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Road Surface Texture Measurement Using Digital Image Processing 

1 Summary 

This report details the progress to date.  The first two tasks (1. Procure and adapt software 

and associated hardware to process digital images of seals; 2. Trial software on sample 

photographs) regarding developing the information, software and hardware to correlate 

digital chip seal images with sand circle measurements have been completed. A reliable 

statistical correlation with a coefficient of determination of 93% between digital image 

processing output and sand circle measurements taken at the same spot was found.  The 

team discovered that separate regression models will have to be developed for each chip 

seal design type and possibly for each aggregate nominal size or chip grade. 

2 Research Background 

2.1 Purpose of the research 

The New Zealand seal design algorithm requires texture depth of the existing surface as a 

key input. Historically, texture has been measured using a volumetric technique called 

the sand circle test, which consists of spreading, with a straightedge in a circular motion, 

a known volume of uniform-sized sand on the road surface, measuring the diameter of 

the circular area covered by the sand, and dividing the volume (of sand) by the area to 

obtain an average texture depth. Even with experienced, skilled operators, the test takes 

some time to perform, and is normally done in live traffic conditions with varying levels 

of traffic control. Even though the reproducibility (40%) of the sand circle test is poor, it 

is still the most common means to measure texture (Patrick et al, 2000). 

With the development of laser technology, numerous attempts have been made to use 

lasers to measure texture (such as the Mini-Texture Meter and High speed vehicle 

mounted lasers used in New Zealand), but as these do not generate a volumetrics-based 

texture, laser-measured textures cannot be used for seal design. Multiple scanning lasers 

could feasibly generate volumetric texture, but this would be a very expensive and costly 

procedure. Transit NZ has a stationary laser profilometer, which is a precise tool for 

measuring texture, but this device cannot be used for routine measurements of texture 

because of the substantial time and effort involved in setting up the device at each test 

site. 

The purpose of this research is to evaluate whether a practical method of road surface 

texture measurement using digital image processing, incorporating information theory 

and fast Fourier transform (FFT) analysis can be developed.  The objectives of the 

research are: 

• To develop an accurate, repeatable method of measuring texture to replace the sand 

circle method, and  

• To develop a fast safe method of measuring texture to reduce the hazard of road 

surface texture measurement and minimise disruption to traffic. 
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Similar research has been undertaken in Texas, USA, but the focus of the American 

research was to correlate a qualitative performance rating of the chip sealed surface 

pavement with a quantitative measure of texture derived from digital imagery.  The 

experiment was successful, and its results were published in the International Journal of 

Pavement Engineering (Gransberg et al, 2002).  When a proposal was submitted to 

conduct experiments to correlate chip seal image FFT numbers to the measured skid 

resistance, the Texas highway agency was not interested in developing the concept any 

further. Thus, this research aims to apply the concept for measuring chip seal texture 

depth, for seal design purposes, in order to replace the present sand circle method of 

measuring texture in use in New Zealand. 

Road users are rapidly becoming less tolerant of travel delays caused by road works, so 

the research will benefit road users by substantially reducing the time involved in 

measuring the texture of existing surfaces. Also, society in general is placing more 

emphasis on worker safety, and one of the potentially most dangerous activities on the 

road is the current manual measurement of surface texture using the sand circle test; the 

proposed research aims to significantly reduce exposure of field staff to the potential risk 

of injury and death while measuring surface texture. 

2.2 Synopsis of research progress 

At the time of writing this report, the literature review for this project is nearly complete, 

the software and hardware have been purchased and calibrated, the research methodology 

has been developed and field-tested in both New Zealand and the USA, and preliminary 

data collection has been completed to validate the research methodology.  These data 

consist of a series of corresponding digital images and sand circle tests and have been 

correlated using nonlinear regression analysis.  The results are promising and have been 

used to refine the direction and composition of future data collection efforts.  The results 

to date are reported in this interim research report which constitutes the first deliverable 

for this project. 

3 Literature Review 

3.1 Review of chip seal design 
 

There are basically only two types of materials used in chip seals: binder and aggregate.  

Aggregate selection is a function of geography where availability and transportation 

distance essentially define the aggregate cost function.  Aggregate selection is not only a 

function of seeking optimum gradation; it is also a function of selecting the most 

appropriate chip seal for the project (Moulthrop, 2003).  Binder selection process is a 

function of the pavement’s surface, size and gradation of aggregate, compatibility with 

local aggregate, and local climatic considerations (Gransberg et al., 1998).   

 

One of the major difficulties involved in the design of material application rates is the 

non-uniformity of the existing pavement surface. The engineer must remember that 

variation in the existing pavement occurs both in the transverse and longitudinal 

directions.  The transverse variation is usually defined as the difference in the surface 

texture on the wheel paths and outside/between the wheel paths, including rutting.  
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Longitudinal variation occurs as the surface condition varies along the road from areas 

where the underlying surface is oxidized to other areas where the surface may be smooth 

or bleeding.  Particular attention should be given when determining binder application 

rates on pavements displaying varying surface textures.  Such conditions necessitate 

alterations to the binder application rate as the underlying surface changes making the 

specification of a single material application rate impossible.  As a result, careful 

characterizing of the existing surface throughout the length of the chip seal project is vital 

to producing a successful end product. 

 

To accomplish the chip seal design in accordance with the formal methods, the engineer 

must first determine the project design input characteristics.  These characteristics 

basically involve the following stages of design: 

• Evaluate surface texture 

• Evaluate traffic conditions: volume, speed, percent of trucks, etc. 

• Evaluate climatic and seasonal characteristics 

• Evaluate and select type of chip seal  

• Evaluate aggregate selection 

• Determine binder application rate 

 
Surface texture refers to the macrotexture of the pavement surface (Austroads, 2004).  

Surface texture is a measurement which influences the nominal size of aggregate used for 

the chip seal and thus, ultimately determines material application rates, skid resistance, 

and road noise.  Characterization of the pavement’s surface texture is a critical step in the 

design process because non-uniform surface textures in both the transverse and 

longitudinal directions make it difficult to design a binder application rate.  

 

3.1.2 Texture Measurement  

The most common test procedure used for determining the texture depth is a method 

called the Sand Circle Method.  This method is determines pavement surface 

macrotexture through spreading a predetermined volume of sand into a circular pavement 

patch of a given area for surfaces with average texture depths greater than 0.45mm (TNZ 

T3, 1981).  The volume of material that fills the surface voids determines the surface 

texture.  The principle of this method is fairly straightforward; the greater the average 

texture depth, the greater the quantity of material lost in the surface voids.  The average 

texture depth is calculated by dividing the volume of sand by the area of the sand patch 

(TNZ T3, 1981), as shown in Figure 1. 

 Average Texture Depth = 57,300  mm (D in mm) 

     D2 

Quantifying the texture of a seal also depends on the type of seal being measured. 
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Figure 1 Sand Circle Test for Texture Measurement 
 

 

3.1.3 Types of Chip Seals 

Until recently, single course chip seals were the most common type of seal. It is 

constructed from a single application of binder followed by a single application of 

uniformly graded aggregate as shown in Figure 2.  These are selected for normal 

situations where no special considerations would indicate that a special type of chip seal 

is warranted.  It should be noted that the following figures are conceptual diagrams and 

that there are other variations on these designs that are in use in the field. 

