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Abstract

Road condition monitoring usually requires extremely expensive special vehicles, equip-
ment, or many human resources. On the other hand, with the development of ICT and data
science technologies in recent years, there are several research trials in which the heavy
technical tasks of road asset condition monitoring are replaced by automatic inspection sys-
tems consisting of common devices such as smartphones and dashcam videos. As the sys-
tem consists of low-price devices, it also suitable for developing countries. However, there
are many differences in the situation and the inspection items on road condition monitoring
between advanced countries and developing countries. There are few trials to develop such a
road condition monitoring system in developing countries. Our project is developing an inte-
grated road condition monitoring system focusing on developing countries like Timor-Leste.
In developing countries, many parts of the road are still unpaved, and the “road width” is an
important item to be inspected. In this paper, we discuss the road width and pothole size
estimation as a part of the integrated system we are developing. We survey the road width
of both paved and unpaved roads. We use a common dashcam to take video along the road.
The estimated values are integrated into a database with GPS information and visualized in
Google Map, QGIS, or the original visualization system which we developed. To estimate the
real width of the road and pothole size, we need to transform the captured forward view im-
age of dashcam video into bird’s-eye-view. For the transformation, we need to estimate the
vanishing point in a captured image. However, unlike the advanced countries, it is difficult
to detect the vanishing point in developing countries because there are usually no straight
lines in the images in the unpaved road of the province. In this study, we propose to use the
optical flow method to detect the vanishing point in the rural road. To identify the area of
road and the existence of potholes in images, we apply state-of-the-art semantic segmenta-
tion using deep learning.

Keywords: developing countries, road condition monitoring, road width, pothole, dashcam,
semantic segmentation, deep learning

1 Introduction

A huge budget is allocated for regular road asset condition monitoring to maintain its essen-
tial infrastructures in each country and local government. In advanced countries, there are
several sophisticated ways of road surveys. However, they are too expensive to introduce in
developing countries. In developing countries, road survey is usually achieved manually by
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humans, but the manual way has problems such as time-consuming, requires many human
resources, individual variation of the results, a troublesome task of data organization, and
so on.

By the way, the penetration rate of the smartphone is remarkably increasing even in under
developing countries. The smartphone has many high-performance sensors, such as accel-
erometers, gyro sensors, GPS sensors, communication functions, touch panels, etc., in the
small body at a low price. The utilization of the sensors is receiving increased attention in
recent years. This is the central part of a stream of ICT framework for Developing Countries
(ICT4D).

In our project, we are developing an automatic road surface condition survey system using
smartphone sensors, a dashcam, and a server for calculation and database [1], [2], [3], [4],
[5]. This approach is advantageous to under developing countries because the system con-
sists of a common cheap smartphone and dashcam, and no expert knowledge or trained
skills are required for inspectors on the field site. These types of trials have been conducted
so farin advanced countries [6], [7], [8], [9], [10]. However, not many in developing countries
as far as we know.

This study is conducted by the collaboration of faculty of engineering of National University
of Timor-Leste and Gifu University in Japan, with the ministry of public works of Timor-Leste
under financial support of Japan International Cooperation Agency (JICA). The survey items of
the road surface are different between advanced and developing countries like Timor-Leste.
For instance, more than 50 % of national road is still unpaved in Timor-Leste [11], [12], and
we need to specify the unpaved sections and also road width of both paved and unpaved
road for the national plan of road construction. The survey items of our whole project in-
clude paved and unpaved classification, road width estimation for both paved and unpaved,
roughness estimation for both paved and unpaved, pothole detection and its size estima-
tion, crack detection and its type and size estimation, markers on road surface detection,
rutting estimation, roughness (IRI) estimation, etc. All of the inspection items are estimated
by analysis of time series data acquired by smartphone sensors and dashcam video, using
signal processing, image processing, and state-of-the-art deep learning techniques.

This paper focus on the road width estimation for both paved and unpaved especially in
developing countries, and pothole detection and its size estimation from dashcam video.

2 Methods
2.1 Video recording of road using in-vehicle dashcam

We can use any common dashcams that can easily get in any country to take the video. How-
ever, there are several requirements for use in this study.

First, the dashcam must have functions to get GPS signal and embed the GPS information
in the video file. Second, the angle of view of the lens must be specified. In this study, we
used Transcend® DrivePro™ 230. The dashcam is attached to the front window as usual. We
used full HD 1080P, 30 fps, and MOV (H.264) format as the specification of the video file. The
viewing angle for the lens of DrivePro™ 230 is 130° (diagonal).

2.2 Extraction of GPS value from video and clipping of frames every 10 m

The information of date, time, and GPS is embedded almost every 1 second in the video file.
In this study, we extract the information every 1 second by binary analysis and estimate the
vehicle velocity from the GPS values. The estimated vehicle velocity is used to clip the frames
of the video every about 10 m.
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2.3 Estimation of the vanishing point in the frame by optical flow tracking

It is necessary to convert the captured image to the real scale for the estimation of the real
road width and pothole size, that is, bird’s-eye-view transformation (Fig. (1)).

Figure1 (a) Original dashcam image taken in Japan, (b) Transformed bird’s-eye-view image

For the conversion, several parameter values are required. We can know the angles of view
0,, 6, from the specification of the dashcam (Fig. 2). The pixels of width and height of the
video frame W, H can be set manually on the recording. We measure the height of the lens
from ground level on the recording. However, we need to estimate somehow the depression
angle of the optical axis of the lens of the dashcam from the videos or images taken by the
dashcam. To estimate the depression angle, firstly, we need to find the vanishing point in
the image.

