VISIBLE AND INFRARED (IR):

Visible and Infrared (IR) sensing are important optical sensing techniques used
in medical robotics for monitoring, diagnosis, and imaging. These techniques rely
on the electromagnetic spectrum, particularly the visible light region and infrared
region, to detect and analyze biological tissues. Medical robots use these sensors
to observe body structures, measure temperature, track movement, and assist in
surgeries. Because these methods are non-invasive, they are widely used in
modern healthcare technologies.

Visible Light:

Visible light refers to the portion of the electromagnetic spectrum that can be
detected by the human eye, typically in the wavelength range of 400 nm to 700
nm. In medical robotics, visible light is used for high-resolution imaging and
visualization of tissues. Cameras and optical sensors installed in robotic systems
capture visible light reflections from the body. This helps surgeons observe
internal organs during procedures such as robot-assisted surgeries, endoscopy,
and diagnostic imaging. Visible imaging provides clear color information, which
helps differentiate between tissues, blood vessels, and abnormalities.

Infrared (IR) Radiation:

Infrared radiation lies just beyond the visible light region in the electromagnetic
spectrum, with wavelengths ranging from 700 nm to about 1 mm. IR radiation is
not visible to the human eye but can be detected by special sensors. In medical
robotics, infrared sensing is mainly used for temperature measurement, blood
flow monitoring, and thermal imaging. Since human bodies emit infrared
radiation naturally due to body heat, IR sensors can detect temperature variations
and metabolic activity without direct contact.

The working principle of visible and IR sensing is based on the interaction
between light and biological tissues. When visible or infrared light is directed
onto the body, part of the radiation is absorbed, reflected, or transmitted by
tissues. Sensors or cameras capture the reflected radiation and convert it into
electrical signals. These signals are processed by a computer system to generate
images or diagnostic data. In robotic medical systems, this information helps
guide robotic instruments and supports accurate surgical decisions.

Components of Visible and IR Sensing Systems:



A typical visible or IR sensing system used in medical robotics consists of several
key components:

« Light Source — Provides visible or infrared illumination.

« Optical Lens System — Focuses the light onto the target area.

« Sensor or Detector — Detects reflected light from tissues.

« Signal Processing Unit — Converts signals into images or measurements.

« Display System — Shows the processed images for doctors or robotic
systems.

These components work together to provide real-time information during medical
procedures.
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