 

Figure 2:  Single Chip Seal 
 

A double chip seal (two coat seal) is constructed with two consecutive applications of 

both the bituminous binder and the uniformly graded aggregate as shown in Figure 3.  

The aggregate in the second application is typically about half the nominal size of the 

first application.  Double chip seals have less traffic noise, provide additional 
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waterproofing, and are a more robust seal in comparison with a single chip seal 

(Austroads, 2004).   As such double chip seals are utilized in high stress situations, like 

areas that have a high percentage of truck traffic or on steep grades. 

 

 
Figure 3:  Double Chip Seal 

 

A racked-in seal is a special seal in which a single course chip seal is temporarily 

protected from damage through the application of choke stone that becomes locked in the 

voids of the seal.  The choke stone provides an interlock between the aggregate particles 

of the chip seal (Figure 4).  The choke stone is used to prevent aggregate particles from 

dislodging prior to the binder being fully cured.  These chip seals are in order in areas 

where there is a large amount of turning movements to “lock in” the larger pieces of 

aggregate with the smaller aggregate and prevent it from being dislodged before the seal 

is fully cured. 

 

Figure 4:  Racked-In Seal 
 

Cape Seals, named after the area in South Africa where they were invented, are basically 

a single chip seal followed by a slurry seal (Figure 5). The original South African 

technique was to use a larger than normal base stone (up to 20 mm).  However, their 

application in other countries revolves around the usage of a smaller size aggregate.   

Cape Seals are very robust and provide a shear resistance comparable to that of asphalt 

(Austroads, 2004).   

 

Figure 5:  Cape Seal 
 

Figure 7 shows how an inverted seal is constructed. It is called an inverted seal because 

the larger size aggregate goes on top of the smaller size aggregate and is therefore an 

inverted double seal.  These seals are commonly used to repair/correct an existing surface 

that is bleeding, have been successfully used on bleeding surfaces with 30,000 AADT 
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and are also used for restoring uniformity to surfaces with variation in transverse surface 

texture (Austroads, 2004).   

 

 
Figure 6:  Inverted Seal 

 

The Sandwich Seal shown in Figure 7 is a chip sealing technique that involves one binder 

application sandwiched between two separate aggregate applications.    

 

 
Figure 7:  Sandwich Seal 

 

Reinforcing a chip seal with geotextile products can enhance the performance of a 

conventional chip seal over extremely oxidized or cracked surfaces.  The geotextile is 

carefully rolled over a tack coat, followed by a single chip seal being placed on top as in 

Figure 8.   

Figure 8:  Geotextile Reinforced Seal 
 

The binder application rate is adjusted depending on the existing surface texture and it is 

necessary to decrease the binder application rate on surfaces that are exhibiting flushing 

or bleeding.  

 

3.1.4 Performance Classification of Chip Seals 
 

Among the several distress types observed with chip seal surfaces, flushing and stripping 

are the most common ones (Benson and Galloway, 1953; Holmgreen et al, 1985). 

Therefore, the objective metric that seeks to measure chip seal surface texture 

performance should discern a satisfactory chip seal surface from a surface with either 

flushing or stripping distress. Flushing is characterized by the excessive embedment of 

aggregate into the asphalt binder and a loss of skid resistance that is caused by having the 

binder on the surface rather than the aggregate. In other words, a flushed surface has a 

smooth and slick appearance where the aggregates are less visible. Such distress is 

usually observed on the wheel paths where repetitive loading by tyres cause subsequent 
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embedment of aggregates. Flushing may be exacerbated by high binder application rates 

as well as with high surface temperatures during the day.  

 

Stripping, on the other hand, is the loss of aggregate from the pavement’s surface. Such 

pavements have a very irregular appearance since the surface is not completely covered 

by the aggregate. This type of distress is generally observed on the centreline and 

between the wheel paths of the pavement. Stripping occurs when the desired bond 

between the aggregate and binder fails. Low binder application rates, inadequate rolling, 

cool weather construction, and incompatible binder and aggregate types are common 

factors that might lead to stripping.  

 

3.1.5 Performance Specifications 
 

Due to the extensive use of chip seals, New Zealand has moved away from the traditional 

prescriptive specification method used elsewhere to the use of performance 

specifications.  The philosophy behind the Transit P/17 specification is that the texture 

depth after a twelve-month inspection is the most accurate indication of the performance 

of the chip seal for its remaining life.  The specification contends, “the design life of a 

chip seal is reached when the texture depth drops below 0.9 mm on road surface areas 

supporting speeds greater than 70 km/h” (Transit New Zealand, 2002).  The deterioration 

models developed for the P/17 Specification require the following minimum texture 

depth one year after the chip seal is completed using the following equation.   

Td1 = 0.07 ALD log Yd + 0.9     

 

Where: Td1   =  texture depth in one year (mm)  

Yd     = design life in years 

ALD = average least dimension of the aggregate 

 

The entire specification is based on the assumption that chip seals fail as a result of 

flushing (bleeding) (Transit New Zealand, 2002).  Within the specification, road noise or 

aesthetic reasons are the only reasons for specifying a maximum texture depth.  The final 

acceptance is based on the achievement of the required texture depth, without any 

significant chip loss.  The test used to measure texture depth is, thus, very important. 

 

3.2 Digital Image Processing 
 

As previously mentioned, the technique used in this research project was discovered on a 

chip seal research project funded by the Texas Department of Transportation (TxDOT).  

In that project, the researchers conducted site surveys of representative chip seal sections 

in each of the twenty-five TxDOT Districts in conjunction with a state-wide chip seal 

constructability review (Gransberg et al, 1998).  District personnel were asked to pick site 

survey sections that typified the overall quality of the chip seals in their districts. During 

each of these site surveys, the condition of the roadway was recorded by taking digital 

camera images to document the quality of pavement condition on each section. These 

images not only showed the overall condition of the roadway but also showed close-up 
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Figure 9: Normal Distribution of Maximum fft Values for Different Textures. 

(Gransberg, et al, 2002) 

views of the shoulder, wheel path and the area between the wheel-paths. A standardized 

camera setup was used where the camera angle, zoom and height were kept constant in 

each of the images. Three of these images – shoulder, wheel path and between wheel-

paths were used to find an objective parameter that would quantify the quality level of the 

chip seal surface.  

 

The parameter selected was the information content of each image as calculated by a 

mathematical transform to be discussed later in this paper.  In essence, each image was a 

finite amount of information contained in its boundaries.  This information can be 

measured by determining the relative change in luminance intensity between adjoining 

pixels in the image.  This relative difference in luminance is called the spatial frequency.  

For example, if the luminance intensity of one pixel is high and the intensity of the next 

pixel is low, the difference between the pixels is a large number, and the two pixels 

would be said to have a high contrast and a correspondingly high spatial frequency.  On 

the other hand, if two adjoining pixels have luminance intensities that are nearly equal, 

they would have low contrast and low spatial frequencies.  High contrast occurs at the 

boundaries between two different objects in an image (Ellis, 1976).  The relative 

visibility of an object against its background is a function of the amount of contrast 

(Cuvalci, et al, 1999).  Thus, in the chip seal image, the contrast is formed by the amount 

of light reflected off the exposed aggregate against the amount of light reflected off the 

background formed by the asphaltic binder (Christie, 1954).  The study found that 

TxDOT maintenance personnel could easily discern between a satisfactory chip seal 

surface and an unsatisfactory one by merely looking at it (Gransberg, et al, 1999).  It was 

also obvious to the naked eye that the difference between chip seal performance success 

and failure had to do with the relationship between the aggregate and the surrounding 

binder.  Therefore, it was postulated that one could measure the surface condition by 

correlating the information content of a digital image and the qualitative rating of the 

human expert. Such an objective metric would significantly facilitate the decision-

making process of allocating funds among several chip seal candidate sections on a basis 

of a quantitative comparison 

rather than qualitative 

comparison. 

