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ABSTRACT

Background: Radiography plays an important role in medical image processing. At present, different radiographic techniques such as X-
ray, Computer Topography (CT), and Magnetic Resonance Imagining (MRI) are commonly used in the field of pediatric health informatics.
These techniques are used to analyze the anatomical structures and other regions of the human body. In nature, radiography image
contains a lot of noise, irrelevant information, intensity problems and partial volume effect which makes the task of locating and analyzing
the suspicious area in such a image is very difficult task. Methods: Existing works does not focus more on segmentation corresponding to
the aspired foreign body pediatric radiography images. Therefore, this work analyzed eleven image segmentation techniques are
discussed in [Table 3] and proposed a hybrid segmentation technique with the combination of Median filtering, Iterative thresholding and
K-means clustering which is named as MIK segmentation technique. Results: The quantitative metrics such as SNR, PSNR, RMSE and
MAE are computed for evaluating the performance of segmentation techniques. Conclusions: The performance evaluation results prove
that the proposed MIK segmentation technique is the most suitable segmentation technique for foreign body aspired pediatric
radiography images.

INTRODUCTION

In medical image processing, the accuracy of the segmentation proves way for early diagnosis in most of
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the clinical studies and recommends a treatment plan for radiotherapy. Radiography techniques such as X-
ray, Computer Topography (CT) and Magnetic Resonance Imagining (MRI) are most commonly used in
radiology techniques. It is mandatory for a medical imaging technician to use computers to reduce
processing time and improve reliability in case of large data. Existing techniques available for image
segmentation are specific to the imaging modality. The segmentation techniques are useful to identify the
anatomical structures, region of interest, measure tissue volume in order to measure growth of tumor,
help in treatment of radiation therapy, in radiation dose calculation and to distinguish one anatomic
structure from the other.

RELATED WORKS

In General, segmentation of medical images is one of the most difficult tasks in image processing.
Segmentation sub-divides an image into constitute regions or objects. Segmentation techniques involve
edge detection, thresholding and clustering for segmenting the region/boundary or detect the edges from
an image. Segmentation accuracy determines the success or failure of computerized analysis procedures.
The following [Table 1] contains an exhaustive survey on various existing segmentation techniques used in
medical field for interested region segmentation.

Table 1: Existing survey on various segmentation techniques used in X-ray images

6-3104

SHNe) Segmentation Technique used Observation

1 Adaptive thresholding Technique, Morphological | A hybrid segmentation technique which is
Operator-based Algorithm, Connected Component | capable to segment liver from abdominal CT
Labeling algorithm(CCL) ,watershed algorithm as | and detect hepatic lesions automatically. The
edge-based image Segmentation and Region | experimental results show that 93% of good
Growing (RG) algorithm.[1] extraction for liver from abdominal CT.

2 Combination of Direct Thresholding and Adaptive | The accuracy of the detection of regions is
Thresholding.[2] improved by applying adaptive thresholding.

3 Mean Shift Segmentation Algorithm And Adaptive The proposed segmentation algorithm is highly
Region Merging process.[3] effective. The computational time of the

segmentation is very high.

4 Sobel, Prewitt, Roberts, Laplacian And Canny.[4] Canny is the best of all for accurate edge
detection. Fails to detect flesh and bone
separately.

5 Morphological operations, Fuzzy = C-Means | Fuzzy C-Means clustering was used to
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clustering.[5]

segment the lungs and the morphological
operations were used for smoothening the
irregular boundary. The algorithm is simple and
is effective for lung images only.

6 Hybrid Region Growing Algorithm.[6] The results observed from proposed hybrid
region growing technique are more accurate
even when images are blunt. Sometimes the
detection results include false region detection
along with true regions.

7 Marker Watershed Transform.[7] The manual intervention and processing time
for segmentation process is reduced.

8 Fuzzy C-Means ,k-means, Active contour algorithms | Open source software tool “MIASYS” is

and region growing.[8] developed. Image misalignments often occur.
The image registrations of local deformations
are not handled in the current version of the
software.

9 Three generations of segmentation techniques | Each generation adds an additional level of
development. [9] algorithmic complexity.

