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Abstract- Analysis of facial color images is very important as a result of its numerous applications in facial 

surgeries. The development of different tools in the field of facial surgery analysis has helped surgeons before 

and after surgery. In this article, an Active Contour Model (ACM) based on Local Gaussian Distribution Fitting 

(LGDF) is introduced for the contour extraction of the ear area. The LGDF model is a region-based method in 

the Active Contour Model that unlike other models such as the Chan-Vese is not sensitive to intensity 

inhomogeneity of the image. After the contour extraction of the ear area, in the second step, with the four 

landmarks detection, ear parameters containing: length, width and external angle of ear were measured for 

analysis in the Otoplasty surgery. The proposed algorithm was evaluated on the AMI and Sahand University of 

Technology (SUT) databases. The proposed algorithm has an accuracy of %96.432, %97.423 and %85.546 in 

the AMI database and an accuracy of %98.381, %97.237 and %87.864 in the SUT database for the length, 

width and external angle of the ear parameters, respectively.   

 

Keywords- Active Contour Model, Color Images Analysis, Analysis of Ear Anthropometry, Facial Surgery 

Analysis, Otoplasty Surgery. 
 

I. INTRODUCTION 

The significance of human facial images analysis has 

increased considerably as a result of its numerous 

applications, such as in facial surgery. The human face 

plays a very important role in the appearance of the person. 

Even the slightest deformation in the human face can have 

a marked effect on the appearance of the person's face [1]. 

Otoplasty surgery is a method that changes the size and 

shape of ears. In this surgical procedure, the abnormal 

structure of the ear, that has been congenital during growth 

or due to accidents, can be modified. Actually, it can be 

said that the results of Otoplasty are strongly influenced by 

the surgeon's analysis [2,3]. Many people have had 

problems with their ear size and its appearance since 

childhood; either, the bulge of their ears are not 

symmetrical or there is too much prolapse in their ears. As 

a result, the main aim of an Otoplasty surgeon is to 

reestablish the natural appearance of the auricle and the 

relationship between the auricle and the head [4]. In 

Otoplasty surgery, if the ears are bulging, they could be 

modified by stitching the cartilage and bringing them closer 

to the head. If one of the ears is higher than the other one, 

they could be symmetrically adjusted through Otoplasty 

surgery [5]. From the perspective of beauty, a normal ear is 

about 20 degrees to the vertical line. The ears of adults 

have a length of about 50 to 60 mm and width of about 

55% of its length, Fig. 1. The progress in the applications 

of computers and image processing software has facilitated 

the work of plastic surgeons, and has opened a new outlook 

for them in terms of data acquisition before operation [6]. 

Ears are among the important parts of the face and play a 

very important role in facial beauty. People who are 

dissatisfied with the size and protuberance of their ears can 

change its appearance by Otoplasty surgery. Otoplasty 

surgery modifies the ear cartilage tissue and corrects 

important problems regarding concave and convex ear 

structure [7-9]. Ear anthropometric measurement is one of 

the important tasks performed by most surgeons before 

surgery, to improve the quality of the Otoplasty surgery. 

The important ear anthropometrics include: length, width 

and the external angle of the ear. 

http://www.jscit.nit.ac.ir/


Journal of Soft Computing and Information Technology (JSCIT) ………………...……………Vol. 9, No. 1, Spring 2020 

 

37 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nowadays, the facial surgery and aesthetic analysis in 

the field of digital image processing and computer vision 

has been interested for researchers. There are few articles 

in the facial surgery analysis for facial anthropometric 

measurement. The most important part of the proposed 

algorithm is the ear contour extraction. In order to 

performance comparison of the proposed algorithm with 

other methods used in the digital image processing and 

computer vision, we will briefly review the ear contour 

extraction methods. In order to perform ear contour 

extraction in [10], at first, the landmarks were selected 

manually and using the active contour model, the ear's 

external contour is extracted. Finally, Canny Edge Detector 

(CED) was used to extract the ear inner contour. In [11], to 

determine the ear curvature, first, the median filter is used 

to remove the noise. Finally, the filtered image is used for 

canny edge detector. In [12], in order to perform ear 

contour extraction as well as determine the minimum and 

maximum points, the Canny edge detector and image 

geometric features were used. Ajay et al. [13], presented a 

Fourier descriptor to ear contour extraction. In this method, 

a histogram equalization was used to normalize the image. 

