

    

        


        
        
                        
                
            
                    


        
            	
                    Viviana De Antonio
                
	
                    
                        Home
                    
                
	
                    
                        Comments
                    
                


        


        
    
    

    
        
            
                
                    
                                                    
    
        

        


        
            Computers in Biology and Medicine 35 (2005) 247 – 258 www.intl.elsevierhealth.com/journals/cobm Automatic noise robust registration of radiographs for subtraction using strategic local correlation: an application to radiographs of dental implants Won-JinYi, Min-Suk Heo, Sam-Sun Lee ∗ , Soon-Chul Choi, Sun-Bok Lee, Kyung-Hoe Huh Department of Oral and Maxillofacial Radiology, BK21, and Dental Research Institute, College of Dentistry, Seoul National University, 28,Yongon-Dong, Chongno-Gu, Seoul, 110-749, Republic of Korea Received 20 January 2004; received in revised form 28 May 2004; accepted 11 June 2004 Abstract Most of digital subtraction methods in dental radiography are based on registration using manual landmarks. We have developed an automatic registration method without using the manual selection of landmarks. By restricting a geometrical matching of images to a region of interest (ROI), we compare the cross-correlation coefficient only between the ROIs. The affine or perspective transform parameters satisfying maximum of cross-correlation between the local regions are searched iteratively by a fast searching strategy.The parameters are searched on the 1 4 scale image coarsely and then, the fine registration is performed on the original scale image. The developed method can match the images corrupted by Gaussian noise with the same accuracy for the images without any transform simulation. The registration accuracy of the perspective method shows a 17% improvement over the manual method. The application of the developed method to radiographs of dental implants provides an automatic noise robust registration with high accuracy in almost real time.  2004 Elsevier Ltd. All rights reserved. Keywords: Digital subtraction radiography; Region of interest; Cross-correlation coefficient; Gaussian noise; Standard deviation of subtraction image 1. Introduction Digital subtraction radiography (DSR) is a useful technique for diagnosing subtle changes in radio- graphic density by longitudinal evaluation of serial radiographs of the same anatomical region. DSR has ∗ Corresponding author. Tel.: 822-760-3978; fax: 822-744-3919. E-mail addresses: [email protected] (W.-J. Yi), [email protected] (S.-S. Lee). 0010-4825/$ - see front matter  2004 Elsevier Ltd. All rights reserved. doi:10.1016/j.compbiomed.2004.06.008 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

12
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Automatic noise robust registration of radiographs for subtraction using strategic local correlation: an application to radiographs of dental implants

                        Feb 09, 2023

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Documents
                            

                        


                                                    
                                Author:
                                Viviana De Antonio
                            

                        

                        

                        
                    



                    

                                    

            




            
                
                    
                                                    Welcome
                        
                                                    
                                Comments
                            
                        
                                            




                                            
                            Welcome message from author

                            This document is posted to help you gain knowledge. Please leave a comment to let me know what you think about it! Share it to your friends and learn new things together.
                        

                    

                                            
                                                            
                            
                            

                        

                    

                                    

            

        


                    
                
