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Abstract 
Drawing blood and injecting drugs are common medical procedures, for which accurate identification of veins is needed 
to avoid causing unnecessary pain. In this paper, we propose a low-cost system for the detection of veins. The system 
emits near-infrared radiation from four light-emitting diodes (LEDs), with a charge-coupled device (CCD) camera 
located in the middle of the LEDs. The camera captures an image of the palm of the hand. A series of digital image-
processing techniques, ranging from image enhancement and increased contrast to isolation using a threshold limit 
based on statistical properties, are applied to effectively isolate the veins from the rest of the image. 
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Introduction 

A major problem faced by medical personnel is difficulty in 
accessing veins for drug delivery or taking blood samples for 
tests [1]. In many cases, even experienced paramedics or 
nurses are unable to reach veins in patients whose veins are 
unclear or invisible, especially in the obese, the elderly, care 
patients, and children [2]. Poor visibility leads to unnecessary 
puncturing of veins, causing problems such as bruises, wounds, 
rashes, blood clots, or permanent damage to the vein [3,4]. In 
these cases, it becomes necessary to have a non-invasive and 
easy to perform veins detection system [5]. The skin consists of 
three main layers: the epidermis, dermis, and hypodermis [6]. 
The epidermis absorbs a portion of the light, and the light 
travels through the epidermis to the tissue beneath it, after 
which it scatters [7]. Most scattering occurs within the dermis 
layer before it spreads to the hypodermis, but part of the light is 
absorbed [8]. The subcutaneous fat scatters a large portion of 
light and absorbs a small portion of it. A small portion of the 
light that reaches the blood is absorbed into the blood vessels 
by the hemoglobin in the blood, but a large part of it scatters 
due to the relatively large size of red blood cells [7,9]. 
Haemoglobin absorbs light in the near-infrared (NIR) 
wavelength, specifically at wavelengths from 740-760 nm [10]. 
Intravenous blood contains deoxyhaemoglobin at a 
concentration greater than that of haemoglobin: the 
concentration of haemoglobin in veins is approximately 47%, 
whereas the concentration of haemoglobin in arteries is 90-
95% [11]. The two types of haemoglobin have different light 
absorption properties, as shown in Figure 1. 
 

 

 

Figure 1. Absorption spectrum of haemoglobin (Hb) [12]. 

The absorption of light by the veins is higher than the 
absorption of light by the arteries between the wavelengths of 
600 to 800 nanometers, as it decreases rapidly with respect to 
deoxyhaemoglobin while it rises slightly and then decreases 
with respect to haemoglobin [13]. Wavelengths from 300 to 
400 nm reach only the epidermis and certain sections of the 
dermis that do not contain any veins [14]. Infrared radiation, 
whose wavelength is between 700 and 1000 nanometers, 
reaches the blood vessels of the base layer. The vein devices 
work by highlighting the patient's skin using bright light-
emitting diodes (LEDs) to display the veins for access [15]. 
The vein pattern can be detected with help of infrared sensors 
[16].  
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Two different imaging techniques, based on far-infrared (FIR) 
and near-infrared radiation [17], can be used. Vein detection 
systems that use FIR produce low-contrast images, rendering it 
difficult to distinguish veins from other components of the 
acquired image [18]. NIR rays penetrate the tissue easily; thus, 
they give clearer images than FIR [19]. Over the past several 
decades, many devices and systems have been developed to 
help nurses and doctors find veins and avoid pointless 
twitching. Chandra et al. designed a system for detecting veins 
at the visible spectrum in a wavelength range of 600-696 nm. 
Although this system was effective in distinguishing the colour 
of the skin, it was not able to locate the veins accurately, and it 
lacked the software to locate the veins [20]. Miura et al. used a 
suggested technique to detect the veins of the fingers using a 
visible light camera and a series of digital image-processing 
techniques; the technique proposed by them was economical 
and inexpensive, but it did not isolate the veins from the other 
image details [21]. Ahmed et al. used an infrared camera and 
captured images in real-time and improved them using contrast 
limited adaptive histogram equalization (CLAHE); the design 
that was used in this system was somewhat expensive, 
especially since the thermal camera is expensive. In addition to 
this, they merely improved the image; they did not isolate the 
veins from the rest of the details of the captured image [18]. 
Prijono et al designed a system for detecting veins based on a 
camera and an infrared filter; they were able to isolate the veins 
from the rest of the image details using modified local line 
binary pattern (MLLBP), but the isolated veins were not 
accurate, and the veins were wide [22]. From previous studies, 
we note that the vein detection techniques used in them fail due 
to their high cost, lack of accurate software for detecting veins, 
and the problem of wide veins; thus, there is no device that 
solves the above problems together. In this paper, we suggest a 
low-cost system that relies on infrared LEDs and a series of 
digital image-processing techniques so that it can detect veins 
accurately and solve the problem of wide vein isolation. 
 