 

The Image Processing Toolbox 

of MATLAB ® software 

(MATLAB, 2000, Tang, 1999) 

was utilized to process the 

digital images of chip seal test 

sections in Texas.   The 

processing of the chip seal 

images consisted of filtering 

the information content found 

in the images and quantifying 

this filtered information. One 

way to filter information in 

such an image is detecting the 
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edges of the aggregate particles (i.e. focusing on the boundary between the aggregate and 

the surrounding binder). As will be seen later, the edge patterns of flushed, shelled and 

satisfactory pavement surfaces exhibit a significant difference. This difference in edge 

patterns constituted the main analysis tool to differentiate a flushed or shelled surface 

from a satisfactory pavement.  When a sufficiently large population is imaged and its 

qualitative performance rating is associated with the product of the FFT image processing 

output, a distinct difference can be seen between chip seal surfaces with satisfactory 

texture and those that have failed either by flushing or shelling.  Figure 9 comes from the 

previously mentioned article that reported the proof of this concept (Gransberg et al, 

2002).  One can easily see the potential for associating a quantitative rather than 

qualitative texture rating and being able to regress the relationship between the physical 

texture measurement and its associated image processing output to derive a formula that 

would allow the engineer to compute the texture measurement from the image output.  

Thus, the literature and mathematical justification for this proposed methodology must be 

reviewed and explained to give the reader the necessary background before moving on to 

the details of the current research.  

 

3.2.1   Mathematical Background to the Fast Fourier Transform 
 

As previously stated the mathematical process that will be used in this research is called 

the fast Fourier transform (FFT).  This approach can easily be used to quantify the 

information content of a digital image using a very straightforward application of 

information theory.  The proposed approach is quite elegant in that it seeks to measure 

the information content of an image and then use that quantitative measure to statistically 

correlate with a physical texture measurement taken at the same location as the image.  

Thus, it quite intuitively seeks to differentiate surface texture on a basis of visual 

information content.  As a result, the process contains a built-in check on image 

processing output: the ability to qualitatively confirm that images of like visual texture 

(i.e. satisfactory, flushed, etc.) are also yielding similar FFT numbers as well as similar 

sand circle measurements.  The literature on the FFT explains its use in this particular 

project. 

 

3.2.1.1  Fourier Series 
 

Fourier analysis was initially developed by the physicist Joseph Fourier to study heat 

transfer problems (Goodman, 1968; Wilson, 1995; Hecht, 1975) where it recognized that 

any function, fp(x), whose graph displays a periodicity, T, can be considered to be an 

infinite sum of sinusoidal functions. The Fourier series may be represented as the sum of 

a series of sine functions, cosine functions, complex exponential functions or any of 

several other sinusoidal representations (Wilson, 1995). 

 

3.2.1.2   Fourier Series Representation of a Limited Function 
 

A uniform and finite periodic function fp(x) with period, p, is defined over a range of its 

variable x between x0 and x1. This function may be represented as follows at any point 

over its range by a series of circular functions where n is an integer. 
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Where: x is in an x-unit (in spatial case it should be a length unit) 

 ω is an angular frequency in radiance per x-unit 

 2n, is a phase shift angle 

 A n B n C n & D n are amplitudes of the frequencies at ω n = nωx 

 

Figure 10 shows a MATLAB ® generated waveform, xxf p π2sin)( = , with its 

corresponding spectrum. The period of fp(x) is p = 1 LU (length unit) and the frequency 

1
1

==
p

f  LU-1 or angular frequency 
LU

rad

p
π

π
ω 2

2
==  and b1 = 1 represent the only 

nonzero component in the spectrum. 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: A single frequency wave ( xxf p π2sin)( = ), and its spectrum. 

 

 

3.2.1.3  Spatial and Time Domain of Fourier Series 
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The Fourier series of any periodic function may be represented in the x-domain (either 

spatial or time domain) as a function of f(x) or in the ω-domain as a function of 

frequency F(ω). 

∑
∞

=

=

0

)()(

n

np Fxf ω  

 

When the function is represented in x-space it is usually a reasonably continuous function 

in x. In ω-space, the function is represented as an infinite series of amplitudes, An, Bn, Cn, 

or Dn, at discrete frequencies, ωn , with discrete phase shifts θn.  The discrete frequencies 

are determined only by the period, T, of the periodic function.  Each frequency contains a 

portion of the total energy or power in the function f(x).  The total energy in the function 

f(x) is the sum of the amplitudes in each discrete frequency. 
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The Fourier series moves a function back and forth between dual domains, frequency 

domain, ω, and position domain, x, with different aspects of the function represented 

uniquely in each domain.  It has been noted that Fourier series of periodic functions have 

discrete frequency content and an infinite sum of the discrete frequencies.  The discrete 

frequencies are associated with the period as the following: 

 

ωn = n2 π /T;  n= 0, 1, 2,3,… 

ω0 = 0×2 π /T;  Constant term, The non-oscillating term,  

ω 1 = 1×2 π /T;  the fundamental frequency, first oscillating term 

ω2 = 2×2 π /T;  the first harmonic, second oscillating term 

ω3 = 3×2 π /T;  the second harmonic, third oscillating term 

 

It can be seen, as the period, T, decreases, ω1 becomes larger and (ω2 - ω1) grows larger, 

and the distance between ωn+1 and ωn increases.  As the period, T, increases, ω1 becomes 

smaller and ω1 and ω2 grow closer together.  As, T, becomes very large, ω1 and ω2 move 

close together until, as, T, goes to infinity, the frequency becomes continuous.  We have a 

non-periodic, f(x), in the space domain and a continuous function, F(ω), in the frequency 

domain. This leads us to a tool known as Fourier analysis.  

 

3.2.1.4   Fourier Analysis in One Dimension 
 

Any function, )(xf (not limited to periodic function) may be considered to be composed 

of the superposition of a series of continuous periodic functions of suitable amplitudes 

and frequencies. A periodic function, u, can be represented by jxueuF )( , so that the 

original function, considered as a summation of periodic functions, becomes the 

following. 
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The function, which gives the amplitudes F(u) of the periodic terms of frequency u, is 

called the Fourier Transform of Equation. Whenever f(x) or F(u) can be determined, the 

other can be computed from the Fourier Transform relationship. This concept is of 

extraordinary power and is used in many problems of analysis in optics. 

 

Since the Fourier transform F(u) is a frequency domain representation of a function f(x), 

the u characterizes the frequency of the decomposed cosinusoids and sinusoids and is 

equal to the number of cycles per unit of x (Bracewell, 1965). If a function or waveform 

is not periodic, then the Fourier transform of the function will be a continuous function of 

frequency (Brigham, 1988). 

