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Abstract—Medical imaging appliances play a pivotal role 

in preventive medicine as the industry combat to low 

patient expense and acquire early disease estimation 

using nonintrusive methods. There are proprietary 

software packages which provide fast development for 

designing image processing algorithms. Another trend is 

to use open source softwares. With the advancement of 

VLSI (Very Large Scale Integration) technology, 

hardware implementation has also become an alternative. 

Proprietary hardwares provide flexibility, efficient power 

and timing constraints whereas open source hardwares 

provide optimum quality and cost constraints. The 

Present study is useful for image architects, researchers, 

biologists to learn various proprietary and open sources 

softwares as well as hardwares utilized for distinct 

applications of the healthcare industry. 

 

Index Terms—BioimageXD, XSG (Xilinx system 

generator), Paraview, Raspberry pi, Panda boards, FPGA 

(Field-programmable gate array). 

 

I.  INTRODUCTION 

Digital image processing is used in every sphere of life 

such as remote sensing, surveillance, agriculture, food 

industry and medical etc. Medical image processing is an 

emerging field in order to provide health monitoring. 

Image architects use proprietary tools which include 

Matlab/Simulink (The Mathswork Inc.) and LabVIEW 

(National Instruments Corporation).Matlab is used for 

algorithmic development and Simulink for system level 

design. Another graphical modeling tool is LabVIEW 

which provide high resolution with low latency. These 

proprietary tools are also utilized for hardware 

implementation of images. Biologist uses open source 

medical toolkits in order to detect artifacts. These toolkits 

are not developed for hardware implementation. Another 

option is to use general purpose open sources for image 

processing such as Scilab (The Scilab consortium) and 

OpenCV (Open Source Computer Vision) [6] which are 

compatible via software as well as hardware level 

implementation. Most of the researchers use FPGA 

boards [2] for hardware implementation of images due to 

its accuracy while rest uses open sources hardwares [20] 

such as Arduino, Beagle board [21], Panda board [45] 

and Raspberry Pi board [5] due to its cost effective 

constraints. The best option is to use a combination of 

open source software with open source hardware. 

Medical images consist various modalities such as 

MRI (medical resonance imaging) which uses magnetic 

field with radio frequencies introduced into it, CT 

(computed tomography) and PET (positron emission 

tomography) used for cancer diagnosis. These modalities 

provide grayscale images [41]. A combination of 

computed tomography with PET (PET/CT) also plays an 

important role in medical imaging. Apart from these, 

there are other functional imaging modalities exist which 

are used for detection of diseases such as lung cancer. 

These include Diffusion-weighted magnetic resonance 

imaging (DW-MRI), dynamic enhanced CT (DCE-CT), 

and (FDG-PET/CT) integrated positron emission 

tomography and CT with F-FGD (fluorodeoxyglucose). 

DCE-CT is used for visualization and measurement of 

blood flow, volumes, tumors with high accuracy while 

DW-MRI shows water molecules diffusion within the 

tissues, FDG-PET/CT describes the metabolisms of 

tumors. Hence, these functional imaging modalities are 

very crucial in the field of disease detection [36]. This 

medical imaging is used to create images of a patient 

body which consist different modalities which are very 

unique. Image processing has most prominent 

applications in the field of medical [27]. It includes the 

application areas in which information is extracted from 

the medical images [44]. As medical images obtained 

from various cameras which consist various types of 

noises and complexity [46]. Hence medical image 

processing is used to achieve better results which involve 

various operations. This approach deals with medical 

images by applying different algorithms at different 

stages. It includes segmentation in order to extract stones, 
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cancer cells and tumors and enhancement in order to 

improve the quality of images [37]. 
 

II.  MEDICAL IMAGE PROCESSING VIA SOFTWARE 

There are various tools which can be utilized for 

medical image processing as depicted in figure 1. 

Proprietary tools provide fast development, accuracy, 

flexibility and speed constraints. Open source softwares 

are those whose source code can be modified or enhanced 

by anyone. These are free of cost while proprietary 

softwares are very costly and also it consists some 

restrictions regarding license availability. 
 

