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Abstract—Recent growth in the number of studies for 

automating the process of post-mortem (PM) identification 

of deceased individuals based on various features of teeth is 

remarkable. Hence, nowadays dental X-ray has played an 

important role in human identification. Particularly, in cases 

of severe accidents (Airplane crashes,9/11 bombing, 

Car/Train accidents), natural disasters (Asian Tsunami, 

Flood, Earthquake, Volcanic eruption, Typical cyclone), etc. 

wherein other identification clues like fingerprint, iris, face, 

etc. are not available for human identification. Dental 

features remain less invariant over longer time period. The 

purpose of dental image processing is to match the post-

mortem (PM) radiograph with the ante-mortem (AM) 

radiograph based on some features of the dental X-ray 

images. The dental radiograph images acquired may be of 

poor quality and contrast. Therefore, first it is important to 

classify and then enhance the quality of image and thereafter 

applied various segmentation algorithms on enhanced dental 

radiograph image. Various features of individual tooth are 

being extracted and identification can be possible based on 

matching of these feature vectors for PM images which are 

calculated and compared with AM images. This paper 

provides a basic idea of various classification, enhancement, 

segmentation and detail feature extraction techniques for 

human identification using dental radiographs. 

Keywords: Dental Identification System (DIS), Dental 

Radiograph, Gap Vally, Region of Interest (ROI),  

I. INTRODUCTION 

 

Biometric systems play an important role in identifying 

individuals based on some physiological and behavioral 

characteristics such as fingerprints, face, hand geometry, 

iris, voice, and signature[7]. While most of these 

characteristics were not suitable for post-mortem (PM) 

identification, especially under the severe circumstances 

usually in mass disasters (e.g., airplane crashes,9/11 

bombing, Asian tsunami[5]). Hence, for human 

identification system dental radiograph was one of the best 

avenues because teeth were not only highly resistant to 

decomposition, but were also unique to an individual [12]. 

Also teeth being the hardest and the most impregnable parts 

of human body were thus regarded as the best candidates for 

human PM identification [14]. 

A bitewing image includes the features of both jaws 

signifying bite and holds more information about the 

curvature and the roots. While periapical images include 

only a single jaw either upper jaw called as upper periapical 

image or lower jaw called as lower periapical image to 

obtain the tip of the root and surroundings tissues. 

Panoramic images include features of both jaws including 

sinuses, nasal area, etc. that do not shows fine details as do 

bitewing and periapical. Hence, for most dental image 

processing bitewing images are preferred.  

 Image Enhancement A.

Dental radiograph consists of three regions namely 

background area (having lowest intensity), bone area 

(having average intensity) and teeth areas (having highest 

intensity). Sometimes the intensity of bone area and teeth 

area are nearly same. So, for abundant feature extraction, the 

teeth area should be identified from bone area [14]. 

 
Fig. 1: Image Enhancement Process 

 Image Segmentation B.

Now, dental radiograph segmentation performed which 

includes separating upper and lower jaw and thereafter 

separating each individual tooth. 

 Feature Extraction C.

Feature extraction process follows tooth segmentation 

wherein some specific features are defined which are further 

used for matching post-mortem (PM) images with ante-

mortem (AM) images. 

There are many features available in literature for 

comparing AM and PM dental radiograph images. The 

features are used solely for comparing the radiographs i.e 

identification purposes. In this paper we extract many 

geometrical features of individual tooth namely: teeth area 

(%), major axis length, minor axis length, Eccentricity, 

perimeter, four properties of Gray level co-occurrence 

matrix (GLCM) as combined features, compactness, Fourier 

descriptors, and Skeleton. 

II. RADIOGRAPH ENHANCEMENT 

The dental radiograph images acquired may be of poor 

quality and contrast. Therefore, first it is important to 

enhance the quality of image. Most image enhancement 

operations are applied to make the image visually more 

appealing. This can be accomplished by increasing contrast, 

optimizing brightness and reducing un-sharpness and noise. 
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If the intensity value of the pixel is larger than the average 

intensity values of its neighbors, then it is classified as a 

tooth pixel, otherwise it is classified as background. To 

separate each tooth region, we apply a binary morphological 

top hat and bottom hat filtering operation to eliminate small 

noisy parts and smooth the teeth regions. Then, we subtract 

the teeth areas from the original image to obtain the bones 

and the background regions, and apply simple thresholding 

to separate the bones from the background. 