 

3.2.1.5  Discrete Fourier Transform 
 

As computers work only with discrete data, numerical computation of the Fourier 

transform of f(x) requires discrete sample values of f(x), and then, the computer can 

compute the transform F(u) only at discrete values of u. For example, a continuous 

function )(xf  is discretized into a sequence by taking N samples ∆x units apart. 

 

)}]1[(,),2(),(),({ 0000 xNxfxxfxxfxf ∆−+∆+∆+ K  

 

It will be convenient in subsequent developments to use x as either a discrete or 

continuous variable, depending on the context of the discussion.  

 

)()( 0 xxxfxf ∆+=  

 

Where x now assumes the discrete values 1,,2,1,0 −NK .  

 

In other words, the sequence )}1(,),2(),1(),0({ −Nffff K  denotes any N  uniformly 

spaced samples from a corresponding continuous function. With this in mind, the discrete 

Fourier transform pair that applies to sampled function is given by the following 

equation. 

∑
−
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In the two-variable case the discrete Fourier transform pair is:  
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The above equations can be used to compute transforms and inverse transforms of 

appropriately sampled data. The discrete Fourier transform and its inverse are periodic 

with period N - only the N values of each variable in any one period are required to 

obtain f(x, y) from F(u, v). In other words, only one period of the transform is necessary 

to specify F(u, v) completely in the frequency domain. The one-variable case, for 

example, by translation property of discrete Fourier transform, the magnitudes of the 

transform values from (N/2)+1 to N-1 are reflections of the values in the half period to 

the left of the origin (the actual highest frequency is N/2). 

 

3.2.1.6   Fast Fourier Transform 
 

The fast Fourier transformation, FFT, is designed to minimize computer time. The 

number of complex multiplications and additions required to implement certain equations 

is proportional to 2
N . Proper decomposition of this equation can make the number of 

multiplication and addition operations proportional to NN 2log . The decomposition 

procedure is called the fast Fourier transform (FFT) algorithm. The reduction in 

proportionality from 2N  to NN 2log  operations represents a significant savings in 

computational effort. 

 

3.2.2 Information theory 

 
Information theory is used to quantify the information content which can be measured in 

a given image based on the luminance in the pixels.  Simply put, any given image 

contains a finite amount of information.  A component of that information is displayed by 

the level of reflected luminance present in each pixel.  When one compares the measured 

value of reflected luminance in a given pixel to the luminance values in each of the pixels 

that surround it, the difference is the quantity of information.  Thus, if the change from 

one pixel to another is zero (i.e. the first pixel is white and the next is also white), then 

there is no change in information.  Conversely, if the difference in reflected luminances is 

high (i.e. the first pixel is white and the next is black), then there is a large change in 

information.  This change in information content is conveyed through the amount of 

contrast that is displayed in the image. 

 

Thus, to apply this theory to measuring chip seal texture, one only needs to quantify the 

amount of contrast in an image of a surface that has a satisfactory texture and compare 

that to the amount of contrast in one that is unsatisfactory.  Intuitively, an image of a 
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surface that displays severe flushing will have very little contrast because the aggregate 

will have been forced down into the binder and the majority of the surface are will be the 

reflected luminance of the binder yielding very little information change between pixels.  

Whereas in an image of satisfactory chip seal texture, the aggregate will be clearly visible 

and the binder will furnish the background and yield a substantial amount of information 

change as the process moves pixel by pixel across the image.  

 

3.2.2.1  Fourier Analysis of Digital Images (frequency domain) 
 

The Fourier transform decomposes a waveform (or function) into sinusoids of different 

frequencies that sum to the original waveform. It identifies or distinguishes the different 

frequency sinusoids and their respective amplitudes (Brigham,1988). Physical laws 

suggest that any conceivable object that can yield an image may always be represented by 

a series or by a simple or multiple Fourier integral. The amplitudes of the terms of the 

series or the integrand of the integral usually can be regarded as describing the spatial 

frequencies, which leads to a complete representation of the same object in a different 

domain rather than the spatial.  

 

This idea is utilized in contemporary optics and mathematics. It is often useful to think of 

functions and their transforms as occupying two domains. These domains are referred to 

as the upper and the lower domains in older texts, “as if functions circulated at ground 

level and their transforms in the underworld” (Bracewell,1965). They are also referred to 

as the function and transform domains, but in most physics applications, they are called 

the time and frequency domains respectively. Operations performed in one domain have 

corresponding operations in the other. For example, the convolution operation in the time 

domain becomes a multiplication operation in the frequency domain, and the inverse is 

also true. Such theorems allow one to move between domains so that operations can be 

performed where they are easiest or most advantageous. The earlier contents of this 

section prepare us for the most often used transform in our research, the two-dimensional 

fast Fourier transform on a discrete matrix (the digital image). The result of this 

transform is a discrete matrix whose elements represent the frequency domain amplitudes 

(Bracewell, 1965). 

 

 

3.2.2.2  Fourier Transformation Model Using MATLAB ® 
 

The MATLAB ® computer software provides the functions to perform a two-

dimensional discrete Fourier transform (FFT2) and its inverse (IFFT2) (Goodman, 1968; 

Wilson, 1995; Meyer-Arendt, 1972).  A picture is stored in a MATLAB ® readable 

format: .jpg, .tiff, .gif (in pixels). The FFT2 converts the bitmap into its frequency space 

counterpart.  The command FFT2 transforms the real space 2-D matrix into a complex 2-

D matrix. The matrix has two parts; the real part of each element (modulus), the 

magnitude of the modulus is equivalent to the power spectrum or spatial energy content 

of the image.  The magnitude of the modulus is the most often used representation of the 

frequency spectrum of an image.  The phase portion is necessary for accurate image 

reconstruction but not for spatial frequency analysis. 
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It is common to illustrate Fourier spectra of images as intensity functions. The dynamic 

range of Fourier spectra usually is much higher than the typical display method is able to 

reproduce and an observer can view that on a computer monitor. In which case only the 

brightest (largest values) parts of the spectra are visible on the display screen, Figure 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11:  Visible spectra of FFT on a computer display. 
 

A useful technique that compensates for the difficulty shown in Figure 11 consists of 

displaying the following function instead of ),( vuF , where c is a scaling constant and 

the logarithm function performs the desired compression. 

 

]),(1log[),( vuFcvuD +=  

 

The use of this equation greatly facilitates visual analysis of Fourier spectra, shown in 

Figure 12, as a 2-D intensity illustration of the log scaled Fourier spectrum.  The intensity 

Figure 12: Magnitude portion of the FFT of an image 
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illustration replaces the perspective view of the 3-D graph with a top view using color 

intensity or gray scales for amplitudes.  The large central amplitude is equivalent to the 

average background luminance of the image.  The surrounding low frequency amplitudes 

are large and the amplitudes of the higher frequencies of the Fourier transform drop off 

rapidly. 

 
If plotted in its intensity form, there is an extremely tall spike representing the “zero-th” 

term of the Discrete Fourier Transform (DC component) at the center of the frequency 

plane. The low-frequency and mid-frequency range in which one finds usually lower 

amplitude spikes and the high frequency range, with very low amplitude spikes. Usually 

in the high-frequency range, the amplitude of the frequency components are relatively 

flat. However, for images with highly periodic features, there are features shown in the 

high frequency range. 

 

3.2.2.3  The FFT Algorithm 
 

The algorithm used to obtain this spatial information from a digital image operates as 

follows. 