 

Fig.1. Classification of softwares used for image processing 

A.  Proprietary Softwares for Medical Image Processing 

Medical image processing uses proprietary tools to 

design various algorithms. These proprietary tools are 

Matlab/Simulink and LabVIEW. These tools are widely 

utilized in distinct applications of image processing.  

Image processing using Matlab can be done in two 

ways either by using programming which includes script 

file or by using computer vision library of Simulink in 

which models are designed. Matlab is used by image 

architects in order to analyze images quantitatively and 

qualitatively [31]. It involves various operations like pre-

processing of images in order to remove noise and 

artifacts from the images. Various algorithms of image 

processing such as image inversion, enhancement [57], 

segmentation [42] algorithms implemented using Matlab 

are depicted in figure 2.  

 

 

Fig.2. (a-d):  Image processing using Matlab 

 

Another option is to use LabVIEW which consist some 

special tools for image processing [60]. IMAQ vision 

toolbox in LabVIEW which is a part of NI Vision 

contains a complete set of image acquisition and image 

processing functions which makes image processing 

more efficient as no programming is required. It includes 

various blocks like IMAQ read image and IMAQ create 

image block in order to design models for image 

processing. IMAQ toolbox is very efficient for 

applications of image processing. Vision assistant can 

  

(a) Input image (b) Image inversion 

 

 

(c) Image enhancement (d) Edge detection 

Softwares for image processing 

Proprietary softwares Open source softwares 
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also be used for developing image processing algorithms. 

In this performance can be analyzed by calculating 

statistical parameters and these parameters can also be 

analyzed from line profile in vision assistance. Statistical 

parameters can also be analyzed using IMAQ toolbox. 

Image processing using LabVIEW is depicted in figure 3. 

 

Fig.3. (a-d):  Image processing using LabVIEW 

 

Proprietary tools such as Matlab [16] and LabVIEW 

are very efficient for designing image processing 

algorithms. Image architects utilized these tools for 

distinct applications of image processing. These tools can 

interact with some open source tool. These tools are more 

popular because of their accuracy, flexibility and timing 

constraints. These tools are also utilized for hardware 

implementation of images.  

B.  Open Source Toolkits for Medical Image Processing 

Open source softwares provide accurately and cost 

effective access to the scientist in order to provide the 

wealth of information. The source code of these tools can 

be enhanced or modified by anyone. Open source toolkits 

are used to meet constraints such as faster feature 

implementation, free of cost, fast fixes for security, 

multiple options for a given task and fast upgrades to new 

releases. Open source tools for image processing are 

capable of performing basic operations on images such as 

image inversion, enhancement, compression, fusion, 

segmentation etc along with some additional features. 

These tools are divided into two categories as depicted in 

figure 4. General purpose open source tools are 

applicable for distinct applications whereas application 

specific open source tools are applicable for a specific 

application. 

 

 

Fig.4. Classification of open source tools for image processing 

General purpose open source tools: General purpose 

open source tools are those which are generally used for 

various applications. For image processing, open source 

tools such as Scilab and OpenCV [28] are general 

purpose open sources which are used to design 

algorithms for segmentation, enhancement etc for 

  

(a) Input image (b) Image inversion 

  

(c) Image enhancement (d) Edge detection 

Open Source Tools for 

Image Processing 

General Purpose Open 

Source Tools 

Application Specific 

Open Source Tools 
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different applications. These softwares are applicable in 

various fields such as food industry, medical, agriculture, 

remote sensing etc. Scilab is open source software which 

can be utilized for image processing at the software level.  

There are three open source toolkits used in Scilab for 

designing image processing algorithms which are SIP 

(Scilab Image Processing), IPD (Image processing design) 

toolbox and SIVP (Scilab Image and Video Processing). 

SIVP is based on OpenCV [15]. Image processing using 

SIVP is as depicted in figure 5. 

