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Abstract 

The ohjecrivz of the method to be dcvclopcd m thia paper is to obtair quantitatwe information on the dircclional dis- 
tribulion of features in a givcn image The Hough transform em be regarded as 0 method of transformmg nn mngo 
into a domain that reduces the image mto a set of parameters trom which it is e n s w  to ohtam the desired information 
~n the nnage. The main drawback of the I-luugh tmnaform is tint it is usually pzllurmed on binary Images, and l a  thus 
dcpsndenl on Lhc binarisetion method that ra used in 5egrnznting the Image. The implementation proposed In this paper 
avoids thtr dl-awback by deitgnmg a modfied vetwon of the Hough transform that w e s  concepts from the Radon 
transtom to obtain a HuughIRadon transform. 

In the plopored algorithm, the ~magc  is t int  transfolmed inlo the HoughRadon domain, w l r k  at the sanrc l m e  a 
second rh~dow domain is created to keep count or thc number of p m l s  at a part~culal- parameter point. The 
HoughiRadon-tmnshrmed image rs then filtered to obtam coherent peaks Thz shadow parameter space la then ante- 
grated to ubraln a count of thr number of p~xels curresponding to dtrectiond features ~n each angle band. Due to the 
summine of intcnslties in the Radon mnsCorrn step, the d~or i thm dctacts direLtiunill clcmznta on the baa& of oricriw~ 
tion as well a\ inteni;ity. 

Results with a set of six test images wtth vimous types ul direcllonal Rafures indicate that the mcthad can per- 
lorn well over r reasonable rangc of featue types. 

1. Introduction 

In many instances of natural and man-made mateds ,  strength is derived from the existence of 
highly coherent, oriented fibres; examples of such structure are found in ligaments14 and paper 
and textiles5 lo. Similar patterns exist in other biological tissues such as bones, muscle fibers, 
and blood vessels in ligaments as well" '2. Analysis of directional distribution of component 
fibres or the relevant basic material in such cases could provide useful information on the 
strength or state of health of the material or tissue. 

Directional features exist in many other applications of imaging, and directional image N- 
tering or processing techniques have been developed for a wide variety of applications. Direc- 
tional or fan fdters have been used extensively to filter seismic s t a ~ k s ~ ~ - ~ ~ .  Directional analysis 
could also be used in effective identification and segmentation of texture'" Other applications 
reported include analysis of LANDSAT maps for the detection of anomalies in map data27-32; 
identification of ancient river beds from satellite images27; identification of buildings and small 
urban feature$'; and d i v i d i  the frequency space into directional bands for efficicnt image 
~ o d i n ~ ~ ~ " ~ .  
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Fourier methods have dominated the direct~onal image processing ~ c e n e ' ~ " ~ " ~ ~ ' ~ '  . Other ap- 
proacheq whxh have been followed are: numerical and slatistical characterisation of directional 
%trcngth""; morphological opcratrons using a rotating structural clcmcnl", skcletonisation 
followed by linc-fittingn,'" laser small-angle light s~attering" '~ '~~'~;  and optical diffraction and 
Fourier transform analysi~""~'"~~. 

The Hough transform is a powcrful Loo1 for analysis of features which may be paralneter- 
iscd, such as straight lines and circles"'". While the Hough transform may be rued to detect 
and analyse the orientation of straight hnes, its use for complete and objective characterisatiorl 
of the directional distribution or scatter in grey-scale images has not been explored. In this pa- 
per we propose a combination of the Hough transform with the Radon transform to overcome 
some limtations of the former, and study the effectiveness of the combined method with a few 
test pattcms"'. 

2. The Hough Transform 

Quite orten, it is convenient to transform the image being processed to another domain. Patterns 
that are not apparent in the image domain are sometimes eas~ly ~dentifiable in the transform 
domain. The Hough transfonn is a method for detecting curves that can be described by a nunl- 
bcr of parameters, such as lines, circles, and parabolas. The Bough trar~sfornl has been uscd in 
pattern recognit i~n"~'  and for the detection of texture elements'! The Hough transform may 
be used to compute the locus, in a parameter space, of the set of curves passing through a point 
in thc image plane. 