After normalization, morphological operators were used to 

opening and closing the image. For ear contour extraction, 

the output of the morphological operator is multiplied in 

the produced mask. Finally, ear contour extraction was 

used as a Fourier descriptor. In [14], a method has been 

presented for ear segmentation. The likelihood image 

method is used for skin detection. Finally, using the 

suitable threshold and morphological operators the ear 

contour was extracted. In [15], a novel method has been 

presented for ear verification based on the features 

extracted using a bank of filters learnt using Topographic 

Locally Competitive Algorithm (TLCA). In this study, it 

has been presented a new scheme to detect both deformed 

and surgically altered ear using one-class classification. 

Extensive experiments have been performed on both 

normal and surgically altered ear database. In [16], a 

camera identification algorithm has been presented for ear 

biometric images using tunable filter banks as a feature 

extractor. In this study, features have been extracted using 

filter bank, based on a half-band polynomial of 14th order. 

The ear image has been divided into six parts. Wavelet 

based on tunable filter bank has been applied to each block. 

Features from each block has been extracted in terms of 

energy function. In [17], an efficient ear pattern sensor by 

introducing a new imaging technique has been presented 

that is capable of simultaneous retrieval of the topographic 

details and its liveliness information. In this study, a 

collimated laser beam has been made incident on a 

sinusoidal grating, and the resultant structured pattern has 

been projected towards the ear specimen. As well as, time 

series bio-speckled fringe sequences have been recorded 

using a CCD camera for detection of topographic 

information and liveliness. For noise removal, a 

combination of windowed Fourier filtering and low pass 

filtering has been used.      

Generally, in an Otoplasty operation, surgeons need 

visual information about the ear and surrounding areas, 

such as precise biometrics of length, width and external 

angle of the ear. This study has proposed a method which 

assists Otoplasty surgeons in measuring important 

parameters in the ear area, such as the mentioned above 

parameters. For this purpose, an active contour model was 

introduced based on the local Gaussian distribution 

algorithm. This paper is organized as follows: in Section 2 

the active contour model is explained based on LGDF. 

Section 3 presents an explanation on how we can extract 

key points of the ear area, in order to measure important 

parameters of the ear for Otoplasty surgery analysis. In 

Section 4 the experimental results are explained, and 

finally, in Section 5 the results are discussed. 

II. LOCAL GAUSSIAN DISTRIBUTION FITTING 

As shown in Fig. 2, the proposed algorithm is divided 

into three sections including preprocessing, LGDF model 

and feature extraction. First, we introduce the LGDF 

model, then we describe the preprocessing and landmark 

detection in the next section. 

The active contour model based on LGDF is proper for 

the segmentation of images that have a non-uniform spatial 

intensity. In this model, the spatial intensities of images 

could be described by using the Gaussian distribution with 

different mean and variances. In this model, an energy 

fitting of local Gaussian distribution is defined as variables 

including a level set function, mean, and local variances. In 

the LGDF model, the level set function is designed as a 

gradient flow and it could minimize the energy function 

and cause the movement of zero-level function to the 

desired locations [18,19].  

It was assumed that   is a set of discrete regions in an 

image, Ω, with N number of regions. In this case, the two 

general conditions for segmentation of an image, are as 

follows [20]:  

 
Fig. 1. Normal ear parameters and view of three landmarks 

in the ear. (A) The superior point of the helical rim. (B) The 

midpoint of helix. (C) Auricle. (D) lobule. 
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{
Ω = ⋃ Ωii=1

N                  

Ωi ∩ Ωj ≠ ϕ  for  i ≠ j
}                                                   (1) 

If for any point of X in the image, we define a circular  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

neighborhood of a small radius 𝜌 as follows: 

ϑx ≜ {y: |x − y| ≤ ρ}                                                        (2) 

Based on Bayes rule, that posterior probability of the sub 

regions will be defined as follows: 

p(yϵΩi ∩ ϑx|I(y)) =
p(I(y)|yϵΩi∩ϑx)p(yϵΩi∩ϑx)

p(I(y))
                    (3) 

Assuming that the pixels within any region are 

independent, then the maximum will only be obtained if the 

following statement is maximized: 