 

  

(a) Input image (b) Image inversion 

  
(c) Image enhancement (d) Edge detection 

Fig.5. (a-d): Image processing using SIVP (Scilab Image and Video Processing) toolkit 

Table1. Open source medical image analysis softwares 

Sr. no. Software Applications Reference 

1 VTK Commercial applications of medical and research and development www.vtk.org 

2 ITK Visualization, analysis,  image-guided surgery applications www.itk.org 

3 FSL Analysis of brain imaging data fsl.fmrib.ox.ac.uk/fsl/fslwiki/FSL 

4. SPM Analyze data of  brain imaging www.fil.ion.ucl.ac.uk/spm/ 

5 GIMIAS Filtering, segmentation and extraction of region of interest www.gimias.org 

6 3D Slicer Image registration and builds surface models from image labels, automatic 

segmentation, 3D visualization 

www.slicer.org 

7 MIA Performs various tasks on 2D,  3D images http://mia.sourceforge.net 

8 Camino Brain imaging in order to detect brain disorders http://cmic.cs.ucl.ac.uk/camino 

9 ITK-Snap Automatic segmentation in order to extract tumors in CT and MRI. http://www.itksnap.org 

10 Paraview Multi-platform visualization, data visualization to analyze large data sets by using 

distributed memory resources 

www.paraview.org 

11 VV Visualization of 2D, 3D, 4D images, performs operations such as fusion and 

placement of landmark 

http://www.creatis.insa-

lyon.fr/rio/vv 

12 Fiji Segmentation, registration, visualization, some advanced level operations Fiji.sc/Fiji 

13 BioimageXD Segmentation, filtering, visualization, qualitative analysis of images www.bioimagexd.net/ 

14 elastix Registration of medical images http://elastix.isi.uu.nl/ 

15 MITK-DI Visualization, reconstruction,  pre-processing of diffused images Mitk.org/wiki/DiffusionImaging 
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Application specific open source tools: These tools are 

designed for some specific applications. For example, the 

specially designed toolkit for medical is not applicable in 

the field of agriculture and remote sensing etc. For 

medical image processing, there are some specially 

designed toolkits which performed operations on medical 

images. It also performs some additional operations on 

images which are beneficial for detecting diseases.      

Application specific open source tools for medical 

image processing are of three types- programming based, 

Simulation-based and GUI based [61]. Some open 

sources are in the form of toolkits and these toolkits can 

be interfaced with MATLAB/Simulink. Some of the open 

sources toolkits used for medical image analysis are as 

depicted in table 1. 

These toolkits are used by biologists in order to detect 

diseases. These toolkits performed various image 

processing operations along with some additional 

operations which are required for distinct biomedical 

applications. Image processing using medical toolkit VV 

[62] which is 4D slider is as depicted in figure 6. 

 

Fig.6. (a-d): Image processing using VV (4D Slicer) 

 

The open source softwares can also perform the same 

operations which can be performed using proprietary 

tools. Biologists directly utilize these open sources 

toolkits for medical applications in order to detect 

abnormalities and disease. 
 

III.  MEDICAL IMAGE PROCESSING VIA HARDWARE 

Hardware implementation has become a very attractive 

alternative with the advancement in the VLSI (Very 

Large Scale Integration) technology [9]. Hardware 

implementations consist parallel and pipeline architecture 

which reduces the execution time [29]. 

 

Hardware implementation of images focuses on cost, 

time and power parameters [30]. There are various 

technologies available for implementing images. 

Hardware implementation is used in order to meet 

constraints such as high speed, feasibility, less time 

consumption, possibility of Simulation of logic input on 

hardware and co-simulation of already simulated logic 

[34]. It helps in the reformulation of the algorithm, 

minimizes time-to-market cost and provides debugging 

and prototyping [35]. Hardware used for image 

processing is of two types such as proprietary hardwares 

and open source hardwares [39]. Different types of 

hardwares utilized for implementation of image 

processing algorithm are depicted in figure 7. 

 

 

.

  

(a) Input image (b) Image inversion 

  

(c) Image enhancement (d) Edge detection 
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Fig.7. Types of hardwares used for implementing image processing algorithms 

 

A.  Proprietary Hardware for Medical Image Processing 

FPGA [3] is a proprietary hardware which is highly 

preferable for implementation due to its small size, low 

power consumption. Image architects generally use 

proprietary hardware for image processing. Matlab and 

LabVIEW are utilized by image architects for hardware 

implementation of images. 

