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Abstract 

Mammogram registration is a critical step in automatic 
detection of breast cancer. Much research has been 
devoted to registering mammograms using either 
feature-matching or similarity measure. However, few 
studies have been done on combining these two 
methods. In this research, a hybrid mammogram 
registration method is developed by combining 
feature-based and intensity-based image registration 
techniques. Besides, internal and external features 
were used simultaneously during registration to obtain 
a global spatial transformation. The experimental 
results indicate that the similarity between the two 
mammograms increases significantly after a proper 
registration using the proposed registration procedures.  
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1. Introduction 

Although many new technologies keep evolving, 
mammography remains the most effective and popular 
screening method for the early detection of breast 
cancer. As to the study of breast cancers, most 
computer-assisted diagnosis (CAD) programs attempt 
to detect anomalies in a single mammogram. However, 
in clinical practices, a so-called comparative analysis 
(CA) method is widely used. CA is helpful to the 
detection of anomalies. In practice, it is difficult to 
prevent breast from being displaced or deformed in 
response to the applied forces during the acquisition of 
the mammogram. As a result, the differences in shapes 
or positions might exist between two mammograms 
acquired in sequence. Accordingly, prior to CA, it is 
necessary to minimize the discrepancies using image 
registration. 

Image registration, a process to bring two images 
into alignment, is an important ongoing research topic 
[1,2]. In general, registration algorithms can be 
roughly divided into two main categories, i.e. 
feature-based and intensity-based registration methods. 
As mentioned earlier, CA methods are widely used in 
clinical practices. Hence, the current trend of CAD 
methods is toward comparing breast images from 

either the same modality or different modalities. 
Breasts are elastic bodies, thus all researches based on 
the presumption that takes breasts as rigid bodies are 
basically inappropriate [3,4]. As a result, many 
non-rigid-based mammogram registration techniques 
were proposed [5,6]. Although much work has been 
done on mammogram registration using either 
feature-based methods [3,4] or intensity-based method 
[7,8], few studies have been done on combining the 
aforementioned two techniques. In this research, a 
hybrid mammogram registration algorithm, which 
used both methods to bring mammograms into 
alignment, has been developed. In addition, the 
developed registration scheme used Thin-Plate Splines 
(TPS) spatial transformation theory to take into 
account the elastic deformations nature of breasts in 
response to pressure.  

2. Mammogram Registration Scheme 

Mammogram registration is a critical step in 
automated detection of breast cancer. In this paper, we 
use image preprocessing, mutual information, feature 
extraction, feature matching, similarity measure, and 
TPS coordinate transformation to bring two 
corresponding mammograms into registration. Figure 
1 show the flow chart of the proposed registration 
algorithm. 
 

 
Fig. 1 Flow chart of the proposed algorithm for the 

registration of mammograms. 
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Fig. 2 Extraction of elongated structures: (a) mdb014; 
(b) segmented result of Fig. 2a; (c) inversed and 
Gaussian filtered result of Fig. 2b; (d) and (e) show the 
horizontal and vertical elongated structures extracted 
from Fig. 2c, respectively; (f) the ORing results of 
Figs. 2d and 2e. 

2.1. MI Coarse Registration 

Mutual information (MI), one of intensity-based 
registration methods, was commonly used to solve 
multimodality medical image registration problems 
[9,10]. The purpose of the coarse registration using MI 
is to reduce global spatial differences between 
corresponding mammograms caused by the 
positioning difference of the breasts during their 
acquisition. By finding a set of parameters, ∆x, ∆y, and 
∆θ, capable of maximizing the MI between the two 
mammograms, the best registration location is found. 
This is indeed an unnecessary step for registration 
using TPS mapping algorithm; however it is beneficial 
to feature matching. More specifically, after MI coarse 
registration we can reasonably presume that the 
relative displacements of the corresponding control 
points have been minimized.  

2.2 Extraction of Internal Features 

Two types of features can be identified in a 
mediolateral mammogram: external features and 
internal features. External features include skin 
boundary and nipple. Internal features include 
pectoral muscles, glandular tissues, fatty tissues, and 
blood vessels. To extract internal features, we adopt 
similar procedures as suggested by Vujovic and 
Brzakovic [4]. The objective can be accomplished by 
first segmenting the breast region, then filtering the 
noises, and finally extracting the elongated structures. 
The detailed is described as follows. 

