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1. INTRODUCTION

Blood vessel or vascular is an essential part of human circulatory system, which function is to carry
blood through the body. There are two fundamental types of blood vessels namely arteries and veins.
The arteries are to deliver oxygenated blood to the whole body whereas the veins return deoxygenated blood
back to the heart. Among the well-connected vascular networks in the human body, study of vascular system
in dorsal region of hands has received significant attentions in the past due to its apparent thin dermal layer
where abundance of veins and arteries can be found [1]. While studies of dorsal arterial system present some
controversies regarding the frequency and location of its artery branches [2], researches on dorsal hand vein
were widely reported especially on that related to clinical venipuncture practices, in investigation of drug-
body interactions [3] and metabolic studies [4]. In addition, the uniqueness and distinctive signatures of each
individual's dorsal vascularity pattern making this an attractive alternative for biometric identification using
palm print, retinal pattern, facial images and others [5-6].

Venipuncture is complex procedure; it is usually conducted when a hollow needle is poked through
the skin into a superficial vein to draw blood during transfusion, for glucose and cholesterol monitoring,
injection of drugs or liquid into the body, diagnosis of disease, etc. Conventionally, nurses who carry out
these procedures would soak a cotton pad into alcohol and apply it onto the targeted injected area.
Some assistants would also slap lightly on the selected site, grip and relax the associated arm for several
times to stimulate the blood circulation prior to the venipuncture. A previous study [7] has shown that there is
approximately 3% chance that a healthcare professional would be unable to locate vein in the first attempt.
The major reason for this is due to poor vein visualization and tactile experience of young staff. Other factors
include differences in individuals’ skin thickness, size and depth of their veins, skin tone and body size.
This group of individuals is known as Difficult Venous Access (DVA) patients [8]. The result often leads to
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multiple attempts, causing the puncture site to become reddish and swollen, bleeding in the vein, darkening
of a vein due to peripheral venous scarring, and this could also result in permanent damage to the vein
especially in pediatrics and elderly. Other side effects include physically discomfort, frightful experience and
dissatisfaction. All these may lead to deferred treatment [9].

Previous systems used in the imaging of dorsal hand vein include X-Ray, ultrasound technique,
multispectral imaging and thermal heating technology [10-11]. While X-ray, ultrasound and multispectral
system are bulky and non-portable, the use of thermal heating approach causes discomfort to its users.
NIR illumination technology in the wavelength of 700 nm to 900 nm has become a preferable choice in
the imaging of dorsal hand vein [9]. This is due to its non-invasive characteristic, non-ionizing features and
the ability to penetrate deep into the skin [12]. Several devices such as Vasculuminator, Accuvein,
Veinviewer and Vuetek Scientific were invented since the last decades to enhance the viewing visibility
of the peripheral venous using NIR technology. However, among the limitations of these devices include
high cost, poor portability and complexity in its operation.

Technologies for visualization of dorsal hand vein are of the great interest in the studies of drugs-
body response, identity authentication and human metabolism [13-14]. This research aims to integrate near
infrared (NIR) technology and a Complementary Metal Oxide Semiconductor (CMOS) camera into
an optical system for non-contact, mobile and quick on the spot visualization of dorsal vascular system.
This study hypothesized that an individual’s body build, frame size and skin tone would influence the quality
of output image, wherein a darker skin tone and higher obesity status would produce a lower image quality.

2. RESEARCH METHOD
2.1. Experimental system and subjects

The employed system involved the use of NIR light emitters arranged in an annular pattern, which
platform can be glided into a Wifi CMOS action camera (model no. SJ4000), for illumination of dorsal
region of hands. While the illumination system comprises of five light emitting diodes (LEDs) emitting light
of wavelength 850 nm, the detection of signals reflected from the selected skin region was via the CMOS
camera. The latter has a built-in infrared (IR) blocking filter, which was removed to achieve a better
visualization of the vein.