∏ ∏ pi,x(I(y))yϵΩi∩ϑx
N
i=1                                                   (4) 

Ex
LGDF = ∑ ∫ −log (pi,x(I(y)))

Ωi∩ϑx

N
i=1 dy                       (5) 

In the LGDF model, the Gaussian density function was 

used for modeling the probabilities of intensities and it was 

assumed that the mean and variance of the spatial Gaussian 

distribution are variables [20]: 

pi,x(I(y)) =
1

√2π σi(x)
exp (−

(ui(x)−I(y))
2

2(σi(x))
2 )                       (6) 

where ui(x) σi(x) and are the mean and variance of the 

Gaussian distribution of the spatial variables, respectively.  

The existence of the Gaussian kernel function causes the 

following: if y is close to x, in this condition the Gaussian 

kernel value will be large and the contribution of intensity 

will be significant for energy efficiency. On the other hand, 

when y is farther than x, then the value of the Gaussian 

kernel function decreases sharply to zero, so, that the 

contribution of intensity I(y) will be zero for the energy 

efficiency. For all the central points of x in the image Ω, 

the ultimate goal is to minimize the following Equation: 

Ex
LGDF = ∫ (∑ ∫ −ω(x − y)log (pi,x(I(y))) dy

Ωi

N
i=1 )

Ω
dx 

(7) 

By using the Heaviside function (H) and the level set 

function for the foreground and background areas, the 

energy functional can be defined as follows [20]: 

Ex
LGDF(ϕ, u1(x), u2(x), σ1

2(x), σ2
2(x)) = − ∫ ω(x −

y) log (p1.x(I(y))) M1(ϕ(y))dy  

− ∫ ω(x − y) log (p2.x(I(y))) M2(ϕ(y))dy                  (8) 

In order to control the zero-level set smooth and handing 

noise for (8), a curve length is defined as follows: 

𝐿(𝜙) = ∫|∇𝐻(𝜙(𝑥))| 𝑑𝑥 = ∫ 𝛿(𝜙(𝑥)) |∇𝜙(𝑥)|𝑑𝑥      (9) 

To determine the level set function and its stability, the 

adjustment statement can be used: 

𝑅𝑝(𝜙) ≜ ∫ 𝑝(|∇𝜙|)
Ω

𝑑𝑥                                                 (10) 

where p is a potential function. A simple choice of the 

potential function for the regularization statement is 𝑝(𝑠) =
𝑠2. One of these functions is the single-well potential [21], 

which has a minimum point in S=1 and is defined as 

follows [21]: 

𝑝(𝜙) = ∫
1

2
(|∇𝜙(𝑥)| − 1)2𝑑𝑥                                        (11) 

Consequently, by combining (8) to (10), the energy 

efficiency is presented as follows [20]: 

Ex
LGDF(ϕ, u1(x), u2(x), σ1

2(x), σ2
2(x)) = − ∫ 𝜔(𝑥 −

𝑦) 𝑙𝑜𝑔 (𝑝1,𝑥(𝐼(𝑦))) 𝑀1(𝜙(𝑦))𝑑𝑦 − ∫ 𝜔(𝑥 −

𝑦) 𝑙𝑜𝑔 (𝑝2,𝑥(𝐼(𝑦))) 𝑀2(𝜙(𝑦))𝑑𝑦 + 𝜈𝐿(𝜙) + 𝜇𝑝(𝜙)                                                                              

(12) 

where the mean and variance are defined as: 

ui(x) =
∫ ω(x−y)I(y)Mi(ϕ(y))dy

∫ ω(x−y)Mi(ϕ(y))dy
                                           (13) 

σi(x)2 =
∫ ω(x−y)(ui(x)−I(y))

2
Mi(ϕ(y))dy

∫ ω(x−y)Mi(ϕ(y))dy
                            (14) 

A standard method for minimizing functional energy 

Fig. 2. Block diagram of the proposed algorithm for measuring 

the important ear parameters. 
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relative to 𝜙 is the solution of the gradient flow equation 
𝜕𝜙

𝜕𝑡
= −

𝜕𝐹

𝜕𝜙
, where 

𝜕𝐹

𝜕𝜙
 is the Gâteaux derivative [22] of the 

energy functional. Consequently, in order to minimize 

energy, it is better to take the Gâteaux derivative from (12), 

since there is need for the first derivative of the first term, 

with the change of the integral order, the energy can be re-

written as follows: 