• The image is acquired using a CCD camera. The CCD camera is chosen for the 

unique properties it provides. 

• The acquired image is converted into a black and white image, which contains the 

standard range of 256 grey levels. 

• The image is processed and the FFT of the image is computed. 

• The frequency components in the FFT are segregated as shown in Figures 13 and 

14.  This segregation is achieved by separating the FFT into bands (regions).  The 

frequency components start with the zero
th

 component in the center pixel 

(Stemprok et al, 2000). 

• The sum of the FFT’s of the pixels local to each ring is calculated. 

• The sums are plotted against the frequency band using any graphing software 

package. 

• The data is ready for analysis. 

 

 

 

 

 

 

 

 

Figure 13:  Rectangular Frequency Bands 
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diff =     10 

 

ans =   8.0815e+006 

 

diff =     20 

 

ans =   1.0929e+007 

 

diff =     30 

 

ans =   6.0135e+006 

 

diff =     40 

 

ans =   3.6890e+006 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 :  MATLAB ® Example of Ring Outputs,  

(example of individual ‘Sums’ of each ring) 
 

3.2.2.4  Frequency Bands 
 

Figures 13 and 14 graphically illustrate the process of parsing the digital image into 

frequency bands. Choosing the thickness of the frequency band is critical to the exercise 

of spatial content analysis, as this method separates the FFT frequency components. The 

distribution of different frequency components can be uniformly spaced throughout the 

1st 2nd       3rd            4th            region 

Sum of 

FFTs 

inside 

each 

region 

8.08E6 
1.09E7 

6.01E6 3.69E6 
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FFT’s image array, or can be non-linearly distributed from the center, radiating outwards. 

Care should be taken in determining the optimal size of the frequency band to obtain 

correct results. 

 

When choosing the frequency band division, there are essentially two choices: circular 

division and rectangular division (Stemprok et al, 2000). The FFT computed by the 

software is in the form of a matrix.  Thus, it creates a two-dimensional array for a two-

dimensional image. Because of this spatial compatibility, the rectangular division 

furnishes a format that facilitates the writing of image processing code and makes 

subsequent computations straightforward. To make a circular division, one must locate 

the centre of the matrix; calculate the distance between this centre and each element of 

the matrix. Each pixel element must have specification if belong to group "n" instead of 

group "n+1". That is more computing for circular division. Thus, it is more complex and 

does not seem to enhance accuracy.  Therefore it has been found that a rectangular 

division method is sufficient for our purposes (Stemprok et al, 2000). 

 

3.2.2.5   Imaging “theory”   
 

Examining the equations of 2-D discrete Fourier transform, it is obvious that the 

luminance is related to a zeroth term of Fourier analysis. The computer code separates the 

zeroth term, also called the DC component.  The centre of the frequency domain should 

be the result of summing all the grey-level values of every pixel in the picture.  The DC 

component describes how bright the picture looks from a distance. The DC component 

doesn't describe any feature of the picture that is detailed.  The electrical term ("DC 

component") refers to its steady value. 

 

Usually when a large size picture is involved, this 'DC component' tends to get extremely 

large compared to other frequency components in the image. Even though its value can 

be much larger than the other frequency components, this aspect does not get in the way 

of examining other potentially useful values. The first band calculation puts the DC 

component along with other low frequency components (centre block - the first band) and 

finds its summation.  To avoid the effect of this DC component it is possible to remove 

the centre block of the divisions. It is believed that the DC component of the transform 

should be separated from the matrix because it has a special property.  It describes the 

background luminance that tells relatively how bright one image is among a series of 

such images (Stemprok et al, 2000).  The MATLAB ® software puts the DC component 

of the transform on one of the four centremost locations. That has to be properly 

considered by the software. 

 

Defining the frequency range is not trivial, and it is currently under development. In the 

high frequency range, noise usually takes up most of the activity instead of the real image 

information.  The following set of figures illustrates the how the current technology is 

applied to an image of a cow.  This image is selected as it furnishes a clear visual target 

around which the reader can visually discern the various steps in the image-processing 

algorithm. An FFT image was calculated, then FFT was filtered using a low and high 



DRAFT 

FOR REVIEW PURPOSES ONLY: NO DISSEMINATION 

20 
DRAFT 

FOR REVIEW PURPOSES ONLY: NO DISSEMINATION 

pass filter in MATLAB ®.  Figures 15 and 16 display the image when passed through the 

low pass and a high pass filter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In figures 15 and 16, the image was passed through a low pass filter; the image was 

clearly visible, but the image is blurred and the finer details of the image are not 

available. When image was passed into a high pass filter, it is seen that there is no blur in 

the image and the sharp edges and the transitions in the image are clearly visible. In order 

to know the finer details in the image in the high frequency band, the image is enhanced. 

Figure 17 shows the image from the high pass filter, which is enhanced in order to view 

the image clearly. 

Figure 15: Image of cow as displayed in MATLAB ® when passed 

through a low-pass filter (frequency bands 0-25) 

Figure 16: Image of cow as displayed in MATLAB ® when passed 

through a high-pass filter (frequency bands 25-64) 
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 The high pass frequency band was divided into two different bands, the first consisting 

of the frequency bands from 25-45 and the other consisting of the frequency bands from 

45-64. Figure 16 shows the image from the high pass filter, which is enhanced two times 

in the two different bands. Figure 17 shows the image obtained after enhancing the FFT 

pixel values three times. It is observed from Figures 18 (a,b) that the sharper and the finer 

details of the image are observed in the frequency bands 45-64. 

 

 

Figure 17: Enhanced image from the high pass filter  

Figure 18: Enhanced image from the high pass filter two times  

(a) frequency bands 25-45 (b) frequency bands 45-64 

(a) (b) 
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From the figures 19 (a) and (b) it can be observed that the frequency bands above 45 

gives information regarding the sharp edges in the image. The frequency bands from 25-

45 give information regarding the contrast in the image.  From the filtered images it could 

be inferred that the low frequency components (smooth variations) constitute the base of 

an image, and the high frequency components (the edges which produce the detail) refine 

the image. Low pass filtering involves the elimination of high frequency components in 

the image and results in blurring of the image (a reduction in sharp transitions associated 

with noise). An ideal low pass filter would retain all low frequency components, and 

eliminate all high frequency components.  

 

Edges and sharp transitions in colour in an image contribute significantly to high-

frequency content of its Fourier transform. When the image is passed through a high pass 

filter from figure 16 only the sharp edges in the image are visible. The high frequency 

component in the Fourier transform constitutes the finer details available in the picture. 

When an image is passed through an ideal high pass filter, which removes all the low 

frequency components, the actual details of the object, which are invisible to the eye, can 

be viewed. 

 

 

3.2.2.6  Sampling Theorem 
 

A band-limited signal is a signal, f(t), which has no spectral components beyond a 

frequency B in hertz (Hz)(Bose, 2004; Hanselman and Littlefield, 2001). 

 

 F(s) = 0 for |s| > B 

 

Figure 19: Enhanced image from the high pass filter three times  

(a) frequency bands 25-45 (b) frequency bands 45-64 

(a) (b) 
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The sampling theorem states that a real signal, f(t), which is band-limited to B in Hz can 

be reconstructed without error from samples taken uniformly at a rate R > 2B samples per 

second. This minimum sampling frequency, RN= 2B Hz, is called the Nyquist rate 

(Nyquist frequency). The corresponding sampling interval, T = 1/2B (where t = nT), is 

called the Nyquist interval. A signal bandlimited to B Hz that is sampled at less than the 

Nyquist frequency of 2B, i.e., which was sampled at an interval T > 1/2B, is 

undersampled (Ifeachor, and Jervis, 2002; Bose, 2004). That causes a problem in signal 

reconstruction. 

