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Abstract

The cancer is a menacing disease. More care is required while diagnosing cancer disease. Mostly CT modality
is used for Cancer therapy. Image processing techniques [1] can help doctors to diagnose easily and more
accurately. Image pre-processing [2], segmentation methods [3] are used in extraction of cancerous nodules
from CT images. Many researches have been done on segmentation of CT images with different algorithms,
but they failed to reach 100% accuracy. This research work, proposes a model for analysis of CT image
segmentation with filtered and without filtered images. And brings out the importance of pre-processing of
CT images.
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1. Introduction

Cancer is a life-threatening disease. The doctors should identify cancer nodules in the early stages. CT
modality is used in cancer treatment. The medical images are acquired by scanning the patients with high
x-ray beam. These scanned medical images are saved as DICOM format.

The CT images may embedded with noises during image acquisition. Spekle noise, Gaussian noise, salt
and pepper noise are common in medical images. Pre-processing of medical images is done to get more
accurate results. In pre-processing of images, the filters like median, CLAHE [11], Wiener, Morphological,
Gabor, Gaussian, Anisotropic Diffusion, Haar wavelet Filter are used to remove the noise and to enhance the
images.

PSNR is used to find the ratio of signal strength to the corrupted signal called noise. The more the PSNR
value, the more the signal strength will be. An image with good PSNR is considered as good picture.

Finding the best filters for medical images is very important. In this research work, different filters are
applied on five organs like Lung, Pancrease, Bladder, Stomach and Thyriod. Analysis of images is done by
taking PSNR into consideration and by visualising the images.

Segmentation is the processes, in which the region of interest can be extracted [12] from the whole image.
Segmentation algorithms like Watershed, Otsu, Thresholding algorithm and many more are used for image
segmentation.

Finding the cancer cells growth at the earlier stage is a good option to come out of this problem. We need
to build a system which detects cancer cells at the earlier stages. By using different filtering techniques on
DICOM images and accurate segmentation algorithm we need to improve the accuracy of system for finding
the cancer cells. In this paper, we tried to improve PSNR value by using filters on images and to increase the
accuracy of finding the cancer cells by applying appropriate segmentation technique.

2. Literature Review

Here, survey of some techniques used for pre-processing of CT images and its segmentation techniques is
discussed [2].

Suren Makaju et al. [4] proposed a model to detect cancer nodules in CT lung images. The median and
Gaussian flitters are used to smooth the image and remove speckle noise from image. Watershed algorithm is
used for segmentation. Feature extraction is done on the images. Used machine learning method called
Support Vector Machine (SVM) as classifier to differentiate nodule as malignant or benign [4]. Proposed
model detects the cancer with 92% accuracy [4]. Hasan Koyuncu et al. [5] proposed BFO model for image
enhancement before abdominal organ & tumor segmentation. Block Matching and 3D Filtering (BM3D)
algorithm, Fast Linking Spiking Cortical Model (FLSCM) [5] and Otsu algorithm are used. PSNR values are
compared and found that BFO model gives good PSNR values. Jiayong Yan et al. [6] proposed a promising
method to segment the liver metastases on contrast-enhanced sequential CT images. Marker-controlled
watershed transform and Fuzzy connectedness algorithm [6] are used. Ashwani Kumar Yadav et al. [7]
proposed a model for segmenting Brain MRI and CT Angiography images. The pre-processed images are
segmented by thresholding method. The results are calculated by two parameters. That is completeness and
other one is correctness [7]. M.Jayanthi et al. [8] compared the results of segmentation algorithms for liver CT
images. Median filtering technique is used to remove unwanted noise[8] in images to get accurate results.
Histogram Techniques, seeded region growing method, connected component algorithm, NS based
thresholding algorithms are the segmentation algorithms [8] used for liver images. The dice similarity values
are compared and found that the NS based thresholding algorithm works better for liver CT images than any
other. P.Arjun et al. [9] proposed an improved region growing algorithm to enhance the segmentation of the
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liver from abdominal CT images[9]. Gaussian filter to remove Gaussian noise. Thresholding segmentation
algorithms are applied. . K-means clustering algorithm[9] is used to classify the dataset. An improved region
growing algorithm [9] partitioned the image from overlapped image to non-overlapped image. The results are
compared with traditional region growing algorithm and K-means clustering. It is found that an improved
region growing algorithm is having high accuracy of 97.04% where as traditional region growing is 86.03%
and K-means clustering is 87.52% [9].

Analysing this survey, the accuracy of current model are good but not satisfactory. The current researches
used jpeg format of CT images. The accuracy can be achieved 100% if the pre-processing of images is done
properly. In this work, proposed a model to analyse the filters for filtration of CT images and to analyse the
results of segmentation with filter and segmentation without filter. DICOM format images are used as input
dataset.

3. Proposed Model

According to survey, it is found that pre-processing for CT image is very necessary to get the more accurate
results. In proposed system, before going for segmentation of CT images, pre-processing of images[2] is done
by filtering techniques. The proposed system consists of three phases. In first phase, analysis of filters on CT
images is done by filtering the images with 8 different filters, and found out the best filter to remove noise in CT
images. In second phase, analysis of segmentation is done on filtered CT image and on non-filtered CT image.
Nodules are extracted. In third phase, the results of filtered segmentation and non-filtered segmentation are
compared and analyzed.

3.1 Type conversion

Firstly, the CT DICOM images are converted from matrix scale to gray scale images. It converts the
images with intensity between 0 to 1. That is from black (0) to white (1).

