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ABSTRACT

Dental biometrics has emerged as vital biometrfoimation of human being due to its stability, inaat nature
and uniqueness. Dental radiograph and dental ph@ply are tools mostly used in biometrics as it jdes
information about teeth in detail. The proposedeyshas four main stages as preprocessing, featraction,
feature matching and finalized recognized persorepPocessing stage uses conversion and segmentafion
quiery input image to make it fesible for featurtraction. Feature extraction uses SIFT algorithamit extract
highly distinctive invariant features which uses fioatching purpose. In matching input image is camafively
matched with every image of database and find lreimtaximum matched features image of person. Htensys
work for both types of dental images i.e. photograpd radiograph in which two different datasets aequired.
The required database contains 50 images of deptatographs and 50 images of dental radiographs so
experimentation has done on total 100 images aatiahe taken from Dyanita dental clinic. The propdsystem
is implemented in Matlab/ R2012a programming tool.
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INTRODUCTION

Teeth are parts of human organ that are not edsitgyed and located inside mouth. It has its ovaratteristics
based on a number of distinctive features for eadividual tooth. Therefore, teeth based idendifion is one of
reliable tools for human identification. In generaliman has 32 teeth and each tooth has five sgfihkaneans
that inside a mouth there are 160 tooth surfac#s various conditions [4]. If we use dental featues a tool of
identification, manual matching based on teeth apgece needs a large amount of time and some &dert
therefore computer aided for an identification eystis needed. The features of teeth includes ptiepenf the
teeth e.g. shape and size of teeth, crown and mmwphology, pathology, and dental restorationsjogental
tissue features and anatomical features. Duringdhture extraction certain salient informationteéth such as
contour, artificial prosthesis, shape and sizeeeftlt number of cuspids etc is extracted from dentabe i.e.
dental photograph and radiograph [9]. In this witwk feature extracted is tooth contour and too#pshbecause
they remains more invariant over time as compasezbtme other features of teeth and this thing pfaymportant
role in dental biometric.

Tooth Anatomy

A tooth (plural teeth) is a small, calcified, wkhi structure found in the jaws (or mouths) of maestebrates and
used to break down food. The roots of teeth aremal/by gums. Teeth are not made of bone, butrrafiraultiple
tissues of varying density and hardness. A tydieallthy tooth has number of layers and its intestraicture. Each
tooth relates to the gum and surrounding jaw béige. 1 shows the tooth anatomy. The crown is the giathe
tooth that is visible above the gum (gingiva) aedhis the region of the tooth that is at the giuma,|between the
root and the crown. The root is the region of theth that is below the gum. Some teeth have ondyroots, for
example, incisors and canine (‘eye’) teeth, whemeakars and premolars have 4 roots per tooth.
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Fig. 1 Tooth anatomy

Dental Photograph

Dental photograph is a pictorial view of teeth stane. It is a image capture by digital camera togtshing upper
and lower lips as shown in Fig. 2 It gives the infation of teeth structure with tooth contour &moth size of both
upper and lower jaw teeth.

Fig. TyicaI en'tail-photograph

Dental Radiograph

Dental radiograph is an intra or oral image thatalsen using X-ray radiation. Dental radiographsisis of teeth
using X-ray radiation. Dental radiograph considtteeth, bones and surrounding soft tissues. Tarrdhree types
of dental radiograph that is commonly used in denytithat are periapical, bitewing and panoramistaswn in Fig.

3 (a) (b) (0).

