details of the surface
may be difficult to see

Figure 3.1 Poor road, dark areas along centre indicating
possible drainage issues, narrow and inconsistent

AIRBUS

© Airbus Defence and Space

Figure 3.2 Urban area, varying width and broken edges, obvious
dark areas indicating defects and side drain issues

© Airbus Defence and Space

Figure 3.3 Narrow rural road, edges broken, inconsistnet width
and variable shading, hence poor condition

AIRBUS

© Airbus Defence and Space
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Figure 3.4 Road through village, very broken edges indicating
no side drainage, varied shading and colour

AIRBUS

© Airbus Defence and Space

Figure 3.5 Very narrow rural road, hardly visible, variable
width and broken edges

AIRBUS

© Airbus Defence and Space
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Annex 3: Training schedule

Day 1:
Time Title Location Trainer
9.00-10.30 Introduction to the system

Introduction to QGIS, set up software
and check it is installed correctly

Establish status of condition assessments

10.30 —11.00 Break

11.00-12.30

Opening geospatial data files:
e Images
e DEMs
e \Vector data

Practice

12.30-13.30 Lunch

13.30 - 15.00

Image interpretation:
e Preparing images
e Preparing DEMs
e Preparing other source material?

Practice

15.00 — 15.30 Break

15.30-16.30

Exercise in image interpretation
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Day 2:

Time

Title

Location

Trainer

9.00-10.30

Image interpretation:
e |dentification of road features
e |dentification of structures

Practice

10.30 —11.00 Break

11.00-12.30

Image interpretation:

e Interpretation of road condition from
imagery

e Establishment of criteria and rules of
interpretation

Practice

12.30 - 13.30 Lunch

13.30-16.30

Image interpretation:
e Identifying hazards, floods, landslides

Practice

15.00 — 15.30 Break

15.30-16.30

Exercise in Image Interpretation
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Day 3:

Time

Title

Location

Trainer

9.00-13.30

Site visit:
To include the following:

e View range of roads in range of
conditions

e Use DashCam if available
e Use smartphone IRl measurement app
e Record route with GPS if available

e Carry out visual inspection, in line with
prevailing system

e Note special features or areas to
identify on the satellite imagery

13.30 - 14.00 Lunch

14.00 - 15.00

Return from site visit

(schedule to remain flexible as timing will
depend on distance of sample roads from the
training centre)

15.00 — 15.30 Break

15.30-16.30

Review of site visit

Assess imagery for:
e Structures, features, risks
e Condition of surface

Practice

89




Day 4:

Time

Title

Location

Trainer

9.00-10.30

Review of site visit

Independent exercise to assess condition of
sample road in pairs

10.30 —11.00 Break

11.00-12.30

Share results in plenary

Discuss site visit and exercise results

12.30-13.30 Lunch

13.30 - 15.00

Review of assessment/interpretation

Group assessment

15.00 — 15.30 Break

15.30-16.30

Questions / wrap up
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