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ABSTRACT 

In a maintenance management program for continuously reinforced concrete 

pavement (CRCP), it is desirable to determine the rate of change of the crack 

spacing. When the crack spacing becomes smaller, than the designed spacing 

there is a potential for failure and therefore preventive maintenance may be 

considered. Since field measurement of crack spacings of highway pavements 

is impractical in areas with high traffic densities, image processing 

techniques using aerial photographs have been explored as a means for 

automating this process. Algorithms for detection of cracks of highway 

pavements in aerial photographs are presented in this report. In an aerial 

photograph of the pavement, edge points are identified and potential 

boundaries of water marks are labelled. Water marks can then be 

approximately located and crack spacing estimated. 

KEY WORDS: Water marks, crack spacings, Kirsch operator, non-maxima 

suppression, thresholding, Hough transform. 
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SUMMARY 

Since field measurement of crack spacings of highway pavements is 

impractical in areas with high traffic densities, image processing of aerial 

photographs is proposed and explored as a means of automating such 

measurement. Crack widths range from 0.01 to 0.02 inches and thus are too 

small to be detected in the digitized pictures of aerial photographs taken at 

heights above 1000 feet at the resolution commonly used for pictures (e.g., 

256 - 1024 pixels [picture elementsl on each side). However, if a picture of 

a highway pavement is taken immediately after it has rained, water marks 

which form around the cracks can be seen. It 1S reasonable to assume that 

one crack is associated with each water mark, and, therefore, in this 

procedure water marks are used for estimating crack spacings. 

The approach consists of, first, locating the water marks, by detecting 

the boundaries of the water marks. The edges corresponding to region 

boundaries in photographs may be detected by using one of many available edge 

operators, e.g., the Laplacian operator, the Kirsch operator, etc. Use is 

then made of an edge operator coupled with a non-maxima suppression technique 

to reduce noise. The resulting boundaries of the water marks are used to 

guide the search for crack locations and to estimate crack spacings. 

This report is organized as follows. Chapter 1 is an introduction to 

the subject, Chapter 2 contains a description of the edge detection 

procedure, which is used to extract the edge points from the picture of the 

vi 



highway pavement and essentially consists of three steps: (1) gradient 

computation, (2) non-maxima suppression, and (3) thresholding. Intensity 

gradients are computed by applying the Kirsch operator to the intensity 

picture. This step yields a gradient picture. The non-maxima suppression 

step selects only those pixels at which the gradient values are local maxima. 

This step is crucial because the Kirsch operator results in a cluster of high 

responses around the positions of true edges. Finally, thresholding deletes 

those pixels at which the gradient values are less than some threshold. A 

binary edge picture is obtained after thresholding. In Chapter 3, a modified 

version of the Hough transform technique is described and applied to the 

binary edge picture to find the direction of the road and road sections. 

Algorithms are developed in Chapter 4 to describe how water marks are 

detected and how crack spacings are estimated. The evaluation of these 

algorithms is presented in Chapter 5. Some future directions of the research 

related to the techniques for the evaluation of the conditions of highway 

pavements are briefly mentioned in Chapter 6. 

Due to the high cost of analysis (about $600 per mile of pavement for 

computer time alone) and the requirement of a photograph of a recently wetted 

pavement, the method is not practically applicable at the present time. 
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IMPLEMENTATION STATEMENT 

The report provides a sound foundation for work in applying computer 

enhancement techniques to the analysis of aerial photographs. However the 

high cost of analysis and the requirement of a photograph of a wetted 

pavement render the method unimplementable at the present time. 
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CHAPTER 1. INTRODUCTION 

PROBLEM DESCRIPTION 

The objective of this study is to locate cracks and measure crack 

spacings using aerial photographs of highway pavements. The pavement 

investigated is a continuously reinforced concrete pavement (CRCP) section in 

the Houston area. CRCP is designed to crack at intervals of 4 to 8 feet. 

The design eliminates the need for transverse joints. Experience has shown 

that, as the pavement deteriorates with time, new cracks form and hence the 

crack spacing becomes smaller. In a maintenance management program it is 

desirable to determine the rate of change of the crack spacing and to 

identify those areas where the crack spacing has become small enough to 

indicate a potential failure in the pavement and thus a need for preventive 

maintenance. 

