
A Block-matching based technique for the analysis of 2D gel images 

Ana Freirea,d, José A. Seoanea,d, Álvaro Rodrígueza,d, Cristina Ruiz-Romerob,d,  
Guillermo López-Camposc, Julián Doradoa,d 

a Information and Communications Technologies Department, Faculty of Computer Science, University of A Coruña, Spain 
b Complejo Hospitalario Universitario de A Coruña (CHUAC), Spain 

c Bioinformatic and Public Health Unit, Institute of Health Carlos III. Spain 
d Biomedical Research Institute of A Coruña (INIBIC), Spain 

 

 

Abstract  

Research at protein level is a useful practice in personalized 

medicine. More specifically, 2D gel images obtained after 

electrophoresis process can lead to an accurate diagnosis. 

Several computational approaches try to help the clinicians to 

establish the correspondence between pairs of proteins of 

multiple 2D gel images. Most of them perform the alignment 

of a patient image referred to a reference image. In this work, 

an approach based on block-matching techniques is 

developed. Its main characteristic is that it does not need to 

perform the whole alignment between two images considering 

each protein separately. A comparison with other published 

methods is presented. It can be concluded that this method 

works over broad range of proteomic images, although they 

have a high level of difficulty.  
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Introduction   

The images of 2D gels [1] resulting from electrophoresis are a 

powerful biomedical diagnosis mechanism. This process is 

based on the separation and analysis of proteins extracted 

from tissues, blood, cell, etc. This type of image is obtained 

by staining the proteins that have been separated in a 

polyacrylamide gel after applying electrical potential 

difference to it. The separation follows a bidimensional 

pattern according to their molecular weight and isoelectrical 

point.  

When analyzing images from 2D gels, there is a reference 

image that represents the distribution of a sample of proteins 

in reference conditions (normal or healthy status). In such 

case, molecules are labelled and their spatial location is 

known. Test images are then presented. In this case, the 

spatial location of the proteins is unknown. Usually, the 

comparison between a test image and the reference image is 

performed in order to establish the correspondence between 

proteins. Subsequently, both images are compared in order to 

establish a diagnosis based on the differences in the pattern of 

the identified proteins.  

Images, such as 2D gels, are increasingly used in the 

biomedical field. The analysis of such images is difficult due 

to the variability of the different electrophoresis processes. 

Consequently, images with an apparently complex 

correspondence may be obtained. Location, shape, size and 

intensity of a given protein may vary from one image to 

another, it may not even appear, so the correspondence can be 

difficult or it might not be established. Due to this reasons, 

computational techniques are essential for image analysis. 

There are several current software packages which try to solve 

this problem (i.e.: Nonlinear Dynamics Samespots [2], 

Decodon Delta2D [3] and Genebio Melanie[4]). These 

approaches tend to perform the whole alignment between two 

images. This is done by using several image transformations. 

The user must correct manually possible misalignments in 

order to obtain reliable results in later stages of the analysis. 

The system marks each protein with the same edge over all 

the gels of the same experiment. In this way, the user can 

select the spots of interest and compare them over the 

different images and obtain several conclusions based on their 

differences.  

Most of those software packages do not indicate the identifiers 

or the names of the proteins in the test images, so the user 

must identify visually the proteins from a labelled reference 

image.  

Apart from the software packages, there are different image 

analysis methods to align 2D gel images. They can be divided 

in two groups: those which use landmarks and those which 

use intensity information.  

Two key concepts should initially be defined. A landmark 

refers to a characteristic of the image from which information 

is intended to be obtained. In proteomic images, landmarks 

are identified as proteins (dark spots on a clear background) 

with an unknown spatial location which will then be obtained. 

Intensity relates to the function that describes the grey level 

values corresponding to each pixel in the image. 
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The approach based on landmarks is a research line applied by 

several previous works. In [5], the detection of coordinates for 

the protein centres is firstly performed using an approach 

based on gradient and Watershed transformation (which 

performs the image segmentation according to its grey levels). 

Typical protein characteristics are also considered for 

molecule detection, like circular or elliptic rim. A local 

matching process between the reference image and the test 

image based on the Delaunay triangulation is then performed. 

This technique consists of a network of triangles where the 

circumferences circumscribed to each triangle do not contain 

any vertex of other triangle. A system based on matching the 

spot centres is presented in [6]. In this case, the rim detection 

has been carried out, as in [5], by considering different 

characteristics of the proteins in order to separate protein 

overlapping. The matching based on the coordinates of the 

protein centres is also carried out in [7] by following the 

approach known as fuzzy matching. This approach calculates 

the nearest protein to every reference protein within a certain 

range. 