10 K-means clustering algorithm seeded region growing | The proposed algorithm performs well in real
algorithm. [10] time though not fully automatic

11 Threshloding, Region Based Segmentation, Mean | This paper suggests that using appropriate
Shift, k-means Clustering Algorithm, And Fuzzy C- | image segmentation in quality input images
Means.[11] give better results in the identifying the region

of interest.

12 Threshloding, Region Based Segmentation, Mean | This paper suggests that using appropriate
Shift, k-means Clustering Algorithm, And Fuzzy C- | image segmentation in quality input images
Means.[12] give better results in the identifying the region

of interest.

13 FCM, Prior-Information-Guided FCM (PIGFCM) | The proposed approach improves the accuracy
algorithm.[13] of segmentation process, but it fails to address

the intensity variation.

14 Improved Fuzzy C-Means Clustering.[14] It is suggested that the parameters used for
improving the FCM such as entropy, mean
square error, peak signal to noise ratio should
be improved for better image segmentation.

15 Segmentation techniques like, Edge detection, | The analyzed segmentation technique
Thresholding,  Skeletonization, Contour and | successfully helps in segmenting X-ray
Watershed Transform.[15] images. Selection of correct threshold value

determines the efficiency of the edge detection

16 Contrast adjustment ,region growing algorithm.[16] Contrast adjustment causes false positive
metallic regions detection.

17 Fuzzy clustering algorithm, alternative | The results of the proposed AFCM algorithm

FCM(AFCM).[17] prove better than the standard FCM. FCM
does not address the intensity variation during
segmentation process.

18 Snakes contouring techniques, histogram analysis, | The proposed technique is applicable only for
nonlinear anisotropic diffusion and automatic | the image containing homogeneities region.
thresholding.[18]

19 Improved FCM Based On Measure Of Medium Truth | The proposed algorithm is more suitable for
Degree.[19] images with less noise. FCM is sensitive to

noise.

20 Watershed segmentation and Otsu’s Thresholding, | X-ray image is prone to noise. Watershed and
Discrete Step Algorithm.[20] Otsu’s segmentation technique still needs lot of

improvements in identifying the image with
noise and low intensity for better segmentation
with the desired areas in X-ray images.

21 Region growing algorithm, thresholding.[21] Region growing algorithm is used for organ
segmentation. Both over and under
segmentation error occur during experimental
test. Does not achieve high precision results.

22 Region Growing, Multi-Region Segmentation Based | The accuracy of the proposed approach
on a Topological.[22] depends on the accuracy of the extraction of

the prior information of topological graph

23 Wavelets Transform And Morphological | The efficiency of the algorithm is analyzed only
Operators.[23] based on the segmentation speed.

24 Automated medical image segmentation | The novelty of the algorithm is proved by
algorithm.[24] considering the whole MRI data set as a 3D

entity. More computation time is needed to
process the data set.

25 Modified Watershed Segmentation Algorithm With | This work proves that combining denoising

De-Noising.[25]

with segmentation techniques perform well in
segmenting medical images rather than
applying by individual approach.
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From the literature survey, it is found that the image segmentation plays a vital role in medical Imaging.
This will lead to proper extraction of the interested region for detection and identification. Therefore,
identifying the suitable segmentation technique for different modality images such as X-ray, CT and MRI
are required. Hence, assessing the performance of various segmentation techniques need to be carried
out to identify the suitable segmentation technique for medical images. The detailed survey helps us to
identify widely used segmentation technique in the medical field. [Fig. 1] demonstrates the steps
involved for identifying suitable segmentation techniques in pediatric foreign body aspired X-ray images.

. Compare
nputimoge /}:\Eegglocessing sAepgere\:w?g(t)ig; gﬂfgcs&(&mﬁ/’\ AE
techniaues ! ’ )
A 4

Display the suitable Rank the segmentation technique

segmentation (High-Low, SNR&PSNR) (Low-High

techniaue RMSE&MAE)

<_

Fig.1: Steps involved for identifying suitable segmentation techniques

METHODS

This section provides an overview of the various segmentation techniques for segmentation of pediatric
foreign body aspired images.

