International Journal of Advanced Science and Technology
Vol.133 (2019), pp.1-10
http://dx.doi.org/10.33832/ijast.2019.133.01

AN EFFICIENT SEGMENTATION METHOD FOR
AUTOMATED TONGUE EXTRACTION USING HSV
COLOR MODEL

Saba A. Tuama! and Jamila H Saud?

Informatics Institute of Postgraduate Studies, University of Information
Technology and Communication, Baghdad, Iraq
2Mustansiriyah University/ College of Science/ Computer Science Dept.,
Baghdad, Iraq
sabaayad91@gmail.com, 2dr.jameelahharbi@gmail.com

Abstract— The segmentation step of the tongue is one of the most prerequisite
steps in various applications such as diseases diagnosis, and human identification.
This paper presents a new method for extraction tongue region in colored images
using HSV color model for the identification system. The proposed method consists
of many steps. At first, the image color is transformed from RGB color space to
HSV color space. Then, thresholding is done on the hue component of the HSV color
model. Finally, post preprocessing operation utilized to remove the noise and the
fake object regions. Through testing of the proposed method on a variety of tongue
images, the method has proved to be effective and satisfactory for tongue image
segmentation. The suggested method achieved efficient results in the detection rate
for the tongue region.
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1. INTRODUCTION

Human tongue biometric delivers a level of uniqueness for using in identification
applications that other biometrics cannot match in the context of that it is difficult to
forge and it is well protected in the mouth [1], [2]. The first step of such a system is to
segment the tongue region from the collection of images completely and accurately.
Automated tongue segmentation is complicated due to the variance of tongue shape,
interference of the lips and the complication of the pathological tongue [3]. It is difficult
to segment a tongue region from the image because it not only contained tongue print but
also lips, mouth itself, teeth and others object are the objects of the mouth. So, the
problem of this segmentation process is how to extract the tongue print among other
objects in that mouth region.

Tongue segmentation is a challenging task and has been in the focuses of researches all
over the world in recent years. So, different methods for automated tongue segmentation
have been proposed Zuo et al. [4] have presented a method for tongue segmentation by
combining active contour model and polar edge detector. Firstly, a polar edge detector
was proposed to extract the edge of the tongue body. Secondly, the edge filtering process
was utilized to filter out the edge that was useless for tongue segmentation. After that,
and local adaptive edge binarization method was applied to binarize edge image. Finally,
an initialization and active contour model was used for segmentation of tongue body. The
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presented method was tested on 50 images and achieved TPR was 97.2% and FPR was
4.7 %.

Fu Zhicheng et al., [5], have proposed a method for automatic tongue segmentation.
Initially, look-up-table based real AdaBoost algorithm is introduced for getting the
cascade tongue detector that could locate the tongue in human face images faster. After
that, color cancellation was utilized for removing the lip. The presented method was
combined radial edge detection with an active contour model to obtain the accurate
contour of the tongue. Their proposed method gave experimental results a precise rate of
up to 94.91%.

Ning Jifeng et al., [6], proposed a method for automatic tongue extraction based on
region merging and gradient vector flow. Initially, the gradient vector was modified in
order to diffuse the tongue image whilst preserving the edge of the tongue. After that,
segmentation the diffused tongue image into small regions by utilized the watershed
algorithm. Then, the maximal similarity-based region merging was used to segment the
tongue body region. Finally, the snake algorithm was utilized to refine the result of region
merging. The presented method was tested on 200 images by traditional Chinese
medicine practitioners and tested on 50 tongue images by using ROC analysis.

Shi et al., [7], presented a method for tongue image segmentation by using the double
geo-vector flow. At first, a Tongue image was refinement through a saliency window.
Then, they initialized an area of the tongue as the upper binary part and lower level set
matrix. After that, they proposed a double geo-vector flow (DGF) in order to detect the
tongue edge and extract the tongue area in the image. Their proposed method (DGF) was
evaluated by using 100 images provided by the Laboratory of Traditional Medical
Syndromes, Shanghai University. The DGF results gave true-positive volume fraction
reaching 98.5%, its false-negative volume fraction is 1.42%, and false-positive volume
fraction is 1.51%.

Saparudin et al., [8], presented an approach for tongue image segmentation from
opened mouth image by using Active Contour method and Canny Edge Detection. Their
proposed method had four steps: Smoothing Gaussian Filter, Finding Gradients, Non-
maximum Suppression, and Hysteresis Thresholding. Then, Canny Edge Detection was
utilized for finding the edges of tongue and followed by Active Contour Model and
cropping process to produce tongue image. The proposed method was tested on 40 tongue
images and achieved an accuracy rate of 75%.

Priya Mohana et al., [9], proposed a method of tongue segmentation for Detection of
Diabetes by using Gradient Vector Flow snake technique. For extraction of the tongue
region, they have done many steps. Firstly, the input image was cropped for obtained the
exact tongue region and following by rescaling of the tongue region image. Secondly,
applied Gray conversion and Gaussian filter. Thirdly, performed a segmentation process
by using GVF snake technique which includes three steps: Gradient image, Smoothing
image, and edge detection. The proposed system was tested on a collection of tongue
image which was captured by using a smartphone.

