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ABSTRACT 
To find if the radiotherapy treatment of cancer is performed precisely it is necessary to register a pair of 
images: one made during therapy planning and the second one made during the therapy itself. To do this 
it is proposed to match the edges of the anatomical structures and the irradiation field found in both 
images and to use the Hausdorff distance modified by using a voting scheme. This makes it possible to 
perform the matching between those fragments of the edges which actually have their counterparts in the 
other image, and to omit hose which do not, in an automatic way. 

INTRODUCTION 
The pattern recognition problem dealt with in this paper is matching a pair of images 
coming from two different imaging modalities. Image matching, with the aim of precisely 
overlaying the corresponding regions of both images, is called image registration. Our 
problem will be discussed in close relation to a specific medical application it appears in. 
This application is the assessment of the accuracy of radiotherapy of cancer. 

The use of ionising radiation in cancer teleradiotherapy imposes high requirements in 
terms of accuracy, in its medical as well as technical aspects. Close adherence to the 
geometrical parameters found in therapy planning is vital. Change of the applied dose by 
one per cent can lead to a change in time to local recurrence of the disease by as much as 
several percents [1]. Imprecise realisation of the geometry can imply the loss of chance 
for permanent remission of the disease or to severe post-irradiation effects. In an ideal 
treatment the position of the irradiation field with respect to the anatomical structures of 
the patient conforms to the planned one and is constant in all the radiotherapy courses.  

The location of the irradiation field and anatomical structures in a specified therapeu-
tical session can be recorded in the portal image. The planned geometry is recorded in 
the reference image, routinely made during therapy planning in a simulator. Assessment 
of the treatment accuracy consists in comparing the layout of anatomical structures and 
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the irradiation field in a series of portal images taken during subsequent therapy sessions, 
in comparison to the reference image. This requires the registration of each of the portal 
images with the reference one. The natural loci of interest, or landmarks, in the anatomi-
cal structures as well as in the irradiation field, are their edges. 

The reference image is an X-ray of high quality. The reference image is produced by 
the therapeutical beam, and is inherently of low contrast due to that different tissues, like 
bones and muscles, attenuate the therapeutical radiation very similarly. Edges of the 
compared features are difficult to find in the portal image. Not all the edges present in 
the reference image can be found in the portal one. In consequence, the comparison of 
geometries in these images is difficult and time-consuming. There exists a need for a tool 
that could support and objectify this process. 

STATE OF THE ART 
At present the radiotherapy accuracy assessment is done manually by an experienced 
physician, with the use of portal and reference images in the form of typical X-ray films. 
This tedious procedure is rarely applied and, as a rule, it is not performed routinely. The 
literature on image registration refers mainly to portal images made with beams gener-
ated in accelerators rather than with the cobalt apparata. In Poland more than a half of 
patients are treated with cobalt. There are numerous references to image registration 
methods tailored for finding the fitting and non-fitting fragments of the compared edges. 
Although full automation of the method has been attempted, as for example in [2, 3, 4, 
5], the majority of algorithms lack generality. In [2] the rectilinearity of edges of the irra-
diation field is used. In [4] mutual rotation of images is not taken into account. Satisfac-
tory results were received only in the case of pelvis [5], where edges of thick bones are 
clearly visible. Algorithms in which landmarks to be matched should be shown manually 
are still in use [6, 7]. A comparison and classification of the methods can be found 
in [8, 9]. 

APPLIED METHODOLOGY 
In our application, the images are transformed to a digital form by precision scanning. 
The applied method will be described using the classification of main elements of image 
registration algorithms according to [8]. 

Landmarks to be matched    Edges of selected anatomical structures and of the ir-
radiation field1. Using artificial landmarks is excluded due to practical reasons 

Geometrical transformation    Affine transformation (2 translations, rotation, 
2 scalings – along two coordinate axes). These transformations, used in nearly whole 
literature, are sufficient to model the mutual differences between the considered images, 
and have a mathematical form suitable for easy computations. In practice, a long series of 
transformations is performed. This does not imply cumulation of errors in the trans-
formed images, as the subsequent transformations are aggregated in a single transforma-
tion matrix, which is always applied to a source edge portal image. Transformation of 
this sparse image is not time consuming. 

Measure of image registration accuracy    Modified Hausdorff distance meas-
ure [10, 11, 12]. This is a robust method based on voting. Distance is calculated and 

                                                
1 It is planned to use the classical zero-second-derivative edge detector, with scale fitted to the 

scale of edges, but this part of the algorithm is still under development. 
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parts of the contours that do not fit the general tendency are rejected. In this way, the 
edges in one image which have no counterparts in the other image are rejected from the 
matching process in an automatic way. 