Line segments can be completely characteried using the expression y = mu + b where x and 
v represent arbitrary points in the (.x, y )  image plane, m is the slope, and b is the intercept of the 
line with they axis. If, on the other hand, we assume that the (x, y) point is fixed, we have a 
two-dimensional (2D) space with the parameters m and b. A problem with this parameterisahon 
is that both of lhe parameters (nz, b) are unbounded. Through a re-parameterisation of these 
elements we can obtain a bounded parameter set. 

From figure 1 we can see that a line can be spec~fied by 11s orientat~on with respect to the x 
axis (0) and its radial dislance from the origm (p). From this parameterisdtion, we can see that 
any line is bounded in angular orientation to the interval [O, n] and bound by the Euclidean dis- 
tance to the farthest point of the image from the centre of the imagc. The equation for an arbi- 
trary Irne segment in the image plane is then 

p ,  = x cos 0, + y sin 0,. (1) 

For a specific point in the image domain (x,, y,), we obtain a sinusoidal curve in the Hough 
transfom domain. Each poinl (,q. y,) lying on a straight line with p = pn and 0 = Oo in the Image 
dolllain corresponds to a sinusoidal curve in the (p ,  0) domaill specified by 

Through equation 2 we see that for each poinl In the image domain, the Hough transform per- 
forms a one-lo-many mapping to a modulated sum of sinusoids in the Hough domain. All of the 
sinu\oids resulting from a mapping of a line in the image domain have a common point or 
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intersection (p,,, 0,) in the Hough domain. Thus, linca~ segments in the spatial domain corre- 
spond to large-valued points In the Hough domain. 

Thc following statcments suinmarise the properties of the Hough uansfonn: 

Property I. A point In thc image doma~n corresponds Lo a sinosoidal curve in the (p, 8 )  trans- 
form domain. 

Propc~ty 2. A point in thc (p, 8) transform domain corresponds to a straight line in the image 
domain. 

Property 3. Points on the same curve in the (p, 8) transform domain correspond to lines through 
the same point in the image domain. 

Property 1. Points on the samc line in the image domain correspond to curves through [he same 
point in Ihc (p, 0) lransfoim domain. 

From the properties listed above, the Hough transform appears to be ideal for detecting hn- 
ear components in images. However, there a-e some limitations to this approach. The results are 
sensitive to the quamisation intervals used for the anglc 0 and the distance p. Decreasing the 
quantisation step for 0 increases the computation time since the calculation for p is typically 
done across each value of 8 and each pixel. Another problem with this method is the 
"crosstalk" between lines in the Hough domain. For example, if an image contains several lines 
parallel to the x awls, they would corresporid lo several peak values in the Hough domain at 
differing p along the 0' line. However, the Hough transform also detects linear segments at 90", 
which would show up as smaller peaks at a continuum of p values in the IIough domain. This is 
caused by the fact that the Hough transform finds line segments at specific p values that are not 
necessarily conliguous. 

In the directional analysis method to be developed in this paper, we will osc property 2 of 
the Hough transform which states that a point in the (p, 0) domain corresponds to a straight line 
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in the image domain. Through use of this property it is possible to obtain the directional nature 
of an image by integrating along one angle 0, in the Hough transform domain to find the distri- 
bution of directional components that lie along this angle. 

