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a b s t r a c t 

In this paper, we explore the possibility of applying the anisotropic generalized Hough transform (AGHT) 

enhanced with a Gabor based time-frequency filtering (GTF) for the determination of the mandibular 

canal in digital dental panoramic radiographs. The proposed method is based on template matching us- 

ing the fact that the shape of the mandibular canal is usually the same, followed by a filtering of the 

accumulator space in the Gabor domain for a precise detection of the position. The proposed procedure 

consists of a detailed description of the shape of the canal in its canonical form and on preserving Gabor 

filtering information for sorting the hierarchy of location candidates after applying anisotropically the ex- 

traction algorithm. The experimental results show that the proposed procedure is robust to recognition 

under occlusion and under the presence of additional structures e.g. teeth, projection errors. 

© 2015 Elsevier B.V. All rights reserved. 
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. Introduction 

The estimation of the mandibular canal is useful in detecting

he nerve for inferior teeth called inferior dental nerve which is

ound inside it. While there are many research studies trying to

isually identify the mandibular canal eg. [1,7,9] , the aim of this

ork is to propose an automatic method based on the anisotropic

eneralized Hough transform filtered with a Gabor-based trans-

orm for marking the mandibular canal in dental panoramic ra-

iography. The clinical motivation relies in the ground fact that

hese types of images are relatively cheap and easy to acquire com-

ared with other types of imagistic investigations e.g. computer-

omography and they are still widely spread within the community

f oromaxillofacial practitioners. 

On one side, the Hough transform is a popular technique to

xtract features from an image. The method was patented in 1962

5] for the detection of lines in photographs. The functioning of the

lgorithm lies in a proper choice of the parameters space for the
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et of lines on the plane. Consider the implicit equation of a line

s expressed in [6] 

f (( ̂  m , ̂  c ) , (x, y )) = y − ˆ m x − ˆ c = 0 (1) 

here ˆ m and ˆ c are the slope and the intercept that characterize

he line. Eq. (1) maps every pair of parameters ( ̂  m , ̂  c ) to a specific

ine, a shape. 

By swapping the roles of the parameters and the points and fix-

ng one point, the equation defines all the lines that pass through

he fixed point. 

So, if we consider some points in an image, they will be

ollinear if we can find a parameter ( ̂  m , ̂  c ) which satisfy (1) for

ll the fixed points. 

Following [2] , consider now a generic curve in analytic form 

f ( x , a ) = 0 (2) 

here x is a point and a is a parameter vector. For every point we

ill find a hypersurface of parameters that satisfy (2) . The curve

ill be detected in the intersection of these hypersurface. For ex-

mple if we consider a circle 

( x − x 0 ) + ( y − y 0 ) = r 2 0 , 

ue to the relation among x 0 , y 0 , and r 0 , the number of free pa-

ameters is two. 

http://dx.doi.org/10.1016/j.patrec.2015.12.001
http://www.ScienceDirect.com
http://www.elsevier.com/locate/patrec
http://crossmark.crossref.org/dialog/?doi=10.1016/j.patrec.2015.12.001&domain=pdf
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Fig. 1. Explanation for the notation used in the Hough transform method. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

R-table. 

Bin Points 

1 { r | ∃ x ∈ { x B } s.t. mod (φ( x ) , π) ∈ [0 , �t[ } 
2 { r | ∃ x ∈ { x B } s.t. mod (φ( x ) , π) ∈ [�t, 2�t[ } 
� �

N { r | ∃ x ∈ { x B } s.t. mod (φ( x ) , π) ∈ [(N − 1)�t, N�t] } 
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Every point ( x , y ) will produce a cone in the parameter space

( x 0 , y 0 , r 0 ); if we consider three point on the plane, we can find

the related circle as the intersection of these 3 cones. 

