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ABSTRACT 

Registration of electron microscopy (EM) images is one of the most important steps in reconstructing neurons. Image 

registration algorithm based on SIFT have been widely used in the EM image registration. But SIFT matching procedure 

both costs a lot of time and introduce massive false matches. In this paper, we propose an improved EM image 

registration method using the scale information of SIFT keypoints. In the feature matching procedure, our method saves 

up to 45.8% of the computation time compared to SIFT. We also added a preprocessing procedure for RANSAC to 

eliminate false matches in small-scale matches sets. Experimental results show that the method improves the accuracy of 

results on every test EM image set while highly reducing the registration time. 
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1. INTRODUCTION  

With the development of electron microscopy (EM) technology and high performance computing in recent years, 

image acquisition capability is no longer an obstacle to neuron reconstruction at nanometer resolution [1]. Prior to the 

neuron reconstruction, the EM images must be properly registered to get the correct cell correspondence. Because of its 

robustness against rotation, scaling and illumination change et al [2], the scale-invariant feature transform (SIFT) [3] is a 

well-known approach for EM image registration. Saalfeld et al. [4] have developed a fully automatic registration method 

for large tiled serial section microscopy stacks based on SIFT, and they have tested their method on a dataset of the first 

instar larval brain of Drosophila melanogaster consisting of 6885 images. 

Considering that the adjacent image EM images in the neural tissue sequence are approximately the same, the scale 

changes of the corresponding keypoints should be limited to a small range. Some articles have applied the idea of using 

scale information to improve SIFT-based image registration algorithms. Yi et al. [5] defines the scale difference (SD) of 

a keypoint pair, and they calculate SDs of all matches to plot a histogram of SDs. The matches near the peak of the 

histogram are preserved in matches set. Alhwarin et al. [6] use the scale ratio between keypoints of all matches to discard 

false matches. The SIFT features extracted in each image are divided into subsets according to their octaves where they 

are extracted from. Then algorithm detects the subset pairs which yields the maximum number of matches and sets the 

scale ratio of these two octaves as the correct scale ratio. Any matches with other scale ratios are rejected. Both of these 

methods remove false matches after feature matching procedure. Y. Bastanlar et al. [7] apply a Gaussian filter to lowpass 

filter the high-resolution image and use scale ratio to match features. This method not only rejects false matches but also 

increase the number of the correct matches. However, this method still introduces too many false matches in the EM 

image registrations.  

In order to solve problems of long computation time of matching procedure and massive false matches in the matches 

set while EM image registration, we introduce scale restriction criteria in the feature matching procedure like [7]. 

Furthermore, we added a preprocessing procedure before RANSAC, which takes into account scale information of 

keypoints, to discard false matches and improve the efficiency of RANSAC. The scale information reflects the size of 



 

 
 

 

nerve structure around the keypoints. Experimental results show that our method reach a reduction on time in parallel 

with an improvement on accuracy of results. 

The EM images used in this paper are mouse cortex images taken by ZEISS G300 scanning electron microscope, and 

image size is 4096×4096 pixels. Fig. 1 shows all the EM images used in the experiments. All the experiments are 

conducted on a computer with an Intel core i7 4.20-GHz central processing unit and 32 GB of physical memory, using 

MATLAB 2016a. 

 
(a)   (b) (c) (d) (e) 

Figure 1.  EM images used in the experiments. The above five EM images are divided into four sets for registration. The first image set 

includes (a) and (b), the second image set includes (b) and (c), the third image set includes (c) and (d), the fourth image set includes (d) 

and (e). In each set, the former is the reference image and the latter is the image to register. 

2. PROPOSED METHOD 

In this section, we provide details about our method. The proposed method is divided into three parts, which are 

matching procedure, preprocessing procedure of RANSAC and RANSAC. 