 
2.2.1. Segmenting and Filtering. As shown in Fig. 2a, 
there exists an artificial label in the mammogram for 
identification purpose. To avoid mismatching of 
features caused by the label, breast regions were 
extracted from the mammograms by using segmenting 
and size-filtering. The resulting image is shown in Fig. 
2b. Fig. 2c shows the inverted and Gaussian filtered 
mammogram. 
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Fig. 3 Internal control points extraction and matching 
results: (a) and (d) denote the mdb004 and its 
simulated temporal counterpart; (b) and (e) show the 
features extracted from Figs. 3a and 3d, respectively; 
(c) and (f) show the corresponding matched points 
superimposed on the original mammograms Fig. 3a 
and Fig. 3b, respectively. 

 
2.2.2. Elongated structure extraction. Horizontal and 
vertical elongated structures were extracted by using 
the horizontal and vertical types of MMO (Modified 
Monotony Operator). By convolving the image as 
shown in Fig. 2c with horizontal and vertical MMOs, 
we can obtain horizontal and vertical elongated 
structures as shown in Figs. 2d and 2e, respectively. 
Then by ORing Figs. 2d and 2e, we can obtain an 
image containing elongated structures in any direction 
as shown in Fig. 2f. The elongated structures are 
indeed the objects that we are going to extract features 
from them. Readers who are interesting in the detailed 
operation of MMO can refer to reference [4]. 

2.3. Feature Matching  

The key to the success of landmark-based 
registration is to establish a correct correspondence 
between objects extracted separately from a pair of 
mammograms. Before matching two elongated 
structures, each object’s features, including area, 
perimeter, centroid, maximum diameter, minimum 
diameter, maximum diametric angle, and minimum 
diametric angle are calculated. To be a valid matched 
pair, the corresponding objects must meet all of the 
following criteria: 
� Area ratio, perimeter ratio, and maximum 

diametric ratio are all within 0.8 and 1.2.  
� Centroid distance is less than 20 pixels.  
� Maximum diametric difference is less than 20 

pixels.  
� Minimum diametric difference is less than 15 

pixels.  
� Maximum diametric angle must be equal to the 

minimum diametric angle.  
Refer to Figs. 3b and 3e, 63 and 75 elongated 

structures (yellow-colored blocks) were extracted from 
mdb004 (Fig. 3a) and its simulated counterpart (Fig. 
3d), respectively. In spite of this, only 11 matched 
pairs (indicated by red-colored crosses as shown in 
Figs. 3c and 3f) were obtained after feature matching. 



   
      (a)            (b)              (c) 
Fig. 4 Control points located on the interface of 
pectoral muscle and breast: (a) wedge-shaped mask of 
size 6 for extracting pectoral muscle region. (b) 
segmented pectoral muscle region; (c) designated 
control points Q1 and Q2. 

2.4 Designation of External Control Points 

Occasionally, imperfect registrations occur because 
few matched pairs are available, or the matched pairs 
are concentrated in a local area. To prevent the 
problems from occurring, we incorporate additional 
feature points obtained from breast contour and the 
B-P boundary (the boundary separating the breast and 
the pectoral muscle. 

 

2.4.1 Designate control points on pectoral muscle 
region. Before designating control points on the B-P 
boundary of the first mammogram, the wedge-shaped 
mask shown in Fig. 4a is used to segment the pectoral 
muscle regions from the first mammogram. Once the 
pectoral muscle region (Fig. 4b) has been extracted, its 
minimum enclosing rectangle can be obtained. The 
lower-right point of the rectangle is then denoted as 
the first control point, Q1 having coordinates of (i1,j1), 
as shown in Fig. 4c. After that, a second control point 
Q2 located on the B-P boundary and at a distance of S 
from Q1 is specified. The choice of S is based on the 
y-coordinate of Q1. 

 

2.4.2 Designate control points on breast contour. 
Before assigning control points on the breast contour 
of the first mammogram, we first obtain breast region 
using segmentation. Next, Laplacian edge detector is 
used to derive the breast contour. Finally, points, each 
at a distance of 80 pixels from the previous one, are 
designated along the breast contour.  