Materials and Methods 

Materials used 
The prototype developed here uses an optional imaging 
technique to improve the visibility of the veins in the dermis 
layer of the skin. The device irradiates the patient’s palm, 
placed on a stationary base at a fixed distance from the charge-
coupled device (CCD) camera, with an NIR wavelength of 
800 nm (Figure 2). The camera is able to detect infrared 
wavelengths that the human eye cannot. A USB cable 
connected between the device and a computer supplies power 
and allows the digital image to be transferred to the computer 
and processed using MATLAB. 

 

Figure 2. The proposed system. 

 

Figure 3. NIR LEDs used for illumination. 

 

Various distances from the camera to the palm (5 cm, 10 cm, 
15 cm, 20 cm, 25 cm, and 30 cm) were selected to find the 
ideal distance for venous quality. The camera captures an 
image of the reflected radiation from the skin, which passes 
through a converter to produce a digital image. The camera 
was chosen for its ideal matrix size of 10-30 micrometers and 
the ability to obtain a signal even in complete darkness, as the 
intensity of the signal depends on the time of exposure and the 
temperature of the camera. The camera is mounted in the 
middle of a 10 x 15 cm panel, and four NIR LEDs with a 
wavelength of 800 nm are placed around the camera, as 
depicted in Figure 3. This arrangement of LEDs around the 
camera gives an effective distribution of lighting. 
 The images were processed using MATLAB. The aim of this 
project was not to create a commercial prototype but rather to 
find the processing algorithm that demonstrated the best results 
for vein identification. 
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Blood vein detection algorithm 
The software used for developing the vein detection algorithm 
was MATLAB R2012b. The algorithm can be summarized in 
six steps (Figure 4): 

1. Read the input image acquired by shining near-infrared 
radiation on the palm of a subject. Figure 5 shows the 
colour image acquired by the system. 

2. Convert the red, green, and blue (RGB) image into a 
greyscale image by applying specific weights to the 
red, green, and blue channels. These weights were 
0.2989, 0.5870, and 0.1140, respectively. The 
conversion equation has the following form [23]: 

   BGR *1140.0*5870.0*2989.0 ++  Eq. 1 

3. Enhance the greyscale image using a Wiener filter. 
Image enhancement serves the important purpose of 
removing noise from the image. Noise may come from 
the camera sensor or may be introduced during image 
transfer and storage [24]. The image is further 
enhanced by reducing or removing blur from the 
image. The Wiener filter is a low-pass filter that 
depends on the colour density of the image and uses 
the mean and standard deviation to determine which 
pixels will be replaced with the centre of the window 
within the field of adjacent pixels [25]. 

4. Apply the CLAHE technique to enhance the contrast of 
the image. 

5. Carry out automatic image segmentation. Image 
segmentation is meant to separate distinct elements in 
an image from other elements [26]. After these 
distinctive elements have been separated, further 
operations can be performed, such as identifying 
individual elements or measuring their size. We 
suggest a threshold based on the statistical properties of 
the image, in the following form: 

    max) -(255+min -  2α=T  Eq. 2 

Image segmentation (i.e. generating a binary image) 
can be performed using the proposed threshold: 
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where g(x,y) is the binary output image, f(x,y) is the 
input image, α is the standard deviation, min is the 
minimum value, and max is the maximum value.  

6. Apply a series of morphological processes to eliminate 
unwanted pixels. The morphological processes 
provided by the MATLAB environment will include 
choosing the largest compound to eliminate unwanted 
pixels that do not represent the vein area by using the 
connected vehicle algorithm and eliminating the wide 
vein by using the strel function [25]. 

 

Figure 4. Illustration of the basic steps of the proposed algorithm. 

 

Results and discussion  

The image acquired from the prototype vein detection system 
is a 24-bit colour image, which is converted to greyscale (8 
bit). Colour images have the ability to store more information 
than greyscale images; thus, the colour image is larger than the 
greyscale image, leading to a longer processing time [25]. 
Figure 5 and 6 show colour and greyscale images acquired by 
the system. 
 All the images obtained by the proposed system were 
cleaned with water and soap and then sterilized using alcohol 
before the image was taken by the proposed system; this was to 
remove the oily layer from the skin, as the oily layer on the 
skin causes an unwanted spectral reflection that negatively 
affects the quality of the image captured with the proposed 
system [27]. 
 

  
(a) (b) 

Figure 5. Shows colour (a) and greyscale (b) images acquired by 
the system 
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(a) (b) (a) 

   
(d) (e) (f) 

 
Figure 6. Grayscale images acquired from different distances: (a) 5 cm, (b) 10 cm, (c) 15 cm, (d) 20, (e) 25, (f) 30 cm. 