                    
                        Transcript

                        
                            Page 1
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 Automatic noise robust registration of radiographs for subtractionusing strategic local correlation: an application to radiographs of
 dental implantsWon-Jin Yi, Min-Suk Heo, Sam-Sun Lee∗, Soon-Chul Choi, Sun-Bok Lee,
 Kyung-Hoe Huh
 Department of Oral and Maxillofacial Radiology, BK21, and Dental Research Institute, College of Dentistry,Seoul National University, 28, Yongon-Dong, Chongno-Gu, Seoul, 110-749, Republic of Korea
 Received 20 January 2004; received in revised form 28 May 2004; accepted 11 June 2004
 Abstract
 Most of digital subtraction methods in dental radiography are based on registration using manual landmarks. Wehave developed an automatic registration method without using the manual selection of landmarks. By restrictinga geometrical matching of images to a region of interest (ROI), we compare the cross-correlation coefficient onlybetween the ROIs. The affine or perspective transform parameters satisfying maximum of cross-correlation betweenthe local regions are searched iteratively by a fast searching strategy.The parameters are searched on the1
 4 scale imagecoarsely and then, the fine registration is performed on the original scale image. The developed method can match theimages corrupted by Gaussian noise with the same accuracy for the images without any transform simulation. Theregistration accuracy of the perspective method shows a 17% improvement over the manual method. The applicationof the developed method to radiographs of dental implants provides an automatic noise robust registration with highaccuracy in almost real time.� 2004 Elsevier Ltd. All rights reserved.
 Keywords:Digital subtraction radiography; Region of interest; Cross-correlation coefficient; Gaussian noise; Standarddeviation of subtraction image
 1. Introduction
 Digital subtraction radiography (DSR) is a useful technique for diagnosing subtle changes in radio-graphic density by longitudinal evaluation of serial radiographs of the same anatomical region. DSR has
 ∗ Corresponding author. Tel.: 822-760-3978; fax: 822-744-3919.E-mail addresses:[email protected](W.-J. Yi), [email protected](S.-S. Lee).
 0010-4825/$ - see front matter� 2004 Elsevier Ltd. All rights reserved.doi:10.1016/j.compbiomed.2004.06.008
 http://www.intl.elsevierhealth.com/journals/cobm
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 become important for early detection of disease and for measurement of disease progression with thewidespread availability and improvement in digital dental imaging. It has been used for the diagnosis ofdental caries, destructive periodontal diseases and alveolar bone changes and for evaluating outcome of thetreatment[1–6]. Dental implant has been established over the last decades as a reliable means of replacingmissing teeth. The examination of bony changes during implant healing has been usefully performed bythe DSR based on serial radiographs[7,8]. By reducing the structured noise of normal anatomic detailusing DSR, one can assess the extent of osseointegration and alveolar bone loss following placementmore easily.
 One of the important prerequisites for DSR is the ability to properly align the two images by mini-mizing the observer dependency. Most of DSR methods currently used are based on manual registrationtechniques. In these methods, the landmarks or reference points are marked manually in both imagesto be registered or in only one of them[9–12]. Exquisite attention to detail is required during selectingreference points. Therefore, the quality of adjustment is affected by the degree of precision in positioninglandmarks. As a result, the registration depends on the observer experience placing the landmarks. Inthis study, we have developed a noise robust registration method without using the manual selection ofreference points. This method is based on a local cross-correlation of a region of interest selected by anoperator. It can be applied in clinical applications for DSR without any special experiences or education.
 2. Materials and method
 The digital radiographs were acquired using an intraoral X-ray system by Heliodent DS [Sirona DentalSystem Gmbh, Bensheim, Germany] and storage phosphor plates by Digora [Soredex Orion Corp.,Helsinki, Finland]. They were taken using a paralleling technique with a bite block attached to XCPdevice for the image plate[13]. The size of images in this study was 560× 416 pixels and they had 256gray levels. A set of 11 pairs of in vivo radiographs containing dental implants from the maxilla and themandible in humans was analyzed by a PC [Intel Pentium IV-3G]. Each pair of images was acquiredbefore and after installation of tooth prosthesis to the implant fixture.
 2.1. Similarity measure of cross-correlation between local ROIs and transform model