SOME DIFFICULTIES 

The physical widths of cracks are on the order of 0.01 to 0.02 inches 

(Ref 1). The resolution of the digitized pictures from aerial photographs 

taken above 1000 feet is insufficient to resolve such minute detail. 

However, after it has rained, water marks form around the cracks. They are 

comparatively much larger and distinguishable from the pavement. It is 
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reasonable to assume that there is usually one crack associated with each 

water mark. Therefore, the relative density of water marks and spacings of 

adjacent water marks are measured, and the crack spacings estimated. Water 

marks are not easy to detect for the following reasons: 

(1) If two or more cracks are close to each other, the water marks 
surrounding them will merge into one and become indistinguishable. 

(2) There are no well-defined boundaries for water marks because water 
marks are products of the infiltration phenomenon. 

(3) There are usually road film stripes in the center of the lanes 
which cover water marks and make them more difficult to detect. 

With these difficulties, it is impossible to detect exactly the 

individual water marks. However, (1) the pixels (picture elements) in the 

neighborhood of the boundaries of water marks usually have locally higher 

gradient values, and (2), on CRC pavements, most cracks are in a direction 

transverse to the road. These two observations suggest that the number (or 

the density) of edge points corresponding to a water mark will be a good 

indicator of its location. An edge point corresponding to a water mark is 

defined here as a pixel with high intensity gradient value in a direction 

nearly parallel to the direction of the road. 

SYSTEM DESCRIPTION 

The system to detect cracks on a highway pavement from an aerial 

photographs includes four procedures: 

(1) Picture digitization. A video camera and a digitizer are used to 
digitize an aerial photograph. This procedure is necessary for 
image processing and is not described in this report. 
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(2) Edge detection. This procedure detects the edges at the boundaries 
of the road and water marks. The Kirsch operator (Ref 2), a 
non-maxima suppression technique (Ref 3) and thresholding are used 
in the procedure to find these edges. The Kirsch operator is 
applied to the intensity picture to compute the gradient at each 
pixel. Non-maxima suppression deletes those pixels at which the 
gradient values are not local maxima. The output of the non-maxima 
suppression procedure (called a non-maxima suppressed picture) 
contains the edge points at the boundaries of the road, at the 
sawed joints between lanes, and in the neighborhood of the 
boundaries of water marks. This picture will be used in procedure 
4. For detecting road sections and the direction of the road, the 
edge points with gradient values less than some threshold are 
deleted, since the gradient values at the points on the boundaries 
of the road and at the sawed joints are generally higher than those 
in the neighborhood of the boundaries of water marks, and the 
latter are not needed in the road detection procedure. 

(3) Road detection. With the edge points selected in procedure 2, the 
lines corresponding to the margins of the road and the saw joints 
between lanes can be extracted using a line detection technique, a 
modified version of the Hough transform (Ref 4). Thus, the margins 
of the road and road sections can be found. 

(4) Labelling of potential edge lines and potential boundaries. After 
locating the margins of the road and finding the road sections in 
procedure 3, we are ready to locate water marks. The non-maxima 
suppressed picture obtained in procedure 2 is used in this 
procedure. "Potential edge lines" are labelled according to the 
number of edge points (corresponding to water marks) related to 
line segments orthogonal to the direction of the road. Non-maxima 
suppression based on the number of edge points (also corresponding 
to water marks) is used to label "potential boundaries." Hence 
water marks and cracks can be located, and crack spacings 
calculated. 

The flow chart of this system is depicted in Fig 1.1. Except for the 

picture digitization, the other procedures will be discussed in the remainder 

of this report which is organized as follows. 

Chapter 2 contains a description of the edge detection procedure. This 

procedure contains basically three steps: (1) gradient computation using the 

Kirsch operator, (2) non-maxima suppression, and (3) thresholding. In 

Chapter 3, a modified version of the Hough transform technique is described 

and applied to the thresholded picture to find the direction of the road and 
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Fig 1.1. Flow chart of the system to detect cracks on a highway pavement. 

4 



5 

road sections. Algorithms are developed in Chapter 4 to detect water marks 

and measure crack spacings. The evaluation of these algorithms is presented 

in Chapter 5. Some future directions of the research related to the 

techniques for the evaluation of the conditions of highway pavements are 

briefly mentioned in Chapter 6. 