The organizing of this paper is in four sections. The tongue segmentation method is
presented in Section 2. Experience and performance evaluation are presented in Section 3.
Finally, conclusions are given in Section 4.

2. PROPOSED METHODOLOGY

We present an efficient extraction method based on color segmentation using HSV
color space, binarization, and post preprocessing for segmentation the tongue-print from
the color images. The stages of the proposed method are shown in Figure 1.
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Fig. 1 Steps of the Proposed Method

2.1 HSV COLOR SPACE ANALYSIS

HSV color models are most beneficial in applications wherever segmentation relies
heavily on specific features of the colors rather than overall perceptual variance [10]. The
HSV color model is represented via a single cone. Fig. 2 that illustration the three
components of the cone (hue, saturation, and value) [11]. Color segmentation by using
HSV color space is elaborately described in [12], [13], [14].

The tongue image is transformed from RGB into HSV color space by using the
equation (1), (2), (3) [15].Thus the tongue image is split into three various components
which are hue, saturation and value components based on color and intensity information,
as seen in Fig. 3.
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Fig. 3 Three component of HSV color space (a) input image,
(b) Hue, (c) Saturation, and (d) Value.

2.2 THRESHOLDING PROCESS

After applied hue conversion process; thresholding process is applied in order to
isolate the tongue region from other regions. This process is accomplished by using
equation (4) [16]. Initially, scanning all pixels of the Hue image and testing the hue
values; if the hue value between T1 and T2 then the pixel marked as foreground and take
white color (i.e., 1's), else the pixels marked as background and take black color (i.e., 0's).
The result after applied thresholding process is shown in Fig. 4.

1 ifT1<h(xy) <T2
Thr_img(x,y) = 4)
0 Otherwise

Where Thr_img() is the produced binary image, T1 & T2 are the thresholding values,
and h() is the hue image.

(@) (b)
Fig. 4 (a) Before thresholding, (b) After thresholding.

2.3 CLEANING FORM SMALL ISLANDS AND HOLES FILLING

The producing image from the previous step contains some of the small islands which
consider as noise patches and appear as tongue regions rather than parts of the
background due to miss thresholding, as seen in Fig. (5a). So, this step is major in order
to eliminate these islands. Seed filling technique is used to cleaning from the regions of
the small islands.
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At first, scan every pixel in Thr_Img() image, if its value is 1, then this first pixel will
be considered as a first seed pixel, and its location is added in a temporary buffer, and
convert its value to 3 (it means visited). after that, test the four direct neighbors of the
detected seed point (i.e., left, right, top & bottom), if any one of them has value 1; then its
location is registered to the temporary buffer and convert its value to (3). Repeat the
check of pixel value sequentially for all pixels listed in a temporary buffer, till reaching
the end of the buffer. after that, it would be checking from size of the collected segment;
if the number of collected segment (i.e., size of filled buffer) that contains white pixels is
less than a predefined threshold value Thr_v1, then it discarded and considered as part of
the background (0' s); otherwise, it would be considered as part of tongue (1's). Fig. (5b)
shows the effect of removing the small islands.

(b)

Fig. 5 The effect of removing small islands: (a) Binary image, (b) after small islands
removal

Some small black area (i.e., gaps) may appear inside tongue area after thresholding
process; thus in order to handle this problem, the tiling process was applied for removing
all small black areas inside the tongue area in the binary image. This process starts by
scanning all pixels of the binary image; in case the pixel value is found zero (i.e., black
pixel inside the tongue area); then open a structure element around it (black pixel), and
compute the number of all neighbour white pixels (i.e, 1) inside the structure element. In
case the count value of white pixels is found more than the threshold value (thr_val), the
tested black pixel is considered as gap point and converted to white pixel (1); otherwise,
it is kept black (0) without any change. Fig. (6b) shows the effect of gaps filling process
by tiling process.

(b)
Fig. 6 The effect of gaps filling: (a) The binary image, (b) after gaps filling.
2.4 INVERSION COLOR OF IMAGE AND BINARIZATION PROCESS

At first, scanning all pixel in the binary image that produced from the previous holes
filling process, and checking if the pixel value is white then it would be converted to the
pixel value in the input image; otherwise, it is kept as it without any change (i.e., 0's
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value). After that, the producing image contains some unwanted areas (i.e., hair) as seen
in Fig. (7a); Thus, color inversion [17] and followed by the binarization process is applied
for removing these unwanted areas.

After applied color inversion the binarization process is utilized by checking all pixel
in the resulting image from the inversion process; if the pixel value is less than a
thresholding value (Thr), then it would be marked as a pixel belonging to the tongue area
(i., 1's value); otherwise the pixel value will be changed to zero value. The resulting
image after the color inversion and binarization processes is shown in Fig. (7b) (7c),
respectively.

