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 A novel cancerous nodules detection algorithm for computed tomography 

images (CT-images) is presented in this paper. CT-images are large size 

images with high resolution. In some cases, number of cancerous lung nodule 

lesions may missed by the radiologist due to fatigue. A CAD system that is 

proposed in this paper can help the radiologist in detecting cancerous nodules 

in CT- images. The proposed algorithm is divided to four stages. In the first 

stage, an enhancement algorithm is implement to highlight the suspicious 

regions. Then in the second stage, the region of interest will be detected.  

The adaptive SVM and wavelet transform techniques are used to reduce  

the detected false positive regions. This algorithm is evaluated using 60 cases 

(normal and cancerous cases), and it shows a high sensitivity in detecting  

the cancerous lung nodules with TP ration 94.5% and with FP ratio 7 

cluster/image. 

Keywords: 

Cancer detection 

Computed tomography 

DICOM 

Wavelet features 

Wavelet transform 
Copyright © 2020 Institute of Advanced Engineering and Science.  

All rights reserved. 

Corresponding Author: 

Ayman AbuBaker,  

Department of Electrical Engineering, 

Applied Science Private University, 

116-11931, Shafa Badran, Amman, Jordan. 

Email: a_abubaker@asu.edu.jo 

 

 

1. INTRODUCTION 

Lung cancer is one of the most relevant public health issues in United states, Europe and Middle 

East [1, 2]. Early Detection and treatment of this types of cancer is require to effectively overcome this 

burden. As an initial and cheapest method to detect the nodule lung cancer is Chest X-ray.  

Computed tomography (CT) as a second diagnosis stage is the best imaging modality for the detection of 

small pulmonary nodules, particularly since the introduction of the helical technology [3, 4]. The CT images 

are a high resolution images with high amount of data storage. Therefore, researchers tries to help  

the radiologist to easily process these huge image and automatically detected the potential nodule lung 

cancers using computer aided diagnosis system (CAD) [5, 6].   

Detection nodule lung cancer is one of the most difficult cases for the radiologist specially in CT 

images since they are closely connected to the surrounding parenchymal tissue [7, 8]. Therefore, visual 

appearance for cancerous nodules have similar visual characteristics of normal tissues [9]. Therefore, this 

paper proposed a novel detection and classification method for cancerous cells. Three main stages are used to 

accurately detect the cancerous nodules in the CT lung images[10].  

The paper present a brief description about the lung CT image in section 2. Then literature review 

section which presented in section 3. Proposed detection and classification algorithm is introduced in  

Section 4. Finally, discussion and conclusion are presented in Section 5 and Section 6 respectively. 
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2. DATABASE  

The database that are used in this paper in downloaded from cancer imaging archive (TCIA), which 

is organized into purpose-built collections of subjects [11]. This database has different kind of high resolution 

images of cancer type and/or anatomical site (lung, brain, etc.) in common. Moreover, the database include  

a huge dataset of MRI, CT, and X-Ray images that are stored as DICOM file format [12]. 

 

 

3. LITERATURE REVIEW 

Many authors proposed different CAD techniques to help the radiologist in diagnoses lung cancer in 
CT images. One of these techniques is using Laplacian of Gaussian filter as in [13]. Their algorithm is 
divided to two main stages, transmission of high intensity and LOG Filter. These stages are applied calculate 
the contrast differences inside and outside region of interest. Snake algorithm is another enhancement  
and segmentation tool used to find the internal energy in CT image like Vivekanandan D et al [14].  
Messay et al. [15] implement local contrast enhancement filter that follow the nodule enhancement method to 
detect the chest radiographs. Dots, lines, and planes enhancement techniques are used by Li et al. [16].  
Such these enhancement techniques can be implemented on specific shapes and suppress other objects.  
So, as an initial step the CT-Image is blurred then a Gaussian kernel filter (GKF) of a nodule size is 
implemented to detect the nodule. As final stage, multi-scales GKF are used as to find a match with  
the nodule size. Yamamoto et al. [17] used a statistical enhancement filter to enhance CT images.  
They implemented the Quoit Filter that has large ring and disk filters. Differential intensity value procedure 
is implemented in this algorithm between the internal and external disks in order to find a potential region of 
interest. Another segmentation algorithm is presented by Maciej Dajnowiec et al. [18]. Initially, an optimum 
threshold value was calculated based on different image data sets. Threshold algorithm then is implemented 
to segment lunge region from CT image. After that, connecting component labeling (CCL) is applied to 
detect remaining regions in the image. Therefore, lung nodule can successfully segmented but have lobes 
with nodules region. On the other hand, CAD system is a powerful tool in detecting cancerous nodules in  
the CT images. Another CAD system to detect cancerous lung region is proposed by Lee et al. [19].  
Authors implement GA to set a target position and also to match the best template image from previous data 
sets. Four generations every time are established based on grey level of Gaussian distribution. Algorithm 
sensitivity was 85% in detecting cancerous nodules in the CT-images. Other author like Opfer et al [20] used 
distance transformation technique to improve the performance of CAD system. The distance transformations 
of various thresholds and subsequent crest line extraction are used enhance the CAD sensitivity. CAD system 
performance is slightly improved when using this technique since it produce large number of FP regions. 
Another CAD system is used by Moreover, Golosio et al. [21] to detect cancerous nodules in CT images. 
They used multi-adaptive threshold surface triangulation approach in the detection algorithm. The proposed 
algorithm show good sensitivity in detection cancer nodules but many detected FP are presents.  
K.Devaki et al. [22] develop a technique to accurately segment lung region from CT- images. The proposed 
algorithm can efficiently segment the lung regions from CT-images.  

