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ABSTRACT 

There are various challenges to be found throughout the design and 

implementation of a device concerning the lighting system and the image processing 

algorithms in vein detection. While a very few devices based on the infrared technique 

have been put into operation, there is still exists a strong need to develop a much 

advanced medical devices. The major problem faced by the doctors today during 

accessing veins for intra-venous drug delivery and blood transfusion in some cases 

became difficult due to the improper detection of veins which causes severe problems 

like bruises, rashes, blood clot etc. Therefore in this paper a non-invasive subcutaneous 

vein detection system has been developed successfully based on near infrared imaging 

using the Linux as the development platform. Hardware used in this paper is the 

portable computer, customized IR sensitive camera, LED lighting system, and a limb 

resting base. A customized webcam is used for capturing the vein images. These images 

are low in contrast and clarity, so for contrast enhancement, OpenCV tool histogram 

equalization algorithm is applied. 
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INTRODUCTION 

Vein detection is one of the latest 

technologies in biomedical field. Huge 

progresses is made in the field of biomedical 

imaging, but generally have resulted in high 

product costs. As compared to infrared 

imaging, significant amount of work is done in 

other areas of imaging techniques. The use of 

infrared imaging technique is a relatively less 

explored area and it promises to deliver high-

end results at low development costs. The 

major clinical problem faced by the physicians 

is paediatrics difficulty in accessing veins for 

intra-venous drug delivery [7].  

It is relevant that in case of, obese, dark 

toned people and sometimes in adult patients, 

locating veins becomes a very difficult task. 

Unnecessary puncturing of veins is done by the 

physicians because the visibility of veins is not 

clear. It causes swelling, irritation, leaking of 

blood and blackening of the skin. Although a 

significant amount of work has been done in 

this area. Therefore, a low-cost, portable, 

compact and efficient infrared imaging 

detection system is the need of the hour. The 

ultimate goal of this paper is to launch this 

system as a full-edged product for human 

welfare and Medicare. 

THE NEED OF VEIN DETECTION 

Bruises, burns and other physical 

injuries make it difficult to locate veins and 

administer life saving drugs or solutions. In 

such cases it becomes very necessary to have a 

device that detects the exact location of veins. 

Also in case of blood transfusion, blood 

donation, blood withdrawal, etc. it is necessary 

to know the exact position of the veins. Even 

trained nurses and doctors find it difficult to 

exactly locate the blood veins, on the first hit, 

especially for obese people [6]. In various 

medical situations, the exact location of veins 

needs to be identified. [12] These situations are, 

but not limited to: 

Intravenous injections: For giving 

medicines and drug to the patients intravenous 

injections are given by doctors and nurses. 

Even saline solutions are given intravenously to 

dehydrated patients. 

Bruises: In cases of vein diseases like 

Deep Vein Thrombosis and Varicose Veins, 

bruises appear on the skin, therefore for the 

treatment of these diseases, detection of veins 

is highly essential. 

 Burns: Accidents involving first or 

second degree of burns causes the scarring of 
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the skin. In such cases the appearance of the 

skin becomes deterred causing the skin to 

appear whiter or in certain cases darker. The 

determination of veins becomes tough in such 

cases as well. 

Blood transfusions: It is a process in 

which blood is given to the person 

intravenously. Blood donation, kidney dialysis 

also goes through the process of blood 

transfusion. Without the precise location of 

veins, the above processes are not possible. 

 Young children: Locating veins in 

young children and infants may be 

especially difficult and having to 

puncture them several times with a 

needle is very frightful and agonizing 

for the child. 

 Geriatrics: Many elderly people often 

require numerous blood tests or 

medicinal injections and an efficient 

means of puncture would reduce 

excessive bruising and enhance the 

patients overall comfort level. 

 Varicose veins: It is a condition in 

which veins become abnormally 

enlarged, bluish and look lumpy. It 

occurs mostly in the legs and develops 

because of loss of elasticity in the walls 

of the veins. Most of the times early 

detection is not possible due to the lack 

of visibility of veins. Therefore by early 

vein detection, this condition can be 

prevented. 

PRINCIPLE OF NIR IMAGING 

The peculiar attribute of NIR radiation 

is that it can penetrate into the biological tissue 

up to 3mm of depth [3]. The reduced 

hemoglobin in venous blood absorbs more of 

this infrared radiation than the surrounding 

tissue. Therefore, by shooting the infrared 

radiation of specific wavelength at the desired 

body part, the vein image can be captured by an 

IR camera. In the resulting image, the veins 

appear darker than the surrounding tissue [3]. 