Eε
LGDF = λ1 ∫ (∫ ω(x − y) (log(√2π) + log(σ1(x)) +

(u1(x)−I(y))
2

2σ1(x)2 )) dx × Hε(ϕ(y))dy + λ2 ∫ (∫ ω(x −

y) (log(√2π) + log(σ2(x)) +
(u2(x)−I(y))

2

2σ2(x)2 )) dx × (1 −

Hε(ϕ(y))) dy                                                         (15) 

Hence, the Gâteaux derivative of (15) will be: 

𝜕𝐸

𝜕𝜙
= 𝛿𝜀(𝜙)(𝑒1 − 𝑒2) − 𝜈𝛿𝜀(𝜙)𝑑𝑖𝑣 (

∇𝜙

|∇𝜙|
) − 𝜇 (∇2𝜙 −

𝑑𝑖𝑣 (
∇𝜙

|∇𝜙|
))                                                                      (16) 

where Heaviside function, Dirac delta function and 𝑒𝑖 are 

defined as: 

Hε(Z) =
1

2
(1 +

2

π
arctan (

Z

ε
))                                         (17) 

δε(Z) =
1

π
∙

ε

Z2+ε2                                                             (18) 

ei = ∫ ω(x − y) (log(σi(x)) +
(I(y)−ui(x))

2

2σi(x)2 )                  (19) 

Eq. (16) can be solved numerically by using a finite 

difference method (FDM). An approximation of (16) can 

be discrete as follows: 

𝜙𝑖,𝑗
𝑛+1 = 𝜙𝑖,𝑗

𝑛 + ∆𝑡 ∙ 𝑄(𝜙𝑖,𝑗
𝑛 )                                          (20) 

Where ∆𝑡 is the time step and 𝑄(𝜙𝑖,𝑗
𝑛 ) is an approximation 

of the right hand of (19).  For more details about LGDF on 

LGDF, see [20]. 

III. FEATURE EXTRACTION 

During the development of biometric algorithms for two-

dimensional images, one of the most important aspects of 

these algorithms is their proper evaluation. Commonly the 

image database of the ear is very rare and limited. In this 

paper, to evaluate the proposed algorithm for measuring the 

length, width and external angle of the ear, the AMI [23] 

and SUT [24, 25] databases were used. 

The database of AMI contains ear images by views from 

front, right, left, bottom and top. This study used 31 images 

with frontal view. All the color images in this database are 

of size 492×702. The SUT database has an orthogonal 

system about the analyzing of face surgery. The above-

mentioned system involves a head-fixer structure that can 

be increase the accuracy of imaging and particularly causes 

the head lie in best position. The control of this position is 

accomplished by a pulley and a balancing weight that they 

make the system lie in the best location. The orthogonal 

imaging system has many advantages in the analyzing of 

facial surgeries. One of these advantages is simultaneously 

capturing three images from three orthogonal directions. 

The other advantages of this system are easy to use in 

healthcare units, and preventing any shaking during 

imaging by using a head-fixer. All images of SUT database 

resized into 800×800 then we choose of ear area manually. 

The image size of ear area is approximately 200×100. 

Finally, the results of these two databases will be presented 

separately in the conclusion section.  

In the active contour model based on LGDF, the choice 

of values for the constant parameters 𝜆1 and 𝜆2 plays a very 

important role in moving the initial level set function to the 

beloved object. Based on the choice made, there are two 

modes for moving the initial level set function: 

• If 𝜆1 > 𝜆2:  in this case, the initial contour had to               

move to the outside of the object. 

• If 𝜆1 < 𝜆2: in this case, the initial contour had to move 

to the inside of the object. 

The main purpose was to extract the outer boundaries of 

contour of the ear region, as shown in Fig. 3, hence the 

most appropriate selection was 𝜆1 > 𝜆2. Table. I presents 

all constant parameters in the active contour model based 

on LGDF for extraction of the ear area.  

To move the initial contour (selected manually) toward 

the external edges of the ear area and the extraction of its 

contour, first the background of the image was estimated 

by using the morphological opening with a disk SE of 

radius 15 and then the first channel of negative space was 

subtracted from the image background, as shown in Fig. 

