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Abstract 
  

The detection of Deep Vein Thrombosis (DVT) during the early stage is 

critical for preventing any adverse effect. DVT is one of the major causes of 

diseases that are related to blood circulatory system in human. This article 

proposes a methodology for the early detection of DVT through the 

photographic images captured using smartphones as edge devices. Unlike the 

traditional methods, the proposed methodology utilizes the edge computing 

as a green computing initiative. The manifestation of telangiectasia is used as 

the early bio marker. The proposed image analysis model uses image super-

resolution (SR) for pre-processing. The telangiectasia in the skin on the legs 

are detected using hessian matrix based image detection approach. The 

experiments were done with the globally available DVT and Varicose vein  
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images as well as the photographic images captured through smartphones. 

The proposed robust approach produces excellent results without requiring 

any restricted environment for capturing the images. 
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1. Introduction  
 

Deep vein thrombosis is the development of thrombosis within the deep 

veins of the pelvis or lower limbs [1]. The blood clots formed inside the 

veins may cause major blood circulatory related problems including cardiac 

arrest. The major causes of DVT are age, obesity, surgery, limited 

movement, and injury to a vein. A representation of DVT is given in Fig.1 

[2]. Symptoms of DVT include leg pain, red or light skin in the leg and 

warmth in the affected leg [3]. The common complications associated with 

DVT are pulmonary embolism and Post-thrombotic Syndrome (Postphlebitic 

syndrome) [4-7]. 

 

 
 

Figure 1 Depiction of DVT 

 

 
 

Figure 2 Depiction of complications of DVT 
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Pulmonary Embolism. Clogged blood vessel in the lungs. Usually, 

blockage is caused by a blood clot or one component. These lesions usually 

grow on the legs (DVT). A piece of clot in a leg can break and run from your 

body through your bloodstream to your lungs, where it gets stuck. 

Clinical diagnosis of DVT is performed by modifying the following 

methods. They are Duplex Ultrasonography - a standard imaging mechanism 

utilizing sound waves for monitor blood flow to arteries, a D-dimer blood 

test to identify blood clot of a fracture, Contrast venography - a variant of X-

ray Deep and pelvic arteries, computed tomography (CT), and Magnetic 

resonance imaging (MRI) are also used for evaluation [8-12]. 

The detection of DVT in the earlier stage itself is very difficult to 

achieve, as there are no restricted set of bio markers. Based on the studies, it 

is identified that cutaneous manifestation of telangiectasia can be used as a 

bio marker of DVT.  One of the methods use the automated analysis of 

photographic images that help in predicting the onset of DVT by taking the 

images of the lower limbs. Based on the change in the color of the skin, the 

system finds the region of interest (ROI) of telangiectasia and produces the 

results. It does require a well-organized set up of taking the photographic 

images [13]. By applying the image processing techniques, the system finds 

the results. However, photographic images are taken in a controlled 

environment, with trained operators. Due to exponential growth in the 

communication and network technology, Internet of Things (IoT) has 

become an integral part of human lives. The IoT-Healthcare tries to provide 

the access of efficient healthcare services to the people in the remote areas of 

the landscape. The major advantage of IoT-healthcare is that, it does not 

require the patients to travel from faraway remote places to access the 

facilities. The people in developing countries benefit a lot from the 

development of these applications. 

The remainder of this article is arranged as follows. The proposed IoT 

based methodology for DVT detection is explained in section 2. Section 3 

presents the evaluation results. Conclusion and future direction of research 

are presented in section 4.  
 

2 Proposed DVT Detection Approach 
 

In developing countries many DVT cases go unnoticed due to the lack of 

awareness about the consequences. In this article, an image processing 

technique is proposed as a supporting tool. The proposed technique will help 

the detection of DVT with the help of telangiectasia as the early bio 

markers.The digital images taken with the help of a simple smartphone will 

be the source of input for the tool. The major advantage of the proposed 

model is that, It does not need any specific environment for the images to be 

captured. The proposed DVT detection model is depicted in Fig.3. This 

figure depicts the flow of operations. It has four phases namely Image 

Capturing, Image Preprocessing – Super-Resolution, Telangiectasia  
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Figure 3 Flow Diagram of the Proposed Model 

 

Detection and Prescription.Image Capturing: Unlike the traditional detection 

methods, the proposed model uses the photographic images taken with the 

help of smartphones. This phase does not require any dedicated environment 

and setting up of lights. Any person can capture the photograph of the 

affected or the suspected leg. 

Image Preprocessing: The preprocessing helps the analysis of digital image 

to produce better results. The proposed approach uses learning based image 

super-resolution as the preprocessing step. SR improves the resolution of 

digital images. The deeplearning based image super-resolution yields better 

image quality in terms of quantitative and qualitative measures.  
The super-resolution is accomplished by the following procedure  

        Step 1. Learning dictionary construction: The dictionary forms the 

basis of training. It is constructed using image pyramid construction, green 

channel extraction, and sparse representation. The equations 1 to 4 represent 

this sequence of steps.The green channel G is extracted from the RGB model 

by using the formula given in (1). 

                 .                                                 (1) 

where g represents the compulsory part of the green channel. R, G, B 

represent red, green, and blue respectively. The relationship shown in (2) 

explains the relationship among the images in terms of size at each level of 

the pyramid. In the event of the pyramid haing four levels,  

                                             and    

            
 

 
                                                      (2) 

Here size (Ii) represents the size of the image I at level i of the pyramid. 