From equation 2 we can see that the Hough transform can be interpreted as a one-to-many 
mapping of a point from the image domain, specified by (x,, y,), to a set of points in the parame- 
ter domain, specified by (p, 0). This represents calculating the parameters of straight lines that 
pass through a given point (x,, y,) .  Each point in the image domain forms a sinusoid in the 
parameter domain, and points that are collinear in the image domain all intersect at a common 
point in the parameter space. This parameter point chamtenses the straight line connecting 
the constituent image points. Thus the Hough transform is often referred to as a "voting" proce- 
dure where each point in the image "votes" for all parameter combinations that could have 
produced it. We can use this fact to determine the directional content in an image since each 
point that is a member of the desired directional component will have only one vote character- 
ised by one sinusoid in the parameter domain. The problem of determining the directional 
content of an image thus becomes a problem of peak detection in the parameter space. If we are 
able to select the peak in the parameter space which corresponds to the desired directional 
component in an image, we will be able to obtain all the pixels that compose that directional 
component. 

The Hough transform has the desirable feature that it handles occlusion of directional com- 
ponents gracefully since the size of the parameter peaks is directly proportional to the number 
of matching points of the component. This last fact can also be a p d a l  drawback due to 
"crosstalk" that can occur between broad directional elements. The Hough transform also has 
the feature that it is very robust to the addition of random data that arise from poor image seg- 
mentation, since random image points are very unlikely to contribute coherently to a single 
point in the parameter space and will only add a low level of background counts. 

The main drawback of the Hough transform is that it is usually performed on binary images 
and is thus dependent on the biiarisation method that is used in segmenting the image4'. The 
implementation proposed in this paper will avoid this drawback by performing a modified ver- 
sion of the Hougb transform that uses concepts from the Radon transform to obtain a 
HoughlRadon transform without resorting to the information-losing binarisation step. 

3. Quantitative directional analysis using the Hough and the Radon transforms 

In this section we shall explain the steps in the Hough method of determining directional con- 
tent in images. The image is fust transformed into the HoughRadon domain, while at the same 
time a second shadow domain is obtained which keeps a count of the number of pixels at a par- 
ticular parameter point. The HoughlRadon-transformed image is fdtered to obtain coherent 
peaks, and the filtered image is normalised to a value between 0.0 and 1.0. This nosmalisation 
procedure gives a relative weighting to the normal Hough transform. The shadow parameter 
space that contains the count of pixels that occupy a particular parameter cell is multiplied with 
this normalised parameter space to obtain a relative count of the number of pixels in the particu- 
lar parameter cell. The shadow parameter space is then integrated in each angle band to obtain a 
count of the number of pixels that occupy each angle. 
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3.1. The Hough and Radon tran.~uims 

~ e a n $ #  showed that there is a direct relationship between the Hough and Radon transforms. In 
fact, the Hough transfonn is a special case of the Radon transform but with a different trans- 
form origin, and performed only on a binary image. The Radon transform has its transform ori- 
gin at the centre of the original image whereas the Hough transform has its transform origin at 
the location of the image where the row and column indices are zero. Thus distances, p, that are 
calculatcd from equation 2 for a 256 x 256 image for the Hough transfonn would be calculated 
relatwe to the (0, 0) point in the original image, whereas tor the Radon tranform, the p values 
would be calculated relative to the (128, 128) point. A comparison between the operations of 
the two transforms on a line is shown in figure 2. From this figure we can see that the (p, 0)  of 
thc Hough transform are offset by a constant amount for all points in reiation to the Radon 
transform variables (p', 8'). This difference between thc two transforms affects the aggregation 
of collinear points in each domain. In the Radon domain, collinear peaks are more circular in 
nature due to the symmetric calculation of the distance p, while in the Hough domain the col- 
linear points are more elliptical due to the asymmetric nahue of p. Since the filter that we w11l 
be using to detect peaks was designed to detect asymmetric peaks in the Hough doman, we wiU 
be using the Hough domain for transformation of the image; however, we will be performing 
the Radon transform at each point in this space to obtain the peak information without use of a 
threshold level. 