 

 

4. RESEARCH METHOD  

The novel CAD system is used to accurately detect the cancerous nodules in CT- image with 

minimum number of false positive regions. This technique is mainly divided into four stages. Enhancement 

the suspicious regions using adaptive average method is the first stage. Detection region of interest algorithm 

that have the cancerous nodule is implemented in the second stage. In order to reduce the detected false 

positive regions, four wavelet features are used to reduce the detected FP regions. These wavelet features are 

used with SVM in order to classify the detected regions as FP and TP regions. The proposed algorithm is 

shown in Figure 1.  

 

4.1. CT-image enhancement 

The fundamental operation needed to assist cancerous nodule in CT-image is contrast enhancement. 

In many image processing applications, the Laplacian filter is one of the simplest and effective techniques for 

intensity enhancement that presented in as (1). Laplacian filter improves contrast of the cancerous nodules in 

CT-image by applying the Laplacian mask of size 9  9. 
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(1) 

 

where S(x,y) is the intensity value for the processed image, f(x,y) the intensity value for the input image and  

c is consider as one in this paper.  
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Cancerous nodules appear on digitized CT as small regions of size less than 4 mm [23], with 

intensity values higher than their surrounding background. So it is not easy to enhance the cancerous nodules 

regions since surrounding lung tissue makes the abnormality areas almost invisible. Therefore, the modified 

average filter is implemented to smooth the edges of the processed Laplacian enhancement image [24].  

This in case will slightly enhance the Cancerous nodules regions to be easily detected in the next stage.  

After extensive analysis of 60 Cancerous CT images, we concluded that all cancerous nodules have 

grey scale values in the range from 80 to 230. In accordance with these observations, each CT-image is 

processed using the modified average filter that presented on (2). 
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where Sk is the intensity value for the processed image, rj the intensity value for the input image and m and n 

are the mask size. After processing the Laplacian and modified average filter, the cancerous nodule regions 

become slightly brighter corresponding to the neighbor regions as shown in Figure 2. This will assist in 

detection the region of interest that will be discussed in the next section. 
 

 

 
 

Figure 1. Proposed CAD system 

 

 

  

 

Figure 2. Cancerous nodule enhancement result 
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4.2.  Potential region of interest 

In order to detect cancerous nodules region, two concentric circular masks are used as shown in 

Figure 3. When centered of the cancerous nodule, the inner masked region included the cancerous nodule 

while the outer masked region included the surrounding region. Based on CT-Image resolution which is  

45 µm × 45 µm, the inner mask of the filter is determined. Whereas,  the outer mask size is computed as trial 

and error and it was found that mask of size 120 µm × 120 µm is significant to be used in this case [25]. 

 

 

 
 

Figure 3. Two concentric circular masks 

 

 

The two concentric circular masks was tested on 60 CT-images and it found that all cancerous 

nodules are detected with large number of false positive regions. Detection the PROI cluster is designed 

based on the fact that the cancerous nodules are brighter than the neighbor pixels. Therefore, in order to 

select PROI two conditions should be satisfied, average value for the inner mask should be greater than outer 

mask and the intensity pixel value of the center of the inner mask should be the highest intensity in the mask.  