Other approaches are focused on the image intensity 

distribution in order to perform the matching between two 

gels. With the present approach, the cost of the landmarks 

extraction process is avoided. The principal objective of [8] is 

to find the alignment using regional matching (rectangles 

containing several molecules) instead of spots matching. In 

[9] the matching is performed by calculating the crossed 

correlation between the intensity distributions of the test 

image and the reference image. The strategy followed for 

image registration is an iterative solution based on the gradual 

selection of images’ resolution, obtaining at each step a more 

precise transformation. There are two more recent works [10, 

11], which are based on Robust Automated Image 

Normalization (RAIN).  

There are new techniques that merge the two previous groups, 

that is, hybrid approaches. Particular cases of the Iterative 

Closest Point algorithm [12] (used for solving the alignment 

between the spots of a test image and the reference image 

using the Euclidean distance) were presented in [13] and [14]. 

Both works propose new distance metrics that combine the 

Euclidean distance with information related to the shape and 

the intensity of the spots. The aim of [15] is to find a function 

that makes image alignment possible using a nonlinear 

deformation model (B-splines). The optimization is based on 

Levenberg-Marquardt (LM) [16]. This method performs an 

iterative parametric fitting taking into account a 

predetermined mathematical model. In [17], some pairs of 

corresponding spots of both images are selected. The 

information about the correspondence of the landmarks is 

introduced as part of the energy function, which is minimized 

to perform the transformation. The centres are detected by 

modelling the proteins as 2D inverted Gaussian functions 

using LM fitting (as in the previous case). A new version of 

this work [18] was presented in 2008. This work uses the 

Navier equation, which represents the regularization of the 

deformation field. It is used with the aim of considering the 

crossed effects of some gel deformations.  

As a consequence of this analysis, the main objective of this 

work was to find a new method which allows the clinicians to 

identify automatically the spots, where the alignment of the 

images is not necessary. 

Methods  

Establishing a correspondence between molecules of two 

different gel images might be a difficult task. As has been 

previously mentioned, this difficulty is due to potential 

displacements or appearance changes between proteins in two 

different images.  

Several techniques have been studied with the aim of finding 

a solution for this type of scenario. These techniques, used for 

movement estimation, consist of mathematical procedures that 

analyse the intensity changes of a sequence of images 

Block-Matching 

Among the optical flow estimation techniques, regional fitting 

(Block-Matching) has been chosen because it is suitable for 

measuring displacements due to nonlinear movements with a 

high degree of deformation. Due to their characteristics, these 

techniques are especially suitable for fluid analysis. A good 

performance in this context is expected as the proteomic 

images are obtained from viscous fluids (polyacrylamide 

gels).  

The Block-Matching approach considers a reduced space of 

the correspondence problem in order to achieve a better 

approach rather than the global case. These techniques usually 

work as follows [19]: the image is divided into some regions; 

different criteria might be followed to perform this division. 

The simplest approach implies selecting non-overlapping 

regions of predetermined size, known as blocks. The aim of 

the next step is to calculate the displacement for each region 

between two images. This is done assuming that the local 

distortions caused by the displacement are almost negligible. 

Thus, considering a region small enough and a time lapse 

short enough, the characteristics of each region will not be 

affected by the movement. This is the only assumption made 

in relation to the movement which will be calculated. Every 

block of an image is then compared with several possible 

blocks of the following one, maximizing a similarity measure 

or minimizing a distance measure.   

Modified Block-Matching 

As the previous process is general, it does not fit closely to the 

2D gel scenario. This is due to the assumption made by the 

generic Block-matching algorithms: despite the displacement, 

within an area small enough, the visual texture of a region 

remains unaffected. In the field of 2D gels this hypothesis is 

not fulfilled because the images are not part of a temporal 

sequence affected by movement. In those sequences there are 

few changes from an image to the next one. In proteomics, the 

images are independent. Besides, the variability is increased 

due to the previously mentioned changes experienced by the 

protein samples in different images. Due to this, the use of 

certain similarity measures presents some restrictions, because 
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the difference between a region and its corresponding region 

in the other image is very high in 2D gels. Although the result 

of the exploration might be correct, it might not meet the 

minimum difference criterion. Because of that, the system will 

assume that the displacement produced is not detected. A 

similarity measure based on the statistical distribution of the 

intensity levels is then required. This measure needs to be 

robust despite those factors that vary among samples. 