We calculate the HoughRadon hybrid transform by updating the (p,, 8,) parameter point by 
adding the pixel intensity and not by incrementing by one as with the Hough lransform. In this 
sense, brighter lines correspond to brighter peaks in the Hough domain. Performing the 
HoughlRadon transform in this manner also allows us to maintain the structure of the Hough 
domain so that a filtering step (to be described later in section 3.2) can bc performed to detect 
peaks in the Hough domain. 

FIG. 2. Cornpar~son between the Flough snr! Radon transform mappings 



8 RANGARAJ M. RANGAYYAN A N D  WILLIAbI A. ROLSTON 

Image Domain Hough Space 

FIG 3. HoughiRadon transform mapping from the image space to the transform apace. 

The HoughRadon transform of the image is indexed in the column space from On to 180°, 
and if Rows and Cols are the number of rows and columns in the input image, respectively, then 
the row space of the transform image is from -Cols at the top of the image to J i ~ o w ~ & c o / a .  

An example of the mapping is shown in figure 3. 

The generation of the HoughRadon domain produces relative intensities of the directional 
nature of images, an example of which is shown in figure 4(b) for the synthetic test image 
'Test-1" shown in figure 4(a). However, the objective in this work is to obtain the number of 
pixels or the percentage of the picture as a whole which can be binned into a particular angle 
band. Therefore, it is necessary to form a shadow parameter space that keeps a count of the 
number of pixels that are in a particular cell in the parameter space. This shadow parameter 
space is the Hough transform of the image with no accompanying threshold level. 

It is necessary to form both the HoughRadon transform space as well as the Hough trans- 
form shadow space, since performing only the Hough transform on an unthresholded image will 
produce, for most images, a transform with little information about the image. Computing the 
shadow parameter space is the same as performing the Hough transform on a thresholded image 
for all pixels with a grey level greater than zero. The Houghmadon transform, however, gives 
more differentiation between light and dark regions in an image, thus retaining all the inforrna- 
tion about the image while still performing the desired ti-ansform. The Hough transform is 
needed for later processing since we want a count of the number of pixels regardless of the in- 
tensity. 
- .  . -.  . 

n : .  . . . , .  
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From the image shown in figul-e 4(b) we can see the high level of "crosstnlk" in the upper 
right quadrant. From figure 3, we see that this section maps to about the 100" to 165" angle 
band. This is due to the Hough (ranshm's tendency to identify lines in an image even though 
the lines may not be directly connected. This is both a strength and a weakness of this method 
as we shall see later. The filtering procedure described in the following section wilI minimise 
this effect; however, it will still bias the results in some of the images. 

3.2. Peak detection throughfiltering 

While the HoughRadon transform is a powerful way or determining the directional elements in 
an image, it lacks, by itself, any means by which to eliminate elements that do not contribute 
cohercnlly to a particular directional pallcrn. This is due to the transform being perfornlcd on all 
points in an image, and hencc simple integration along any column of the transform space will 
include all the points in the image. A second step is needed to eliminate those pixels that do not 
contribute significantly to a particular pattern. Leavers and ~ o y c e ' ~  used the Radon transform 
to generate a simple 3 X 3 filter to locate maxima in the Hough transform space which corre- 
spond to connected collinearities in an "edge image" space. 

The filter is derived from the (p, 8) parameterisation of lines and the expected shape of the 
distribution of counts in the accumulato~ of the IIough transform spacc. For a linear element in 
an image, thc shape is a characteristic "buttertly", which is a term commonly used to dcscdbe 
the characteristic falloff shape from a central accumulator point which corresponds to a line 
mapping in the Hough domain as shown in figure 3. It is shown by Leavers and ~ o ~ c e "  that for 
all lines in the image space, the extent of the corresponding butterfly for a line in the Hough 
domain is limited to one radian or approximately 58' of the central accumulator point. 