Level 1 holds the input image. Formula that is expressed in (3) gives the 

expression for sparse coding. 

   ‖  ‖   ‖       ‖ 
    ,                              (3) 
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where    is training image patch,    stands for complete dictionary,    

represents sparse coefficient vector, and   denotes noise. This is designed to 

solve (4) 

.   
 

 
‖       ‖ 

    ‖  ‖                                 (4) 

Where sparsity and balance prediction error are balanced using  . The 

interpolated images form     . This sparse model creates the training set for 

learning. 

 Step 2. Intermediate result generation: The intermediate patches are 

created using support vector regression. The SVR separates the training 

vectors in the ф- map space having the error cost    . Further, the SVR 

omits others distributions during the insertion of data into high space. The 

same is given in (5). 

        
 

 
       ∑   

 
    subject to 

   ( 
         )       ,                                   (5)                                                 

Where y is the value of the pixel that is being concentrated on, b 

represents offset,   is used as the norm vector for nonlinear mapping, the 

number of training patches are l in training,       represents the sparse 

model.  

         Step 3. Image Reconstruction: The image patches generated by 

learning are used for this process. Sigmoid kernel is represented in (6). 

 (     )            
                                       (6) 

here    is the test vector.   is the scaling factor of input, and   is the 

shifting parameter. Sigmoid kernel is chosen to map the output in a high 

dimensional feature space. The images taken from the smartphone are 

transmitted to the cloud backbone. The preprocessing is done using image 

super-resolution algorithms. This will improve the spatial resolution of 

images by improving the signal strength. Nowadays, a number of SR 

algorithms use neural network based approaches that help them to produce 

better generalization and outcomes. 

Step 4. Telangiectasia Detection: The detection of Telangiectasia is 

achieved by following a two-step process namely, Detection of RoI and 

Telangiectasia Identification. 

Detection of RoI. It is essential for the image analysis system to concentrate 

only on the affected areas rather than analyzing the complete image. The 

region of interest is identified based on the skin patterns. As the 

manifestation of telangiectasia will affect the skin, the proposed model uses 

the pattern of the skin for detecting the RoI.  

Telangiectasia Identification. The core part of the proposed model, the 

telangiectasia detection, uses the change of colors. Since, the photographic 

environment is not a controlled one, the system has to make adjustments 

according to the lighting. It is achieved by having different threshold levels 

for different modes. For instance, the image that are capturing during noon 

may not be as same as that of the ones captured in the evening. The detection  
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of telangiectasia is done with the help of hessian matrix based approach. The 

changes in the color are identified by applying the modified hessian matrix. 

The other major area in which the hessian matrix is used is the detection of 

blood vessels from retinal images [14-16]. The following figure Fig.4. 

depicts the process involved in telangiectasia detection by the proposed 

approach. 

 

 
 

Figure 4 Process of Telangiectasia Detection 
 

Since, the proposed model uses the photographic images from the 

smartphones, it has to take into account, the contents of the images. One of 

the major claims of the proposed approach is that, it does not need any 

dedicated environment and expert to capture the images, thus it is imperative 

for the system to find the RoI. Once, the RoI is identified, the core part of the 

model is triggered, the identification of telangiectasia. It is achieved with the 

hessian matrix based detection.  

       Step 5. Evaluation by Physician: The proposed model is a suitable 

approach to support the IoT healthcare systems by providing early diagnosis. 

After detecting the telangiectasia, the results are directed to the medical 

experts through the cloud backbone. The expert will then be prescribing the 

treatment for the patients. 
 

           

 

Figure 5 Sample Test Images 
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3 Experimental Setup 
 

The globally available images as well as the images taken from the 

smartphones are used for testing the proposed model. A sample set is given 

in Fig.5. The proposed model produced acceptable performance in detecting 

telangiectasia. Many practical applications like video surveillance, remote 

sensing and medical image analysis use image super-resolution as the pre-

processing step [17]. The proposed approach is also making use of one of the 

hybrid image super-resolution approaches that uses deep convolutional 

neural network and SVR [18-19]. The evaluation results without and with the 

application of SR approach are given in Fig.6 and Fig.7. The results of the 

experiments revelaved that the proposed method helps in early detection 

DVT by the manifestation of telangiectasia. 

 

 
 

Figure 6 Experimental results for the images (without super-resolution) 

 

The application image super-resolution approach further improved the 

detection results. The proposed approach worked well for both the standard 

test images as well the images captured by smartphones. 

 

                            
 

Figure 7 Experimental results for the images (with super-resolution) 
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The proposed model achieved the accuracy of 92.5% when detecting the 

manifestation of telangiectasia. The proposed model increases the accuracy 

by 5.11% when compared with the approach that did not use super-

resolution. The major advantages of the proposed approach are cost 

effectiveness, applicability and scalability.  

 

4 Conclusion 
 

DVT is one of the major causes for circulatory related illness. The people 

in the developing countries suffer from DVT due to lack of awareness. The 

early detection of DVT help reducing the risk. One of the early biomarkers 

are the manifestation of telangiectasia in the legs. This article proposed an 

image processing based model which detects telangiectasia with the help of 

photographic images taken from smartphones. The proposed model could 

overcome the requirement of dedicated environment for capturing the 

images. Further, the proposed model supports IoT based healthcare systems 

thereby aiming to help the millions in the developing nations. 
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