 

Architects prefer Matlab for Hardware implementation 

using FPGAs [4]. FPGA implementation can be done 

either by using Xilinx System Generator (XSG) or FPGA 

in the loop (FIL) [10]. Xilinx creates a library in Simulink 

called Xilinx system generator which generates VHDL 

code [12]. Simulink model for image processing 

algorithms using blocks of XSG library [18] along with 

output image is depicted in table 2. 

Table 2.FPGA implementation of image processing algorithms 

 

Algorithm Simulink model using Xilinx System Generator Result 

Image inversion 

  

Image enhancement 

 
 

Edge detection 

  

FPGA 

Board 

Hardwares used for Implementing Image Processing Algorithms 

Proprietary Hardware Open Source Hardwares 
 

 

Beagle 

Board 

Panda 

Board 

Raspberry Pi 

Board 
Ardiuno 

Board 

 

 



16 Acceleration of Images via Software and Hardware using Proprietary Tools & Open Sources for Healthcare Industry  

Copyright © 2017 MECS                                                        I.J. Image, Graphics and Signal Processing, 2017, 7, 10-22 

The merit of using Xilinx system generator is that the 

architects can estimate the utilized components of FPGA 

[14]. The device utilization summary provides the 

information regarding components used for designing 

algorithms of image processing [58]. Device utilization 

summary for edge detection algorithm is as shown in 

table 3. 

Table 3. Device utilization summary of edged detection using Xilinx System Generator 

 
 

Sr. no. Image processing algorithms Slices Flip Flops LUTs IOBs GCLKs 

1 Image inversion 1 1 16 33 1 

2 Image enhancement 1 1 - 41 1 

3 Edge detection 235 443 181 44 1 

 

 
(a) RTL view of image inversion 

 
(b) RTL view of image enhancement 

 
(c) RTL view of edge detection 

Fig.8. (a-c): Register Transfer Logic (RTL) view of image processing algorithms 
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Xilinx system generator is a mapping tool as it 

provides hardware software co-simulation [19]. RTL 

(Register Transfer Logic) view is a schematic 

representation in terms of gates, adders, multipliers etc 

[26]. RTL view of image processing algorithms is 

depicted in figure 8. 

RTL view helps to discover design issues at the early 

stage [24]. Hardware implementation of medical image 

processing can also be done by using LabVIEW. In the 

case of LabVIEW, it is not possible to directly interact 

with FPGA. Hence image architects utilize Zed board and 

Zynq 7000, MyRIO [7] for hardware implementation of 

images It requires the installation of vision development 

module with NI LabVIEW FPGA module. Image 

processing algorithms which utilize a minimum number 

of resources, minimum time along with minimum power 

is very efficient for designing equipment for healthcare 

sector [22].  

B.  Open Source Hardware for Medical Image 

Processing  

Hardware implementation using open source 

hardwares such as beagle board, panda board, and 

raspberry pi boards [25] can be done by using Simulink. 

Simulink provides built-in support for running and testing 

image processing algorithms on these low-cost image 

processing hardwares. For hardware implementation 

using beagle board [40], architects use Matlab2012a or 

later versions. For this, an additional library needs to be 

installed. Simulink model for image processing 

algorithms using beagle board is depicted in figure 9. 

 

 

Fig.9. Simulink model of image processing algorithms using beagle 

board [32] 

 

Fig.10. (a-d): Image processing using beagle board [49]

  

(a) Input image (b) Image inversion 

  

(c) Image enhancement (d) Edge detection 
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In order to analyze results using open source hardwares 

the output of SDL video display needs to be rotated and 

flipped. Image processing algorithms such as image 

inversion, image enhancement, edge detection using 

Simulink support package for beagle board [49] hardware 

library and computer vision library is depicted in figure 

10. 