 In DSR, reference point-based algorithms have used affine or perspective (projective) transforms toachieve alignment between two intra-oral radiographs. In intra-oral radiography, all the componentsof tube, object, and sensor may be moved and rotated between the acquisitions of two radiographs.Because the transforms are based on approximations of 18 displacements of the system[14], the transformparameters may be different in local areas of interest. To overcome these problems, we restricted ageometrical matching of images to a local region before alignment. A region of interest (ROI) wasselected as a rectangle window in a baseline image or in a follow-up image. The other ROI with thesame size and position was created in the other image automatically before the matching started. Duringmatching, the only area corresponding to the ROI was reformatted from the other image. Using thisstrategy, we compared the similarity measure only between the ROIs of two radiographs. The measureused for comparing similarity between two local regions was cross-correlation coefficient (Eq. (1)).This similarity measure is known to be ideal when intensities of two images are linearly related[15]. Theimage transformation used in this study was affine and perspective. The affine transform explains imaging
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 by parallel X-ray beams emanating from an infinite source, while the perspective transform describespoint-source X-ray imaging with an infinitely small focal spot size[14]. The affine transform is uniquelycharacterized by six parameters (Eq. (2)) and the perspective by eight parameters (Eq. (3)). The transformparameters satisfying maximum of cross-correlation between local regions was selected finally.
 C(I1, I2) =∑
 (x,y)∈R(I2(x, y) − I2)(I1(x, y) − I1)√∑(x,y)∈R(I2(x, y) − I2)
 2√∑
 (x,y)∈R(I1(x, y) − I1)2, (1)
 whereI1: a reference image,I2: an unregistered image,R: a selected ROI,I1, I2: means ofI1 andI2 ina ROI(R).(
 x′y′
 )=
 (�3 �4�5 �6
 ) (x
 y
 )+
 (�1�2
 ), (2)
 (x′y′
 )=
 (�3 �4�5 �6
 ) (x
 y
 )+
 (�1�2
 )
 (�7 �8 )
 (x
 y
 )+ 1
 . (3)
 2.2. Determination of transform parameters by fast searching strategy
 The parameter determination of the transformation model may be direct or iterative. The referencepoint-based methods have used direct determination of parameters. Search-orientated approaches findthe optimal solution in the aspect of some similarity measure by multiple iterative steps. The parametersin this study were searched iteratively by a fast searching algorithm of ‘downhill simplex method’[16].When calculating the similarity measure between local regions, we reformatted only a local region froma follow-up image that corresponded to a ROI selected in a baseline image by reverse mapping. In thisapproach, every pixel in the follow-up image was not necessarily processed. Only pixels that appearedin the local output image was actually transformed. It could minimize the time required to transformthe image in iterative searching of transform parameters considerably. In addition to this, the searchingof transform parameters proceeded in 2 stages. First, transform parameters were searched on the1
 4scale image coarsely and then, the fine registration was performed on the original scale image. A coarsesearching of parameters was done on reduced images of the original by a scaling factor 4. The result of thefirst registration was used as initial parameters for the following fine searching in original scale images.Only the translation parameters(�1, �2) were multiplied by 4 and others were used without changes ininitialization of the second stage. This strategy also contributed to reduce the parameter searching timeby contracting the searching space and reducing the number of local maxima.
 2.3. Measurement of registration performance and simulation
 After determination of transform parameters, contrast correction for the transformed image was per-formed to compensate for mismatches in tube settings, quantum noise and digitization procedures. Thedensity histogram of a transformed image was matched to that of the other image using the methoddeveloped by Ruttimann et al.[17]. Then, the one image was subtracted from the other and 128 gray
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 levels were added to the resultant image. The accuracy of image registration was measured as a standarddeviation of the subtraction image (SDS). The accuracy measure should be zero for perfect registrationof an image pair with only geometric variations. It was calculated over a sample region that includedthe pre-selected ROI for each image pair. The performance of the developed method was compared withthe manual method. Commercially available software (Emago, Version 3.2, Advanced Oral DiagnosticSystems, Amsterdam, Netherlands) was used for the manual registration. It adopted a manual alignmentusing an algorithm based on 4 pairs of reference points. The sample region for calculating the accuracyafter registration was the same for both manual and developed methods for consistency of comparison.