III. RADIOGRAPH SEGMENTATION AND TEETH SEPARATION 

The goal of radiograph segmentation is to localize the region 

of each tooth in a dental X-ray image. Dental radiographs 

may suffer from poor quality, low contrast and uneven 

exposure that complicate the task of segmentation. Dental 

X-ray images have three different regions: soft tissue 

regions and background with the lowest intensity values, 

bone regions with average intensity values, and teeth regions 

with the highest intensity values. In some cases the intensity 

of the bone areas is close to the intensity of the teeth, which 

makes it difficult to use a single threshold for segmenting 

the entire image. 

In this paper, after enhancing teeth from background, each 

tooth is separated from its surroundings in order to prepare 

for feature extraction. This is achieved by first separating 

upper and lower jaws, and then separating each tooth. 

 Separating the upper and lower jaws A.

If we consider the image in fig … ………, it is clear that a 

horizontal or a near horizontal line can separate upper and 

lower jaws. This can be achieved by using horizontal 

integral projection as follows. 

Let       be the      grayscale image obtained from the 

enhancement stage, the horizontal integral projection is 

      ∑      

 

   

 

Due to grayscale variation, we normalize the line by median 

values. 

 
Fig. 2: Intensity contour for upper jaw image  

Locating deep points 

 
Fig. 3: Intensity contour for lower jaw image  

Locating deep points 

 
Fig. 4: Upper jaw X ray of original x-ray 

 
Fig. 5: Upper jaw X ray of original x-ray 

 Separating each individual tooth B.

To separate each individual tooth we use a technique similar 

to the one used for separating the jaws. The goal is 

to find the lines that separate adjacent teeth. This can be 

achieved by using the integral projection method in the 

vertical direction. If        is the      grayscale image 

obtained from the segmentation stage, the vertical projection 

is 

      ∑      

 

   

 

The separating lines are located by finding valleys in the 

result of the vertical projection. From those valleys in the 

projection curves we separate each individual tooth. For 

each projection, we use a threshold value to obtain the 

valleys that identify locations of vertical lines between 

adjacent teeth. 

 
Fig. 6: Segmentation of Upper jaw’s tooth 

 
Fig. 7: Segmentation of Lower jaw’s tooth 

Upper Jaw X ray of Original X ray

Lower Jaw X ray of Original X ray
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IV. FEATURE EXTRACTION 

Feature extraction is used prior to matching the AM and 

PMimages. Some unique features of the tooth are extracted 

whichcan be any of crown contour, root contour, tooth 

contour,contours of dental work, shape model and shape 

analysis(PCA), etc. 

 Tooth Area:  A.

The actual numberof pixels in the region. (This value might 

differ slightly from the valuereturned by bwarea, which 

weights different patterns ofpixels differently.) 

 Major axis length : B.

The length (in pixels) of the major axis of the ellipse that 

has the same normalized second central moments as the 

region. This property is supported only for 2-D input label 

matrices. 

 Minor axis length C.

The length (in pixels) of the minor axis of the ellipse that 

has the same normalizedsecond central moments as the 

region. This property is supported only for2-D input label 

matrices 

 Eccentricity: D.

The eccentricity of the ellipse that has the same second-

moments as the region. The eccentricity is the ratio of the 

distance between the foci of the ellipse and its major axis 

length. The value is between 0 and 1. 

 Orientation: E.

The angle (in degrees ranging from -90 to 90 degrees) 

between the x-axis and the major axis of the ellipse that has 

the same second-moments as the region. This property is 

supported only for 2-D input label matrices. 

 Gray-level co-occurrence matrix F.

