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Abstract: Roads, in particular bitumen pavements are essential as major transportation and communication
ways in modern civilizations. Nevertheless due to weather impacts and also loads from vehicles, surface of
these roads often faces serious deterioration or distress from time to time. Rehabilitation and road maintenance
work is not only time-consuming, but it also creates traffic disturbances and is also very costly. Problems such
as lacking of data reading consistency and time-consuming have made the current visual inspection method
to be less competent. Therefore, an effective road surface assessment method is proposed in this study to
assess the severity level of pothole formation based on national guidelines, published by the Public Works
Department. Ten random pothole samples were chosen randomly and their severity levels were assessed
through both the conventional visual approach and the photogrammetric method. The study reveals that digital
close range photogrammetry method can be used as the alternative way in visual assessment of pothole
severity  using typical  d I gital camera, thus making the visual inspection easier, safer and more systematic.
The proposed method has shown accuracy of 100% regardless of the types of digital camera used.
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INTRODUCTION serviceability is important to ensure the maintenance is

Roads  provide  the  most  effective  communication rehabilitation is not a small figure [2].
in means of physical transportation. A high grade and Conventional visual inspection of road distress
effective road system directly  increases  economic assessment requires manual visual inspection by
growth of  the  community, by reducing travel time and personnel in-charge. Depending on the types of surface
cost [1]. In Malaysia alone, the total length of bitumen rupture, required parameters are measured on-site to
(asphaltic  concrete) paved roads is expected to be more determine  the  severity  level  of   the   road  damage.
than  90,000km   in  2010.  Routine  inspection of  the road Table  1  shows  the  classification  criteria of pothole [3].

done at the optimum time, bearing in mind the cost of

Table 1: Pothole severity classification [3]
Surface area of pothole (m )2

-------------------------------------------------------------------------------------------------------------------------------------------
< 0.1 0.1 - 0.3 > 0.3

Depth of pothole (mm) Pothole severity classification
< 25 Low Low Moderate
25 - 30 Moderate Moderate High
> 30 Moderate High High
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The main drawbacks posed by this conventional manual includes accuracy, reliability, practicality, cost and time
visual inspection are the lacking of measurement
consistency  and  longer  duration of traffic disturbance
to give way to the inspection work. As the geometry
formation of pothole is rarely uniform, series of
measurements are required to be obtained in order to
determine the maximum reading.

Cheng and Miyojim [4] have developed an automated
pavement distress detection system in 1998. Recent
advances in information technology fields have further
improved the capability and performance of such
detection network [5-8] studied the possibility of applying
real-time 3 dimensional scanning systems to plot surface
rutting and shoving. Eriksson et al [9] deployed an
innovated detection system based on sensors’ readings
installed on taxis. Their study revealed significant time
shortening of pothole detection. However, identified
potholes are required to be classified and have their
severity level measured manually. Application of laser
screening installed beneath inspection vehicle, such as
the one mentioned by Malik [10] is one of the common
inspection methods used nowadays. The system is useful
for detecting continuous or lengthy types of road
damage, such as rutting, shoving or cracks where most of
the times these distresses patterns seems to have infinite
length. It requires driving the vehicle at certain slower
speed and scans the whole road from starting point to
end. As the formation of pothole is usually finite in depth
and dimension, such an effort seems to be less time-and-
cost-saving.

Application of laser technology in detecting and
measuring pavement damages is very costly despite it
also provides  image profiling in line plots [11].
According to Ahmed and Haas [11], there is not much
published literature available regarding the application of
photogrammetric method in pavement condition
assessing. Some existing studies of the approach can be
found in Cafiso et al [12], Mustaffar et al [13] and Zhang
[14]. Mustaffar et al [13] innovates automatic pavement
cracks detection through combination of photogrammetric
approach and Automated Pavement Imaging Program
(APIP). Most of the developed mapping models are only
able to provide 2 dimensional planar  measurements,
which  makes  it difficult to obtain the depth of pothole
(the 3  dimension). Therefore, the objective of this studyrd

is to identify the feasibility and effectiveness of using the
proposed close range digital photogrammetric approach
as alternative to the conventional visual inspection for
pavement distress, which has been proven in many
literatures to have many drawbacks. Determining criteria

comparison between the proposed photogrammetric
approach and conventional manual inspection method. 

Photogrammetry: In brief description, digital
photogrammetry is a combination of photo-taking art and
scientific measuring techniques of important parameters
(such as dimension and depth) of the interested object,
digitally  through the advantage of collinearity theorem
[15 - 16]. The collinearity equations are considered one of
the most widely used theorem in solving the nonlinearity
relationship between camera station, point of object and
image of the object. The older version of photogrammetry
technique  used  the analog ways of interpreting height
(or depth) of image, such as the stereoscopic pair-viewing
[17]. With the help of stereoscope, the pair image will
produce a composite 3 dimensional view from the 2
dimensional pair images. 