5(c), the output of this process will serve as input image for 

the LGDF model. As preprocessing step, we made the 

background uniform. To make the background illumination 

more uniform, we created an approximation of the 

background as a separate image and then subtracted this 

approximation from original image. The opening operator 

has the effect of removing objects that cannot completely 

contain the structuring element. After extracting the 

contour of the ear area, to extract the key points, the Harris 

Corner Detector (HCD) [26], as shown in Fig. 4(c) and Fig. 

5(e), should be applied to the extracted contour area. From 

the obtained points through the Harris Corner Detector, the 

coordinates of 4 points (A, B, C and D) were obtained as 

follows, as shown in Fig. 4(d) and Fig. 5(f): 

{

Ay = min(Y)                                            

Ax = X (local(Ay))                                

if  numel(Ax) > 1 → Ax = min(Ax)

                         (21) 

 

 

{

𝐵𝑦 = 𝑚𝑎𝑥(𝑌)                                            

𝐵𝑥 = 𝑋 (𝑙𝑜𝑐𝑎𝑙(𝐵𝑦))                                

𝑖𝑓  𝑛𝑢𝑚𝑒𝑙(𝐵𝑥) > 1 → 𝐵𝑥 = 𝑚𝑎𝑥(𝐵𝑥)

                        (22) 
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                    (a)                                           (b)                                          (c)                                            (d) 
Fig. 4. A view of extraction of ear important landmarks on a sample data of SUT. (a) Manual selection the initial area, (b) Matching 

extracted contour over the original image, (c) Enforcement of Harris corner detector to extracted contour, (d) Detection the ear area 

important landmarks. 

 

 
             (a)                             (b)                           (c)                          (d)                             (e)                            (f) 
Fig. 3. An overview of contour extraction features of the ear area for AMI data. (a) Manual selection the initial surface on subtracted 

original image from estimated background using a disk SE of radius 15. (b) Iteration 400. (c) Iteration 800. (d) Iteration 1200. (e) Iteration 

1600. (f) Iteration 2000. 
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Fig. 6. An overview of measurement ear important parameters for analyzing Otoplasty surgery over the one sample of SUT data.   

 

 

 

 
Fig. 5. Measurement of ear parameters for AMI data. (a) Original Image. (b) Manual selection the initial area. (c) Removing the image 

background and contour extraction. (d) Tracing of extracted contour on original image. (e) Apply of Harris Corner Detector to the 

extracted contour. (f) Extraction of ear important landmarks. (g) Parameter measurement. 

 



Estimation of Ear Parameters Applicable to Otoplasty Surgery………………………………. Ali Fahmi & Mousa Shamsi 

 

42 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

{

𝐵𝑦 = 𝑚𝑎𝑥(𝑌)                                            

𝐵𝑥 = 𝑋 (𝑙𝑜𝑐𝑎𝑙(𝐵𝑦))                                

𝑖𝑓  𝑛𝑢𝑚𝑒𝑙(𝐵𝑥) > 1 → 𝐵𝑥 = 𝑚𝑎𝑥(𝐵𝑥)

                        (23) 

Where (X, Y) are coordinates obtained from Harris Corner 

Detector.  

To calculate the angle of the pinna with the mastoid bone 

behind it, the lobule portion (D point) must first be 

 
Fig. 7. The ear contour extraction. (Column 1) Original image. (Column 2) Ear contour extraction with [11]. (Column 3) Ear contour 

extraction with active contour model [10]. (Column 4) Ear contour extraction [12]. (Column 5) Ear contour extraction with the proposed 

algorithm.    
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obtained. The lobule portion of ear is located in one fourth 

quarter from end of ear. Therefore, the length of the ear is 

divided into 4 parts, and the coordinates of the desired 

point are obtained from the end part of 1/4 as follows: 

{

𝐷𝑥 = 𝑚𝑎𝑥(𝑋)                                             

𝐷𝑦 = 𝑌(𝑙𝑜𝑐𝑎𝑙(𝐷𝑥))                                   

𝑖𝑓  𝑛𝑢𝑚𝑒𝑙(𝐷𝑦) > 1 → 𝐷𝑦 = 𝑚𝑎𝑥(𝐷𝑦)

                       (23) 

After the extraction of landmarks from the ear region, in 

order to help the specialists in Otoplasty analysis, three 

important parameters, including: length, width and the 

external angle of the ear are measured. 