 

3.2.2.7 CCD Imaging for FFT processing   
 

It should be noted that daylight pictures have a horizontal illuminance of 60,000 Lux.  

Whereas, night images have a minimum of 10-Lux and a maximum of 50-Lux. Thus, the 

mathematical relationship that defines contrast is easier to achieve at night.  For example, 

if an LED forming a target image was turned on and imaged at night, it can be clearly 

seen due to the contrast between the LED and unlit background. This is because the 

illuminance caused by an LED is about 5000-million candela that is in the same order of 

magnitude with the nighttime environment.  However in the daylight picture when the 

environment is much brighter, the LED's can't be seen at all.  This is because the camera 

divides the luminance into 256 levels from brightest to dimmest for each image.  The day 

and night images are different in scale by 3 orders of magnitude.  So it is necessary to 

adjust the relative amplitudes of the day and night images to place them on the same scale 

(Stemprok et al, 2000).  The daylight images are shown fully in the photopic region of 

vision while the roadway lighting image is in the mesoptic region.  The 3 orders of 

magnitude difference makes the nighttime image irresolvable with respect to the daylight 

image if they are on the same scale. 

 

In order to be comparable, standardized image acquisition method should be carefully 

designed and carried out.  To do so, the experiment must maintain fixed focal length, and 

fixed tilt of camera.  When these constraints are met, constant lighting is not needed due 

to a camera self-adjustment (Stemprok et al, 2000). 

 

4. Research Methodology 
 

The research methodology on this project is simple and straightforward.  In a nutshell, it 

consists of the following steps: 

 

1. Procure and adapt software and associated hardware to process digital images of 

seals:  A copy of MATLAB with the Image Processing Toolbox will be 

purchased and customised to process the digital images, along with the necessary 

hardware and expanded digital storage capacity. 

2. Trial software on sample photographs: A small number of sample photographs 

will be taken of actual seals and processed to verify the image processing works 

properly. The texture of the seals will be measured with the sand circle test. 

3. Peer Review of Trial: Prior to commencing the next stages, the Peer Reviewers 

will evaluate the outcomes thus far. The review will include an assessment of the 
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feasibility of developing a workable system for accurately measuring the texture 

of seals with sufficient accuracy for use in seal design. 

4. Develop prototype for field trials: A standard experimental set-up will be 

developed and refined to ensure that all images are collected in a scientific 

manner that can be easily replicated. Images will be made with a digital camera. 

The distance above the surface, and aspect with respect to the horizontal plane 

will be standardized to ensure uniformity in the images.  

5. Field trials of Prototype:  Data collection will primarily involve collecting images 

of a representative sample and range of New Zealand chip seals; the variables 

will include chip size, types of seal (one or two coats, racked-in, etc), and age of 

seal.  The texture of the seal captured in each image’s texture will be measured 

using the sand circle test. The sand circle test will be repeated three times on each 

site, by three different operators from different organisations, in order to obtain a 

measure of reproducibility specifically for this research project. Additionally, any 

general distress condition such as flushing/bleeding or stripping/raveling will be 

noted. The images collected in New Zealand will be processed through a 

computer program that quantifies the information contained in each image using 

Information Theory.  Essentially, the software compares the reflected luminance 

presented in each pixel with the luminance of the pixels that surround it. 

6. Write draft report: The results of the research will then be synthesized and a draft 

research report will be produced disclosing the results and proposing a 

standardized method for utilizing digital imaging techniques to quantify texture. 

7. Peer review of draft report  

8. Revise and submit final report to Transfund. 

 

4.1  Procure, adapt, and calibrate software and hardware  
 

A copy of MATLAB® software with the Image Processing Toolbox has been purchased 

and customised to process the digital images, along with the necessary hardware and 

expanded digital storage capacity.  A Sony Mavica digital camera and a tripod with three 

levelling bubbles have also been procured to be used to collect chip seal image data.  

Digital images from the Texas research project (Gransberg et al, 1998) were used to test 

the adapted software to ensure that a similar numeric result to the ones published in 2002 

(Gransberg et al, 2002) could be achieved with the new hardware and new software.  

These limited tests were successful.  The previous protocol was revised to take advantage 

of new imaging processing features as well as current research that furnishes a more 

robust output data set.  The new protocol will be based on evaluating FFT output from 

the first 25 rings (see figures 13 and 14) rather than a single maximum special frequency 

of the FFT output in pixels (see figure 12).  Thus, the output can be displayed as a 

waterfall graph (figure 20) rather than the histogram used in the Texas study (figure 21).  

This will allow the researchers to optimise the regression analysis with respect to 

frequency band and greatly enhance the probability that regression coefficients of 

determination can be found that will improve the accuracy of the texture measurement 

predicted by the computed FFT in a given chip seal image.  
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Figure 21:Previously Published Surface Image Spatial Frequency Output (Gransberg, 

et al, 2002) 

Figure 20: New Surface Image 

Spatial Frequency Output; 

Maximum FFT in Each Ring. 
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To calibrate the experimental equipment, a four week trial and calibration regimen was 

undertaken in the US, collecting and process digital images of chip seal surfaces in 

Oklahoma.  The following experimental requirements were determined: 

 

• The optimum lens height found: 0.80 m to 0.85 m above surface. 

• Maximum tolerance for tilt from vertical was found: 5 degrees from vertical. 

• The optimum image size was found: optimum image size is at maximum 

zoom setting on camera at optimum lens height. 

• The experimental set up was tested and found to be easily replicated with 

little or no change in calculated image information content between different 

operators. 

• The camera’s ability to satisfactorily self-adjust to varying amounts of 
natural daylight was verified and the fact that specific image illumination did 

not need to be standardized was verified, as predicted in the literature. 

 

4.2 Trial software on sample photographs:  

 

To ensure that the procedure that worked in the US was directly translatable to NZ, Dr. 

Gransberg travelled to Christchurch to participate in this step of the research 

methodology.   The research team were concerned that differences between US and NZ 

chip seal practices might affect the quality of the image processing output; one concern 

was the use of aggregate that had large variations in colour such as on the west coast of 

NZ.  Additionally, the use of multiple grades of aggregate in NZ, which is rarely done in 

the US, was also an issue that needed to be addressed. Finally, the use of cutbacks in NZ, 

which are banned in the US, formed the final concern with the applicability of the US 

technique.  

 

A small number of sample chip seal digital images were taken of actual NZ seals and 

processed to verify the image processing works properly. The corresponding texture of 

the seals was also measured with the sand circle test at the same location as the image.  

The sample included single and multiple seals as well as several taken on the west coast 

where the aggregate was not uniformly coloured. The test was very successful and its 

promising results are reported in this report. 

 

4.3 Final data collection protocol 
 

Based on the outcome of the previous step, the following protocol is to be applied when 

collecting digital image and sand circle data: 
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1. Data must be collected and sorted by chip design type and chip grade.  Initial 

regression models were able to achieve R-squared values in excess of 0.90 when 

the images were sorted in this fashion.  Thus, separate regression models will 

need to be developed for each type and size of seal. 