 The performance of the developed method was also analyzed using simulation images created fromthe in vivo implant images. The images were produced by transforming the original intra-oral imageby a rotation-scale-translation (RST) transform in the presence of noise. For each trial, the transformwas composed of three randomly selected parameters. The translation parameter ranged from−60to 60 pixels, a rotation from−30◦ to 30◦, and a scale factor from 0.8 to 1.2. They all operated inthe plane of the image. A Gaussian noise of zero mean with different levels of variance was addedto the transformed images. The ROI for measuring the similarity was selected around an implant fix-ture in the original image. The other ROI in the simulation image was created with the same size andposition automatically when searching started. The affine transform parameters were searched itera-tively by the algorithm mentioned above. The performance accuracy or the SDS was measured overthe ROI.
 3. Results
 TheFig. 1shows the overall procedure for registration of dental implant radiographs using the developedmethod. A ROI as a rectangle window is selected in a follow-up image (Fig.1(a)). The initial ROI ina baseline image is created automatically at the same position (Fig.1(b)). The searching for transformparameters starts on14 scale images by maximizing correlation of two local regions. The only areacorresponding to the ROI is reformatted from the baseline image using the updated parameters at eachiteration.After finishing the coarse matching, the resultant parameters with translation multiplied by 4 areused for another fine searching in the original scale image. The whole matched image is reformatted fromthe baseline image using the final parameters by a bilinear interpolation method (Fig.1(c)). The follow-upimage is subtracted from the reformatted image with contrast correction and 128 gray levels are added toall pixels (Fig.1(d)). From the subtraction image, we can observe quantitative and qualitative changes ofthe bone at the alveolar ridge around the implant fixture.Fig. 2 illustrates some of resulting subtractionsafter registration for other implant images. We can observe smaller edge artifacts or registration errorsaround the fixture selected as a ROI than in the surrounding anatomical structures (Fig.2(a) and (b)). Theedge artifact around the threads of the fixture not selected as a ROI is also more evident than that of theselected (Fig.2(c) and (d)).
 The influence of noise on the registration was analyzed using images with noises of various levels.Fig. 3 illustrates some of the registration results for simulation images with different combination ofRST parameters and noise levels. Our method can find the transform parameters successfully at a highnoise level (Fig.3(d)). The performance accuracy was evaluated using images with increasing noisevariance (Fig.4). The accuracy between original and registered images is measured over the ROI used formatching two images. The data inFig. 4represents the mean SDS values over different simulations for 5
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 (a) (b)
 (c) (d)
 Fig. 1. Overall procedure for registration of dental implant radiographs. (a) A ROI selected as a rectangle window in a follow-upimage. (b) The initial ROI created automatically at the same position in a baseline image. The corresponding area in a follow-upimage for calculating the cross-correlation is superimposed on the left of the ROI. (c) Whole matched image reformatted fromthe baseline image using the final parameters. (d) Subtraction image of the follow-up image from the reformatted image aftercontrast correction. It shows quantitative and qualitative changes of the bone at the alveolar ridge.
 implant images at each noise level. The horizontal axis indicates the SDS values from images without anytransform simulation, where an image with only added noises is subtracted from the original image. Thatis to say, it represents the amount of the noise added to the original image. The vertical axis indicates themean SDS values over 100 simulation images at each noise level. They include the results from situationsin which the searching for parameters failed to reach the global maximum in a limited number of iteration.They were the main cause of difference between the mean SDSs with and without transform of images.The rates of failing to reach the maximum at high noise levels were as low as those at the low. Their effecton means of SDS was decreased with increasing noise levels. There is no significant difference betweentwo means of SDS with increasing noise levels (P > 0.05, pairedt-test). The failing rate could be reducedby increasing the maximum number of iterations in searching the parameters.
 Generally, the developed method can match the images corrupted by Gaussian noise with the sameaccuracy for the images without any transform simulation. The ‘downhill simplex search’ has the short-coming that it may converge on a local, rather than global maximum. In cases of the worst results, thesearch may be restarted multiple times from different initial configurations. However, the method may bethe best method to use for a problem whose computational burden is small[16]. The parameter searchingtime was below 1 or 2 s for the most of implant images used for this study.
 Two dentists with clinical experiences in a department of oral and maxillofacial radiology registeredimplant images manually using the software mentioned above. The reference image was subtracted fromthe matched image without any correction of contrast in order to compare the developed method with