A statistical method of examining texture that considers the 

spatial relationship of pixels is the gray-level co-occurrence 

matrix (GLCM), also known as the gray-level spatial 

dependence matrix [13]. The GLCM functions characterize 

the texture of an image by calculating how often pairs of 

pixel with specific values and in a specified spatial 

relationship occur in an image, creating a GLCM, and then 

extracting statistical measures from this matrix.  

1) Energy:  

It is also known as uniformity or the angular second 

moment. It returns the sum of squared elements in the 

GLCM. It is defined for an image C as follows 

        ∑     
 

 

     

 

Energy is 1 for a constant image 

2) Contrast:  

It measures the local variations in the gray-level co-

occurrence matrix. It returns a measure of the intensity 

contrastbetween a pixel and its neighbour over the whole 

image. 

          ∑          
 

 

     

 

Contrast is 0 for a constant image. 

3) Correlation:  

It measures the joint probability occurrence of the specified 

pixel pairs. It returns a measure of the intensity contrast 

between a pixel and its neighbour over the whole image. 

             
∑                 

  
     

     
 

Correlation is 1 or −1 for a perfectly positively or negatively 

correlated image. 

4) Homogeneity:  

It measures the closeness of the distribution of elements in 

the GLCM to the GLCM diagonal. It is defined as 

             ∑
     

        

 

     

 

Homogeneity is 1 for a diagonal GLCM 

5) Perimeter: 

p-element vector containing the distance around the 

boundary of each contiguous region in the image, where p is 

the number of regions. 

6) Fourier Descriptors (FD): 

FD’s are powerful for 2-dimensional shape description. 

Fourier descriptors are given by 

        
 

  
∑ ∑       

   

   

   

   

      
   
 

  
   
 

 
 

Where       is size of the image is,  is number of Fourier 

descriptors and       represents the image. The 

Coefficients        are called Fourier Descriptors (FD). 

They represent discrete contour of a shape in Fourier 

domain.Fourier Descriptors are often used to smooth out 

fine details of shape and also for template matching. 

7) Compactness: 

It is a measure of efficiency of a contour to contain a given 

area. 

8) Skeleton: 

An important approach for representing the spectral shape of 

a planner region is to reduce it to a graph. This reduction 

may be accomplished by obtaining the skeleton of the region 

via a thinning (also called skeletonising) algorithm. 

The skeleton of a region may be defined via the medial axis 

transformation (MAT). The MAT of a region R with border 

b is as follows. For each point p in R, we find its closest 

neighbour in b. If p has more than one such neighbour, it is 

said to belong to the medial axis (skeleton) of R. 

Step:1  Iteratively compute          as follows until 

                      
   

                                   

                                Such that  (           )    

Step: 2 Medial axis is given by all points such that 

                   

                                           Such that  (           )    

V. RESULTS AND DISCUSSION 

In this study, the experimental setup consists of Windows 7 

ultimate operating system, Intel(R) Core(TM) i5-2410M 

CPU, 2.30 GHz Processor PCs having 4 gigabytes of 

memory (RAM) and 32-bit operating system. The 

optimization algorithm was implemented by the MATLAB,  
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Fig. 8: Fourier descriptor of each Tooth of Upper jaw 

 
Fig. 9: Fourier descriptor of each Tooth of lower jaw 

 
Fig.10: Skeleton of each tooth of Upper jaw 

 
Fig. 11: Skeleton of each tooth of Lower jaw 

The Language of Technical Computing using version of 

7.5.0.342 (R2007b) licenced by The Math works Inc. 

In general, initial stage of human identification or diagnosis 

system is classification of dental images. Here in our 

experiment, we used bitewing dental images among from 

three types of classifications. So, no need to perform any 

further consideration for classification of dental images. 

Primarily, from poor quality of dental radiograph, to get 

exact parameters for diagnosis of teeth or identification of 

human based on teeth, we performed morphological 

operation on dental radiograph to enhance or proper 

visibility of teeth. For that we used square structuring 

element to perform morphological operation. 
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Skeleto
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57 122 105 109 46 145 99 117 

Table 1: Features of the Dental Radiograph 
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