2.1 Matching procedure under scale restriction criteria 

Like SR-SIFT, we introduce scale difference in our method. But different from remote sensing optical images, there 

are massive local cell morphological changes between the EM images of nerve tissue sections. We use the absolute value 

of the scale difference in matching procedure. The definition of absolute value of the scale difference (ASD) of keypoint 

pair  and  is: 

                                                                    () 

Our method applies the scale restriction criteria to the matching procedure to filter useless features for the feature to 

be matched. We first reserve keypoints whose ASDs with the keypoints to be matched within a threshold T, then find the 

nearest neighbor and the second nearest neighbor in the reserved set and decide whether to set the nearest neighbor as the 

matching keypoint according to the ratio of neighbors, just like SIFT. T is set by the mean value of ASDs of all obtained 

matches by SIFT, and it is 0.6 on the EM image sets used in this paper. Experimental result show that applying the scale 

restriction criteria to matching procedure can save nearly half of the computation time while keeping most of the SIFT 

matches, here we use the repetition rate to show the proportion of the same matches in sets. The repetition rate of 

matches set pair  and  is: 

                                                      () 

Fig. 2 (a) shows the values of repetition rate of two matches sets which are obtained by SIFT and our method on 

every EM image set. Fig. 2 (b) shows the computation time of feature matching procedure. Compared to SIFT, our 

method saves up to 45.8% of the computation time. 

As explained in [7], the proposed method not only eliminate the false matches, but also add new correct matches. 

Unlike image registration of other kinds of images, the matches which are eliminated during the EM image registration 

contain false matches and unstable matches. We classify matches into three categories: false matches, stable matches and 

unstable matches. False matches are keypoints that do not match. The stable matches contain keypoints which 

correspond to same stable nerve structure. Both stable and unstable matches are correct matches, but unstable matches 

contain keypoints with cell deformation, such as changes in organelles or in cell morphology. These matches will reduce 



 

 
 

 

the accuracy of EM image registration. Fig. 3 shows two unstable matches removed from the matches set obtained by 

standard SIFT matching procedure. Fig. 4 shows two new stable matches obtained by our method. 

 

  

(a) (b) 

Figure 2.  (a) shows the reputation rate on every EM image set. Here,  represents the matches set obtained by SIFT and   
represents the matches set obtained by our method. We compute  as R1 to show how many matches in the matches set 

obtained by our method are same as the matches set obtained by SIFT, and  ,as R2 in (a), is on the reverse. (b) shows the 

computation time of both two methods on every EM image set.  

    
(a)  (b) (c) (d) 

Figure 3.  Two unstable matches removed from the matches set. (a) shows a keypoint in the reference image, and (b) shows the corresponding 

keypoint in the other image. The cells which the keypoints are located in have morphological changes. (c) shows a keypoint in the reference image, and 

(d) shows the corresponding keypoint in the other image. There are changes in organelle structure near keypoints. 

    
(a)  (b) (c) (d) 

Figure 4.  Two new stable matches added to the matches set. (a) (c) show keypoints in the reference image, and (b) (d) show keypoints in the other 

image. There are no obvious cell morphological changes near keypoints. 

In the experiments, the direct application of above method did not significantly improve the accuracy of EM image 

registration results. We speculate this phenomenon because of the elimination of large-scale keypoints matches. These 

matches are more stable and features in these matches describe a wider range of image than those in small-scale matches, 

which are the reasons why they facilitate the EM images registration. In order to keep these matches in the set, we divide 

the keypoints into large-scale set and small-scale set, and perform different matching procedures separately. We first use 

SIFT matching procedure to match large-scale features, and further reverse matching procedure to correctly match 

keypoints. Our matching procedure is used to match small-scale feature points. In the experiments, we take features with 

scale values less than 6 as small-scale features, and take the rest as large-scale features. This method preserves correct 

large-scale matches while accurately matching small-scale features. 