CHAPTER 2. EDGE DETECTION 

The edge detection procedure used to extract edges from the picture of a 

highway pavement consists of essentially 

computation, (2) non-maxima suppression, and 

three steps: (1 ) 

(3) thresholding. 

gradient 

Intensity 

gradients are computed by the application of the Kirsch operator to the 

intensity picture. This step yields a gradient picture. The non-maxima 

suppression step will select only those pixels at which the gradient values 

are local maxima. This step is crucial because the Kirsch operator results 

in a cluster of high responses around the positions of true edges. Finally, 

thresholding deletes the pixels whose gradient values are less than some 

threshold. 

THE KIRSCH OPERATOR 

There are a variety of edge operators reported in the literature. 

Examples are the Laplacian operator (Ref 5), the Roberts operator (Ref 6), 

the Sobel operator (Ref 7), the Kirsch operator, and others proposed by 

Prewitt (Ref 8), Argyle (Ref 9), Macleod (Ref 10), and Rosenfeld (Ref 11). 

The Kirsch operator (Ref 2) is a nonlinear edge operator introduced by 

Kirsch which calculates the intensity gradient for each of eight directions 

centra11ed at the pixel P(I,J) (see Fig 2.1) and chooses the maximum of 

6 
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those values as the gradient value of the central pixel. The corresponding 

direction is defined as the direction of the gradient. Basically, the Kirsch 

operator provides the maximal compass gradient value about a pixel (Ref 12). 

Referring to Fig 2.1, the gradient value, G, at the pixel 

given by 

G(I,J) = MAX { 1,MAX 

where 

Tk ~ + 3 + Ak + 4 + ~ + 5 + ~ + 6 + ~ + 7 

P(I,J) is 

(2.1) 

~ + m where (0 ~ m ~ 7) are the intensities of the pixels in the 3 x 3 

neighborhood of the pixel P(I,J), and the subscripts of the A are 

evaluated modulo 8. 

Shown in Fig 2.2 through Fig 2.5 are two road pictures and the results 

of applying the Kirsch operator to these two pictures. Observe the clusters 

of edge points in Fig 2.3 and Fig 2.5. The clustered regions can be thinned 

using a non-maxima suppression technique based on the intensity gradient, 

which is introduced in the following section. 
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Fig 2.2. Digitized picture of a highway pavement (Hwy 1). 
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Fig 2.3. Gradient picture of Fig 2.2. 



11 

Fig 2.4. Digitized picture of a highway pavement (Hwy 2). 
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NON-MAXIMA SUPPRESSION 

There is a necessity for the non-maxima suppression procedure because 

there is no well-defined boundary for a water mark. If the water mark is 

several pixels wide, then those pixels interior to the water mark should not 

be labelled as edge points. In order to eliminate most of the edge responses 

of the points in the interior of water marks, the non-maxima suppression 

(Ref 3) was performed on the gradient picture based on the intensity gradient 

(Ref 13). 

An edge orientation E and a gradient values G are associated with 

each pixel in the gradient picture. Passing through each point is a line 

segment orthogonal to edge orientation E at this point (see Fig 2.6). All 

edges on this line segment whose gradient values are less than G are 

deleted. Figure 2.7 shows the result of non-maxima suppression of the 

gradient picture in Fig 2.5. 

THRESHOLDING 

Since the direction of the road is desired, and most of the edge points on 

road film strips or sawed joints have high contrast, it is possible to apply 

a modified version of the Hough transform (a line and curve detection 

technique) to only those pixels with gradient values greater than the 

T 
threshold g2 

T2 
g2 

The threshold is calculated from Eq 2.2: 

255 
H(G)*G

2 
L 255 

G=O L P(G)*G
2 (2.2) 

255 G=O 
L H(G) 

G=O 
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Fig 2.6. Operation of non-maxima suppression. 
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H(G) 

255 
~ H(G) 
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H(G) is the number of pixels with the gradient value G, and P(G) is the 

relative frequency associated with H(G). Actually, 
T 

g2 is the square root 

of the second moment of the gradient values. 

The number of points on which the Hough transform is performed should be 

small, for computational efficiency. Using the second moment of the gradient 

values as a threshold will produce less points in the thresholded picture 

than using the mean of the gradient values. This is the reason for not 

taking the mean of the gradient values as a threshold. 

The result of applying non-maxima suppression and thresholding to the 

gradient picture in Fig 2.5 is shown in Fig 2.8. 