Thresholding based Segmentation Technique

Thresholding is one of the simplest methods of image segmentation. Image thresholding techniques
partition an image into a foreground and background. It isolates the objects by converting grayscale
image into binary images. Some of the existing thresholding techniques such as Otsu, Huang, Percentile
and Adaptive performance are assessed to identify the suitable thresholding technique for pediatric
foreign body aspired X-ray images. Otsu’s method separates an image into background and foreground
by two classes of pixels and calculates the optimum threshold with combined spread [25]. Huang
thresholding utilizes the measure of fuzziness to evaluate the fuzziness of an image to determine the
optimal threshold value. It is used as an evaluation criterion to identify the uniformity and measures
boundary of an image [12].The percentile thresholding strategy uses data-driven method for selecting
the optimum threshold value. It also improves the recovery performance [10]. Adaptive thresholding
calculates the mean of pixels as an initial threshold value and compares with all the pixels of the image.
If the pixel value is below the threshold it is set to the background value, otherwise it assumes the
foreground value [25].

Edge based Segmentation Technique

Edge based segmentation is performed based on information about edges in the image. Edge is a
boundary between two homogeneous regions. Edge detection refers to the process of identifying and
locating sharp discontinuities in an image. Detected edges are used to identify the objects present in an
image. Some of the existing edge detection techniques such as Canny, Sobel, and Robertcross [20, 21,
7, 5] are assessed to identify the suitable edge detection technique for pediatric foreign body aspired X-
ray images. The Sobel operator calculates gradient of the image based on each pixel position in the
image. Roberts cross operator calculates the gradient of an image through discrete differentiation which
is achieved by computing the sum of the squares of the differences between diagonally adjacent pixels.
Canny edge detection technique detects as many edges as possible in the image with low error rate. It
uses different steps such as Gaussian filter, intensity gradients, non-maximum suppression, double
threshold and hysteresis to detect edges.

Region based Segmentation Technique

Region based segmentation techniques aim to differentiate the regions of interest (objects) from the
background. Some of the existing Region based Segmentation Techniques such as K-means, FCM,
watershed and single seed region growing are assessed to identify the region based segmentation
technique for pediatric foreign body aspired X-ray images. K-means is an
unsupervised learning algorithm that partitions a group of data points into a small number of clusters in
an image. Fuzzy c-means (FCM) clustering algorithm allows one piece of data to belong to two or more
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clusters. The watershed segmentation is based on mathematical morphology that segments the image
regions into catchment basins as rain flood. Single seed region growing technique takes a single seed
point starting in the middle of an object and then growing outward until it meets the object boundaries.

Performance Evaluation of Existing Segmentation Techniques

Performance evaluation carried out gives the impact on the significance of identifying appropriate
segmentation techniques for pediatric foreign body aspired images. There are various quantitative
analysis metrics for examining image quality, such as signal-to-noise ratio (SNR), Peak signal-to-noise
ratio (PSNR), Mean square error (MSE), Root mean square error (RMSE). The evaluation process
assesses the SNR, PSNR, RMSE, and MAE of images according to the definitions of Gonzalez [26] as
given below

1. Signal-to-Noise Ratio (SNR)is defined as the ratio of the power of meaningful information and the power

of background noise. The better segmentation indicates the higher value of SNR.[26]

ZZ [r(x )T r(x,y) is original image, t (x, y) is target image
SNR =10.log,, 0

S STIr(x, y) — 6 T

2. Peak Signal-to-Noise Ratio (PSNR) represents region homogeneity of the final segmentation. The better
segmentation indicates the higher value of PSNR [26].

) r (x, y) is original image, t (x, y) is target
max(r(x, y))

STSTIr(x, y) — £, T

PSNR = 10.log,, 1

n,—n,

image

3. Root Mean Square Error (RMSE) is a measure of each pixel by adding up the squared difference of all
the pixels and dividing by the total pixel count. The better segmentation indicates the lowest value of
RMSE [26].

n,—iny -1

z E [r(x,y)—t(x, y)]2 ,r(x,y) is original image, t (x, y) is target image
n-n 75
X y

RMSE =

4. Mean Absolute Error (MAE) of the image is calculated by subtracting the original image from the
target image for all the pixels. The better segmentation indicates the lowest value of MAE [26].
n-1n -1

_Zz[r(x, y)—t(x, )" (x,y) is original image, t (x, y) is target image

0 0

MAE =

n.-—n,
These metrics are computed based on the fundamental benchmark of the quantitative analysis
metrics. The results of quantitative metrics SNR, PSNR, RMSE, and MAE analysis are as given in

[Table 3].