The classical Hausdorff distance is defined on two finite sets of points A  and B  
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=                             (1) 

where ),( bad is the distance between the points a  and b  in the chosen metric, for ex-
ample, the Euclidean distance. The modification of the distance function (1) is as fol-
lows [10, 12] 
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function (2) is not symmetrical, so it is not a distance in a strict sense. It is a robust 
measure due to that the maximum is replaced with a quantile. In our application, A  is 
the set of edge pixels in the portal images, and B  the set of edge pixels in the reference 
image. In the practical realisation of the quantile, frequency is used instead of the prob-
ability, so it is necessary to build a histogram of minimum distances of all the pixels a  of 
the portal image edges to the set B  of reference image edge pixels. These calculations 
are speeded up by using the distance transform [13] of the reference edge image, calcu-
lated only once. From this transform, a minimum distance of a pixel in the portal image 
to its corresponding pixel in the reference edge image can be read out directly [12]. 

Optimisation method for finding the best transformation    Maximum gradient in 
the space of transformations. Together with the use of the distance transform this re-
solves to the chamfer matching method. Optimisation is started with a moment-based 
minimum. In the beginning the quantile rank 1 is used, which resolves to the maximum 
measure like in Eq. (1) inside the outer ellipses, and it is reduced by 01.0  each time 
a local minimum is reached. Optimisation is terminated at the minimum when the rank 
reaches a specified value. Practice shows that very satisfactory location of the matched 
images is reached with the value of 8.0 . 

 
In the presented methodology the main original element is the application of the modi-

fied Hausdorff distance to the problem of registration of the portal images. Also our aim 
to make it possible to process portal images made with cobalt apparata can not be found 
elsewhere.  

The idea of starting with the quantile of rank 1 and going down to a specified value is 
not a typical practice. Another novel idea is used in the optimisation. Normally, in each 
optimisation step, 10 possible transformations of the portal edge image are calculated 
(2 translations, rotation, 2 scalings, each in 2 directions) and the one which yields 
a largest improvement in the registration accuracy is chosen. Instead, it is possible to use 
the pre-calculated distance transforms for 10 virtual transformations of the reference 
edge image, to find from them the 10 measures of accuracy without calculating the re-
spective transformations of the portal edge image. Only that transformation of the portal 
image is calculated, which yields the best improvement. The opposite sign of the trans-
formation is taken. The technique saves computations of transformations at the expense 
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of calculating multiple distance transforms, which are more expensive. Hence, it is profit-
able only if multiple optimisation steps are made. The assumption is that the centre of 
rotation and scaling is fixed with respect to the reference image. This assumption does 
not hold in the initial part of the optimisation process. The use of the described technique 
needs more investigations. 

If the time of calculations is too long with the processors available at the time of de-
livery of the final version of the tool, then a hierarchical approach consisting in process-
ing a pyramid of images with increasing resolution can be applied, with the result from 
a given level used as the starting point for the next level.  

VERIFICATION 
The proposed methodology and the developed software tool will be verified, first with 
the human-like phantoms, then in the typical radiotherapy practice at the Holycross Can-
cer Centre in Kielce. The result of the analysis will make it possible to correct the thera-
peutic system geometry or the location of the patient. 

EXAMPLE 
Examples of calculations performed up till now confirm the appropriateness of the pro-
posed methodology. We shall present the results received for a pair of images shown in 
Fig. 1 a and b. These are the images of a pelvis region with resolution of 1006809∗  
pixels. For presentation, the irrelevant parts of the images were removed and the scales 
were changed. Edges were marked manually by an experienced person2. The results of 
matching the edges are shown in Fig. 1 c. Matching is good in spite of that some corre-
sponding edges are missing in one or the other image, typically in the portal one. More-
over, there are erroneous fragments in both images. 

The final transformation was found in 144 steps: translation along 7: −x , 58: −y , 

scaling along 1139.1:x , 1139.1:y , rotation 041.0− . Time of calculation with 
a Pentium III 800 MHz was around 1.5 minutes. 

CONCLUSION 
The presented methodology supporting the quality assessment of radiotherapy is opera-
tional in the scope of registering the images made during the therapy planning and reali-
sation. In matching the edges in the reference and the portal images the main problem is 
that in both images the sets of visible edges are different, and their common part, which 
should be matched, is not known before the matching is performed. This problem can be 
overcome by using as the measure of matching quality the Hausdorff distance modified 
by using a quantile instead of the maximum in its definition. This measure, successfully 
used in other applications presented in the literature, performs very well in the case of 
reference and portal images. The affine geometrical transformation which realises the 
registering is found in the way of a maximum gradient optimisation. Pre-calculation of 
some multiply used data and hierarchisation of the algorithm can be used to speed up its 
operation. 

                                                
2 A software tool for automated marking and editing the edges is being prepared. 
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b 

c 
Fig. 1. Example of matching the edges. a: reference image – pelvis; b: portal image (significant 
fragment); c: result. In a and b: edges marked in black. In c: edges from portal image: black – 
matched, light grey – not matched; edges from reference image: dark grey. All edges thickened 

for presentation. 
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