 
As shown in Figure 6, it can be noted visually that the smaller 
the distance between the camera and the palm, the better the 
image quality, especially the quality of the veins (i.e. the 
emergence of the veins), where a distance of 5 cm was the 
optimal distance from which to capture the image. The 
variance was used to measure the optimal distance between the 
camera and the palm of the hand, as shown in the following 
equations [28]: 

2σ=Var  Eq. 4 

where σ is the standard deviation, which is defined as follows 
[25]: 
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Table 1 represents the statistical properties of the images 
acquired from different distances, while Figure 7 represents 
the relationship between variance and distance. 
 The relationship between variance and distance is inverse, 
where the greater the distance between the camera and the 
palm of the hand, the lower the variance. The variance is the 
average of the squares of the standard deviations of pixels, 
which represents the average of the mean squared differences 
from the mean [29]. The greater the distance between the 
camera and the palm of the hand, the greater the mean values 
because the values of the minimum value and the maximum 
value are close, which leads to obscuring the details, especially 
the veins. 
 
 

Table 1. The statistical properties of the images acquired from 
different distances. 

Distances (cm) Min Max µ σ Var 

5 10 202  83.4521  46.2023 2134.70 

10 40 184  94.1006  34.1651 1167.30 

15 50 178  98.1428  30.0294  901.7677 

20 61 171  102.5036  25.4563  648.0233 

25 67 167  104.9600  23.1275  534.8830 

30 91 152  113.5827  13.8829  192.7338 

Where: Min, Max, µ , σ, and Var are the minimum, maximum, mean, standard 
deviation, and variance values, respectively. 
 

 
Figure 7. The relationship between variance and distance. 
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From the acquired images, we note that superficial veins differ 
from deep veins in terms of their clarity. The information 
obtained from veins with large diameters near the surface of 
the skin helps greatly in understanding the relationship between 
vein diameter and contrast. There is a linear relationship 
between the diameter of the vein and its depth [30]. The linear 
relationship is with respect to veins of large diameters that are 
found at great depths, but the veins studied in this research take 
large or relatively small sizes and are in shallow areas in the 
palm of the hand, that is, they are superficial veins of non-large 
diameters [31]. It should be noted that the correlation between 
the contrast and depth or between the contrast and diameter of 
veins is only a rough guide. The behaviour of variance occurs 
when the matter is related to one of the two variables (depth or 
diameter) with the stability of the other variable, where it can 
be traced by drawing a contrast scheme with one of the 
transformers by fixing the value of the other variable [32]. 
Figure 8 depicts a contrast scheme with depth. 
 The exponential curve shows the decreasing trend, which 
shows that there is a negative relationship between contrast and 
vein depth, such that the greater the depth of the vein, the lower 
the contrast. Figure 9 illustrates the relationship between 
contrast and vein diameter. 
 The function of the Wiener filter is to suppress the noise in 
the images. In other words, when a Wiener filter is applied, its 
task is to reduce the standard deviation of the processed image 
of the object. The result of applying the CLAHE technique is 
shown in Figure 10. 
 The CLAHE technique results in increased image contrast, 
especially of the veins. The CLAHE technique works on small 
areas in the image, called vamps, instead of the whole image. It 
then combines adjacent vamps, using bilinear interpolation to 
eliminate industrial boundaries; this can limit contrast, 
especially in homogeneous areas, to avoid noise in the image 
[18].  
 The threshold given in Equation 2 was applied and proved 
effective in isolating the veins from the rest of the image. 

The threshold divides the image into two segments: the 
segments above the threshold correspond to veins, while 
segments below the threshold form the rest of the image 
region. Some undesirable pixels are visible in the result. To 
remove these areas, we used morphological processes, leading 
to the image presented in Figure 11. 
 The threshold divides the image into two segments: the 
segments above the threshold correspond to veins, while 
segments below the threshold form the rest of the image 
region. Some undesirable pixels are visible in the result. To 
remove these areas, we used morphological processes, leading 
to the image shown in Figure 12.  
 

 
Figure 8. Relationship between contrast and vein depth. 

 
Figure 9. Relationship between contrast and vein diameter. 

 

 

 

 

 

 

Figure 10. Result after applying the 
CLAHE technique to the image presented 
in Figure 5b. 

 Figure 11. Image after segmentation 
using the proposed algorithm. 

 Figure 12. After application of the 
removing unwanted pixels technique to 
the image shown in Figure 11.  
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Conclusion 

In this paper, a low-cost system designed to detect the veins in 
the palm of the hand using NIR LEDs and image-processing 
techniques is presented. The image-processing techniques used 
here can produce effective and accurate imaging of the veins in 
the palm. The process of evaluating the functioning of the 

proposed system involves both physiological aspects of veins 
and quantitative studies, as this study demonstrates the depth of 
the vein and contrast needed to clearly detect veins. However, 
further quantitative and experimental studies are needed to 
achieve optimal results. 
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