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Abstract

The use of venous blood for diagnostic tests is a common yet critical
procedure in medical practice. However, locating suitable veins for
cannulation or phlebotomy remains a significant challenge, especially in
patients with factors like obesity, dark skin tone, or age-related venous
changes, leading to high pre-analytical error rates and patient discomfort.
This paper proposes a low-cost, non-invasive vein detection system utilizing
Near-Infrared (NIR) illumination and real-time image processing. The system

@E employs an infrared dome camera with an NIR LED ring to capture
subcutaneous vein patterns. The captured video stream is processed on a
Raspberry Pi using Contrast Limited Adaptive Histogram Equalization
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(CLAHE) to enhance vein contrast against the surrounding tissue. The
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distributed under the Processed image is then displayed on an LCD screen, providing a clear, real-

terms and conditions of time map of the patient's vasculature. Experimental results demonstrate that
the Creative Commons e system effectively visualizes veins that are not visible to the naked eye,
Attribution (CC BY) offering a portable and affordable solution to improve the success rate of first-
attempt venipuncture, thereby reducing patient pain and associated
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1. INTRODUCTION

Venipuncture is one of the most frequent procedures in clinical settings, essential for blood donation,
transfusion, and intravenous therapy.[1] Despite its routine nature, the process of locating a suitable vein
is often difficult, particularly in pediatric, geriatric, obese, and dark-skinned patients.[2] Failed first
attempts not only cause patient pain and anxiety but also contribute significantly to pre-analytical errors,
which account for 46% to 77% of laboratory mistakes [Table 1].0°!

Existing solutions like ultrasound are effective but often expensive and not readily available in all
settings.[4] This work addresses the need for a cost-effective and accessible alternative. We present a vein
detection system based on the principle that deoxygenated hemoglobin in veins absorbs NIR light (740-
940 nm) more than the surrounding tissues, creating a contrast that can be captured by an IR-sensitive
camera. By applying real-time image processing techniques, this contrast is enhanced to produce a clear
venous map. The primary motivation is to provide medical practitioners with a simple, portable tool to
improve procedural accuracy, minimize patient discomfort, and enhance overall healthcare efficiency.

Table 1. Statistical report on pre-analytical errors (2010-2017)

Study Pre-Analytical Error (%)

West J et al., 2017 up to 68.20
Najat D, 2017 up to 70.00
Salinas M et al., 2015 60.00 to 70.00
Patra S, 2013 46.00 to 68.20
Hammerling J, 2012 46.00 to 68.20
Lippi G et al., 2011 60.00 to 70.00
Goswami B et al., 2010 77.10

2. Methodology

The proposed system was designed and implemented using a structured approach involving specific
hardware components and a dedicated software processing pipeline. The hardware setup centered around
an imaging unit consisting of a dome camera equipped with an integrated ring of Near-Infrared (NIR)
Light Emitting Diodes (LEDs), emitting light at a wavelength of approximately 850 nm. This wavelength
was selected for its ability to penetrate human tissue up to a depth of about 5 mm while being absorbed
by the deoxygenated hemoglobin in veins.[5] To ensure optimal image quality, an IR band-pass filter was
employed over the LEDs to isolate the NIR spectrum and eliminate interference from ambient visible
light. The processing unit of the system was a Raspberry Pi single-board computer, chosen for its
computational capability, compact size, and portability, which are essential for a handheld medical

pg. 63



KJMR VOL.02 NO. 11 (2025) DEVELOPMENT OF A PORTABLE VEIN ...

device.[6] The final output was displayed in real-time on a 7-inch AVT LCD screen, providing an
immediate visual map of the vasculature.

The core functionality of the system was driven by its software and image processing workflow. The
process began with the IR camera capturing a live video feed of the skin area illuminated by the NIR
LEDs. This raw video feed was then processed on the Raspberry Pi. The key image processing technique
employed was Contrast Limited Adaptive Histogram Equalization (CLAHE), which was applied to each
frame of the video stream. CLAHE works by enhancing the local contrast of the image, effectively making
the darker vein structures, which absorb more NIR light, more distinguishable from the lighter surrounding
tissues that reflect it.[7] This method was specifically chosen over standard histogram equalization for its
ability to improve contrast without over-amplifying noise, leading to a clearer and more reliable
visualization of the venous pattern.[8] The overall workflow, from NIR illumination to the final display
on the LCD, provided a seamless and real-time aid for venipuncture.

3. Results and Discussion

The system's performance was evaluated by comparing images of a subject's wrist under different
conditions. The initial capture without IR illumination showed no visible subcutaneous veins, as expected,
since a standard camera lens cannot detect the NIR spectrum without dedicated hardware [Figure 1a].
However, with the activation of the NIR LED ring, the system successfully produced a real-time image
where the venous patterns were clearly delineated as dark, contrasting lines against a lighter background
[Figure 1b]. This successful visualization empirically confirms the underlying working principle that
deoxygenated hemoglobin in veins has a higher absorption coefficient for NIR light at the 850 nm
wavelength compared to the surrounding dermal and subdermal tissues. The application of the Contrast
Limited Adaptive Histogram Equalization (CLAHE) algorithm was then demonstrated to be highly
effective in enhancing this inherent contrast, making the vein patterns prominent and easily
distinguishable for the operator.