Actually, thresholding was applied twice in this study; once on the 

gradient picture, with low threshold Tg1 , which is half of the mean of the 

T 
gradient values, and the other time (with high threshold g2 ) on the edge 

picture obtained after performing the non-maxima suppression procedure. 

Since non-maxima suppression requires more computational time than 

thresholding, it is advantageous to perform thresholding first. The problem 

is that the contrast of the pixels around the boundaries of water marks is 

lower than that at the boundaries of road sections. If the threshold value 

is too high, most edge points around the boundaries of water marks will be 

suppressed. On the other hand, with low threshold value, performing the 
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Hough transform would be computationally expensive. This suggests applying 

thresholding twice with different threshold values as needed. 



CHAPTER 3. DETECTION OF ROAD SECTIONS 

THE HOUGH TRANSFORM 

The Hough transform (Ref 14), developed by Hough, involves the 

transformation of a line in the Cartesian coordinate plane X-Y to a point in 

the polar coordinate plane p - e ,as shown in Fig 3.1. Let 0 be the 

origin of the Cartesian coordinate plane, L be an arbitrary line, and OP 

be the line segment orthogonal to the line L; then the line L may be 

parametrically described by the equation 

p OP xCose + ySINe (3.1) 

where p is the length of the line segment OP, and 0 is the angle OP 

makes with the X-axis. 

The family of lines in Fig 3.2 passing through a common point P maps 

into a curve in the p - e domain as shown in Fig 3.2. The three curves 

in the p - e domain which correspond to the three families of straight 

lines passing through collinear points A, B, and C in the X-Y domain cross at 

a single point ( p, e ), as depicted in Fig 3.3. 
o 0 

Duda and Hart (Ref 4) have adapted the Hough transform technique to 

detect lines and curves in digital pictures. Each discrete data point in the 
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X-y domain is transformed to a curve in the P - 8 domain which is 

quantized into an array of accumulators. The basic algorithm for the Hough 

transform is as follows: 

(1) Quantize the parameter space P - 8 with appropriate ~P 
~8 in the range of the maximal and minimal values for 8 
a . 

and 
and 

(2) Form an accumulator array A( P ,8 ). 
array are initialized to zero. 

All the entries in this 

(3) Performing the following step: For each non-zero data point 
P (x., y.) do 

1 1 

For do 

Begin p. 
1. 

J 

INT (x.CaS8. + y.SIN8.); 
1 J 1 J 

A(p. , 8. ) A(p. 8.) + 1; END 
1. J 1. , J 

J J 

Each entry (Pi , 8. ) in the accumulator array corresponds to the 
J 

number of the points on the line with p equal to Pi and a equal to 

8. The entry with the largest value corresponds to the line with the 
J 

largest number of points on it in the binary picture. 

In this study, a was 50 and ~p was 1, 2, or 4 for different cases 

(this is discussed in more detail later). 

More than one straight line needs to be extracted for the determination 

of the direction of the road; this suggests the use of the procedure 

described by Fennama and Thompson (Ref 15), who used the Hough transform to 

find the velocities for different objects in the picture. The parameters 

they used were and 8 , which were the magnitude and the angle of the 
v 

velocity and were related by the equation 

~I (3.2) 
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where lei and Be were the magnitude and the angle of the gradient, and 

~I was the intensity difference between two successive frames. All these 

three parameters were related to each data point and could be measured from 

the sequence of pictures. When the Hough transform was applied to all the 

data points in the picture, a peak in the accumulator array was found and the 

corresponding ( Ivl ' B ) 
v 

was assigned to those pixels satisfying the 

relation represented by Eq 3.2. Since more than one object having distinct 

velocities were to be located, the analysis was repeated using the data 

points of the original picture minus those data points already assigned a 

velocity. This procedure continued until no sufficiently well defined peaks 

were found in the accumulator array. 