The 2D kilter 

[: : I] (3) 
0 -2 0 

has a high positive response to any distribution which has its largest value in the central 
pixel, falls off to approximately 50% on either side, and vanishes rapidly ahovr and below the 
central pixel. This filter performs remavkably well in spite of having such a simple structure. 
The drawback is that it was designed for detccting lines of one pixel width. In the situation 
shown in figure 4(b), we can see that the broad directional components in the test image corre- 
$pond to broad components in the HoughlRadon domain. This results in the filter of equation 3 
detecting only the edges of the peaks in the Hough domain; an example of this is shown in fig- 
ure 4(c). 

The filter in equation 3 is also very sensitive to quantisation or thc 0 increments. This can be 
seen in the vertical streaks of intensity in figure 4(c). The vertical streaks occur at 0 values that 
correspond to points where the value of p in equation 2 approaches an integral value. Increasing 
the spatial extent of the iilter would reduce the sensitivity of the filter to noise as well as im- 
prove the ability of the filter to detect larger components in the Houghmadon transform space. 
Detecting larger components m the HoughlRadon domain corresponds to detecting broad di- 
rcctional image components. 
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Ro 5 (a) Test-2 image, (h )  HoughIRadon transform, ( c )  Flltercd transform, (d) Rose dtaplnm 

Once the HoughlRadon transform has been filtered using the filter in equation 3, the i-esult- 
ing filtered image is normalised to the range of 0.0 to 1.0 and then multiplied, accomulator 
point by accumulator polnt, with the shadow Hough transform mentioned earlier. This step is 
perfomled in order to obtain the relative strength of the numbers of pixels at each of the de- 
tected peaks. This step also reduces accumulated quantisation noise from the HoughlRadon 
transformation and filtering steps. Peaks may be detected in a region of the HoughiRadon do- 
mam; however, there may be few corresponding pixels in thc original image that map to these 
locations. Multiplying noisy peaks by areas that contain few points in the original image will 
reduce the final count of pixels in the corresponding angle bands. 

3.3. Integration 

The integration step is a trivial sammation along each of the columns of the Filtered parameter 
space. Since the Hough 'ansform generates a parameter space which is indexed in the column 
space from OD to 180°, each of the columns represents some fraction of a degree depending 
upon the quantisation interval selected for the transform. Also, since the Hough transform is a 
voting process, the peaks selected will contain some percentage of the pixels that are contained 
in the directional components. 

4. Results 

In selecting the test images, we have endeavored to obtain a broad selection images that have 
shading as well as images that have good foreground -- background separation, contrast, and 
depth of field. The fist  synthetically produced test image (Test-1) shown in figure 4(a) is the 
most simple of the test images, constisting of directional components that are clearly separated 
from the background of the image. The second synthetic test image (Test-2), shown in figure 
5(a), consists of several surfaces that are oriented at four directions. The image contains a mix- 
ture of ramp and step edges as well as several surfaces of varying intensity that are occluded; it 
is a non-linear image in that the directional components do not add at the occluded locations. 

The second pair of images shown in figure 6(a) (Bridge) and 7(a) (Forest) consists of natu- 
ral scenes. The Bridge image is commonly used to test image processing algorithms; it contains 
a man-made object (the bridge), as well as various non-directional objects. The Forest image 
consists of trees which contain a multitude of small and large directional components at various 
directions. We have included these images to evaluate the performance of the algorithms with 
natural images including depth of field as well as undirected components. 
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F o .  6. (8) Br~dge image, (b) HoughlRadon transform, (c) F~ltered transform, (d) Rose diagram 

The images shown in figures 8(a) (Ligament-1) and 9(a) (Ligament-2) are examples of 
scanning electron microscope images of collagen fibers in rabbit medial collateral ligaments'-4. 
The Ligament-1 image is an example of ligament scar tissue, and the Ligament-2 image is an 
example of a normal ligament. It has been established that while normal ligaments have colla- 
gen fibers neatly aligned along the long axis of the ligament, scar tissues have an almost ran- 
dom distribution of the fibers.'" 

