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UNIT -1V

3D SCANNING

TYPES OF 3D SCANNERS

The 3D scanners developed using time-of-flight (TOF) technology captures detailed
information about a three-dimensional object using a range imaging camera system. The
range imaging camera system resolves the distance between the camera and the real-world
object using TOF technology. TOF technology makes the scanner measure the amount of
time the infrared light or laser beam takes to reflect back.

This type of 3D scanners is developed with highly accurate sensors. But they still fail to
deliver precise measurements as the speed of light is impacted directly by a slew of factors,
including temperature and humidity. That is why; engineers often opt for TOF 3D scanning
technology while creating 3D models of large structures and objects. However, the 3D
scanning technology is effective in capturing images of an object in real-time by tracking
movements seamlessly.

1. Laser-based 3D Scanners

Laser-based 3D scanners use a process called trigonometric triangulation to accurately
capture a 3D shape as millions of points. Laser scanners work by projecting a laser line or
multiple lines onto an object and then capturing its reflection with a single sensor or multiple
Sensors.

The sensors are located at a known distance from the laser's source. Accurate point
measurements can then be made by calculating the reflection angle of the laser light. Laser
scanners are very popular and come in many designs.

They include handheld portable units, arm based, CMM based, long-range, and single point
long-range trackers.

Benefits of 3D Laser Scanners

1. Scan tough surfaces, such as shiny or dark finishes

2. Lesser sensitive: to changing light conditions and ambient light
3. Portable

4. Simple design, easy to use, and low cost.
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2. Projected or Structured Light 3D Scanners

Historically known as “white light” 3D scanners, mainly structured light 3D scanners today
use a blue or white LED projected light.

These 3D scanners project a light pattern consisting of bars, blocks, or other shapes onto an
object.

The 3D scanner has one or more sensors that look at the edge of those patterns or structural
shapes to determine the object's 3D shape.

Using the same trigonometric triangulation method as laser scanners the distance from the
sensors to the light source is known. Structured light scanners can be tripod mounted or
handheld.

Benefits of Structured light 3D Scanners

1. Very fast scan times —as fast as 2 seconds per scan

2. Large scanning area —as large as 48 inches in a single scan

3. High resolution —as high as 16 million points per scan and 16-micron (.00062”) point
spacing

4. Very high accuracy —as high as 10 microns (.00039”)

5. Versatile —multiple lenses to scan small to large parts in a single system
6. Portable —handheld systems are very portable

7. Eye safe for 3D scanning of humans and animals

8. Various price points from low cost to expensive depending on resolution and accuracy

3. Medium and Long-Range 3D Scanners

Long-range 3D scanners come in two major formats-Pulse based and phase shift-both of
which are well suited for large objects such as buildings, structures, aircraft, and military
vehicles. Phase shift 3D scanners also work well for medium-range scan needs such as
automobiles, large pumps, and industrial equipment. These scanners capture millions of
points by rotating 360 degrees while spinning a mirror the redirects the laser outward towards
the object or areas to be 3D scanned.

Laser pulse-based 3Dscanners
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Laser pulse-based scanners, also known as time-of-flight scanners, are based on a very simple
concept: the speed of light is known very precisely. Thus, if the length of time laser takes to
reach an object and reflect back to a sensor is known, the distance from the sensor to the
object is known. These systems use circuitry that is accurate to picoseconds to measure the
time it takes for millions of pulses of the laser to return to the sensor and calculates a
distance. By rotating the laser and sensor (usually via a mirror), the scanner can scan up to a
full 360 degrees around itself.

Laser Phase-shift 3D Scanners

Laser phase-shift systems are another type of time-of-flight 3D scanner technology and
conceptually work similarly to pulse-based systems. In addition to pulsing the laser, these
systems also modulate the power of the laser beam, and the scanner compares the phase of
the laser sent out and returned to the sensor. Phase shift measurements are typically more
accurate and quieter but are not as flexible for long-range scanning as pulse-based 3D
scanners. Laser pulse-based 3D scanners can scan objects up to 1000m away while phase
shift scanners are better suited for scanning objects up to 300m or less.

Benefits Long Range 3D Scanners

1. 3D Scan millions of points in a single scan —up to 1 million points per second
2. Large scanning area more than 1000 Sq. meters

3. Good accuracy and resolution based on object size

4. Non-contact to safely scan all types of objects

5. Portable

4. Photogrammetry

This technology is quite simple. It involves stitching together photographs of an object taken
from different angles. The photos are taken using a camera or even your smartphone with
specific camera settings, while the stitching of those photos is done by special software. The
software identifies pixels that correspond to the same physical point and brings pictures
together accordingly.

Parameters like the focal length of the lens and its distortion need to be fed into the software
by the user to create an accurate model. Photogrammetry is so simple that you can pick up
your phone right now and start taking pictures.

The big advantage of using photogrammetry is its accuracy level and the speed with which

the data of an object is acquired. The downside with this technique is the time it takes to run
the image data through the software and the sensitivity of the end result to the resolution of
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the photographs. You need to have a good camera with high resolution and DPI to get a good
end result.

We can simulate these photos with many software such as Reality capture, Blender,
Mushroom, 3DF Zephyr, Agisoft Metashape, etc.

5. Contact scanning

This scanning method involves physical contact of a probe onto the surface of the object
being scanned. First, the object is firmly held in place so that it does not move. Then, the
touching probe is moved all over the object in order to collect the details of the object and all
the 3D information that is necessary to create a digital file.

Enough points on the surface need to be sampled to create an accurate model. Sometimes, an
articulated arm is used to control the touching probe and capture multiple
angles/configurations with a high level of precision.

Since contact scanning involves actual physical contact with the surface of the object being
scanned, even transparent and reflective surfaces can be accurately scanned using this
method. This is the major benefit of this technique over other scanning technologies, which
as pointed out above, are incapable of scanning such surfaces.

The disadvantage with contact 3D scanning is its slow speed. Running the touching probe
through all sections of an object in order to collect all the 3D information takes time.

Contact 3D scanning is interestingly used to perform quality control in industrial fabrication.

Parts that have been newly fabricated can be checked for any deformations or damages using
contact scanning.
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