After processing 60 CT-images using PROI algorithm, it was noticed that all cancerous nodules in 

the CT-images are detected but many detected false positive (FP) regions as shown in Figure 4. This in case 

will reduce the sensitivity of the proposed CAD system. Therefore, wavelet features will be applied to reduce 

number of detected FP clusters and increase the sensitivity of this CAD system. 

 

 

  
 

Figure 4. PROI processing result 

 

 

4.3.  Wavelet features 
Wavelet Daucechies (BD4) transform is used in this paper to generate the wavelet coefficient that 

will be used to classify the detected regions to TP and FP regions. ROI of size 13 × 13 pixels is implemented 

using wavelet DB4 to generate TP wavelet coefficient features which are minimum_value and maximum _value  

of the coefficients, average_value of the coefficients, and standard_deviation between the coefficients.  

These features are extracted from low frequency image at Daucechies (BD4) with level 2 as shown in Figure 5. 
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Figure 5. Wavelet decomposition at level 2 

 

 

4.4.  Support vector machine 

Classification and regression technique is used in this paper to classify the TP and FP region using 

support vector machines (SVM). SVM is known to be an excellent tool for binary classification problems, 

similar to the one here, by seeking the optimal separating hyperplane that provides efficient separation of  

the data and maximizes the margin. SVM is mainly divided into two main stages: collecting data stage and 

learning process stage. These stages are presented as follow: 

 

4.4.1. Collecting data stage 

In SVM both input and output data should be known. So, the four wavelet features are extracted 

from 50 normal regions and 60 cancerous nodule region. As a results, we generate an input vectors: four 

vectors of size 50 for normal cases and four vectors of size 60 for cancerous cases. On the other hand, two 

outputs nodes are used to classify the cases to normal and abnormal cases based on output vector of 0.1 and 

0.9 for normal and abnormal cases respectively. 

 

4.4.2. Learning process stage 

The values of the input matrix are arranged as a training vector in a manner similar to the Jackknife 

technique, where 70% of the inputs data were used for the SVM training phases and the remaining 30% were 

used for the SVM testing phases. ANOVA kernel technique is considered as a best classification tool 

comparing with other kernel methods. The ANOVA kernel, which is shown in (3), has two parameters, 

the gamma () parameter and the exponential degree (d) parameter. These two parameters control the shape 

of the kernel. 
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Therefore, different experimental results are implemented to find the optimal value to gamma and the degree 

as shown in Figure 6. 
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Figure 6. SVM ANOVA analysis curves 

 

 

5. ALGORITHM EVALUATION 

The cancerous nodule enhancement and detection algorithm is applied on 60 CT images. Then, four 

wavelet coefficient features are generated. The algorithm is subjectively evaluated using three radiologist, 

where number of detected FP regions are counted per image. Also TP percentage of each image is also 

recoded. Finally, the average of detected FP region and TP percentage is presented in the Table 1 after 

processing 60 CT images. From Table 1, it is clearly noticed the proposed CAD system can accurately detect 

the cancerous nodules with minimum number if detected FP regions. So the TP ratio achieved 94.5% with FP 

rate 7 clusters/ image. Figure 7 show complete CAD system detection stages. 

 

 

Table 1. Image quality evaluation  
Variable Average of detected FP region (cluster) Average of TP (%) 

Radiologist  1 8 93 

Radiologist  2 6 95 

Radiologist  3 9 96 

 

 

    
Original image Image Enhancement Image with PROI  

 

Figure 7. Accurate detection of cancerous nodules 

 

 

6. CONCLUSION  

An adaptive CAD system that is used to accurately detect the cancerous nodules in CT-images is 

proposed in this paper. The proposed algorithm is divided into four stages. The cancerous nodules are 

enhanced using the Laplacian filter. Then, the average filter is modified based on the lower and upper grey 

levels of the cancerous nodules in the CT images. This incase, slightly enhances the cancerous nodules in  

the mammogram images. In the second phase, the potential region of interest is detected based on the visual 

appearance of cancerous nodules regions in CT-Images. The processed CT-image has many detected FP 

SVM ANOVA Analysis
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regions, therefore, SVM and wavelet features are used to reduce the detected FP regions. So four wavelet 

features are generated then SVM is implemented to classify the detected regions to TP and FP regions.  

As a result, the proposed algorithm is subjectively and objectively tested on 60 CT images and it shows that 

is algorithm can detect the cancerous nodules with an average rate 94.5% with FP regions of 7 cluster/image. 
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