Figure 4 shows the results of the algorithm for the Test-l image. In this image we can see 
the problem of the small-extent filter mentioned earlier in section 3.2. This filter detects only 
the edges of the transformed components and neglects the central section of each of these com- 
ponents. From the rose diagram4'. ' shown in figue 4(d), we can see that the filter does detect 
the relative distribution of the linear components, that is, the petal at 45' should be about & 
times the size of the petals at 0' or at 90"; however, there is a large amount of smearing of the 
results which produces poor differentiation between the angle bands. We can also see from the 
rose diagram that there is a large amount of crosstalk detected in the 135" band where the out- 
put should be zero. This effect is probably due to a combination of crosstalk as well a .  quanti- 
sation noise from the Houghmadon transform. 

Figure 5 shows the results for the Test-2 image, where agau we can see the difficulty $is 
algorithm has in detecting large elements in the transform space. Figure 5(c) shows that the 
central sections of the detected peaks are not accentuated, which gives erroneous results. The 
petals in figure 5(d) at 90' should have been twice as large as the petals at 45' or OD. Further, 
there is a lack of strong directional patterns in the 135" band, which is due to the attenuated 
nature of the corresponding elements in the original image. This indicates that the algorithm is 
performing diectional assessment based upon the intensity of the elements as opposed to strict 
binning upon direction. 

Fro. 7. (a) Forest Image, (b) Hough/Radon transform, (c) Filtered transfolm, (d) Rose diagram. 
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FIG. 8. (a] Ligament-1 ~mage, (b) HoughiRadon transform, (c] Filtered transform, (d) Rose diagram. 

From the results for the Bridge image (see figure 6) it is seen again that the algorithm is 
quantising upon intensity as well as directional orientation. This is apparent from the large pet- 
als in the 0" and 90' directions in figure 6(d), which correspond to the high-intensity compo- 
nents that exist in each of these angle bands. 

For the Forest image shown m figure 7(a), we see f ~ o m  the results shown in figures 7(cj and 
7(d) that the algorithm detects the strong vertical nature of the image. The algorithm performs 
well for this image mostly due to the strong intensity elements of the trees as well as the narrow 
extent of the tree elements. Since the tree branches are narrow in extent, the filter detects these 
elements as individual units and not as edges of larger linear segments. 

For the ligament images shown in figures 8(a) and 9(a), the algorithm performs reasonably 
well, giving reasonable representational results for both of these images as shown in figures 
8(b)-(d) and 9(b)-(dl. These results could contain artifacts due to the previously-mentioned 
problem of the algorithm with broad directional components, since both of these images have 
broad directional components. 

5. Conclusion 

We have presented a method for detecting directional elements in images using the Hough 
transform method of selecting linear elements from images. The method uses a hybrid combi- 
nation of the Radon transform in the Hough domain, and then subsequently filters the trans- 
formed image to obtain peaks in the Houghmadon domain. The filtered transform space is then 
multiplied, accumulator point by accumulator point, with the unthresholded Hough transform 
data to reduce noise as well as to give an accurate representation of the image from the stand- 
point of binning pixels corresponding to a particular angle band. The Radon technique of 

FIG. 9. (8)  Ligament-2 image, (b) HougNRadon mnsform, (c) Filtered transform, (d) Rose diagram. 
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summing pixel intensities is necessary to eliminate the necd for thresholding. The techniquc of 
~ransfomung the image into the Hough domain is ncedcd in order to apply a filteu designed in 
this domain to detect linear peaks. From thc use of the Radon tcchnique of summing intensities, 
the algorithm detects directional elements on the basis or intensity as wcll as orientation. 

Further work is necessary to ovcrcomc limitations of the present algorilhm, in particular in 
Glteriug in the Hough'Radon t ranshm domain, The method should find use in analysis of 
ligamcnt images1-' for studies on ligament injury, treatment, and healing. 
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