(@) )(b (c)
Fig. 3 (a) Periapical radiograph (b) Bitewing radigraph (c) Panoramic radiograph

The proposed system uses only bitewing radiogrdygtause it gives clear information of shape andoton
features of teeth which is used for feature eximact

EXISTING SYSTEMS

Many authors explored the feature extraction andchiag techniques based on dental radiograph irtatlen
biometric and few explored system based on demiatiograph. Hong chen and A K Jain uses mixture afsSians
models to segment teeth and anisotropic diffusibretthance the images. Matching part contains tewtl-
matching, computation of image distances, and stlijentification [1], Active contour & skeleton §&d shape
extraction and matching using level set methodniglémented by V Pushparaj and U Gurunathan[2], Soses
mathematical morphology for teeth segmentation §Bssification and numbering of dental radiografirsan
automated human identification system is implemeérig using the binary support vector machine mg#jod
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presents matching of two radiographs based ondresto properties, area of tooth and dental worloisedby Sood

et al [7]. Extracting some features namely avenaigel intensity, length to width ratio and root tenangle to
retrieve a closest match this method is implemefgdMaurya et al [8]. A semi-automatic contour agtion
method is used to address the problem of fuzzyhtoohtours caused by the poor image quality [9hiaatomatic
dental recognition using a graph-based segmentatdigorithm and teeth shapes features [10]. Thehteet
segmentation is important part of the system. Ndynthe teeth are segmented using the pixel neighimod based
connectivity. The pixel neighbourhood connectigtyes fair results for the dental radiographs [11].

PROPOSED METHOD

The proposed system has mainly four modules: ppegssing, Feature extraction, feature matchingreoaignized
person identification. Pre-processing is done bgizieg and rgb2gray conversion. Feature extractices
morphological operation and sifts feature extractidatching is done by using SIFT feature matchaigprithm
and finally find out the recognized person. Figshbws the block diagram of the proposed human ifieaiton
system based on teeth feature extraction and nmatchiconsists of the following steps

Data base input

g

Input image — Pre-processing

v

Feature extraction

v

Recognition

Y

out putimage

Fig. 4 Block diagram of proposed system

Pre-processing

I. Input image: Here the input images are dental photograph andgeaph in JPEG format are used. First user
has to select database type i.e. either dentabgtegth or radiograph, then input image is sele@tmah that
database type for further processing. The inpugaria then resized to 150*150 in pre-processing. ste

£ e

(a) (b)
Fig. 5 a) Input dental photograph (b) Input dentalradiograph

II. RGB to gray conversion: RGB to grey conversion is required for both phoapdr and radiograph images

because the processing takes place on gray scatgeinthis conversion is carried out by eliminatmg and
saturation information while retaining the luminarioformation of image.
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b c d
Fig. 6 (a) Input dental photograph ( b) Gray saI((e i)mage of dental photograéh)(c) Input radiograjp (d)(Cgray scale image of dental
radiograph

[ll. Segmentation

In teeth segmentation each tooth is segmented dtarrgular region using mathematical approach likésen
filtering, the holding to isolate the teeth fromckground. In this there are four steps as, spewmifpur rang,
intensity and hue map, create binary image from imiencity map and return binary image. This willey
segmented teeth image as shown below Fig. 7.

(©)
Fig. 7 (a) Input dental photograph ( b) Grayscalermage of dental photograph(c) Segmentation of photogph

(b)

(@)

@ (b) )
Fig. 8 (a) Input dental radiograph (b) Grayscale inage of dental radiograph (c) segmentation of radiogph

Feature Extraction

Feature extraction uses scale invariant featurestoam to extract SIFT key points from input imagad compare
with database images for feature matching. Scadariant feature transform is an algorithm in cotepwision to
detect and describe local features in images. Hiewses skeleton image to extract highly distwvetieatures. There
are four main steps of SIFT feature extraction.

I. Scale-space Extreme Detection

This is the stage where the interest points, whiehcalled key points in the SIFT framework, areded. For this,
the image is convolved with Gaussian filters afedént scales, and then the difference of succesSaussian-
blurred images is taken. Key points are then tak®maxima/minima of the Difference of GaussiansGpthat

occur at multiple scales. Specifically, a DoG imaf¥(X, y, o) is given by

D(X,Y,0)= L(X,Y, Ko)- (X Y, Ko) @
Where L (X, y,ko) is the convolution of the original imagé(X,y) with the Gaussian bluG (X, y,ko) at
scalko | i.e. L(X,y,ka)=G(x ylo)* K x Yy )