RESULTS

The performance estimation of various segmentation techniques such as Otsu thresholding, Haung
thresholding , Percentile thresholding , Iterative thresholding, Canny edge detection, Sobel edge
detection , Robert cross edge detection K-means Clustering , FCM Clustering , Watershed
segmentation , Single Seed Region growing. The results of various segmentation techniques are
shown in [Table 2]. Based on the observation and with the results obtained, it is concluded that the
clustering based segmentation techniques perform better in pediatric foreign body aspired images.

Table 2: Implementation results of various segmentation fechniques

Segmentation Techniques Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Original Image . : X

Q =

Otsu thresholding

Haung thresholding , p=— —E
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Percentile thresholding

Iterative thresholding

Canny edge detection

Sobel edge detection

Robert cross edge detection

K-means Clustering

FCM Clustering

Watershed segmentation

Single Seed Region growing

MIK Segmentation

Samplel 19.21 | 19.41 | 19.38 | 19.20 0.01 0.83 . 21.57 | 28.91 | 11.62
15.69 | 15.42 | 14.97 | 15.69 0.22 1.78 0.87 | 20.80 | 20.25 | 11.17 | 17.25
Sample2
21.42 | 13.68 | 17.50 | 21.69 0.02 0.91 0.27 | 25.41 5.68 | 10.78 5.68
Sample3
12.18 | 11.95 | 11.76 | 12.18 0.42 1.82 0.55 | 24.06 | 30.78 8.70 | 26.87
Sample4
2299 | 17.16 | 16.69 | 16.56 0.01 1.46 0.45 | 23.83 | 12.74 | 8.81 | 12.74
Sample5
PSNR 22.90 | 23.14 | 22.98 | 22.85 3.97 4.79 4.02 | 25.48 | 32.87 | 15.64 | 32.29
Samplel
21.19 | 21.33 | 21.03 | 21.19 8.20 10.20 9.30 | 28.09 | 25.09 | 18.99 | 5.01
Sample2
23.81 | 35.44 | 21.43 | 24.06 5.61 6.50 5.86 | 30.93 | 30.13 | 16.16 | 0.10
Sample3
21.82 | 19.25 | 17.02 | 21.82 8.17 10.41 9.14 | 32.65 | 40.10 | 17.34 | 36.19
Sample4
26.05 | 20.00 | 19.71 | 19.62 7.37 8.82 7.81 | 28.70 | 25.98 | 14.42 | 5.91
Sample5
RMSE Samplel 18.26 | 17.77 | 18.09 | 18.37 34.09 22.08 31.05 | 11.00 4.83 | 35.19 5.17
22.23 | 21.89 | 21.88 | 22.23 84.01 66.72 74.08 7.53 | 12.00 | 22.70 | 12.05
Sample2
16.45 | 14.31 | 21.64 | 15.99 | 119.56 | 107.94 16.19 6.41 | 18.00 | 34.23 | 18.01
Sample3
20.69 | 27.80 | 35.04 | 20.69 64.77 50.06 57.93 3.87 2.81 | 22.67 281
Sample4
12.71 | 25.28 | 26.37 | 26.63 | 109.16 92.40 | 103.77 6.99 | 12.06 | 48.29 | 12.59
Sample5

MAE
Samplel 11.63 | 21.56 | 21.61 | 21.64 | 121.56 | 106.89 | 117.08 8.92 3.72 9.22 3.84

Sample2 12.32 | 12.25 | 22.23 | 32.32 59.02 4.72 51.47 4.72 | 11.01 | 14.68 8.06
Sample3 13.18 | 13.08 2.19 | 21.25 93.41 82.01 90.15 4.31 6.00 7.87 8.30
Sample4 2.01 3.58 5.60 2.01 49.01 38.17 44.91 2.56 0.88 6.91 1.45
Sample5 21.08 | 32.95 | 23.02 8.28 93.53 77.06 88.19 6.33 | 11.00 | 15.16 | 11.00
ST1=0tsu thresholding,ST2=Haung thresholding,ST3=Percentile thresholding,ST4=Iterative thresholding, ST5=Canny edge detection,ST6= Sobel

edge detection,ST7=Robert cross edge detection,ST8= K-means Clustering,ST9= FCM Clustering,ST10= Watershed segmentation,ST11=Single Seed
Region growing
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DISCUSSION