 

 

 

 

 

IV. RESULTS AND DISCUSSION 

The proposed algorithm is presented to measure the 

important parameters of the ear region including length, 

width and the external angle of the ear for Otoplasty 

surgery analysis. To quantitatively evaluate the proposed 

algorithm, 31 profile view images and 24 profile view 

images were randomly selected from the AMI (Fig. 5) and 

SUT (Fig. 6) databases, respectively. In our proposed 

algorithm, the input color images had a size of 492×702 

and 800×800 pixels for AMI and SUT databases, 

respectively. The results obtained from the proposed 

algorithm were compared with those manually obtained. 

Manual measurement is a gold standard and represent the 

best measure available in reasonable conditions. This 

comparison is shown in Table. II and Table. III for AMI 

and SUT databases, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The tables show statistic information for the proposed 

method and manual measurement. The range of the length, 

width and external angle of the ear for AMI database are 

337-518 (pixel), 154-307 (pixel) and 1.688°-28.193°, 

respectively. As well as, this measurement for SUT 

database are 129-187 (pixel), 62-86 (pixel) and 10.9°-

29.4°, respectively. To determine the error and accuracy of 

the proposed algorithm, relations (24) were used: 

𝐸 =
|𝜑𝑚−𝜑𝑝𝑎|

𝜑𝑚
× 100      𝑎𝑛𝑑      𝑉 = 100 − 𝐸                (24) 

 Where 𝜑𝑚 and 𝜑𝑚 represent the manually measured 

angles and the angle measured with the proposed 

algorithm, respectively. E and V are indicating the error 

and accuracy of proposed algorithm, respectively. The 

average of these values for AMI and SUT databases have 

been shown in Table IV and Table V, respectively. 

Accuracy of the proposed method is %96.432, %97.423 

and %85.546 for length, width and external angle of ear, 

respectively, on AMI database. As well as, these 

parameters have been shown in Table V for SUT database.  

 The proposed algorithm is a suitable method to extract 

contour of the ear region in presence of the image intensity 

inhomogeneity. In Fig. 7(b) and Fig. 7(d) [11,12], the filter 

mask is important to extract contour of the ear region. For 

this reason, this method will have different coefficients in 

the different images. The ear contour extraction with ACM 

is a manual method and depends on the user experience, as 

shown in Fig. 7(c) [10]. Canny Edge Detector [10-12] is 

not successful to extract contour in the images with non-

uniform intensity. The proposed algorithm is able to solve 

this problem. As shown in Table IV and Table V, accuracy 

of the proposed algorithm is high for landmark detection 

including: superior point of the helical rim, midpoint of 

helix and lobule.  

The proposed algorithm for the images is performed by 

an AMD A10-7400P system with a speed of 3.4 GHz, 4 

GB RAM and the MATLAB programming language 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE II 

THE MINIMUM, MAXIMUM, MEAN AND STANDARD DEVIATION VALUES FOR THE PROPOSED ALGORITHM AND 

MANUAL MEASUREMENT ON THE AMI DATABASE REGARDING 31 SAMPLES. 

 

Parameter 

Proposed Algorithm Manual Measurement 

Min Max Mean SD Min Max Mean SD 

Length (Pixel) 337 518 431.156 40.861 306 580 462.875 52.949 

Width (Pixel) 154 307 233.937 45.791 176 294 247.625 22.592 

External angle  1.688 28.193 14.664 7.089 6.2 22.31 14.496 4.404 

 

TABLE I 

VALUE OF PARAMETRS FOR THE LGDF MODEL. 

Interested 

area 
𝝀𝟏  𝝀𝟐  Sigma Iteration Time 

step 
𝝁 

Ear 1.1 1.0 6.4 2000 0.1 1 
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V. CONCLUSION 

Nowadays, as a result of congenital problems, accidents, 

and beautiful facial structure, plastic surgeries have 

increased considerably in societies. In this case, one of the 

tasks of experts in this field is knowing the existence 

metrics in the facial areas before and after the surgery. 