2. Due to the low reproducibility of the ASTM sand circle test found in the 

literature (Patrick et al, 2000) and the inherent localize variation in chip seal 

surface texture itself (Christie, 1954), an average derived from five sand circle 

tests taken one metre apart would be used to form a composite texture 

measurement which will then be regressed against the average formed from the 

maximum FFT value for the processed images that correspond to the five 

locations. 

3. Multiple aggregate seals are problematic for the technology at this point in the 

research.  This is due to the image-processing algorithm that depends on the edge 

detection feature in the software to quantify information content.  Multiple 

aggregate seals have small particles nested inside larger particles and as a result 

contain a much larger number of edges than single aggregate seals.  Thus, the 

software essentially “interprets” a large number of edges as a satisfactory texture 

and a small number of edges as a flushed surface.  Thus, the decision was made 

to focus the main effort on developing the technology for single coat seals first 

and then move to multiple aggregate seals in subsequent stages. 

 

4.4 Final image processing protocol 
 

The image processing protocol could be established once the variables discussed in 

Section 4.1 above were determined.  The image processing protocol is displayed in 

Figure 22.  This figure illustrates both the process and the visual stages of a typical image 

as it is it processed along with the corresponding code that is associated with each step in 

the process.  The image processing protocol furnishes the researchers with a direct means 

to quantify FFT output for up to 25 rings in each image.  The literature shows that when 

interpreting FFT output, the researcher must be careful to differentiate between actual 

luminance values and noise created by specular reflections.  By dividing the image up as 

previously discussed into rings by frequency band, the potential problem of controlling 

for noise is greatly diminished (Stemprok et al, 2000).  Thus, this output data permits the 

research to search for FFT values in each ring to find which ring or set of rings furnish 

the best regression coefficients of determination and hence the strongest correlation with 

the physical texture measurements made using the sand circle test. 
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Figure 21: Image Processing Protocol 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

START 

READ IMAGE 

 

read:  MVC-001S.gif 

BLUR THE IMAGE USING A 

BAND PASS FILTER AND 

CONVERT IMAGE TO GRAY 

SCALE 

Matlab, file "FilterBlur.m" 

write:  blurBend-001S.jpg 

(passing the RGB Pixel image 

through a High/Low pass FIR 

filter with grey scale conversion) 

1 

MAKE EDGES BY 

ENHANCING CONTOUR  

OF THE IMAGE 

Matlab, "blurTOedge1.m" 

read: blurBend-001S.jpg 

write: blurTOedge-001S.jpg 

(designing a gaussian function as a 

filter, setting is 15, 5) 
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Figure 21 (continued): Image Processing Protocol 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DETERMINE FOURIER TRANSFORM OF THE IMAGE 

SEPARATE THE TRANSFORM INTO  

INDIVIDUAL FREQUENCY COMPONENTS 

SUM THE FREQUENCY CONTENT OF EACH PIXEL 

PERTAINING TO A PARTICULAR FREQUENCY 

COMPONENT 

GRAPH THE SUMS THUS OBTAINED AGAINST THE  

RESPECTIVE FREQUENCY COMPONENTS 

1 

DISPLAY THE 

GRAPH 

WATERFALL 

CURVE 

STOP 

EXPORT FFT 

VALUES FOR 

EACH RING 
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5 Preliminary Results 
 

5.1 Results from the Oklahoma Trials 
 

As previously stated, a series of limited experiments were run using the imaging 

processing software and protocol on digital images collected on Oklahoma chip seals in 

September 2004 and on NZ chip seals in October 2004.  The image processing output in 

Oklahoma was correlated with qualitative ratings of chip seal texture to ensure that the 

new software and hardware could replicate the process published in the International 

Journal of Pavement Engineering (Gransberg et al, 2002).  The trails were successful and 

the researchers concluded that the experimental design would be adequate to move to the 

next stage of the research.   

 

Table 1: Oklahoma Qualitative Image/Condition Correlation in Ring 10 

Condition # Qualitative Condition Rating FFT 

1 Heavily Flushed 4417352 

2 Flushed and Crackfillled 4226695 

3 Flushed 5454247 

4 Severe Aggregate Loss 3109902 

5 Moderate Aggregate Loss 2578849 

6 Slightly Flushed 803459 

7 Minor Aggregate loss 762975 

8 Medium Texture 1101687 

9 Medium Texture 996307 

10 Good Texture, Good looking Seal 933013 

11 Good Texture, Best looking Seal 733891 
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Figure 22: Oklahoma Qualitative Image/Condition Correlation in Ring 10. 

 
Figure 22 and Table 1 illustrate the outcome of these limited trials.  One can see that with 

the exception of image condition number 6, that the FFT number computed using the ring 

10 output from each of the eleven images exhibit the behaviour that was predicted by the 

journal article.  The images of flushed chip seals seem to have the highest FFT numbers.  

The satisfactory textures show the lowest FFT numbers, and the seals that are 

experiencing a loss of aggregate fall somewhere in the middle.  Even image 6 can be 

logically explained.  It was qualitatively rated as “slightly flushed.”  Thus, the amount of 

binder that is exposed would be greater than the amount exposed in a satisfactory texture 

but less than the amount that would be exposed in a fully flushed surface.  

Mathematically, this appears to be approximately in the same range as those images 

where stripping is evident and as a result, there would be patches of exposed binder and 

other patches of satisfactorily imbedded aggregate.  Therefore, it can be confidently 

concluded that the experimental design is yielding results that are consistent with those 

predicted in the literature. 

 

There is one significant, though completely inconsequential, difference.  The literature 

states that a satisfactory texture would yield a high FFT when compared to a flushed 

texture.  In this experiment, that relationship is exactly reversed.  This reversal is due to 

the use of a more robust and sensitive version of the commercial software and the 

graphing of the inverse of what was graphed in the literature.  Therefore, the relationship 

has not changed.  Only the directional magnitudes have been reversed.  As the purpose of 

this research is to differentiate between chip seal textures, it does not matter which 

surface condition has the higher or lower FFT magnitude.  What matters is that there is a 

consistent mathematical differential that can be measured and correlated against the 

physical measurement of texture. 
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5.2 Results from the New Zealand Trials 
 

Another series of limited experiments were run using the imaging processing software 

and protocol on digital images collected on New Zealand chip seals in October 2004. The 

output from the image processing in New Zealand was then correlated with the sand 

circle texture measurements taken at the same time and in the same locations as the 

images.  Both linear and nonlinear regression models were developed and the classic 

statistical measurement of correlation, the coefficient of determination (also called the R-

squared value) was computed. 

 

5.2.1 Proof  of Concept 
 

Figures 23, 24 and 25 illustrate the image processing output derived from the digital 

images collected in New Zealand along side the corresponding image.  One can see that 

in the region of ring 10 there is a pronounced difference in FFT values.  This graphically 

illustrates the importance of applying this type of analysis to the problem of chip seal 

texture measurement with a digital camera.  Each ring exhibits somewhat different  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

  

Figure 23: Satisfactory texture; Grade 3 Single Chip; 175 mm Sand Circle 

Figure 24: Major aggregate loss; Grade 2 and Grade 5 Multiple Chip; 

120 mm Sand Circle 
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behaviour and the research team will exploit this new knowledge to enhance the ultimate 

accuracy of the measurement technique. 