For the photographs used, the procedure described above is inefficient 

for detecting a large number of straight lines for determining the direction 

of the road, since performing the Hough transform requires a large amount of 

computation. We applied the Hough transform only once to each picture for 

two reasons: (1) the direction of the road is determined as the direction 

that occurs most often, and, thus, the number of lines to be detected should 

~e large enough and be detected in one pass for efficiency; and (2) the only 

difference between Fennama's approach and the one used is whether the point 

at the intersection of straight lines should be assigned to only one line or 

to more than one line. (In this case, the intersecting point is assigned to 

all the straight lines passing through it.) Since the number of points on the 

lines to be detected is on the order of 100, there is little effect on the 

order in which the lines are detected. Therefore, this will not affect the 

determination of the direction of the road. 
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QUANTIZATION ERROR 

Another problem is with the quantization error. In the continuous case, 

all the collinear points are mapped into the same entry in the accumulator 

array. For the discrete case, this is not always true. If the direction of 

the straight line is not exactly equal to a multiple of 5°, the points on it 

will be mapped into several entries. The analysis of the quantization error 

for this case is described below (see Fig 3.4). 

Let 

Then 

and 

-L be a straight line in the direction e + 90°, 

-e, be the quantized value nearest to e , 
J 

-Q be an arbitrary (data) point on the line L, 

-L' be the line passing through Q with the direction e, + 90°, 
J 

-OP 

-p, 
l 

be the line segment passing through the origin 0 and 

orthogonal to L' at P, and 

be the length of OP be the minimal and 

maximal value of OP • 

a < I e - e, ~ e < 2.5° 
J 

(3.3) 

y 

MAX (P2 - PI) 
s 

( SINe) * SIN 2.5° (3.4) 
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Fig 3.4. 
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Due to quantization of 8., collinear points on the 
J 

line L fall into different accumulators (P., 8.), 
1 J 
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2 * Y * SIN 2.5° s 
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13.82 

where Ys is the number of lines of the digital picture and is equal to 224 

in this study. 

For the worst case, the points on the line L will be mapped into 24 

different entries with the same 8. and different Pi • Suppose that 0 is 
J 

equal to 45.24° and the total number of the data points on the line L is 

equal to N , then 

= 12.154 

The points on the line L are mapped into different entries A(p, 45)s 

p (O<K<13) 

and Pl is assumed to be an integer. Thus the values of all these 

A ( P , 45)s are about N/l3 instead of N. It is possible that most of 

the lines detected are in the direction exactly equal to some multiple of 5°, 

and the direction of the road will not be determined correctly. Therefore, 

two modifications are needed for applying the Hough transform to find the 

direction of the road. First, a large ~p is used to sample edge points 

from the binary picture. Second, for each increment of accumulators 
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A ( P. , e.) 
1 J 

are incremented 

at the same time. 

The results of applying the Hough transform with different sampling 

distances to the pictures of Figs 2.2 and 2.4 are listed in Table 3.1. 

There is another benefit from larger sampling distances. The 

computational time for the Hough transform is proportional to the number of 

edge points to be transformed. Note in Table 3.1 that the number of edge 

points decreases as the sampling distance increases. The same is true for 

computational time. The number of edge points can also be decreased by using 

a high threshold when the binary picture is created. However, as the aerial 

photograph may be non-uniformly illuminated, some edge points (at the sawed 

joints) may not be detected using a high threshold, and road sections will 

not be determined correctly. 

DETECTION OF ROAD SECTIONS 

Choose 25 accumulators with large values from the array of accumulators 

and the direction of the road can be obtained from the direction e 
m 

corresponding to the maximal entry in the array of accumulators. Since e 
m 

is the angle between the line segment OP ,which passes through the origin 

and is orthogonal to the direction of the road (see Fig 3.1a), and the 

relationship between the direction of the road E and 

the equation 

E 

e is expressed by 
m 

(3.5) 
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TABLE 3.1. ACTUAL AND ESTIMATED DIRECTIONS OF ROAD 

(a) FROM FIG 2.2 

N W N Direction s e 

Actual X X XXXX 25 ° 

HT-1 1 1 3591 0° 

HT-2 2 1 908 0° 

HT-3 4 1 228 25° 

HT-4 1 3 3591 30° 

HT-5 2 3 908 25° 

HT-6 4 3 228 25° 

(b) FROM FIG 2.4 

N W N Direction 
s e 

Actual X X XXXX 170° 

HT-1 1 1 1441 170° 

HT-2 2 1 362 0° 

HT-3 4 1 90 170° 

HT-4 1 3 1441 170° 

HT-5 2 3 362 170° 

HT-6 4 3 90 170° 

N the sampling distance 
s 

N the number of edge points to be transformed 
e 

W = the number of accumulators to be incremented concurrently 
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Having determined the direction of the road E , all the straight lines 

in this direction are sorted in ascending order. Let the minimal distance 

D be the threshold for finding the lanes of the road (D is about one third 
m m 

the width of the lane), and check the distance between two adjacent lines 

(also in ascending order). The first occurrence of the line separated from 

the next adjacent line by a distance larger than D 
m 

is labelled as the left 

margin of the road. The last occurrence of the line separated from a 

previous adjacent line 

right margin of the road. 