Now we can add further information that can be extracted an

image: the gradient and the tangent on the points of the edge. We

can use the equation of the curve together with its derivative to

find all the parameters which satisfy 

∂ f 

∂ x 
( x , a ) = 0 (3)

or similarly 

∂y 

∂x 
= tan 

(
φ(x ) − π

2 

)
, 

which is known since φ( x ) is the gradient direction (see Fig. 1 ). 

Going back to the example of the circle, fixing the gradient with

the point means that the center must lie r 0 units along the direc-

tion of the gradient, so the number of free parameters reduces to

one. 

In order to develop a method for the recognition of a generic

template in an image, [2] used the following parameters for a

shape: 

a = { y , S , θ} (4)

where y = ( x r , y r ) is a reference point to represent the translations,

S = (S x , S y ) are scale values for the orthogonal shearing deforma-

tions, and θ is an angle that represents the rotations. 

The reference point y is described in terms of a table, called

the R-table ( Table 1 ) of the template, of possible edge pixel ori-

entations. The other parameters are described in terms of transfor-

mations of the aforementioned table. 

The key for generalizing the Hough transform is to use the

directional information. Given a template, i.e. a set of boundary

points { x B }, a reference point y is chosen. After the discretiza-

tion of the straight angle through a uniform partition { 0 , �t,

2�t , . . . , N�t } , for every boundary point the tangent direction

φ( x B ) is computed, then r = y − x B is stored in the n th bin of the

R-table if mod (φ( x B ) , π) ∈ [(n − 1)�t , n �t ) . This choice of using

the angle modulus π will be made clear later. 

Usually, to control the error in the computation of r , the

barycenter of the boundary point is chosen as reference point and

r is stored in polar coordinates. 

We obtain a structure in the form 

Given this simple structure, if we define the rotation and shear-

ing operators, i.e. rot θ and def S , we can build the following proce-

dure to detect the template in the set of edge points of any image 
1. Fix a deformation S and a rotation θ. 

2. Compute the gradient of the edge points φ( x e ) . 

3. Select the Bin in the R-table corresponding to

de f S (rot θ (φ( x e ))) . 

4. For every r in the selected Bin, report an occurrence of y ′ =
x e + de f S (rot θ ( r )) as possible reference point. 

In this way, we find the edge point that satisfy the non-analytic

ersion of (2) and (3) . The space of occurrences for the reference

oint is called Accumulator Space . 

On the other side, the main tool for time-frequency analysis is

he Short-Time Fourier Transform (STFT), defined for functions

f, g ∈ L 2 (R 

d ) at λ = (α, β) ∈ R 

2 d by 

 g f (λ) = V g f (α, β) = 〈 f, M βT αg〉 = 〈 f, π(λ) g〉 (5)

here T α f (t) = f (t − α) is the translation (time shift) and

 β f (t) = e 2 π iβ ·t f (t) is the modulation (frequency shift). The oper-

tors π ( λ) := M βT α are called time-frequency shifts and the set

= { λ; λ = (α, β) ∈ R 

d × ̂ R 

d } is a lattice . 

Gabor analysis [3,8,10] is a discrete version of the STFT and it is

oncerned with the representation of signals or images using a se-

ies consisting of time-frequency shifted copies of the given atom

 . The Gabor system for analysis G(g, 
) = { π(λ) g; λ ∈ 
} over

he lattice 
 consists of the translated and modulated versions of

 , and it forms a frame for the space L 2 ( R 

d ) , if and only if there

xist 0 < A ≤ B < ∞ ( frame bounds ) with 

 || f || 2 ≤ ∑ 

λ∈ 

|〈 f, π(λ) g〉| 2 ≤ B || f || 2 for every f ∈ L 2 ( R 

d ) , (6)

ith the interpretation proposed in Section 3.1 , we will use the

irect Gabor transform for ranking in the accumulator space of the

GHT. 

. Recognition of the pattern: the case of mandibular canal 

In the previous section, we described a common way to detect

 template using the AGTH. Problems arise when we have to deal

ith real images which could be corrupted by noise. That is the

ase of radiography where the structure of a bone is not well de-

ned and where some part of the bone which would be detected

an be disguised - even from the human eye - with unwanted

etails. 