Advancement in digital technology has replaced the
analog ways of photogrammetry by newly developed
digital photogrammetric commercial software. All image
processing and measurements can be directly done
digitally. The photogrammetric software used in this
study is one of the leading tools, namely the
PhotoModeler Pro 5 [18].

EXPERIMENTAL PROGRAM

A total of 10 pothole samples with different size,
shape and depth were randomly identified and chosen at
suitable locations. According to the pothole severity level
classification parameters listed in  Table 1, the interested
measurements would be area and depth of the potholes.
The diameter for round shape (or length and width for
rectangular shape) and the depth of each pothole sample
were measured using both conventional visual inspection
method and the proposed close-range digital
photogrammetry approach consecutively. Firstly, the
measurement of diameter and depth of pothole samples
were carried out at the site by the visual assessment
method using long ruler and tape measure. Only maximum
measurement reading was recorded in the visual method.

Upon completion of the visual assessment
measurement, the digital close-range photogrammetry
method   was   conducted.   Two   long   rulers   were
placed  perpendicular  to  each  other  forming  an  X-Y
plane close to the pothole sample. Then, 5 photographs
of  a  pothole  were  taken  using  the  prepared  camera.
One photo was taken from the plan view, while the
remaining 4 photos were taken from tilted side views.
Figure   1   illustrates  the  5  different  photograph  views.
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Fig. 1: 1 Plan View and 4 Tilted Side Views of the Pothole Photographs

Fig. 2: Extraction of Diameter Reading from Photogrammetry Method

The commercial photogrammetry software, PhotoModeler camera has  stable  focal  length  compared  to  normal
Pro 5 was used to post-process these photographs. digital camera, which focal length is adjusted
Figure 2 shows the example of diameter reading extracted automatically   during      every     photograph    session.
from the software. It would be worthwhile should results from the normal

Two   types   of    very    different   cameras  were digital camera show good agreement with the SLR’s.
used for photographing  the  pothole samples in this Calibration of the cameras was done according to the
study;  namely  (I)  the  professional  and  (ii)  normal software’s requirements to obtain the inner orientation
digital  cameras.  The  professional  digital  camera,  or  to (such as focal length, etc.) of both cameras prior to be
be  more  exact  the  single-lens  reflex  (SLR)  35mm used for site work.
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RESULTS AND DISCUSSION Figure 3. As denoted by the dotted lines in the Figure 3,

The   readings   in   terms   of   diameter,   area  and approaches is not consistent. Therefore, a commonly
depth of all pothole samples, taken from both used hypothesis test, namely the t-test is employed to
conventional  and    photogrammetric     method    are test the similarity between population mean values of the
listed   in   Table   2.   Readings   in   Table   2  are two data sets. The t-test is selected over z-test because of
compared between the two approaches and their the smaller sample size and the population variance is
differences be shown in Figure 3. The measurement unknown.
readings   obtained   from   visual   assessment  method
are  used   as   benchmark   values   for   comparison The null hypothesis, H  and alternative hypothesis
purpose. The maximum percentage of difference for H  is as follow:
calculated   surface   area   of   pothole   is  0.83%,
occurred in P6. Difference of depths between the two H : µ  = µ
approaches are larger compared to surface area H : µ  = µ
differences.  Maximum  difference  recorded is 4.7% in P3. Where µ refers to the population mean
However, all percentages of difference fall below 5%,
which preliminary shows that the accuracy of The hypothesis is tested at 5% significance level.
photogrammetric method is acceptable. According to the rule of thumb for t-test, the null

Due to the fact the shapes, sizes and geometrical hypothesis H is accepted should the absolute value of
properties of the 10 pothole samples are relatively calculated | t | is smaller than the value of t  obtained
different, it is not convincing enough to conclude on the from the t-distribution [19]. The t  is calculated using
accuracy  merely  based  on  percentages  of  difference in Equation 1.

the distribution of difference between values from the two

0

1

0 visual photogrammetry

1 visual photogrammetry

0

test á/2

test

Table 2: Measurements of Pothole Samples

Visual Assessment Method Photogrammetric Method

---------------------------------------------------------------- -------------------------------------------------------------------

Camera Type Sample Number Diameter (m) Area (m ) Depth (mm) Diameter (m) Area (m ) Depth (mm)2 2

SLR 35 mm P1 0.575 0.26 79 0.5760 0.26 78.9

P2 0.400 0.13 60 0.4010 0.13 61.4

P3 1.250 1.23 96 1.2503 1.23 100.5

P4 0.915 0.37 59 0.9170 0.37 58.3

P5 0.886 0.28 75 0.8866 0.28 76.5

Normal P6 1.240 1.21 96 1.2342 1.20 94.7

P7 0.915 0.37 59 0.9170 0.37 58.1

P8 0.886 0.28 75 0.8882 0.28 73.4

P9 0.757 0.45 89 0.7611 0.45 86.5

P10 0.556 0.24 90 0.5555 0.24 90.7

Fig. 3: Percentage of difference between visual inspection and photogrammetric approach
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Table 3: Mean and Standard Deviation for P1 to P5