Biologically, there is a “medical spectral 

window” which extends approximately from 

about 700 to 900 nm, where light in this 

spectral window penetrates deeply into tissues, 

thus allowing for non-invasive investigation 

[3]. Therefore, typically, the wavelength of the 

infrared light beam coming out from a light 

source is selected to be within the near infrared 

region with wavelength around 850nm. Using 

this wavelength, it also avoids undesirable 

interference from the IR radiation (3um - 

14um) emitted by the human body and the 
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environment [3]. In many medical practices, X-

Ray and ultrasonic scanners are used to form 

vascular images. Whilst these methods can 

produce high quality images, it is an invasive 

technique as it requires injection of agents into 

the blood vessels. Infrared is a non-invasive 

technique and is capable of capturing 

subcutaneous veins, i.e. veins on the surface of 

skin. Therefore by exposing the subject’s vein 

to infrared illumination of a specific 

wavelength, vein images can be captured and 

analyzed. 

There are two types of infra-red imaging 

techniques: 

 Far-Infrared (FIR) 

 Near-Infrared (NIR) 

Estimation of the NIR window in tissue 

NIR window can be computed based on 

the absorption coefficient spectrum or the 

effective attenuation coefficient spectrum. A 

possible criterion for selecting the NIR window 

is given by the FWHM of the inverse of these 

spectra. Oxygen saturation will define the 

concentration of oxy and deoxyhemoglobin in 

tissue and so the total absorption spectrum. 

Depending on the type of tissue, we can 

consider different situations.  

 

Absorption spectrum for arteries: 

In this case the arterial oxygen 

saturation is 98%. Then oxyhemoglobin will be 

dominant in the total absorption. 

Absorption spectrum for veins: In this 

case venous oxygen saturation is 60%. Then 

oxyhemoglobin and deoxyhemoglobin will 

have similar contributions to the total 

absorption. 

SYSTEM OVERVIEW 

The subcutaneous vein detection system 

is based on the concept of infrared technique 

which uses infrared as the optical source to 

capture vein images, processes (enhances 

contrast) these images, and displays them on 

screen. A vein imaging and detection system 

has been implemented successfully using the 

computer as the development platform. A 

customized webcam is used for capturing vein 

images which has been interfaced to the board. 

Thereafter, contrast enhancement by histogram 

equalization method is done on the captured 

image and finally the better contrast enhanced 

image is displayed on the monitor. These 

images can also be projected on the limb. This 

type of non-invasive system will provide an 

easy access to the location of veins for giving 

drug delivery and will aid the doctors in 
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making the process of intra-venous injections 

less painful and more efficient [12]. 

 

Figure. 1 System flow block diagram 

Hardware components 

Selection of proper hardware can only 

be done once the specific requirements for the 

application which we are going to develop and 

the system on which we are going to port and 

run the application are first decided. The 

specific requirements which will fulfill the 

complete development of the vein detection 

system prototype are given as follows: 

1. A camera interface should be supported 

by the hardware for capturing vein 

images. 

2. Sufficient memory should be available 

on the hardware for implementing 

Histogram Equalization algorithm and 

to execute the final application. 

3. The hardware should not be bulky as 

the final aim is to develop a portable 

device. 

4. The hardware should support interface 

for the VGA monitor so as to display 

the processed vein images on it. 

5. The overall cost of the board should not 

be too costly as the system is being 

aimed for low cost. 

Selection of camera 

The camera plays a very crucial role in 

the subcutaneous vein detection system. The 

selection criteria of the camera are based on the 

following aspects: 

 The response of image sensor of camera 

should lie in the Near Infra Red region 

(850nm). 

 The camera should not be bulky. 

 It should have a USB interface. 

 The camera's resolution should not be 

less than 640x480. 

 The frame rate per second should not be 

less than 15. 

 The camera should be economical. 

 

 

Figure. 3. Microsoft VX 2000 
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The camera has been customized for the 

required application. The IR filter has been 

removed to allow the IR radiation to pass 

through the lens and hence can capture the 

images even in near infrared source of light [2]. 

 

Lighting system and power supply 

The design of the lighting system is one 

of the most important aspects of image 

acquisition process. A good lighting system 

will provide accurate contrast between the 

veins and the surrounding tissue while keeping 

the illuminations errors to a minimum [6]. 

The lighting system consists of two aspects: 

1. NIR Optical Source 

2. Arrangement of near IR LED's 

 

 
Figure 4.LED arrangement 

LED power supply 

A switched mode power supply has 

been designed according to the specification of 

the current and voltage consumption of near 

infrared LED. The power supply has the rating 

of 15V and 0.4A. [6] The switched mode 

power supply has the following advantages: 

1. It provides a regulated power supply to 

the near IR LED matrix. 

2. Helps in the regulated near infrared 

beam intensity. 

3. In the long run, it will improve the life 

expectancy of LED's. 

The design of the power supply is done 

according to the rating of each LED. The 

maximum current and voltage drop of each 

LED is 1.5V. Therefore accordingly the current 

voltage calculations are done for each 

concentric circle of LED matrix. Also, an 

adjustable potentiometer is provided by which 

the user can change the intensity of radiation as 

according to the environment.  