The position of the mandibular canal is described by medical

ndications as follows: the canal starts at the mandibular foramen

n the middle part of the vertical ramus. It continues through the

andibular bone and ends in the menton foramen between apexes

f the two inferior premolars. 

This indication can become misleading if we analyze radiograph

f a patient who has lost some teeth. 

Any surgical intervention in the mandibular area must prevent

ny nerve injury. The injury of the nerve would result in prolonged

ocal and lower lip anesthesia for a minimum period of six weeks.

stimating the position of the mandibular canal means knowing

he position of the nerve and by this the surgeon can estimate the

isks and to adapt the surgical procedure to the individual case. 

In our test we used Fig. 2 to extract the template of the canal.

he recognition performs well on the same panoramic radiograph
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Fig. 2. Typical panoramic radiography. 

Fig. 3. Canal and its contour. 
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s it can be seen in Fig. 5 , but the aforementioned image is in a

ritical situation: the patient has only one molar on the right part

f the mandibular. 

When the mandible is edentated, without any further restric-

ion, the canal could not be recognized anymore because the AGHT

lgorithm matches the template in Fig. 3 with the top part of the

lveolar process, the part of the bone where the teeth should be. It

appens because the process is detected with a thicker edge than

he canal, but has the same gradient direction, so in the recog-

ition process it will have more importance. This undesired, un-

voidable, matching has been soften by using the modulus- π di-

ection of the gradient: the canal, as modeled in Fig. 3 , looks like

he empty space in an edentated mouth; by using the modulus we

emove every information about the inside–outside of the model.

his seems the best choice for the case of the mandibular canal,

 poorly defined region of the mandible enclosed by a slightly

righter contour. 

This problem is related to how the AGHT is implemented: one

f the weakness of this transform is that the accumulation space

oes not carry any information about the position in space of the

emplate nor the mutual relation of different shape in the image.

e identify three ways to overcome this problem: 

• Manual solution: user should restrict the area to be investigated

manually through anatomical information given beforehand. 
• Semi-automatic solution: after a first, coarse and less accurate

search for the mandible template through AGHT, the area to

be investigated for the mandibular canal is automatically re-

stricted. 
• Automatic ranking of the accumulator space using the Gabor

transform: as described in Section 3.1 . 

. Proposed method 

The canal template described in Section 2 has the follow-

ng characteristics: it is a connected, compact and simply con-

ected region of the plane. Therefore, the first step is to com-

ute the edges. After the binarization of the template, we can run
 contour-following algorithm to detect the boundary points. This

ay, one could reach the first purpose for the proposed pattern

ecognition: to obtain an easy manipulable set of data samples. 

Nevertheless, the same strategy cannot be applied directly to

 panoramic radiograph; also common edge detector filters such

s Canny, Sobel, etc., fail. Radiographs are spurious images which

ontain a great amount of unwanted details. So, we concentrated

ur work on the choice of the good parameters for the detection

f the edges of the teeth (for a good survey see [4] ). This means

he proper choice of the variance in the Gaussian filter and the

hreshold parameter. 

The processes of low pass filtering and thresholding, cancel the

andibular canal from the image; so we have to create an ad hoc

ethod for detecting the edges. It can be seen from Fig. 2 that

andibular canals are drawn by two bright gray curved lines in a

arker gray background; the good point is that the orientation of

he canal is steady. Therefore, the natural idea is to use a high pass

nisotropic filter mask adjusted on the shape of the mandibular

anal. 

Pursuing this idea, after an histogram equalization, we used the

ollowing mask as anisotropic high pass filter (AHPF) to detect the

ight mandibular canal 
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2 

nd their flipped left-to-right version for the left mandibular canal.

To calculate the gradient needed in the implementation of the

GHT we used a Sobel mask for both the boundary and the edge

oints to have consistency in the calculation. 