 

The Ring 10 phenomenon in the previous needs further explanation.  Figures 23 and 25 

are of the same size chip and were taken using the same camera at the same focal length.  

One can easily observe that the FFT value for satisfactory chip seal texture (Figure 23) is 

around 6.1 million whereas when the surface becomes heavily flushed that it drops to 

around 1.2 million.  One can see that the sand circle measurement nearly doubles 

between the two images.  It is also interesting to note that in Figure 24 (the image 

portraying aggregate loss) that the Ring 10 FFT is something less that 5.0 million.  While 

this is a different chip seal design, thus making the comparison indirect, the concept that 

the FFT and hence the information content should reduce as the amount of visible 

aggregate-binder edge boundaries decreases is validated. 

 

5.2.2 Proof of Principle 
 

Table 2 contains the information on the image/sand circle tests that were taken in New 

Zealand.  One can see that a decent cross-section of typical New Zealand chip seals has 

been included in the population.  Additionally, typical chip seal distresses were also 

included.   

 

Figure 25: Very heavy flushing; Grade 3 Single Chip; 300 mm Sand Circle 
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Table 2:  New Zealand Trial Image Sample Population 

Image 

Sequence 

Number 

Design Texture 
Sand Circle 

(mm) 

#2 2-coat Grade 2 & 

Grade 4 

Satisfactory 145 mm 

#3 West coast Grade 5 

variegated colour chip 

Satisfactory 185 mm 

#5 2-coat Grade 2 & 

Grade 5 

Minor Aggregate 

loss 

150 mm 

#6 2-coat Grade 2 & 

Grade 5 

Major aggregate 

loss 

120 mm 

#7 Single Grade 3 Very heavy 

flushing 

300 mm 

#8 Single Grade 3 Heavy flushing 285 mm 

#9 Single Grade 3 Satisfactory 175 mm 

#10 2-coat Grade 3 & 

Grade 5 Graywacke 

Overchipped 160 mm 

#11 Single Grade 2 Slight Flushing 180 mm 

#12 Single Grade 2 Satisfactory 155 mm 

 

Initially it was hoped that there would be no need to sort images out by design type as the 

work in Texas was not diminished by the inclusion of images that contained not only two 

different chip gradations, but also a combination of precoated and non-precoated chips in 

the sample.  However, the correlations made in the Texas study were between a 

qualitative condition rating and the quantitative output of the image analysis.  When the 

same approach was applied to correlating two quantitative measures for the entire sample 

population (i.e. the sand circle and the FFT value), the effort was less successful.  Figure 

26 is a graph that shows the highest correlation.  This effort was only able to achieve a 

coefficient of determination (R
2
) of 0.4237, which means that the FFT accounts for only 

42 % of the variation in the sand circle measurement.  This is unacceptable.  Though 

interestingly, this would put the use of the camera to measure chip seal in the same rough 

range of variability as the sand circle test at this time. 

 
 

 

 

 

 

 

 

 

 

 

 

 
Ring 3 Sand Circle vs FFT Complete Population
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Figure 24: Attempt to Correlate Sand Circle Measurement and FFT 

Value for Complete Population. 
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Next the research team sought to explain the seeming failure of the regression analysis.  

The explanation must lie in the visual variety that was presented in the sample 

population.  As the FFT value is a function of the quantity of edge boundaries present in 

the image, the team then tried sorting the double-chip seals from the single-chip seal.  

The justification being that the double chip seal, which incidentally is not used in the US, 

creates an image with a much higher degree of edge boundaries and may require to be 

correlated as a separate group.  This produced the correlation shown in Figure 25.  This 

increased the coefficient of determination (R
2
) to 0.6316.  Thus, the statistical correlation 

was improved.  The population of single-chip seals included one seal that used Grade 2 

chips that are larger than the Grade 3 chips used in the remainder of the population.  This 

data point was removed and the results are shown in Figure 26.  With a coefficient of 

determination (R
2
) of 0.9387, this furnished a satisfactory result and demonstrates the 

potential for a strong improvement in variability over the sand circle test.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ring 3 Sand Circle vs FFT
y = -2E-11x2 + 0.0001x + 93.448
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Figure 25: Attempt to Correlate Sand Circle Measurement and FFT 

Value for Single Seals Only. 

Figure 26: Correlation Sand Circle Measurement and FFT Value for 

Grade 3 Single Seals Only. 
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6 Interim Conclusions 
 

A number of interesting conclusions can be drawn from the research at this point.  First, 

the literature supports the need for an accurate, reproducible method to measure chip seal 

surface texture.  Texture is directly related to its skid resistance and additionally, this 

measurement is important to the design of reseals to achieve the proper aggregate 

gradation and bitumen amount that not only achieves the desired pavement preservation 

objectives but also improves the physical characteristics of the newly sealed surface.  

Thus, developing a method that allows road authorities and their contractors to enhance 

the safety, reproducibility, and rate of texture measurements will accrue the benefits cited 

in the proposal for this project. 

 

The literature also supports the use of digital imaging and image processing using the 

FFT as a means to quantify physical characteristics contained in an image.  The Texas 

study proved that this approach could be used to correlate surface condition and 

information content.  Quantifying information content as the primary metric makes sense 

in that as chip seal surface deteriorate through either flushing or aggregate loss, the 

number of edge boundaries between the chips and the binder decrease which intuitively 

decreases the amount of information in the image.  Correlating information content using 

the FFT value with a physical texture measurement is the next logical step in developing 

this technology for use in public roadway pavement management information systems. 

 

The results of the limited trials in Oklahoma and New Zealand clearly demonstrated that 

the merger of digital image processing and physical texture measurements is possible and 

the potential to successfully replace the sand circle test with a digital camera is high.  The 

researchers where able to validate both the concept and the principle through the initial 

set of experiments.  These allowed the team to standardize the experimental set-up and 

calibrate the software and hardware necessary to achieve strong correlation using 

nonlinear regression analysis with a sorted sample population. 

 

To continue this process and complete this project, the team will focus first on single chip 

seals using the same grade of chips, as this was the condition when coefficient of 

determination values exceeded 90%.  It appears that separate models will be required for 

each standard chip seal design.  This is due to the fact that each design creates a different 

average quantity of edge-boundaries between the chips and the binder.   

 

The team has also found that this phenomena will make it more difficult to develop 

strong relationships for double-chip seals and those that are losing aggregate.  The major 

issue with aggregate loss is not in the imaging technology but rather in the sand circle test 

where it becomes extremely difficult to accurately apply the test if the “hole” in which 

the aggregate is missing is relatively large.  This is because the standard volume of sand 

can literally fail to fill the “hole” and as a result no accurate area of sand can be 

measured.  Nevertheless, the technology’s ability to accurately measure and correlate the 

difference been satisfactory texture and texture that is flushed is excellent.  Thus, it 

appears that the chip seal fail condition that corresponds to a pavement surface condition 
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that is of greatest danger to the travelling public can directly be covered by the proposed 

technology. 

 

7 Research Plan 
 

We are going to take xy number of images from the KIWI country during period of such 

and such. = this shall be specific   I think we need to know what we are planning to do in 

this project. 

 

 

What is the technology transfer? Conclusion doesn’t say the projected future with the 

technology. The near plan. Far plan…. 
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