Digital Camera Type: SLR 35 mm

Visual Assessment Method Photogrammetric Method
------------------------------------------------------------------------- -------------------------------------------------------------------------

Sample Number Diameter (m) Area (m ) Depth (mm) Diameter (m) Area (m ) Depth (mm)2 2

P1 0.575 0.26 79 0.5760 0.26 78.9
P2 0.400 0.13 60 0.4010 0.13 61.4
P3 1.250 1.23 96 1.2503 1.23 100.5
P4 0.915 0.37 59 0.9170 0.37 58.3
P5 0.886 0.28 75 0.8866 0.28 76.5

Mean 0.805 0.454 73.800 0.806 0.454 75.120
Standard Deviation 0.329 0.442 15.255 0.329 0.442 16.819

Table 4: Mean and Standard Deviation for P6 to P10

Digital Camera Type: Normal

Visual Assessment Method Photogrammetric Method
------------------------------------------------------------------------- -------------------------------------------------------------------------

Sample Number Diameter (m) Area (m ) Depth (mm) Diameter (m) Area (m ) Depth (mm)2 2

P6 1.240 1.21 96 1.2342 1.20 94.7
P7 0.915 0.37 59 0.9170 0.37 58.1
P8 0.886 0.28 75 0.8882 0.28 73.4
P9 0.757 0.45 89 0.7611 0.45 86.5
P10 0.556 0.24 90 0.5555 0.24 90.7

Mean 0.871 0.510 81.800 0.871 0.508 80.680
Standard Deviation 0.250 0.400 14.890 0.248 0.395 14.947

Table 5: Values of | t | and ttest á/2

SLR 35mm Digital Camera | t | t | t | < ttest á/2 test á/2

(a) Diameter analysis 0.0047 2.306 True
(b) Area analysis 0.0000 2.306 True
(c) Depth analysis 0.1300 2.306 True

Normal Digital Camera | t | t | t | < ttest á/2 test á/2

(a) Diameter analysis 0.0101 2.306 True
(b) Area analysis 0.008 2.306 True
(c) Depth analysis 0.1187 2.306 True

Table 6: Classification of Pothole Samples

Visual Assessment Method Photogrammetry Method
---------------------------------------------------------------- -----------------------------------------------------------------

Sample Number Area (m ) Depth (mm) Severity Level Area (m ) Depth (mm) Severity Level Accuracy( % )2 2

P1 0.26 79 High 0.26 78.9 High 100
P2 0.13 60 High 0.13 61.4 High 100
P3 1.23 96 High 1.23 100.5 High 100
P4 0.37 59 High 0.37 58.3 High 100
P5 0.28 75 High 0.28 76.5 High 100
P6 1.21 96 High 1.20 94.7 High 100
P7 0.37 59 High 0.37 58.1 High 100
P8 0.62 75 High 0.62 73.4 High 100
P9 0.45 89 High 0.45 86.5 High 100
P10 0.24 90 High 0.24 90.7 High 100
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Fig. 4: 3D profile plot of pothole sample P2 by Surfer 7.0

pothole severity levels on asphaltic concrete paved roads.

Where  refer the means of sample for visual inspection.  The  photogrammetry  a pproach has
approach and  photogrammetric  method,  respectively;
n1,  n2  are  the  quantity of samples; and s1, s2 indicate
the standard deviation of the sample

Table 3 and 4 show the mean value and standard
deviation of diameter, surface area and depth of the
pothole samples. Using Equation [1] and the t-distribution
curve,  the  values  of t   and t are listed in Table 5.test á/2

The  values  of  all  |  t | are smaller than t . Therefore,test á/2

the null hypothesis is true, that the mean of population
between visual inspection and photogrammetric method
is similar. This also indirectly shows that normal digital
camera can be utilized instead of expensive professional
camera to achieve the same level of accuracy. 

Table  6  shows  the  classification  of  the  severity
levels for the sample potholes. It reveals that the
photogrammetric method is able to achieve accuracy up
to 100% in determining the severity level of all pothole
samples. To add value to the study, the points coordinate
of the photogrammetric image are exported to image
profiler software, Surfer 7.0 [20]. Figure 4 illustrates the 3
dimensional plot of one of the pothole profile produced
by the software (P2).

CONCLUSION

A digital close-range photogrammetric approach was
proposed, tested and evaluated in this study as an

alternative to the conventional visual inspection of

Evaluation criteria include accuracy, reliability and
duration of the proposed method compared to the manual

managed  to  achieve  accuracy  of  100%   in  classifying
all  the  severity  levels  of  the  10  pothole samples
without failure. The reliability of the photogrammetric
approach is assessed through the t-test. The null
hypothesis indicating that the means of population
between the two pavement inspection methods are
considered  similar  at  significance  level  of  5%,
regardless of types of camera used for photo taking.
Comparison  of  duration  is  rather  subjective  between
the two approaches. Considering if the required data are
just the diameter and depth of the pothole, the post-
processing of images is rather simple and straightforward.
However, longer post-processing time is required should
the user intends to plot the 3 dimensional profile of the
pothole.
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