Due to the reasons explained previously, a new Block-

Matching-based method has been developed. This method 

proposes different specific strategies to adapt Block-Matching 

to proteomic images of 2D gels. The process, show in figure 

1, is carried out as follows: 

• Firstly, the method needs as input the list of 

coordinates of the spots in the reference image. This 

part can be done in different ways: getting the output 

of a spot picking robot, such as GelPix [20], or using 

several image analysis techniques. Present work does 

not focus on this phase, but on the modified block 

matching technique explained as follows.  

• The system refines the coordinates in order to match 

exactly spots’ centres. They are also the centres of the 

blocks into which the image is divided (the whole 

image is not divided into blocks, unlike in Block-

Matching algorithms; only some blocks are marked: as 

many as the spots extracted). To perform this task LM 

fitting has been used. Therefore, it is necessary to 

define an area that might contain, with high 

probability, the centre of the protein. The coordinates 

of the centre of that area are also extracted and used as 

the initial estimation in LM fitting. That area is 

determined using wave search, which is carried out as 

follows: a minimum radius is established. The initial 

coordinates represent its centre. This radius is 

increased (to a maximum) until it reaches the rim (an 

intensity value up to a certain grey threshold) and 

contains the protein centre (an intensity value less than 

a certain grey threshold). The minimum intensity point 

in the delimited area is used as the provisional centre 

for each iteration.  

• Once this area has been established, the centre of the 

protein is located using LM fitting. It was necessary to 

find a fitting function for the proteins’ grey level. 

Then, an inverted bidimensional Gaussian function 

was chosen as it is a continuous function which is 

adequate to describe the distribution of the molecule 

intensity. This model determines the protein centre (the 

darkest value and therefore the lowest grey level) as 

the minimum in the inverted Gaussian curve. The 

fitting function undergoes a rotation geometrical 

transformation because the molecule can turn towards 

different directions. 

• The protein centre adjusted in the previous phase is the 

central position of the search block for the modified 

Block-Matching algorithm. The size of the block is 

defined by specifying its dimensions using the Block 

Size parameter (in pixels). Using each block as a 

centre, a search region is defined. This region is 

demarcated by a maximum range of displacement 

(Search region).  

• In the search region, a spiral exploration strategy has 

been followed. Thus, starting at the block coordinates 

of the first image, hops determined by the Search hop 

parameter are performed following a spiral. Each hop 

represents one pixel, in such a way that the whole 

space of states will be explored obtaining always the 

best possible value for the comparison criterion, the 

Pearson correlation coefficient which is a typical 

statistical coefficient used to calculate the linear 

relationship between two quantitative variables. It is 

immune to changes in the medium grey level and it is 

independent of the value scale used. It has also proved 

to be robust when there is noise.  

• Once the correspondence with a block in the test image 

has been established, the position of the centre of this 

destiny block will be refined in order to match the 

protein centre, as was done at the beginning for the 

reference image. The output is showed in the Figure 2. 

 

Figure 1 –Modified block-matching diagram 

 

Figure 2 – System output. A) Marked molecules. B) market 

molecules in the test image, with a vector that indicates not 

only direction, but also the magnitude of the displacement in 

relation to the corresponding protein in the reference image  
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Results 

The proposed system has been implemented using Open 

Source Computer Vision Library (OpenCV) [21] and has been 

tested in order to compare our results to those of other articles.  

The Table 1 show the results, represented as success rates, of 

the comparison between the proteins in the reference and the 

test image. In order to understand better the results, it is 

necessary to define the following terms: 

• It is considered a success when the centre calculated by 

the algorithm is included within the perimeter of a 

protein in the test image. In addition, this protein must 

match, according to the expert’s criterion, its 

corresponding protein of the reference image, based on 

its spatial location and characteristics.  

• It is considered failure when the calculated centre is 

out of the body of the protein which matches the 

reference one (according to the expert’s criterion). 

Test 

In order to check the accuracy of the method presented in this 

paper, the results obtained were compared to those obtained in 

[18]. This work shows the success rates of a proposed hybrid 

method and those obtained with an approach based only on 

intensity. In [18], their results are compared to the results 

obtained in a previous work [17], which includes a hybrid 

approach and an intensity-based one. 