Page 6
                        

252 W.-J. Yi et al. / Computers in Biology and Medicine 35 (2005) 247–258
 (a) (b)
 (c) (d)
 Fig. 2. Some of subtraction images after registration for implant images. (a), (b) Subtraction images showing smaller edgeartifacts around the fixture selected as a ROI than in the surrounding anatomical structures. (c), (d) Subtraction images showingsmaller edge artifact around the threads of the fixture selected as a ROI than that of the not selected.
 manual in only the accuracy of geometrical matching. The performance accuracy was measured from thesame sample region. The registration error is represented by edge artifacts, sharp changes of gray levels,around threads of the fixture in a subtraction image. We can observe a lower level of these errors in theimages produced by the developed method than by the manual one generally (Fig.5). As an example,the registration accuracies or SDS values over a ROI including the implant fixture are 18.2 by the affinemethod, 17.7 by the perspective and 18.7, 21.6 by the manual inFig. 5. This result is consistent withthe visual inspection.Table 1lists the SDS values for 11 pairs of implant images by affine, perspectivetransform and manual methods. They are the average values over two registrations. The baseline imageis matched to the follow-up image in the first execution and in reverse order in the second. The results byaffine and perspective methods show significant differences to those by manual methods (P < 0.01, pairedt-test). The perspective method provides higher accuracy than any other methods (P < 0.01, pairedt-test).Overall, the registration accuracy of the perspective method measured as SDS shows a 17% improvementover the manual method. Although the paralleling technique with an impression bite block fabricatedfor each individual is used for DSR procedure to reduce the discrepancy between serial radiographs, theangle in thex, yandz-axis can be skewed. The extent of axis skew is influenced by several factors. Despitevarious discrepancies of images, the developed method can register the images more accurately than themanual used for comparison.
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 (a) (b)
 (c) (d)
 Fig. 3. Some of registration images for simulation images with different combination of RST parameters and noise levels. (a)Original image including a ROI for measuring the similarity. (b) SDS or the standard deviation of the subtraction image in a ROIis 5.5 gray levels, (c) 9.6, and (d) 15.9.
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 Fig. 4. Mean SDS values over different simulations for 5 implant images with increasing noise variance. Thex-axis indicatesthe SDS values from images without any transform simulation, the amount of the noise added to the original image. They-axisindicates the mean SDS values over 100 simulation images at each noise level. There is no significant difference between twomeans of SDS with the increase of noise levels (P > 0.05, pairedt-test).
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 (a) (b)
 (c) (d)
 Fig. 5. Subtraction images for comparing the registration accuracy between automatic and manual methods. The registrationaccuracies or SDS values over a ROI including the implant fixture are (a) 18.2 by the affine method, (b) 17.7 by the perspectiveand (c) 18.7, (d) 21.6 by the manual for the same pair of implant images. Generally, higher accuracy is observed by affine andperspective methods than by the manual.
 Table 1SDS values for 11 pairs of implant images by affine, perspective transform and manual methods
 Implant no. Affine Perspective Manual 1 Manual 2
 1 11.0 10.7 11.3 15.92 25.3 24.9 31.5 27.03 18.8 18.8 20.3 22.84 11.9 11.8 12.2 12.25 17.9 18.1 19.6 21.06 16.9 16.4 18.3 20.57 26.0 25.0 27.6 39.98 24.0 23.7 24.9 26.39 21.5 21.1 23.8 22.610 11.7 11.5 13.4 14.111 22.8 22.5 24.9 30.0
 Mean 18.9 18.6 20.7 22.9
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 4. Discussion
 In DSR of dental imaging, reference point-based methods have been used widely to designate the sameanatomical landmarks in intra-oral radiographs before subtraction. To minimize observer-dependency,Lehmann et al.[18] have used the landmarks optimized by local correlation to fit the model of perspectiveprojection applying the least squares method. Registration was nearly independent of the actual positionof the landmarks when six or more corresponding points have been used[18]. However, the landmarksby local correlation not restricted to the region of a few pixels may produce misalignments such asthose in radiographs of an implant or screw threads. The manual selection of landmarks in both imagesremains unchanged in the method. Some semi-automatic methods have been also developed to minimizeobserver errors. These methods concentrate on the study of automatic extraction of landmarks fromdental radiographs. The method by Samarabandu et al. did not use manually selected reference points foralignment but rather searches an alignment of translations and rotations to minimize the edges of differencebetween two images[11]. When two images have the larger translation and rotation considered, the resultwould fail to find the exact alignment parameters. An alignment method to select reference points inonly one image was developed by Byrd et al.[12]. The method automatically selects the correspondingreference points on the second image based on points on the first image using the absolute of the differencebetween two images. The application of this method is also limited to images that are closely alignedbecause of exhaustive search procedure. Recently, an automated technique without using the manuallyselected reference points was presented in which the edge features of one radiograph were aligned withthose of the other by performing an affine transform[19]. The method provides an alignment of imageswith higher accuracy and faster processing than the manual method. The quality of registration in DSRbased on reference points is affected by the degree of precision in selecting the landmarks. The registrationaccuracy depends on observer experience largely in manual selection methods. It is also influenced bythe inherent noise of the radiographic imaging system in automatic selection methods. Especially, themethod based on edge features is susceptible to the noise because of high sensitivity of edge detectionto the noise. Our method is independent of the observer because it does not use the techniques such asmanually selected landmarks. It provides more accurate geometrical registration than the manual methodused in this study. The highest registration accuracy measured as SDS is produced by the developedmethod using the perspective transform.
