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ABSTRACT

Vein localization and catheter insertion constitute the first and perhaps most important phase of many medical
procedures. Currently, catheterization is performed manually by trained personnel. This process can prove
problematic, however, depending upon various physiological factors of the patient. We present in this paper
initial work for localizing surface veins via near-infrared (NIR) imaging and structured light ranging. The
eventual goal of the system is to serve as the guidance for a fully automatic (i.e., robotic) catheterization device.
Our proposed system is based upon near-infrared (NIR) imaging, which has previously been shown effective in
enhancing the visibility of surface veins. We locate the vein regions in the 2D NIR images using standard image
processing techniques. We employ a NIR line-generating LED module to implement structured light ranging
and construct a 3D topographic map of the arm surface. The located veins are mapped to the arm surface
to provide a camera-registered representation of the arm and veins. We describe the techniques in detail and
provide example imagery and 3D surface renderings.
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1. DESCRIPTION OF PURPOSE

Development of technologies that enable automated insertion of needles and catheters will clearly play a vital
role in the operating room of the future. One vision for future operating rooms is a clean room environment
void of any humans beyond the patient. Subsequently, future operating environments will require remote and
autonomous insertion of intravenous (IV) catheters in a patient without the assistance of a nurse. To reach our
goal, we focus our work on finding the best way to reproduce the two main actions of this medical procedure
with a robot:

1. Localizing the best target subcutaneous vein. The “golden rule” in nursing for IVs is to use the largest
vein and the smallest gauge catheter possible. Image processing algorithms combined with an illumination
and camera acquisition system using the absorption/reflection properties of light in tissues will allow us to
choose the target vein.

2. Computing the path for the needle that has to enter the skin with at a specific angle. By obtaining a 3D
model of the surface of the skin and adding to this model a mapping of the target veins, we will be able
to guide the needle into the vein. This path will be computed only if we know the position of the patient
compared to the position of the robot in a 3D space.
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