The test bed was built by using the images of G.-Z. Yang 

(Royal Society/Wolfson MIC Laboratory, Department of 

Computing, Imperial College of Science, Technology and 

Medicine, London). This test bed consists of a group of 

images of 2D gels from different types of tissues and different 

experimental conditions. 

The test bed used in the present work was built grouping these 

images in pairs in order to perform their alignment. Every 

couple was assigned a complexity level according to the 

criterion of an expert. As a result, the following groups were 

obtained: 

• Five pairs of images where the visual correlation of the 

proteins between every reference image and test image 

is simple. 

• Five pairs of images where most of the proteins can 

still be visually correlated, but, in this case, it is harder 

to establish the correlation. 

• Five pairs of images of high complexity, where most of 

the proteins cannot be visually correlated 

The comparison function, block size, search region and search 

method parameters were chosen according to previous tests on 

synthetic images. The values chosen for the parameters were 

Pearson Correlation as comparison function, wave search as 

search method, block size of 75x75 in easy and medium 

complexity images and 150x150 in complex images and 

search region of 75x75 in easy and medium complexity 

images and 125x125 in complex images. 

We have selected [17] and [18] because their tests use images 

extracted from the Wolfson MIC Laboratory test bed. 

However, in both, only one pair of images was selected for 

each type of complexity (no results of high complexity images 

were published). In these works, 208 proteins were selected in 

order to test the results in low complexity images, and for the 

medium complexity pair 158 proteins were selected. After 

that, the number of proteins correctly and incorrectly 

identified was obtained. The success rate was then calculated. 

In order to fairly compare the results obtained in [17] and [18] 

to the results obtained in our work, the same pairs of images 

were used. As they do not show which proteins have been 

selected, it was carried out as follows: for the low complexity 

pair, 212 identifiable molecules were found. From these, 208 

were selected. As a result, at the most, 2.4% of the molecules 

may vary. From the medium complexity pair, 158 proteins 

were selected from the 160 identifiable ones. In this case, at 

the most, 1.27% the proteins may vary. As these rates are 

minimal, the results can be considered comparable. The pair 

of high complexity images chosen in [17] was also selected, 

despite none of the papers having mentioned any related 

results. We have chosen 55 identifiable proteins for this pair. 

This number is not very high because most of the proteins 

have a high overlapping rate that prevents establishing a 

reliable correspondence. 

Table 1 – Comparative with other methods 

 Easy Medium Complex 

 ncor ninc % ncor ninc % ncor ninc % 

[17]  

Intensity 
187 21 89.9% 137 21 86.7% - - - 

[17]  

Hybrid 
201 7 96.6% 149 9 94.3% - - - 

[18] 

 Intensity
200 8 96.2% 150 8 94.9% - - - 

[18]  

Hybrid 
203 5 97.6% 153 5 96.8% - - - 

Modified 

BM 

207 1 99.5% 154 4 97.4% 47 8 85.4% 

Test results 

The number of correctly (ncor) and incorrectly (ninc) identified 

proteins are presented in Table 1 with the corresponding 

success rates. 

The results obtained in the present work are slightly better 

than those obtained in the approaches published in [17] and 

[18]. Even more, these two works do not present results for 

high complexity images, as they do not consider them suitable 

due to their complexity. There are several differences between 

these methods and the one presented here: in [17] and [18], a 

manual selection process of certain proteins from the 

reference image and the corresponding ones in the test image 

is performed. This user-supplied matching information is used 

to refine the registration in regions where the information 

about intensity is not enough. Then, the alignment is 

performed on the whole gel. However, in this work, the 

process is fully automatic and the system performs the 

association between the proteins of interest, it does not carry 

out the whole gel alignment. 
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Conclusion 

The aim of the present work has been to obtain an effective 

method in order to calculate the correspondence between the 

proteins of 2D gel images obtained using an electrophoresis 

process. An approach based on regional fitting techniques has 

been developed. The generic Block-Matching technique was 

modified in order to apply it to the 2D gel scenario. The 

success rates obtained after executing the required tests using 

real biomedical images were higher than the rates reached by 

previous works using the same test bed. This method performs 

the identification over each protein separately, and it does not 

perform the whole alignment. Thus, the identification could 

be performed over a subset of proteins because many times 

only some proteins are important for establishing a diagnosis. 

Since this method works at spot level, it could be easier to 

transfer protein labels between images, so the manual labelled 

process would be avoided. In this way, it could be very useful 

for protein information retrieval systems. 
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