These findings are supported by the literature, which indicates that NIR imaging is a robust diagnostic
modality largely unaffected by skin pigmentation. This represents a significant advantage over traditional
visual and tactile methods, which are known to struggle with patients having high Body Mass Index (BMI)
or darker skin tones, classified as Fitzpatrick skin types IV- VI [Table 2]. By providing a direct visual
map of the subcutaneous vasculature, the proposed system directly addresses several key risk factors for
difficult cannulation identified in clinical studies, including patient dehydration, pediatric or geriatric age,
and poor venous condition. The primary strength of this work lies in its cost-effectiveness and portability,
achieved through the integration of a Raspberry Pi and a modified standard IR camera. This design
philosophy makes the technology a viable and accessible tool for improving procedural accuracy in
primary care clinics and resource-limited settings, where expensive alternatives like ultrasound may not
be readily available.
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Table 2. Skin Tone

Skin Type

|

Description

Very light complexion

11

Light complexion

1T

Medium complexion

v

Darker complexion

Dark complexion

Black complexion

Figure 1 A visual comparison of vein visibility (a) without and (b) with Near-Infrared (NIR)
illumination, demonstrating the enhanced contrast of subcutaneous veins under NIR light.

4. Conclusion

This study successfully designed and implemented a low-cost, non-invasive vein detection system. By
leveraging NIR illumination and real-time CLAHE-based image processing on a Raspberry Pi, the system
provides a clear and immediate visualization of subcutaneous veins. The proposed solution has the
potential to significantly improve the success rate of venipuncture on the first attempt, thereby reducing
patient pain, pre-analytical errors, and procedure time. Future work will focus on clinical trials to
quantitatively assess the improvement in first-stick success rates and further refine the image processing
algorithms for even greater clarity and depth perception.

pg. 65



KJMR VOL.02 NO. 11 (2025) DEVELOPMENT OF A PORTABLE VEIN ...

References

[1] Wang Lingyu and Graham Leedham, “Near- and Far- Infrared Imaging for Vein Pattern
Biometrics,” Proceedings of the IEEE International Conference on Video and Signal Based
Surveillance(AVSS“06)

[2] S. Pascual, J.E. Uriarte-Antonio, J. Sanchez-Reillo, and M. Lorenz, ”Capturing Hand or Wrist Vein
Images for Biometric Authentication Using Low-Cost Devices,” in Intelligent Information Hiding
and Multimedia Signal Processing (IIH-MSP), 2010 Sixth International Conference on, October
2010, pp. 318-

[3]1 Y-B Zhang, Q. Li, J. You, and P.Bhattacharya, "Palm Vein extraction and matching for personal
authentication", in Advances in Visual Information Systems. Springer, pp. 154- 164, 2007.

[4] V. Gaikwad, S. Pardeshi, “Vein detection using infrared imaging system” ISSN (Online):, 2(3),
2347-2820(2014)

[S] Mayur Wadhwani, Abhinandan Deepak Sharma, Aditi Pillai, Nikita Pisal, Dr. Mita Bhowmick,
“Vein Detection System using Infrared Light” International Journal of Scientific & Engineering
Research, Volume 6, Issue 12, December-2015 References

[6] Y. Kanzawa, et al., “Human Skin Detection by Visible and Near-Infrared Imaging,” IAPR Conf.
Mach. Vis., pp. 503-507, 2011.

[7]1 M. Kavya, “Vein Pattern Extraction: A Review,” Int. J. Eng. Res. Technol., vol/issue: 6(5),pp. 869—
870, 2017.

[8] R. Khan, “Comparison and Analysis of Various Histogram Equalization Techniques,” Int. J. Eng.
Sci. Technol., vol/issue: 4(4), pp. 1787-1792, 2012.

pg. 66



KJMR VOL.02 NO. 11 (2025) DEVELOPMENT OF A PORTABLE VEIN ...

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this paper. No financial
or personal relationships with other people or organizations have inappropriately influenced the work
reported in this manuscript.

Acknowledgments

The authors would like to express their sincere gratitude to their project supervisor, Mr. Zain Shabbir, and
co-supervisor from the Department of Electrical Engineering at the University of Engineering and
Technology Lahore (Faisalabad Campus), for their invaluable guidance, technical expertise, and
continuous support throughout this project. We also extend our appreciation to the Head of the
Department, Dr. Muhammad Akram, and all faculty members who provided assistance and resources.
Finally, we acknowledge the contributions of all team members in the successful completion of this work.

pg. 67