Many peoples are unhappy with size and shape of their 

ears. Otoplasty surgery is used to reshape one or both ears 

and reposition the ears back into a natural position. The 

existence of software systems in the field of facial surgery 

analysis can help to surgeons in the before and after 

surgery to the process of improving and fast recognition of 

desired metrics. There is less research works in the field of 

Otoplasty surgery analysis using the image processing 

methods. In this paper, the analysis of ear anthropometry 

has been presented to assist ear surgery surgeons. The ear 

contour extraction is one of the most important part in the 

Otoplasty surgery analysis. The active contour model 

doesn’t have suitable performance in the presence of 

shadow in the edge of ear area. Therefore, in this paper the 

contour extraction of the ear area has been done in the 

presence of shadow using the LGDF model, successfully. 

The main goal of this research is to determine important 

parameters of the ear area for the application of the 

analytical system in facial surgeries and Otoplasty Surgery. 

Therefore, in this study a new outlook based on image 

processing has been taken for Otoplasty surgery analysis. 

As well as, we have used the SUT database for analysis of 

ear area for the first time. This technique can be used as 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

part of the general system in the analysis of facial 

surgeries, specially, Otoplasty surgery. The speed and 

accuracy of the proposed method make it a distinct method 

among pattern recognition techniques. This research is very 

effective in developing simulation and evaluation systems 

for ear aesthetic surgery. This research is part of a system 

designed by our team for analysis of facial surgery. The 

designed system can be of great help to Otoplasty surgeons 

in improving the quality of the surgery and evaluation of 

ear area in before and after Otoplasty surgery. Three-

dimensional measurement of the ear parameters using 3D 

models can be great help to Otoplasty surgery. We suggest 

a 3D models for ear anthropometry analysis including: 

length, width and external angle. Using the 3D models, the 

ear contour can be extracted with high accuracy. We 

suggest more landmarks detection in the ear area. The 

accuracy of Otoplasty surgery will increase with the more 

landmarks detection and precise anthropometry 

measurement.  
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ست  دلیل کاربردهای فراوان آن در جراحیآنالیز تصاویر رنگی چهره به -چکیده یتادی ا یت  ی هتای  های چهره دارای اهم جتود ابزار و

بتل و های چهره در توانند به متخصصین جراحیسای، کمک شایانی را میافزارهای شبیهافزاری و نرمسخ  آنالیز سفالومتری چهره در ق

کتانی منظور استخراج ناحیهبعد عمل جراحی داشته باشند  در این مقاله، به ستین م ظتیگ گاو بتر تن ی گوش ای مدل کانتور فعال مبتنی 

(LGDF )   ظیر چانها نمدل معرفی شده یک مدل مبتنی بر ناحیه در مدل کانتور فعال بوده، که برخلاف سایر مدلاستفاده شده اس-

منظور آنالیز آنتروپومتری گوش جه  کاربرد در جراحی اتوپلاستی، ابتدا بهویس به غیریکنواختی شدت مکانی تصویر حساس نیس   

لتول،  4استخراج کرده، سپس با آشکارسایی  LGDFی گوش را با استفاده ای مدل کانتور ناحیه شتامل  گتوش  لندمارک، پارامترهای 

و دانشگاه صنعتی سهند  AMIی جه  ارییابی الگوریتگ پیشنهادی ای دو پایگاه دادهاند  گیری شدهی خارجی گوش اندایهعرض و یاویه

بتر روی گیری پارامترهای لول، عرض و یاویهاندایهدق  الگوریتگ ارائه شده برای ( استفاده شده اس   SUTتبریز ) گتوش  ی خارجی 

گتاه داده 546/85و  %422/97، %432/96ترتیب به AMIی تصاویر پایگاه داده یتب بته SUTی % و بر روی تصاویر پای ، %281/98ترت

نترمن بهتوادهند که ای نتایج این آنالیز میدس  آمده نشان مینتایج بهاس    %864/87و  237/97% ستتگ  فتزاری در عنوان یک سی ا

 سایهای جراحی چهره و اتوپلاستی استفاده کرد شبیه

 آنالیز آنتروپومتری گوش، آنالیز تصاویر رنگی، آنالیز جراحی چهره، آنالیز جراحی اتوپلاستی، مدل کانتور فعال. ی کلیدی:هاواژه
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