Hence a DoG image between scHge andKjJ is just the difference of the Gaussian-blurred gew at

scales K,0 and K]-J . For scale space extrema detection in the Slgorighm, the image is first convolved
with Gaussian-blurs at different scales. The corewlimages are grouped by octave (an octave camdspto
doubling the value of and the value oK, is selected so that we obtain a fixed numberoof/olved images per
octave. Then the Difference-of-Gaussian imagesaden from adjacent Gaussian-blurred images pevect

Il. Key point Localization

After scale space extrama are detected the SlIFaritdg discards low contrast key points are théer out those
located on edges. Scale space extrema detectiauqge® too many key points candidates, some of waieh
unstable. The next step in the algorithm is to qrenfa detailed fit to the nearby data for accutatation, scale,
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and ratio of principal curvatures. This informatiahows points to be rejected that have low comt(asd are
therefore sensitive to noise) or are poorly loeialong an edge.

lll. Interpolation of Nearby Data for Accurate Position
First, for each candidate keypoint, interpolatidnnearby data is used to accurately determine atstipn. The
initial approach was to just locate each keypointhe location and scale of the candidate keypdihie new
approach calculates the interpolated location efekiremum, which substantially improves matching stability.
The interpolation is done using the quadratic Taghkpansion of the Difference-of-Gaussian scalesganction,

with the candidate keypoint as the origin. This[®agxpansion is given by:

_ X' 1 _;0°D

D(X)=D+—+=X >
oX 2 0X ()

Where D and its derivatives are evaluated at tielidate keypoint anck = (X, y,0) is the offset from this point.

The location of the extremum}Z , is determined by taking the derivative of thimidtion with respect to x and

setting it to zero. If the offseX is larger than 0.5 in any dimension, then that'sdication that the extremum lies
closer to another candidate keypoint.

IV. Orientation Assignment

In this step, each keypoint is assigned one or radentations based on local image gradient dioasti This is the
key step in achieving invariance to rotation askégpoint descriptor can be represented relativthitoorientation
and therefore achieve invariance to image rotatiinst, the Gaussian-smoothed image at the kéygpscale is
taken so that all computations are performed irtaesinvariant manner. For an image sample descéhe
gradient magnitude, , and orientation, , are prequted using pixel differences:

m(x ) =(L(x1 Y= LoD YF+ (x y I I( x y 1] @
6(x,y)=atan2(L(x,y+ 1 L(x,y 1),L(¢ Lyy L(C¢ L1y (5)
The magnitude and direction calculations for thedgent are done for every pixel in a neighbouriegion around

the key point in the Gaussian-blurred image L s #tep output image of pre-processing step is edes to binary
and morphological operation is apply on it to esti@lFT features as shown below.

G @
Fig.9 Photograph of (a) Input dental ( b) Grayscalémage (c) segmentation (d) skeleton morphology

L RS T
@)

(d)
Fig. 10 Radiograph of (a) Input dental ( b) Grayscke image (c) segmentation (d) skeleton morphology

Feature Matching

In feature matching, key points found in featur&aotion step are used for matching of databasgémeth input
image on the basis of their distratio and threshgldFor image matching and recognition, SIFT feeduare first
extracted from a set of reference images and stoveal database. A new image is matched by indiligua
comparing each feature from the new image to ttesipus database and finding candidate matchingfes based
on Euclidean distance of their feature vector&u€lidean distance is 0.8 times less than secoridasy euclidean
distance then two feature points are match. Aftpeated experiment when distratio=0.65, there aefteatching
points and remove mismatch points in addition tracimng ratio is the best. More match points hel@thieve
high accuracy; this is calculated by using follogvfiormula.