As per the results obtained, clustering techniques such as K-means and FCM show higher values than the
other segmentation techniques for the quality metrics SNR and PSNR. The clustering techniques K-means
and FCM clustering show lower values than the other segmentation techniques for RMSE and MAE. The
overall performance results show that the clustering techniques gives better results compared to other
techniques. The SNR, PSNR values obtained with the clustering techniques are high for most of the images
and smaller values in RMSE and MAE. Hence, it can be concluded that the clustering techniques such as
K-means and FCM are best suitable segmentation technique for foreign body aspired pediatric X-ray
images. As per the evaluation the K-means segmentation techniques suits better for most of the sample
images of pediatric foreign body aspired radiographic images. The overall performance evaluation with the
suitable segmentation technique for each sample is given in [Table 4].

Table 4: Identification of suitable segmentation technique by Ranking the Quality meftrics

evaluation
Suitable segmentation RMSE = MAE
Technique

Sample 1 | FCM 28.91 | 32.87 | 4.83 3.72
Sample 2 | K-means 20.08 [ 28.09 | 7.53 4.72
Sample 3 | K-means 25.41 | 30.93 | 6.41 4.31
Sample 4 | FCM 30.78 | 40.10 | 2.81 0.88
Sample 5 | K-means 23.83 | 28.70 | 6.99 6.33

A comparative analysis of each quality metrics such as SNR, PSNR, RMSE and MAE are given in [Fig. 2].

<n..-m:°
IR

- sSMNR

- PSR
RMSE

- ASE

Sample 1 Sample 2 Sample 3

Sample Images with sultable segmentation technique

K-Means K-Means K-Means

Sample 4 Sample 5

Fig. 2: Performance evaluation with existing segmentation techniques.

MIK Segmentation Technique

A hybrid segmentation technique with the combination of Median filtering, Iterative thresholding and K-
means clustering (MIK) is proposed to segment the interested regions in foreign body aspired pediatric
radiography images. The proposed work uses the best suitable segmentation technique as per the
performance evaluation of the existing segmentation techniques. The performance evaluation of the
proposed hybrid MIK segmentation technique is done by the quality metrics as same as the existing
segmentation techniques such as SNR, PSNR, RMSE and MAE.

Table 5: MIK segmentation technique (Median filtering + Iterative thresholding + K-means
clustering)

Sample  Suitable Segmentation SNR PSNR RMSE MAE

Technique
Sample 1 | MIK segmentation 39.710 | 43.62 | 1.39 0.82
Sample 2 | MIK segmentation 27.33 35.23 | 3.53 1.99
Sample 3 | MIK segmentation 36.11 4155 | 1.87 1.02
Sample 4 | MIK segmentation 30.69 39.01 | 1.80 0.82
Sample 5 | MIK segmentation 24.72 32.09 | 6.33 3.13
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Performance Evaluation of MIK segmentation technique

The proposed MIK segmentation obtains higher values for SNR, PSNR and lowest value of RMSE and MAE
when compared to existing segmentation techniques. The performance evaluation of the proposed hybrid
MIK segmentation technique is shown in [Table 5] and [Fig. 3].

50
a45
40

<a--vgp
wooa-sand

Sample 1 Sample 2 Sample 3

Sample Images with MIK segmentation technique

Sample 4

piliL

Sample 5

mSMNR

- PSNR
" RMSE
- NAE

Fig. 3: Performance evaluation with MIK segmentation technique.
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(3]

(4]

(5]

CONCLUSION AND FUTUREWORK

This work focuses to identify suitable segmentation techniques in order to segment aspired foreign body in
pediatric X-ray images. A detailed survey has been made to list various segmentation techniques used in
medical imaging. Widely used segmentation techniques on foreign body aspired pediatric radiographic
images are implemented. The quantitative metrics such as SNR, PSNR, RMSE and MAE are computed for
evaluating the performance of segmentation techniques. As per the evaluation results, K-means and FCM
segmentations techniques are most suitable segmentation technique for foreign body aspired pediatric
radiographic images. By the experimental results the proposed hybrid MIK segmentation technique
comparatively gives better results than the existing segmentation techniques. As further improvement, this
work will be extended to develop a framework for automatic identification of intrude objects in pediatric

radiographic images.
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