by a distance larger than D 
m is labelled as the 

After locating the margins of the road, we are ready to find the sawed 

joints along the road. Since the lines with direction E are edges of road 

film stripes or sawed joints, and the intensities of the road film stripes 

are usually lower than those of the sawed joints, the average intensity for 

each line in the direction of the road can be used to distinguish road film 

stripes from sawed joints. 



CHAPTER 4. ALGORITHMS FOR LOCATING CRACKS 

In this chapter, algorithms to measure the relative densities and 

locations of water marks and estimate crack spacings are described. The 

detection of road sections has been described in Chapter 3. It is now 

possible to restrict our observation to road sections only. The algorithms 

described here are based on the assumption that there are no cars on the 

road. If there are cars on the road, it is necessary to identify the cars 

first. In general, a car on the highway is separated from other cars (on the 

same lane) by at least 50 feet and the road in the picture ranges about 50 

feet in length. Therefore, there is at most one car in each lane and the 

crack spacing estimated by these algorithms will reflect the actual condition 

of the pavement without significant error. A technique for the detection of 

cars on the road can be found in reference 16 and is not considered here. 

OVERVIEW OF ALGORITHMS 

In order to detect water marks and locate cracks, it is necessary to 

extract edges at the boundaries of water marks. As mentioned earlier, the 

water marks on the highway pavement are in the direction nearly orthogonal to 

that of the road. An edge point is defined as a pixel with a local maximal 

intensity gradient value and with the direction of the gradient approximately 

31 
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parallel to that of the road. After extracting edge points, "potential edge 

lines" are labelled according to the number of edge points related to the 

line segments orthogonal to the direction of the road. With the "potential 

edge lines", non-maxima suppression based on the number of edge points is 

used to label "potential boundaries." Finally, water marks and cracks can be 

located and crack spacings calculated. 

The procedure for locating water marks and cracks can be divided in two 

steps: 

(1) Labelling of "potential edge lines" and calculating the 
of water marks in different regions based on the 
"potential edge lines" in those regions. 

densities 
number of 

(2) Labelling of "potential boundaries" using non-maxima suppression 
based on the number of edge points on the "potential edge lines." 
Locate water marks and cracks. 

POTENTIAL EDGE LINES 

For CRC pavements, most cracks and water marks lie in a direction nearly 

orthogonal to the direction of the road. Although the boundaries of water 

marks cannot be exactly located (for their boundaries are not well-defined), 

the number (or the densities) of edge points corresponding to water marks are 

a good indicator of their locations. Potential edge lines are labelled 

according to the following steps: 

(1) Divide the pavement into regions associated with the lanes of the 
road. 

(2) Divide each lane into subregions. (An 8-pixel-wide subregion seems 
adequate and is used in this study.) 

(3) For each possible line segment in the subregion that is orthogonal 
to the direction of the road, count the total number of edge points 
on this line segment and both of its adjacent line segments. Only 
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edge points with a direction nearly orthogonal to that of the road 
are counted. 

If the total number of 
threshold , the 
"potential edge line." 

edge points 
corresponding 

counted is greater than a 
line segment is labelled as a 

(5) For each subregion, count the number of potential edge lines in it. 
Find a threshold T1 by taking the simple average of all these 
numbers. 

(6) Compare the number of potential edge lines of each subregion with 
the threshold T1 The region with the number of potential edge 
lines higher than the threshold Tn is labelled as a region with 
high density of water marks (otherwise, low density). If more than 
one subregion are labelled as high density and they are next to 
each other, merge them into one region. 

This algorithm can also be used to compare the density of water marks on 

two sections of the highway pavement, if these two sections have been 

normalized to the same size. Figures 4.1 through 4.4 show two road pictures 

and the corresponding modified pictures with frames surrounding the regions 

with high density of water marks. It can be seen that there are more water 

marks on the road section in Fig 4.1 than the road section in Fig 4.3. 