E(xy) = |3 (% - y)? (6)
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(d)

()
Fig. 11 Photograph of (a) Input dental (b) Graysca image (c) Segmentation (d)Binary image (e) Skedet morphology (f) Recognised
person’s dental

(@) (e )
Fig. 12 Radiograph of (a) Input dental (b) Graysca image (c) Segmentation (d)Binary image (e) Skedet morphology (f) Recognised
person’s dental

EXPERIMENTATION
Database
We have taken the database containing Dental pregibgand dental radiograph of 50 persons from Diteyyatental
clinic, Aurangabad. All these images are of sizé*256 and are in JPEG format. In this photographges are
capture by canon digital camera of 16 megapixelh #5mm wide angle lens and 10x optical zoom while
radiographs are taken from digital X-ray machinem® images from the database are shown in followigg13.

Aa
__Fig. 13 (a) Database of dental photograph
i A i, ‘

Abhishek

Alfiya Bhagyaish
Fig. 13(b) Database of dental radiograph

System requirements

The proposed module requires computer system wéttd\are specified with Intel (R) Core i3 — 2.53 GI3GB

RAM and 250GB Hard disk. Software requires windov@erating system, Matlab 2012 Programing tool with

Version 7.9.
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Experimental Results
The experiment is done on 50 person’s dental phapdgand 50 person’s radiograph i.e on all 100alentages.
Experimentation for photograph and radiograph meshut their matching ratio and matching time féeding. The

output results of 20 people’s are shown belowoittains 10 photograph and 10 radiograph results.

Experimental results of dental photograph

The system is tested by using 50 dental photograptisobtained the reading and calculations of eireage. Out

of those result of 10 sample photographs are meimidelow table 1.

Table -1 Experimental Results of Dental Photograph

Sr Name of Input Threshold No. of Key points Match | Mismatch Matching Matching
no person image size value iteration points points ratio time (sec)
1 Aishwrya 522x338 0.035 60 316 316 316 00 100% 6

2 Ajinkya 256x147 0.035 60 226 1174 187 39 %83 7

3 Amol 256x125 0.035 60 243 244 181 62 75% 8

4 Anand 387x216 0.035 60 528 528 528 00 0%.0 6

5 Anirudha 397x213 0.035 60 318 344 256 56 80% 45

6 Anju 583x308 0.035 60 358 35 35 00 %00 5

7 Arpita 948x411 0.035 60 155 15 155 00 00% 4

8 Arundati 256x94 0.035 60 278 344 252 26 91% 5

9 Arushi 591x248 0.035 60 309 391 274 25 0%9 4

10 Datta 867x420 0.035 60 444 702 379 75 6% 8 5

Similar to this all 50 photographs are processfamtout their results, from this average matchiatio and average

matching time is calculated.
Sum of all matching ratio(%)

. . 4629%
Average matching ratio = , = > =93% @)
total no.of images 50
. . S u tchi ti 286.9
Average matching time =S40/ altmatching time(sec) - _ 2865 _ 5 g gaconds (8)
total no.of images 50

Graphical Representation of Key points and Match Pimts in Dental Photograph

In experimental result of dental photograph, t&t} points in every image, match points and mismatmints are
calculate to obtain matching ratio. From thesetimta between key points and match point of inpoadge and
database image is study and represent in Fignlihid figure Red Square indicate matching poirtideablue is for
total key points of image. If there is all matchéth key point then it reflect only match point diseoverlapping of
red and blue dot. This is for images 1,4,6,7 héideeg points are match.

500
]

500

&
400 -

=

B
300 = * @
= # keypoints
" 3

M Match points

Keypoints in image

o 1 2 3 4 5 6 7 g8 a 10 11
Number of persons

Fig. 14 Key points and match key points in dental lpotograph

Experimental Results of Dental Radiograph

The system is tested by using 50 dental radiographdsobtained the reading and calculations of exatjograph
image. Out of those result of 10 sample radiograpbsmention in below table 2.

Similar to this all 50 radiographs are processfardiout their results, from this average matchiatjo and average

matching time is calculated.