After the calculation of the barycenter of the template, for the

onstruction of the R-table we chose to store r = y − x B in Carte-

ian coordinates to follow the natural discretization introduced by

n image. This also helps us to understand the worst case scenar-

os: after the recognition process the accumulator space will be a

atrix with the same dimension of the image so we could print

t on screen in grayscale to understand how the error spread and

hich other shape can be disguised as a mandibular canal (see

ig. 4 ). 

There are many ways to increment the accumulator space. The

eneral command is 

 ( a ) := A ( a ) + g( x ) 

or all the different edge point x . 
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Fig. 4. Accumulator space for canal recognition. 

Fig. 5. Perfect matching of the template on the original image. Optimal matching 

of the flipped-left template. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm 1: Gabor ranking of the accumulator space. 

Data : Acumulator space of length n × m 

Result : Relative position of the best match 

Split the accumulator space into small overlapping regions; 

Compute the direct Gabor transform on all the regions; 

Determine the dominant energy in each patch; 

Sort the regions depending on the energy; 
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Algorithm 2: Hough–Gabor transform for estimating the 

mandibular canal. 

Data : IMG Image, TMP Template 

Result : Template Localization 

Initialize the R-table as an array of empty cell; 

Find y , the barycenter of TMP ; 

for each x B ∈ TMP do 

Calculate φ( x B ) ; 

Find n �t , the right angle cell; 

Store r = y − x B in n �t; 

end 

Initialize A := 0 
R size ( IMG ) ; 

Find Edge , the edges of the Image, through (7) ; 

for x ∈ Edge do 

Find a such that 

{
f ( x , a ) = 0 
∂ f 
∂ x ( x , a ) = 0 

; 

A ( a ) := A ( a ) + g( x ) ; 

end 

Split the accumulator space into small overlapping regions C k ; 

for each C k do 

Compute the direct Gabor transform; 

Determine the dominant energy; 

end 

Sort the regions depending on the energy; 
By looking at the regularity of the mandibular canal we chose 

A ( a ) = 

{
A ( a ) + 5 if φ( x ) ∈ 

]
1 

12 
π, 5 

12 
π

[
A ( a ) + 1 elsewhere 

for the right canal and an analogous function for the left one. 

The last remark should be about the parameters expressed in

(4) . We have not used the rotational parameter θ inasmuch as ev-

ery panoramic radiography is taken with the patient’s head fixed.

The important parameter is S = (S x , S y ) which helps us to recon-

struct the anatomical difference among human beings. In this way,

it is possible to find the best deformed version of the template in

Fig. 3 that matches the canal in the panoramic radiograph under

analysis. 

3.1. Gabor ranking of the accumulator space 

In order to propose a ranking for the best match in the accu-

mulator space, we will use the Gabor transform with the following

interpretation: instead of seeing ω 1 and ω 2 as the components of

a 2D frequency, one might prefer to see ω as the parameter for the

pattern density and define an orientation similar to the argument

of complex numbers. 

In order to detect the position of the best match in the accu-

mulator space of the GHT for the reconstruction of the mandibular

canal, we will perfom a Gabor transform to obtain local character-

istics of the waves’ intensities. 

The localization of the image is done by computing the point

wise multiplication Im · T l Atom for a set of different translation

parameters (T l Atom ) k = Atom k −l . The last step is the computation

of the FFT ((Fast Fourier Transform)) for all these localized blocks.

The drawback of this representation is that it considers a con-

tinuous domain. When discretized directly it results a highly re-

dundant representation. Therefore, the proper sampling of posi-

tion space and frequency space with step widths α = (α , α ) and
1 2 
= (β1 , β2 ) , chosen such that we obtain a Gabor frame [10] is

ecessary. The result is a set of Gabor coefficients which represent

ocal waves contained in the image. 

As a localized and sampled 2D short-time Fourier transform,

he Gabor representation, using discrete frames will give us, at

ach point of the lattice, a two-dimensional spectral representa-

ion of the image ordered either with modulation or with trans-

ation priority. Using this localized time-frequency representation,

he harmonic filtering in phase-space will identify the pattern in

he phase arguments. 