Meanwhile an Android mobile application was created using MIT Apps Inventor for portable
visualization of hand vein image using a mobile phone. The image acquired using the Wifi camera was sent
wirelessly to a mobile phone, the image was then transferred to a computing unit for further processing via
an Internet Protocol (IP) network. The image can be saved in both mobile phone and a local database in
accordance with user’s preference for secure storing of data for future use. An overview of the system
architecture is shown in Figure 1. Figure 2 shows the user interface of the developed mobile application and
an illustration on the example of recorded data in the local database.
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Figure 1. Overview of the system architecture

Indonesian J Elec Eng & Comp Sci, Vol. 19, No. 2, August 2020 : 693 - 700



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 695

Normal Enhance T Lpnons

— [ — = Id imgMame time
&7 Edit §e= Copy i@ Delete 1  1jpg Z019-04-28 20:41:38
& Ed g-: Copy g Delete 2 1jpg Z018-04-28 20:44:24
& Edit $c Copy i@ Delete 3 1jpg 2018-04-20 20:45:21
& Edit §= Copy i@ Delete 4 1jpg 2019-04-20 20:52:41
& Ed g-: Copy g Delete 5 1jpg Z019-04-30 08:04:32

=

Figure 2. (Left) User interface of mobile application and (right) data records in a local database

The performance of this system was tested on twenty volunteers (12 females and 8 males) aged
between 21 to 24 years. These subjects were students at Universiti Tun Hussein Onn Malaysia during
the time of data collection. They all gave their signed informed consent to participate in this work. Since the
visibility of veins may be influenced by a person’s skin tone, physical build and condition, the body mass
index (BMI) and skin tone (according to Fitzpatrick scale, i.e. skin type 1-VI) of these participants were
recorded. These participants were categorized into different groups according to their BMI and skin tone.
The grouped subjects according to the calculated BMI included three underweight volunteers (BMI value <
18.5 kg/m?), nine normal weight (BMI in between 18.5 to 24.5 kg/m?), seven overweight (BMI range 25 and
29.9 kg/m?) and one obese subject (BMI value >30 kg/m?). Due to the limited subjects participates in this
study, the skin tone of these subjects were grouped into three categories: skin type | and I, Il and IV, and VV
and VI. There were 4, 7 and 11 subjects fall into these three categories, respectively.

2.2. Image manipulation and processing

The CMOS camera employed in this work is of 24-bit dynamic range, producing a Joint
Photographic Experts Group (JPEG) image of resolution 4032 x 3023 pixels. The captured image was first
cropped to select only region of interest of a dimension 2311 x 2327 pixels. The processing of the acquired
image was via MATLAB (version R2017b) to enhance the visualization of vein pattern after image
acquisition. The processing stage began with the color image being converted into grayscale image,
representing the image in different shades of gray in between black and white, to reduce hue of the image that
may lengthen the processing time [15]. The conversion of image from Red, Green, Blue (RGB) color space
to 8-hit grayscale, 1, was via the rgb2gray function.

Next, image enhancement was via Contrast Limited Adaptive Histogram Equalization (CLAHE),
which is the modification from the original histogram. This technique divides an image into tiles or
contextual region. A built in function (adapthisteq function) is available in MATLAB to implement contrast
enhancement, which is arbitrarily chosen as factor 0.012. CLAHE was previously demonstrated in [16] to
produce better image enhancement of low contrast medical images and improve the visibility of hidden
features of the image by redistributing the used gray values. The contrast of the processed grayscale image
was further adjusted (via imadjust function) using the limit range of 0.1 — 1 to map intensity values in
previous image to that in the new image.

2.3. Image quality assessment

The image quality is commonly evaluated using three main metrics (in unit decibel, dB) namely
Signal-to-Noise Ratio (SNR), Peak Signal-to-Noise Ratio (PSNR) and Mean Squared Error (MSE). SNR is a
measure that compares the level of a desired signal (i.e. final output, l.(X, y)) to the level of background noise
given in ().

SNR = &) (1)
MSE

This parameter is often used to check the quality of image, wherein the value has to be greater than
30 dB to be qualified as a good image quality. There are correlation in between SNR and MSE; the latter
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parameter is inversely proportional to the SNR [11], it determines the average differences in the pixel
between the original and the processed image [15] and is given by:

MSE = ZM,N(IO(;i)A;Ie(x;y))Z @)

where M, N is the dimension of image while Iy (x,y) and I (x,y) denote original grayscale and enhanced-
threshold adjusted image, respectively, at pixel position x and y. A low MSE value often indicates high
similarity between the two images. Meanwhile the PSNR is used to calculate the ratio between the maximum
possible signal power and the power of the distorting noise. The computed PSNR value may range from 30 to
50 dB for 8 bit data representation, wherein a high PSNR value represents a better image quality given by:

2
PSNR =10 log;o7— ®)

where R? denotes peak value of maximal in an image data.

3. RESULTS AND ANALYSIS

An example of the acquired image cropped and converted into a grayscale range is
shown in Figure 3. The image was further enhanced via CLAHE and undergone contrast adjustment.
The resultant images are shown in Figure 4. This figure shows a significantly greater contrast in the dorsal
hand veins as compared to the surrounding tissues and image background. Since veins appeared in a darker
shade of gray (right of Figure 4), which eases the visualization process, image obtained from this step of the
process was considered as the final output. The total image processing time was recorded as 34.8 s. Meanwhile
Figures 5-6 show examples of the processed image for individuals of different skin color and BMI.