POTENTIAL BOUNDARIES 

With potential edge lines labelled in the previous algorithm, non-maxima 

suppression based on the number of edge points on the potential edge lines is 

used to approximately locate the boundaries of water marks and locations of 

cracks. Crack spacings can be subsequently estimated. Potential boundaries 

are labelled according to the following steps: 

(1) Label the potential edge lines using step 1 through step 4 of the 
previous algorithm. 
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Fig 4.1. Digitized picture of a highway pavement (Hwy 3) . 



Fig 4.2. Modified picture of Fig 4.1. The regions 
with a high density of water marks are 
circled by white frames. 
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Fig 4.3. Di gitized picture of a highway pavement (Hwy 4). 



Fig 4.4. Modified picture of Fig 4.3. The regions 
with a high density of water marks are 
circled by white f rames. 

37 
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(2) Test the number of edge points on each potential edge line and 
label it as a "potential boundary" if the number of edge points on 
it is a local maximum. 

(3) Divide the whole lane into subregions separated by potential 
boundary, and calculate the average intensity for each subregion. 

(4) Test the average intensity of each subregion obtained from step 3. 
A subregion is labelled as a water mark if its average intensity is 
a local minimum, since the average intensity of the region 
corresponding to or containing water mark is lower than that of the 
region that does not correspond to a water mark. 

(5) Approximate the location of cracks in the center of each subregion 
labelled as a water mark in step 4. Calculate the spacing between 
each pair of cracks, and find the average crack spacing for each 
lane. 

(6) Consider the width for each subregion labelled as a water mark. If 
the width for one water mark is larger than the average width, 
there may be more than one crack in "this" water mark. Modify the 
number of cracks and crack spacings by taking into account "this" 
water mark. 

The results of performing this algorithm on road pictures are depicted 

in Figs 4.5 through 4.8. In Figs 4.5 and 4.7, the center of each water mark 

is marked with a white line. In Figs 4.6 and 4.8, each water mark is bounded 

by a white frame. The resulting center positions and widths of water marks 

are tabulated in Table 4.1. 



Fig 4.5. Modified picture of Fi g 4.1 with white 
lines indicating the location of cracks. 
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Fig 4.6. Mod i fied pi cture of Fig 4.1 with white 
f r ames indi cating water marks. 
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Fig 4.7. Modified picture of Fig 4.3 with white 
lines indicating the location of cracks. 
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Fig 4.8. Modified picture of Fig 4.3 with white 
frames indicating water marks. 
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TABLE 4.1. THE CENTER POSITION AND WIDTH OF WATER MARK 

(a) UPPER LANE OF FIG 4.1 

Center position 

Width 

37 48 78 

653 

93 128 

5 4 

162 178 197 

534 

Average Width of Water Mark: 4.56 pixels (0.66 ft) 

Average Spacing of Cracks 22.63 pixels (3.27 ft) 

Scale 83 pixels per 12 feet 

(b) LOWER LANE OF FIG 4.1 

Center position 

Width 

24 

7 

45 

8 

79 91 132 

3 6 8 

162 195 

5 4 

220 

3 

Average Width of Water Mark: 5.5 pixels (0.80 ft) 

Average Spacing of Cracks 28.0 pixels (4.04 ft) 

Scale 83 pixels per 12 feet 

218 

6 
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TABLE 4.1. (continued) 

(c) UPPER LANE OF FIG 4.3 

Center position 

Width 

12 62 106 

4 5 15 

121 145 169 183 205 

5 4 7 11 11 

Average Width of Water Mark: 7.75 pixels (1.11 ft) 

Average Spacing of Cracks 31.86 pixels (4.55 ft) 

Modified Crack-Spacing 27.88 pixels (3.98 ft) 

Scale 84 pixels per 12 feet 

(d) LOWER LANE OF FIG 4.3 

Center postion 

Width 

15 30 66 102 134 148 

10 7 6 7 13 7 

164 176 

7 5 

Average Width of Water Mark: 7.70 pixels (1.10 ft) 

Average Spacing of Cracks 21.22 pixels (3.03 ft) 

Scale 84 pixels per 12 feet 

44 
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CHAPTER 5. EVALUATION OF ALGORITHMS 

ACCURACY 

Accuracy is an important concern in this study. To evaluate the 

accuracy of this technique, the actual crack spacings were measured directly 

from the aerial photographs (based on the knowledge that the lane-width of 

the highway pavement is 12 feet). The actual and estimated crack spacings 

(with modification) for the road pictures of Figs 4.1 and 4.3 are shown in 

Table 5.1. 