3.2. Image pre-processing

In CT images, the noises are implanted while acquiring the images. The noises like speckle noise,
Gaussian noise, salt and pepper noise are common. In this work , 8 different filters like Median Filter, CLAHE
filter[10], Wiener Filter, Morphological Filter, Gabor filter, Gaussian Filter, Anisotropic Diffusion filter , Haar
wavelet Filter are applied on Lung , Pancrease, Bladder, Stomach and Thyroid CT DICOM images. The filtered
images are compared by considering their PSNR values and by visualising the images. The filter which results
into more clarity image with good PSNR values is selected for CT image pre-processing. Here, the median,
Gaussian and CLAHE filter gives the better results. So these filters are considered for pre-processing of CT
images.

3.3. Segmentation

This process locates objects or boundaries which help in acquiring the region of interest in the image [12].
It helps to segment the particular part of the organ in which we are interested in. In this work, Otsu segmentation
algorithm [13] is applied on the filtered and non-filtered images. Otsu algorithm classifies the images using
threshold values.
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3.4. Nodule extraction

Finally, the cancer nodules are extracted [14] from the organ. The nodule counts of filtered segmented
image and nodule counts of non-filtered segmented image are compared.
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Fig. 1. Architecture of proposed system
4. Implementation

For implementation, the patient’s real CT scan images are taken from LIDC (Lung Image Database
Consortium image collection)[16] and TCIA(The Cancer Imaging Archive)[17]. LIDC is a web-accessible
international resource for development, training, and evaluation of computer-assisted diagnostic (CAD)
methods for lung cancer detection and diagnosis [16]. In this work the images are used are in DICOM format.
The DICOM images will be of size 512*512. DICOM format contains the metadata. It contains patient’s details
like patient’s ID, age, sex, acquisition value, date of scan etc.

The proposed model is implemented in MATLAB R2014a. MATLAB is one of the tools for research
development and analysis [18]. The DICOM viewer is used for analyzing the CT images. The patient details are
seen through DICOM viewer.

In this model various filters are used on DICOM images and tested with combination of median, Gaussian
and CLAHE filter. This combination is resulting good PSNR value. After that segmentation algorithm is
applied on images. The accuracy of model in finding cancer cells is found out.
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5. Results and Analysis

In the first phase of this work, the different filters are applied on Lung, Pancrease, Bladder, Stomach and
Thyroid. The median filter is used to remove salt and pepper noise. Gaussian filter is used to remove Gaussian
noise. And CLAHE filter [11] is used for image enhancement. The results are analyzed and found out that the
median, Gaussian and CLAHE filter can be used for image pre-processing.

In second phase of this work, the segmentation is done on filtered image and on non-filtered image by
using Otsu segmentation algorithm [15]. Cancer nodules are extracted.

In the above, Fig2, 3, 4 shows the original image of a lung, segmented image of lung without filter and
extraction of cancerous nodules respectively. Without filtration the nodule count resulted as 23.

Fig. 2. Original Image

Fig. 3. Segmented without filter
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Fig. 4. Extracted Nodules with count=23

And Fig.5, 6, 7 represents filtered image of original lung image, segmentation with filter and nodule
extraction. With filtration, the image clarity is improved and the extracted nodule count resulted as 14.Which
matched with nodule count given by LIDC data set.

Fig. 5. Filtered Image

Fig. 6. Segmented with filter
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Fig. 7. Extracted Nodules with count=14

Here, 24 Lung images are tested and found out the accuracy. The test results are tabulated below.

Table 1. Analysis of CT Images

Images of Lung Expected Nodule Nodule Remark
nodule count count with
count without filtration
filtration
imagel.decm 1 True
image2.dcm 12 3 12 True
image3.dcm 0 4 True
image4.dem 4 0 4 True
imageS.dcm 9 18 9 True
image6.dem 14 23 14 True
Image7.dcm 2 0 2 True
image 8.dcm 4 0 4 True
image9.dem 11 28 11 True
imagel0.dem 6 0 6 True
imagell.dem 17 24 17 True
imagel2.dem 16 23 16 True
imagel3.dcm 34 60 32 False
imagel4.decm 3 0 3 True
imagel5.dem 2 16 2 True
imagel6.dcm 14 52 14 True
imagel7.dem 1 7 1 True
imagel8.dcm 6 18 5 False
imagel9.dem 5 23 5 True
image20.dem 4 10 4 True
image21.dcm 4 18 4 True
image22.dem 4 18 4 True
image23.dcm 2 0 2 True
image24.dem 5 24 5 True

True Nodules Detected images (TN) =22

False Nodules Detected images (FN)

Total number of images tested = 24

=2

(1
@)
3)
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Accuracy:l:£:0.9l6:9l.6% 4)
TN+FN 24

The above results depicts that, the proposed system achieved the accuracy of 91.6% in detecting cancer
nodules in patients which is higher than other models [9].

6. Conclusion

Though many current systems are developed for cancer detection by using segmentation, the results are not
satisfactory. Therefore, proposed a system for analysis of CT image segmentation. From proposed model, it is
found that, the combination of Median, Gaussian and CLAHE filters give the better results for CT images.
The PSNR value is more that means more noise is reduced by using combination of 3 filters. The comparison
of filtered image segmentation and non-filtered image segmentation results. Found that segmentation with
filter gives the better result than the segmentation without filter, referring to the values of table.1. So
pre-processing of CT DICOM image is very necessary to get accurate results of finding cancer nodules at the
earlier stages. The proposed system achieved the accuracy of 91.6%. Only 8.4% of test cases failed to find
accurate numbers of cancer nodules in the images.

7. Future Scope

Although the proposed model is having accuracy of 91.6% in finding cancer cells, it is also having some
limitations. The accuracy of system can be improved by using improved segmentation algorithms like
watershed algorithm. And proposed system doesn’t classify the stages of cancer like I, 11, III, IV. So this can
be improved by using supervised and unsupervised classification techniques of machine learning.
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