 

 
 

 

2.2 Preprocessing procedure of RANSAC 

After the matching procedure, we obtained two matches sets distinguished by scale. The small-scale matches set 

contains a large number of stable matches and false matches. Though correct match rate of large-scale matches sets is 

higher than it of small-scale matches set, directly apply the set to the EM image registration cannot stably get the most 

accurate results. To show this phenomenon, we divide these two matches set into three subsets according to scale value 

of keypoints in a match, and separately use every subset to register EM images by affine transformation. The matches for 

calculating the affine transformation matrix are obtained by RANSAC or randomly selecting three matches procedure. 

After calculating the affine transformation matrix by two different methods to register EM images, we use the Structural 

Similarity index (SSIM) between reference image and result image to evaluate qualities of results. We used the mean 

SSIM values obtained from 30 EM images registration as experimental results to reduce the effects of random 

phenomena. The SSIM results are shown in Fig. 5. The mean SSIM values calculated by RANSAC on the small-scale 

matches set are generally slightly higher than other two sets. This phenomenon shows that there are more stable matches 

in the small-scale matches set. After randomly selecting three matches procedure, the SSIM value calculated by the 

large-scale matches set are significantly higher than the value by the small-scale matches set, which indicating that the 

proportion of correct matches in the large-scale set is higher. 

  

(a) (b) 

Figure 5.  SSIM mean values of EM image registration results on three matches subset. (a) showes the results by RANSAC, and (b) showes the results 

by randomly selecting 3 matches procedure. 

Since RANSAC also includes a step of randomly selecting the initial matches, the small-scale set, which with a high 

proportion of false matches and as a major part of all matches, may make the RANSAC inefficient. Therefore, it is 

necessary to eliminate the false matches in the small-scale matches set. We introduce a preprocessing procedure of 

RANSAC to discard the rest false matches in the small-scale matches set, and then perform RANSAC over both two sets 

obtained in the previous step. 

We use an affine transformation matrix M to eliminate false matches. In order to get M, we perform RANSAC 

repeatedly to the large-scale matches set. After each execution, we discard all matches that do not conform to the model 

got in this turn and reduce the threshold value of judging whether a match is consistent with model, then start the next 

execution of RANSAC. The whole procedure is performed until the threshold is less than P. P is set to preserve enough 

matches in large-scale matches set while eliminating as few of the correct matches as possible in the small-scale matches 

set. The M will be obtained from the reserved large-scale matches. For a pair of small-scale matching keypoints 

 and  ,  is obtained by  using M. Calculating the Euclidean distance between  and  to 

eliminate matches whose Euclidean distance are greater than the threshold D. In this paper, we set P as 5 and D as 10. 

2.3 RANSAC 

Above two sets are combined to balance the influence during the subsequent steps. We perform RANSAC on the 

whole set and select the model with the most of matches to calculate the transformation parameters. In our experiments, 

affine transformation is used as the model for registration on every EM image sets, while other models can be used in the 

actual EM image registrations to obtain more accurate results. 



 

 
 

 

3. EXPERIMENTAL RESULT 

In order to demonstrate the effectiveness of the proposed EM images registration method, we compared the 

registration results of SIFT, SR-SIFT and proposed method on every test EM image sets. T and W of SR-SIFT use 1.5 

and 0.2. The registration results are also evaluated by the mean SSIM value of 30 times of registration. Fig. 6 shows the 

mean SSIM values obtained by three methods respectively. The experimental results show that the proposed method is 

better than the other two methods. 

 

Figure 6.  SSIM mean values of EM image registration results by three methods 

4. CONCLUSION 

In this paper, we proposed an EM image registration method using scale information of SIFT keypoints. The method 

saves up to 45.8% of the matching time compared to SIFT. The method not only eliminates false matches and unstable 

matches, but also add stable matches to the matches set. The proposed method also has a preprocessing procedure of 

RANSAC using affine transformation to filter the false matches in the small-scale matches set. Experiments show that 

the proposed method can effectively improve the accuracy of EM image registration results. 
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