In order to detect the best match, we first chop the accumulator

pace into small overlapping hexagonal regions in order to sample

sing the quincunx lattice. These regions are determined by their

eometric coordinates in the accumulator space. Then we compute

he Gabor representation on these patches for the first ranking. In

he last step, we check if any energy variation happen in similar

atches and detect the position of the best match by narrowing

he analyzing window. This task is computationally expensive and

igh performance machines are recommended. 

The procedure is presented in detail in Algorithm 1 . 

.2. The algorithm 

We sum up in Algorithm 2 the complete procedure for the

ecognition of the mandibular canal, incorporating the AGTH de-

ection and the GTF ranking. 
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Fig. 6. Accumulator space for mandibular canal. Restriction to bottom-left part of 

picture ( 7 ). 

Fig. 7. Semi-automatic solution without area restriction. 

Fig. 8. Accumulator space for mandibular canal. Semi-automatic restriction. 
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Fig. 9. Semi-automatic solution with area restriction. 

Fig. 10. Recognition of the template in Fig. 3 with scale parameters ( S x , S y ) = 

( 1 . 1 , 1 . 15 ) . 

Fig. 11. GTF ranking (automatic area delimitation on the right side of the image). 
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. Results 

In this section, we present the experimental results of the pro-

osed algorithm. The first test is to search for the template ex-

racted from Fig. 2 in the same image. The overlapping is perfect

ven without any technique of region restriction. The same argu-

ent can be brought forward for the flipped template. Since there
s no significant anatomical difference between the left and the

ight side of the same patient, the overlapping is almost perfect. 

As presented in Section 2 , one of the biggest problems we en-

ountered is the mismatch of the canal template with an edentated

andible where we had restricted the edge processing to the left-

ottom part of the radiography (see Fig. 6 ). 

We already identified in Section 2 three ways to overcome the

roblem of mismatching namely manual, semi-automatic, and au-

omatic solution. A comparison could be summarized as follows:

he first approach is as expected the worst solution because it

s necessary to adjust the region of interest image by image (see

ig. 8 ). 

The second approach is the semi-automatic solution, named in

his way because it searches for the whole mandible to find the

rea of interest, then the AGHT recognition process for the canal is

erformed. 

This process is possible because the canal lies in the center of

he mandible, so their reference points (their barycenters) are re-

lly close. After the detection of reference points for the mandible

 M 

= ( x M 

, y M 

) , we force the reference points of the canal to be

n the square window [ x M 

− 50 , x M 

+ 50 ] × [ x M 

− 50 , x M 

+ 50 ] , with

nderlining unit of measure the pixel ( Figs. 7 and 9 ). 

It is easy observe in the Fig. 10 that if the patient has all his

eeth, the area-restriction process is not required for the canal

ecognition. 
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The automatic solution is to run completely the Algorithm 2 in-

cluding the AGTH and the GTF ranking. In Fig. 11 , one can see after

applying the GTF ranking, the restriction area is automatically de-

tected such that the AGTH reconstruction could be performed for

the best match. 

5. Conclusions 

In this work, we used the AGHT for the detection of the

mandibular canal in a panoramic radiograph, followed by a GTF fil-

tering of the accumulator space. We have also indicated the prob-

lems we encountered in this particular case of pattern recognition:

• choice of parameter space 
• edge detection 

• zonal restriction 

The first issue was solved through the choice of Cartesian coor-

dinates for a better understanding of the local maximas. The sec-

ond issue was resolved through a proper choice of the anisotropic

high pass filter. 

We had to deal with different shapes which can be mistaken

with each other, such as the top and the bottom of the mandible. 

The initial strategy was to restrict the area to be analyzed using

medical information. This is not an optimal strategy for the appli-

cation of the AGHT recognition process in general situations. 

Therefore, we have used an automatic selection based on GTF

ranking of the accumulator space for finding the best template

match. 
cknowledgments 
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