 The registration based on a local ROI has several advantages. First, it can provide more accurate match-ing for the selected ROI than for any other areas in the radiographs. Because the transforms that have beenused in DSR for intra-oral radiographs are based on geometrical approximations of the imaging system,the parameters representing transforms may be different according to the local areas of interest. We canobserve the fact that the transform parameter determined from the local ROI represents the more accuratematching for that area than any other in detail inFig. 2. Second, the ROI-based method significantly de-creases the processing time in iterative searching of transform parameters. It can considerably minimizethe time required not only to calculate the similarity measure of cross-correlation, but also to reformat aregion corresponding area by considering only the selected ROI. The parameter searching time can befurther reduced by using the14 scale images at the beginning of the searching. The average processingtime for the implant images used for this study was below 1 or 2 s excluding the time for selecting theROI. The overall operating time required by the developed method was much less than that by manualalignment. The result about the processing time was not presented. Third, the two ROIs selected in bothimages can provide initial parameters for approximate translation in searching. The difference of centers
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 of mass for the ROI areas can be used as an initial translation of the two images. When one of the imagesis transformed with large translation value, this strategy can help to prevent the search from getting stuckin a local maximum and to find a global maximum faster. The semi-automatic methods mentioned abovemay fail to find the exact matching points for images with large translation such as implant images usedin this study because they search the corresponding point in its small neighborhood in the other image.
 In dental radiology, the statistical fluctuation of photon density in the X-ray beam results in an inherentand unavoidable source of noise. Various electronic components add an additional source of noise toradiographs in digital imaging system. We employed Gaussian noise added to the original image for imi-tating noise in radiographs from these situations. Gaussian noise was used to determine the effect of noiseon the compressibility and the diagnostic accuracy for caries detection of digital bitewing radiographs[20]. A Gaussian noise of zero mean with different levels of variance was added to the simulation imagestransformed with random parameters in this study. The developed method could register the images cor-rupted by Gaussian noise of large variances successfully. The rates of failing to reach the global maximumdid not depend on the levels of noise allowed in this study. This result shows that the similarity measureor the cross-correlation between two local regions performs matching images with high accuracy whenintensities of one image are corrupted by Gaussian noise. Generally, this similarity measure is ideal forregistration of two images of which intensities are linearly related. In situations when two images differonly by Gaussian noise, the sum of squares of intensity differences is optimum measure[15]. However, inour preliminary experiment, the similarity measure of cross-correlation outperformed that of the sum ofsquares of intensity differences in registration accuracy used for this study. This result was not presentedin this paper. When one of the images is corrupted by the noise, the registration methods based on edgefeatures or gradients of two images are liable to errors. This is because traditional edge detection methodsin spatial domain are very sensitive to the noise due to using the differential operation.
 In conclusion, the application of the developed method to radiographs of dental implants provided anautomatic noise robust registration with high accuracy in almost real time. Based on this study, it will bepossible to quantify bony changes around implants automatically in order to evaluate the clinical statusand survival of dental implants. The method can be also applied in other clinical applications for DSRwithout any experiences or education because this does not require any special operations such as manualselection of landmarks. It will be a useful method in other longitudinal radiographic assessment for moreaccurate diagnosis.
 5. Summary
 Digital subtraction radiography (DSR) is a useful technique for diagnosing subtle changes in radio-graphic density. Most of DSR methods currently used are based on manual registration techniques. Thequality of adjustment is affected by degree of precision in manual selection of landmarks. We havedeveloped a noise robust registration method without using the manual selection of landmarks.
 We restricted a geometrical matching of images to a ROI that was selected as a rectangle window.During matching, the only area corresponding to the ROI was reformatted from the image. This strategymade it possible to compare the similarity measure or a cross-correlation coefficient only between theROIs. The image transformation model used in this study was affine and perspective. The transformparameters satisfying maximum of cross-correlation between the local regions were searched iterativelyby a fast searching algorithm of ‘down hill simplex method’. The transform parameters were searched on
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 the 14 scale image coarsely and then, the fine registration was performed on the original scale image. The
 accuracy of image registration was measured as a SDS. The performance accuracy was evaluated usingimages with increasing noise variance. There was no significant difference between two means of SDSwith the increase of noise levels. Generally, the developed method could match the images corrupted byGaussian noise with the same accuracy for the images without any transform simulation. The performanceof the developed method was also compared with the manual method. Manual registration was performedby two dentists with clinical experiences in a department of oral and maxillofacial radiology. The averageSDS values for 11 pairs of in vivo implant images by affine, perspective transform and manual methodswere 18.9, 18.6 and 21.8, respectively. Overall, the registration accuracy of the perspective method showeda 17% improvement over the manual method.
 Our method was independent of the observer because it does not use the techniques such as manuallyselected landmarks. The application of the developed method to radiographs of dental implants providedan automatic noise robust registration with high accuracy in almost real time. The method can be appliedin other clinical applications for DSR without any special experiences or education.
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