@ (b) ©

Fig. 7 The effect of color inversion and binarization process: (a) The color image, (b)
after color inversion, (c) after binarization process

2.5 IMAGE NOISE ELIMINATION

The resulting image from the previous step (i. e., binarization process) contains some
islands that are detected falsely as tongue region. So, to get good segmentation result it
would be applied region growing algorithm [18],[19] for removing these small white
pieces of pixels; Fig. (8b) shows the resulting image after the applied process of the
removal of the small island.

(a) (b)
Fig. 8 (a)before noise elimination, (b) after noise elimination.

2.6 ALLOCATING OF TONGUE AREA

At first, scanning all pixel in resulting image from the previous step (i.e., noise
elimination process), and checking if the pixel value equals one (i.e., white) then it would
be converted to the pixel value in the original image; otherwise, it is kept as it without
any change (i.e., 0's value). The resulting image after allocating tongue region is shown in
Fig. (9b).
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(a) (b)
Fig. 9 (a) before allocating tongue, (b) after allocating tongue.

3. RESULTS AND DISCUSSION

The proposed segmentation method is tested on our own database of tongue images
which is consists of 116 tongue images taken from 116 subjects. The images were
acquired over a period of 3 months, and all the subjects in the database are in the age
group of (7—47) years. All the images were taken using three cameras (i.e., Nikon D3200,
Nikon D5100, and Nikon D7200), under different lighting conditions with the subject
placed at a distance of about 0.5 meters from the camera, and we used a 55mm focal
length for the tongue images. The resolution of images from cameral, camera 2, and
camera 3 are (690x1012), (572x838), and (690x1010 ) pixels respectively, in jpeg format.
Figure 10 shows examples of tongues images captured in different illumination and
environment.

Fig. 10. Samples of tongue images from different subjects.

The performance of the suggested method is evaluated by using three segmentation
performance metrics: (i) Accuracy, (ii) True Positive Rate (TPR), and (iii) False Positive
Rate (FPR); they are defined as follows [20]:

TPR= ¥ 5
~ TP+FN ®)
FP
FPR=" mprn ©®
TP + TN
Acuuracy = F5 T TN ¥ FN ™)
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where TP refers to the number of pixels that are detected and identified as tongue points
correctly, TN refers to the number of pixels that are detected and identified as a
background points correctly, FP refers to the number of pixels that are identified
incorrectly as tongue points while in truth it is background points, and FN refer to the
number of pixels that are identified incorrectly as background points while in truth it is
tongue points. Table | shows the resulting of our proposed approach by using the three
segmentation performance measures.

Table I. Evaluation results by three segmentation performance measures.

TPR FPR Accuracy

Proposed method
0.99 0.009735923 0.9906%

The suggested approach shows the value of FPR is less than other methods. For
instance, Zuo et al. [4] method showed good segmentation tongue; but their approach
added many false pixels (FP), and they achieved higher FPR than our method; while
achieved accuracy of segmentation 97.2% less than our achieved segmentation accuracy.
As well as Shi et al. [7] method achieved FPR 1.51% which is higher than FPR achieved
from our method.

Also, our proposed method evaluation by using a performance metric (i.e., detection
rate) in order for measuring the success of our suggested method. Detection rate is
defined as the number of correctly detected ears over the whole number of tongues in the
database, and it’s computed by using equation 8. Table Il summarizes the results of
tongue detection accuracy in the proposed method.

) No. of correctly detected Tongue
Detection Rate = X 100% (8)
Total No. of Tongue Images

Table Il. Accuracy of the suggested tongue segmentation method on the different
datasets: respective numbers (#) and percentages (%) of correct detections.

Tongue Images captured Correct detection (#) | Correct detection (%)
from 3 cameras (#images)

Captured from Nikon D3200

17 93.2%
(18)
Captured from Nikon D5100
81 98.78%
(82)
Captured from Nikon D7200
16 100%

(16)

The experimental results show that the proposed method achieved a correct detection
rate of 98.27% for segmentation of all tongue images captured under variant environment
and the suggested method is more accurate and uses fewer complexity steps in extracting
tongue region in comparison to the other published methods in the literature. For example,
Saparudin et al., [8] method hasn't detected the tongue region properly in all test images
that used; though they used small samples include 50 images, and they achieved accuracy
and detection rate less than the accuracy and detection rate of our suggested method
although we used a lot of test images which include 116 images. Also, Fu Zhicheng et al.,
[5] method achieved an accuracy of 94.91% that is less than our achieved accuracy. Table
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111 displays some of the results of the suggested method where tongues of various size
and shape are properly detected from different tongue images.

Table I11. Shows segmentation results of tongue with different shape and size.

Input image Resulting image

4. CONCLUSIONS

The process of tongue segmentation is complicated due to the variance of tongue shape,
a complication of the pathological tongue and interference of the lips. In this paper, an
accurate segmentation method is presented for automated tongue extraction by using
HSV Color Model, thresholding, and post preprocessing operation. The proposed method
is tested on many images that have different qualities. Experimental results explain that
the proposed method can segment the tongue precisely. The proposed method was tested
on 116 tongue images and the experimental result shows that the proposed method
achieved a detection rate of 98.27% for the segmentation of tongues.
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