Portable computer 

 For this paper the following criteria are 

required for  computer: 

 1 GHz CPU (x86 processor (Pentium 4 

or better)) 

 1 GB RAM (system memory) 
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 15 GB of hard-drive space (or USB 

stick, memory card or external drive 

but see LiveCD for an alternative 

approach) 

 800 by 600 screen resolution 

 Either a CD/DVD drive or a USB port 

for the  installer media 

SOFTWARE IMPLEMENTATION  

System flow 

Before defining the software 

requirements, let us take a look at the basic 

flow of the process of Subcutaneous Vein 

Detection System. The first task of the system 

is to switch on the camera and start the 

application. After the start up, the camera will 

start capturing images, the image will get 

stored and after that image processing is done 

on those images using the histogram 

equalization algorithm. Finally the processed 

contrast enhanced image is displayed on the 

monitor. Therefore, in order to manage the 

overall functioning of the vein detection 

system, powering on the camera, capturing the 

image, storing the image, doing histogram 

equalization on the images and displaying the 

images on the monitor, requires extensive 

software support to execute and manage all 

these operations simultaneously. Hence we use 

here a Linux system which can we implement 

open source software [5].  

 

Figure. 4 System overview 

Opencv library 

OpenCV is an open source computer 

vision library which is originally developed by 

Intel. The library is written in C and C++ and 

runs under Linux, Windows and Mac OS X. 

There is active development on interfaces for 

Python, Ruby, Matlab, and other languages. 

One of OpenCV’s goals is to provide a simple-

to-use computer vision infrastructure that helps 

people build fairly sophisticated vision 

applications quickly. The OpenCV library 

contains over 500 functions that span many 

areas in vision, including factory product 

inspection, medical imaging, security, user 

interface, camera calibration, stereo vision, and 

robotics [1]. 
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HISTOGRAM EQUALIZATION 

The histogram is a graphical 

representation of the information contained in 

the image. It shows how the intensity values of 

an image are distributed and the range of 

brightness from dark to bright. For an 8-bit 

grayscale image, the histogram information is 

256 binary sizes. Histogram is a useful tool to 

analyze the brightness and contrast of an 

image. By adjusting the intensity value of the 

pixels, an image can be contrast enhanced. 

Histogram equalization redistributes the pixel 

intensity values evenly by using cumulative 

(sum) histogram as a transfer function. In 

histogram equalization, the input pixel 

intensity, x is transformed to new intensity 

value, x0 by T.  

The transform function, T is the product 

of a cumulative histogram and a scale factor. 

The scale factor is needed to the new intensity 

value within the range of the intensity values, 

for example, 0 to 255.Histogram equalization 

works best on an over or under exposed image, 

which has narrow contrast range. It is seen that 

the pixel values and the cumulative distribution 

function have distributed over the image, and 

hence the image appears clearer and contrast 

enhanced than before [9].  

The proof-of-concept based 

subcutaneous vein detection system uses the 

USB based customized webcam to capture 

640x480 8-bit color images. The output of the 

camera is send to the portable computer. The 

development on the actual hardware consisted 

of the following steps:  

 Enabling device drivers for the camera 

so that its enabled to acquire image  

 Cross-compilation of the open source 

OpenCV image processing library. 

 Developing program to capture the 

image  

 Developing application to process and 

display the image on LCD  

It can be seen that for reducing the 

development cost, all the development is being 

done using tools such OpenCV image 

processing library, Scilab and embedded Linux 

as development and experimentation platform. 

The actual hand image acquired using the 

hardware setup designed is used throughout the 

paper for algorithm testing and implementation 

on the Portable computer [12]. 
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Figure. 5.Histogram Equalisation 

Compilation of the system 

Thereafter, contrast enhancement by 

histogram equalization method is done on the 

captured image and finally the better contrast 

enhanced image is displayed on the monitor. 

These images can also be projected on the limb. 

This type of non-invasive system will provide 

an easy access to the location of veins for 

giving drug delivery and will aid the doctors in 

making the process of intra-venous injections 

less painful and more efficient. The extensive 

use of Open Source tools and software for the 

device development has given remarkable 

results in reducing the overall cost of the 

system. 

 

Fig.6 Original image and histogram equalized 

image 

RESULTS AND CONCLUSION 

The experiments conducted on the 

captured images by the camera, have shown 

that the histogram of these images are not 

spread throughout the image. Therefore several 

attempts have been made to spread the pixel 

values over the whole image so that the image 

appears clearer and contrast enhanced.  Almost 

all the captured images have pixel values in the 

range of 256 and some pixel values have very 

low value. Also the cumulative distribution 

function graph of the image shows that the 

values are irregularly spread. 

Now as the histogram equalization over 

the captured image is performed, the histogram 

values spread over the image. The pixel values 

become normalized and the cumulative 

distribution of the pixels also changes. The 
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resulting image appears a lot better than the 

initial one. 
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