Figure 3. Image after cropped Figure 4. Processed image after (left) CLAHE enhancement and

and grayscale conversio (right) contrast adjustment

--

Figure 5. (From left to right) Processed image for individuals of skin color type I, 1l and V

.

Figure 6. (From left to right) Processed image for individuals under categories underweight, normal weight,
overweight and obese
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The mean and standard deviation (SD) of SNR, MSE and PSNR values calculated from the
comparison between the grayscale image (for example that shown in Figure 3) and enhanced, threshold
adjusted images (such as that shown in Figure 4) collected from the categorized skin tone groups discussed in
section 2.1 are plotted and shown in Figure 7. Meanwhile Figure 8 shows the image quality metric values

calculated for groups of different BMI.
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Figure 7. (From top to bottom) Mean and standard deviation (SD) of SNR, MSE and PSNR values
calculated for the categorized skin tone (according to Fitzpatrik scale)
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Figure 8. (From top to bottom) Mean and standard deviation (SD) of SNR, MSE and PSNR values
calculated for the categorized BMI
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4. DISCUSSION

In this study attempts have been made to quantify the quality of dorsal hand image captured
via the developed system with respect to the subjects’ skin tone and BMI. Based on the results shown in
Figures 7 and 8, it can be observed that even though the overall PSNR values were lower than that reported
in [17], other work [18] suggested that 20 to 25 dB are accepted for image produced in wireless transmission.
This is further supported by the recorded SNR, which revealed mean values greater than 30 dB. Referring to
Figure 7 the greatest PSNR values of 24.5 + 0.47 dB were collected for individuals of lighter skin color,
while subjects of skin type 111 — VI showed slightly lower but similar results (the means are in the range of
23.42 — 23.47 dB). This may be explained by the differences melanosome distribution, which may be found
in abundance in darker skin type [19-20]. This light absorbing chromophore reduced the reflectance of light,
rendering a lower signal intensity being detected [21]. This similar trend was observed in the computed MSE
values, but in opposite manner. Interestingly the SNR results in Figure 7 showed that darker skin color has
the highest SNR values (40.8 + 2.06 dB), followed by skin type | & Il. This finding indicated that the quality
of processed images did not affected by skin tone of the recruited individuals, and visual wise, the veins can
visibly be seen in skins of darker tones (type V&VI). In addition, the considerably low SD values of SNR
and PSNR metrics in the range of 0.47 — 2.06 dB in Figure 7 suggested relative good consistency in the
quality of the output image for each skin type group in this study.

Unlike what we hypothesized in the beginning of this study, Figure 8 showed that groups of high
BMI values do not necessary degrade image quality and affect visualization of veins. The results showed that
individuals categorized as overweight and obese, and that underweight and normal weight produced similar
PSNR and SNR values given by 23-24 dB and 39-41.5 dB range, respectively. This may be explained by the
fact that BMI is a mere measurement of body fat (based on height and weight). Thus even though the strong
correlation between subcutaneous adipose tissue thickness and a person’s obesity status has been well
established in the past [22-25], the authors believe some overweight individuals involved in this study may
have thin adipose tissues in their hand. The differences in the integumentary system of the recruits can be
deduced from the comparatively larger variation in the image quality metric (e.g. SD of PSNR of 1.74 dB)
calculated for the overweight group. It must be mentioned that Figure 8 showed a lower mean PSNR value of
23.2 £ 0.58 dB for underweight individuals as compared to that of overweight subjects, an investigation into
their skin type profile revealed that most of these subjects fall into the darker skin category. This further
supports the possibility that the quality of the processed image and efficacy of vein visualization technology
are influenced by a compound of different factors such as adipose tissue distribution, skin thickness and
pigmentation, vein location and depth of an individual.

5. CONCLUSION

This work concluded that optical system with NIR ray of wavelength 850 hm produced reasonably
good quality image for all skin colors and body frame dimensions, wherein the calculated SNR showed
values greater than 30 dB while the PSNR values are within the acceptable limit for wireless transmission
quality. This study found a correlation between skin tone and image quality metric where fair skins yielded
the highest PSNR values. Meanwhile the performance of image quality metrics is considerably consistent for
volunteers of different BMI. The results showed that the developed system may be suitably used for mobile
and real time visualization of hand veins.
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