2.5. MI Point Matching 

Once the control points in the first mammogram have 
been assigned, their corresponding points in the 
second mammogram are located using mutual 
information. Use Q1 as an example. In order to locate 
its corresponding point 1Q′ in the second mammogram, 
an m×m region centered at (i1,j1) of the first 
mammogram is defined as the feature region. For 
each control point, a rectangle region, called “feature 
zone”, of certain size centered at each designated 
control point is created. Next, search the 
corresponding region in the second mammogram 
for 1Q′ using mutual information. The searching is 
confined in an n×n region centered at (i1,j1) of the 
second mammogram. Figure 5 shows the external 
matched pairs extracted from both mammograms. 
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Fig. 5 MI point matching results: (a) the 
yellow-colored crosses denote the control points 
automated assigned in the first mammogram; (b) the 
corresponding control points located in its TPS 
simulated counterpart. 

2.6. TPS Transformation and Deformation 

The object of the current step is first to determine the 
spatial relationship between two images, and then use 
the derived spatial transformation matrix to transform 
one of the image in order that the two images will be 
perfectly registered. In this research, a radial basis TPS 
is applied to simulate the deformation of breasts. By 
using the matched pairs obtained during feature 
matching and MI point matching, we can obtain the 
spatial transformation matrix relating the two 
mammograms to be matched. And, the deformations of 
the mammogram to be registered can be corrected 
accordingly. 

3. Experimental Results and Discussions 

In this research, we used three approaches to derive 
transformation parameters, i.e., internal matched pairs 
only, external matched pairs only, and both internal 
and external matched pair. The mammograms were 
obtained from the MIAS digital mammogram database. 
The registration performance is evaluated in terms of 
CC and SSD of the two mammograms. Fig. 6 shows 
the registration results of two temporal mammogram 
pairs using the proposed registration algorithm. It is 
clear that most of the simulated deformations have 
been effectively recovered, as shown in Fig. 6d. 
TPS-registered (use the proposed technique to register) 
results are compared with the results of pre-registered 
(without registration). As shown in Table 1, the CC 
values for the pre-registered mammograms mdb007 
and mdb016 are 0.900 and 0.888, respectively. After 
TPS registration, the CC values rise to 0.997 and 0.990, 
respectively. On the other hand, the SSD values 
decreased from 0.060 and 0.063 (pre-registered) to 
0.010 and 0.019 (TPS-registered), respectively.  

 

Table 1. Comparison of the pre-registered and 
TPS-registered results of temporal mammograms in 
terms of CC and SSD. 

Pre-registered TPS-registered 
Mammogram 

CC SSD CC SSD 

007 0.900 0.060 0.997 0.010 

016 0.888 0.063 0.990 0.019 
 



Table 2. Comparison of registration results using 
internal, external, or both internal and external feature 
points in terms of CC and SSD. 

External 

Features 

Internal 

Features 

Int. and Ext. 

Features. Mammog. 

CC SSD CC SSD CC SSD 

007 0.973 0.029 0.994 0.012 0.997 0.010 

016 0.977 0.026 0.987 0.002 0.990 0.019 

 
Fig. 7 and Table 2 show the comparison results of 

using internal, external, or both internal and external 
feature points to register corresponding mammograms. 
As shown, if both internal and external feature points 
were used simultaneously, better registration accuracy 
can be obtained. The results suggest that both internal 
and external features should be used in registration if 
possible. 

4. Conclusions 

Strictly speaking, due to the deformable, 
inhomogeneous, and anisotropic natures of the breasts 
as well as the variations in the acquisition conditions, 
accurate mammogram registration is an intractable 
problem. However, in the paper, we have presented an 
innovative algorithm for the automatic registration of 
mammograms. The proposed algorithm uses a 
feature-based registration method to match internal 
features and an intensity-based registration method to 
match external features. Furthermore, by incorporating 
both intrinsic and extrinsic control points, the hybrid 
registration method do effectively solve the imperfect 
registration problems caused by few control points or 
non-uniform distribution of control points. 
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            (a)                    (b)                     (c)                     (d) 
Fig. 6 Temporal mammogram registration results: (a) mdb007; (b) Simulated counterparts of Fig. 6a; (c) Difference 
images of Figs. 6a and 6b; (d) Difference images of Fig. 6a and its TPS corrected counterparts (not shown). 
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Fig. 7 Comparison of registration results: (a), (b), (c) show the TPS corrected mdb007 using external features, 
internal features, or external and internal features, respectively;.(d), (e), and (f) show the image subtraction results of 
(Fig. 6a - Fig. 7a), (Fig. 6a - Fig. 7b), and (Fig. 6a - Fig. 7c), respectively. 