We estimated the depression angle of dashcam using pixel sizes of the image. Let D be pixels
from the center horizontal line in the image to the vanishing point v (Fig.2). Then, the depres-
sion angle 0_is calculated as the following formula:

~singn = 2P tanfH.
Oc ~sinfc g tan 5
Here, we need to identify the vanishing point v. The vanishing point can be estimated as an
intersection of multiple straight lines in the image (Fig. 1(a)). Usually, the straight lines in an
image are detected by Hough transform. In advanced countries, there are many straight lines
in the road scene, such as white center and sidelines on the road, the edges of buildings,
and so on. On the other hand, it is usually challenging to find straight lines in the scene of a
road in under developing countries, and we cannot use Hough transform.

)

V /(vanishing point)

Figure 2 Schematic diagram of dashcam position and posture and its view. The vanishing point is described
as ared point

In this study, we propose to apply optical flow tracking on video flames to detect the vanish-
ing point. To reduce the influence of vibration of the vehicle on driving, we used a total of 10
seconds with 30 fps. The directions of flow of grid points are estimated using OpenCV, and
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we took the average of the intersections of extended lines of flow vectors as the vanishing
point. The accuracy of the position of the vanishing point is evaluated by comparing it with
the vanishing point estimated by Hough transform approach.

2.4 Identification of road area and pothole using semantic segmentation

To identify the road surface area and detect the pothole, we used state-of-the-art semantic
segmentation by deep learning. We compare the performance of FCN [13], SegNet [14], and
U-net [15] and found that SegNet and U-Net have an advantage on calculation time. On the
other hand, we got a maximum loU (Intersection over Union) value with FCN.

Figure 3 Results of semantic segmentation of road area using SegNet. (a) unpaved road, (b) paved road

2.5 Measurement of road width and pothole size by bird’s-eye-view
transformation

The estimation of road width is easier than that of pothole size. By taking extension lines
with the vanishing point (red point) and each edge of road area (yellow lines), we can esti-
mate the road width on the lower edge of flame as L pixels and | meter (Fig. 4).

W (pixels), w(m)

Figure 4 Estimation of the road width on the lower edge of flame
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Figure 5 Calculation of the real size of lower edge of flame as meter unit
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The formula to estimate the road width L (m) is as follows (Fig. 5):

I=WL=L22tane—W=L2tan0—Wx he
w w

2 tan(HH+ ch
2

To estimate the pothole size, we need to transform the front view image to the bird’s-eye-
view image (Fig. 1) and count pixels of the pothole area.

2.6 Storing the GPS and road width information into database

The road width information is stocked every 10m along the road with longitude and latitude
values. When the pothole is detected, its size and longitude, and latitude values are also
stocked. Our analyzing results are visualized on the map using Google Map, Open Street
Map, or QGIS (a free and open-source cross-platform desktop geographic information sys-
tem [16]).

3 Results

We took the dashcam video of more than 1,000 kilometers in Timor-Leste and a certain de-
gree distance in Japanese for system development and comparison.

To estimate the accuracy of the optical flow method on detecting the vanishing point, we first
applied the method on paved road video in urban areas in Japan (Fig. 6 (a)). Besides apply-
ing the optical flow to identify the vanishing point, we also identified the vanishing point by
Hough transform using white straight lines on the road as a correct reference. As a result, the
difference in the degree of the vanishing points between the optical flow method and the
Hough transform method was about 0.2°. The results show that we can replace the Hough
transform method with the optical flow method.

Figure 6 Optical flows of mesh points and detection of the vanishing point, a) Paved road in urban area in
Japan, b) Unpaved road in rural area in Timor-Leste. The identified vanishing point is described as
red point, the flows of grid points are described as yellow lines, and the extension lines of the flows
are described as green lines

We applied the optical flow method on the video taken in Timor-Leste (Fig. 3 (b)). Even if
there are no straight lines, we could estimate the vanishing point. The position of the es-
timated vanishing point does not stable in the short term because of the vibration of the
vehicle on unpaved roads. We used a total of 300 flames of the video, which correspond 10
seconds with 30 fps, to remove the vibration noise.

We applied the proposed method to the dashcam video taken on a paved rural road in Japan
to evaluate the road width estimation accuracy. As a result, the error of the road width esti-
mation compare to the actual measured value was 0.25 %.
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4 Conclusion

This paper proposed a method to estimate road width and pothole size from a dashcam
video taken on an unpaved rural road in under developing countries. Since there are neither
straight lines nor edges in the scenes of rural unpaved road, we cannot use Hough transform.
We found that the optical flow method can be a good alternative. However, because of the
vehicle’s vibration on driving, we need to take statistics about 10 seconds driving.

Before the road width and pothole size estimation, we need to identify the area of the road
surface and detect potholes. To identify the road area and detect the pothole in the image,
we used state-of-the-art semantic segmentation by deep learning. Although we have eval-
uated the accuracy of road width estimation, the evaluation of pothole size estimation is
the next task. We already have more than 1,000 km recording in Timor-Leste. We are in the
process of analyzing all the data and making a database of road width and pothole size in
Timor-Leste.
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