Sum of all matching ratio(%) 4566%

Average matching ratio = . = = 91% (9)
total no.of images 50
. . S 1 hi i .
Average matching time =20/ allmatching time(sec) _ 276sec g g5geconds (10)
total no.of images 50
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Table -2 Experimental Results of Dental Radiograph

Sr Name of Input Threshold No. of Key points Match Mismatch | Matching | Matching
no person image size value iteration points points ratio time (sec)
1 Abhishek 217x160 0.035 60 147 147 147 00 0%.0 11

2 Akash 256x175 0.035 60 40 47 5 35 13% 1
3 Alfiya 266x189 0.035 60 59 59 59 00 00 1

4 Amar 256x175 0.035 60 39 39 39 00 100% 0.7

5 Amit 256x181 0.035 60 70 7] 30 40 43% 90
6 Amol 256x169 0.035 60 44 44 44 00 100% 0.8

7 Arati 266x189 0.035 60 80 8 80 00 100% 11

8 Archana 225x170 0.035 60 147 147 147 00 %400 1.2

9 Arushi 259x194 0.035 60 49 49 49 00 9400 0.8

10 Aryan 256x213 0.035 60 70 70 70 00 %00 11

Graphical Representation of Key Points and Match Pints in Dental Radiograph
In experimental result of dental radiograph, t&&y points in every image, match points and mismaizints are
calculate to obtain matching ratio. From thesetimia between key points and match point of inpoade and
database image of radiograph is study and repraséig. 15.

Keypoints in image
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Fig. 15 Key points and match key points in dentaladiograph

SYSTEM COMPARISION

In this proposed system is compared with some efetkisting systems, most of them are work only enta

radiograph and one system namely contour basetl sl@tpe matching and skeleton based tooth shamhinat
uses both dental photograph and radiograph. Thestenss are comparing on the basis of two param#iatsare
matching accuracy and matching time as shown ie &b

Table -3 Comparisons with Existing Systems

Ref Matching accuracy Matching time(sec)
' Dental Dental Dental Dental
no- Name of the author Technology used photograph | radiograph | photograph| radiograph

" . . counter based tooth shape matching 80.9% 87%) 6 17
2 Vijaykumari Pushparaj, Skeleten based tooth shape
Ulaganathan Gurunathan ) P 78.5% 83.3% 6 12
matching
4 AnnyYuniarti, Anindhita Sigit Classification and numbering _ 91.6% _ _
Nugroho, Bilgis Amaliah system of dental radiograph )
Martin L. Tangle, Chastine Classification of periapical
5 Fatichah, Fei Yan, Janet P. radiograph based on multiple - 84.51% - -
Betancourt probabilistic attribute
17 Nourdin Al-sherif, Ayman Tooth contour extraction based on _ 74% _ 7
Abaza, HanyAmmar guided SIFT descriptor
Proposed system SIFT feature extraction and 93% 91% 5.6 0.95
matching

The systems are comparing on the basis of techsiigsed and their accuracy and time. Its graphé@esentation
is shown in Fig. 16 and Fig. 17. Fig. 16 shows cargon based on dental photograph whereas Fighaw®ss
comparison based on dental radiograph.
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Fig. 16 Comparison with existing system based on ai&l photograph
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Fig. 17 Comparison with existing systems based orutal radiograph
CONCLUSION

From this work it can be concluded that the proposethod performs well and work for both images dental

photograph and radiograph. In physical biometriesegally parameters like fingerprint, palm primts iand retina,
face are used for identification but teeth are algmod biometric solution for human identificatidume to its stable
and unique features. The proposed system requssscomputational time and an automated approagbers to

extract and match the teeth features. In this systeeth have been segmented by using threshaldiplgotograph
and radiograph, from this segmented teeth skelstohtain by applying morphological operation. Inaat features
are extracted by using scale invariant featuresfcam algorithm which uses descriptors and matchfdatures of
input image and database image by SIFT matchingrighign. Dental radiograph gives better matching rand

require less matching time as compare to dentaioginaph while photograph is easily available thadiograph,

still both images are better for human identifieatiln future work, the million order dataset candelected and
dental image identification can be done on largetaset. With increased size of dataset varioue$ssuch as
uploading data, managing feature set, increasecuége time of matching algorithms etc. can be wered. More

image features can be extracted for better ideatifn.
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