TIME ESTIMATE 

The processing techniques described in this report are executed on a 

minicomputer PDP-11/34 which is a sequential machine. The time charge for 

PDP-11/34 in the Advanced Graphic Laboratory (AGL) at the University of Texas 

at Austin is 30 dollars/hour based on real working time but not on machine 

CPU time. The total time to process one picture is about 9 minutes of CPU 

time, distributed as follows: 

(1) Picture digitization 

(2) Kirsch operator application 

(3) Non-maxima suppression 

45 

0.5 min 

2.0 min 

1.0 min 



TABLE 5.1. ACTUAL AND ESTIMATED CRACK SPACINGS FOR FIGS 4.1 AND 4.3 

Fig 4.1 (upper) 

(lower) 

Fig 4.3 (upper) 

(lower) 

Actual 

3.3 ft 

4.0 ft 

3.5 ft 

3.0 ft 

Estimated 

3.3 ft 

4.0 ft 

3.4 ft 

3.0 ft 
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(4) Binary picture computation 

(5) Hough transform application 

(6) Road detection 

(7) Locating water marks and cracks 

0.5 min 

1.5 min 

1.0 min 

2.5 min 
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Processing is computationally expensive. PDP-ll is a sequential machine 

and its main memory cannot contain the entire 256 x 256 picture. Thus, the 

picture must be stored in auxiliary memory and the portion of the picture 

being processed must be read into main memory. Transferring data between 

main memory and auxiliary memory takes more time than actual computations in 

our study. Time to process a digital picture can be drastically reducted 

using a parallel architecture, such as the Staran Parallel Computer (Ref 17). 



CHAPTER 6. CONCLUSION 

In this study, crack spacings for CRC pavements have been estimated with 

reasonable accuracy uS1ng a computer graphic technique. First, the Kirsch 

operator was applied for gradient computation. The non-maxima suppression 

procedure was performed on the gradient picture to select those pixels at 

which the gradient values were local maxima. Thresholding was applied before 

T 
and after the non-maxima suppression procedure using a low threshold gl 

and a high threshold for locating water marks and extracting the lines 

1n the direction of the road. Extracting the lines was accomplished using a 

modified version of the Hough transform, and the direction of the road was 

determined and the road sections were subsequently located. Potential edge 

lines are labelled according to the number of edge points (curresponding to 

water marks) on the potential edge lines. Finally, with the knowledge of 

potential boundaries, water marks were located, cracks were approximately 

located in the middle of water marks, and crack spacings were calculated. 

In the condition surveys of rigid pavements, particularly CRC pavements, 

the crack spacing is an essential element. It provides an indicator of the 

general condition of the pavement. It would be particularly useful in 

forecasting potential problem areas if historic data were available. As the 

crack spacing decreases (or the number of cracks per unit length of pavement 

increases) the condition of the pavement is deteriorating. 
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Tables 4.la and 4.lb show that the average crack spacing for the upper 

lane of Fig 4.1 is 22.63 pixels, or 3.27 feet, and for the lower lane is 28 

pixels, or 4.04 feet. Therefore, the pavement condition of the lower lane ~s 

better than that of the upper lane. However, based on this evidence only, it 

cannot be concluded that the pavement of the upper lane is in bad condition. 

There are other parameters for evaluating pavement condition, such as 

magnitude of deflections and openings of cracks. 

This report does not provide for a complete survey of the condition of 

the highway pavement, not covering such as deflection, spalling, and patching 

(Ref 18). The reason ~s that, with relatively low resolution (for our 

study), information about the condition of the pavement which can be obtained 

from the digitized picture ~s limited. Future research will develop 

techniques for detecting deflection, spalling, and patches for the evaluation 

of the condition of highway pavements if pictures of highway pavements with 

relatively high resolution are available. 

The method is expensive, costing about $600.00 per mile for computer 

time alone. Additionally the difficulty of obtain low level, high resolution 

aerial photograph of a wetted pavement make the method more costly than 

ground surveys and it generates less information. When refinement in aerial 

photography and computer graphics occur, the method may be more applicable. 

However at the present time the method is not practically applicable to 

highway pavement evaluation. 
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