Matlab2012b is utilized by architects for implementing 

image processing algorithms using panda board. Its 

implementation is similar to beagle board. For 

implementation using Arduino, architects need to 

generate C code using Simulink.  

Raspberry Pi [8] is a credit card size small hardware 

used for image processing. It is used in various 

applications of image processing. For implementing 

image processing algorithms on raspberry pi, MATLAB 

2013a or above version is required. Simulink has inbuilt 

support for raspberry pi hardware [11]. For this Simulink 

support package for raspberry pi hardware, a library 

needs to be installed. Simulink model for implementation 

of image processing algorithm consist of implementing 

image processing algorithms using raspberry pi board [13] 

is depicted in figure 11. 

 

 
 

Fig.11. Simulink model of image processing algorithms using beagle 

board [33] 

Image processing algorithms using Simulink support 

package for raspberry pi hardware library and computer 

vision library is as depicted in figure 12. 

 

Fig.12. (a-d): Image processing using raspberry pi [43] 

 

 

 

 

 

 

 

 

  

(a) Input image (b) Image inversion 

  

(c) Image enhancement (d) Edge detection 
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Open source hardwares such as beagle board [1] and 

raspberry pi board provides cost effective framework 

along with optimum quality.  

 

IV.  CONCLUSION 

Healthcare industry design CT scan, MRI and 

Ultrasound machines which are used by radiologists in 

order to detect artifacts and abnormalities in the human 

body. These equipment consist image processing 

algorithms. Image architects use proprietary tools such as 

Matlab and LabVIEW for implementing image 

processing algorithms. In this study, we have used 

computer vision library of Simulink in order to design 

image processing algorithms. The IMAQ vision toolbox 

is utilized for performing image processing algorithms 

using LabVIEW. LabVIEW provides a very fast 

implementation. Hence it is very efficient for real-time 

implementation. Matlab/Simulink has built-in support for 

hardware implementation. It is very efficient for 

hardware implementation of images. In the case of 

LabVIEW, it is not possible to directly interact with 

FPGA. Hence image architects utilize Zed board and 

Zynq 7000 for hardware implementation of images. So 

we have concluded that proprietary tools are very 

efficient for implementing image processing algorithms. 

The cost of these proprietary tools is very high and also 

sometimes compatibility difficulties arise due to technical 

changes in the new release. Due to the high cost of these 

softwares, healthcare industry does not provide the cost 

effective solution to the rural and economically backward 

people. Hence in order to achieve cost-effective 

constraints along with optimum quality open source tools 

can be utilized. In this we have used Scilab image and 

video processing (SIVP) toolkit which is a general 

purpose tool for designing image processing algorithms. 

We have concluded that SIVP is very efficient for 

implementation of images via software. But still, it is not 

developed for hardware implementation. OpenCV is very 

efficient software for implementation of images via 

software and hardware. So these tools are can be utilized 

by image architects for developing image processing 

algorithms. The proprietary tools such as Matlab, 

LabVIEW, general purposes open sources such as Scilab 

and OpenCV are used only by image architects but not by 

biologists. Hence there are some special toolkits which 

are designed for biologists in order to detect 

abnormalities and diseases. These toolkits perform 

various additional operations which are required for the 

clinical purpose.  

Medical equipment such as CT scan, MRI, Ultrasound 

machines consists FPGA and other DSP kits. FPGAs are 

used in medical equipment in order to meet constraints 

such as power efficiency, high speed etc. Image 

processing algorithms for FPGA using Xilinx System 

Generator (XSG) provides flexibility, efficiency, speed 

constraints. It utilizes a limited number of resources at 

maximum frequency and minimum power which is very 

efficient for designing equipment for the healthcare 

industry. In order to meet cost-effective constraints along 

with optimum quality, open source hardwares are also a 

good option. There are various open sources DSP kits 

such as Arduino, beagle board, panda board and 

raspberry pi board. Simulink has built-in support for open 

source hardwares such as beagle board and raspberry pi 

board. Open source hardwares for image processing 

provide a cost effective framework along with optimum 

quality for the healthcare industry in order to provide 

betterment in health monitoring of rural and economically 

backward people. 
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