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Topic:  Laser Scanner Uncertainty

Overview

The FARO Laser Scanner, when properly calibrated and maintained, provides accurate measurement data within certain uncertainty limits. The uncertainty limits are an important part of the specifications of the scanner. This document describes the specific meaning of the uncertainty specifications, how FARO ensures that the specifications are met, how registration of scans influences overall accuracy, and how you can recognize any changes in the accuracy of the scanner.

Specifications

Range Measurement

As stated in the specifications, the ranging unit has a linearity error of (3mm at 10m distance when measuring a non moving orthogonal target with 90% non-glossy reflectivity in averaging mode. 

Orthogonal target with 90% non-glossy reflectivity

The reflectivity of the target and its spatial orientation influences the amount of light that enters the scanner and therefore also influences its measurement capabilities. The darker the surface, or the less it is orthogonal to the scanner, the less light will enter the scanner. A glossy surface might reflect the laser beam away from the scanner, in this case even less light enters the scanners.

90% non-glossy reflectivity is comparable to an ordinary sheet of white paper.

Averaging mode

When scanning an environment with a scanner with a high resolution, each object in this environment is covered by a large amount of scan points. Therefore an individual scan point isn’t that important as it would be when only single point measurements would be available. In most cases it is sufficient if this big amount of scan points denotes the position of the object within the uncertainty limits.

Averaging mode means to take a certain amount of distance measurements and then to calculate the mean value of it. Therefore the stated linearity error is not applicable for single scan points!
Angular Measurement

The uncertainty of the angular measurement depends on the resolution and corresponds to the angular separation of two adjacent scan points.
Certification Procedure

Range Measurement

Setup

For the verification of the range measurement, the laser scanner and a reference measurement device are positioned at one side of an automated measurement track.
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Figure 1: Schematic view of the measurement track
A target with two different surfaces of different reflectivity moves along the measurement track and stops every 0.1m. At each stop, the scanner takes distance measurements of the two different surfaces, and the reference device also takes a distance measurement. 

The measurement track has a length of 25m, and the two surfaces have a reflectivity of 10% and 90%. The reference measurement device has an accuracy of (1.5mm. For averaging, 6000 distance measurements are taken per sample. From these measurements both the mean value and the standard deviation is calculated.

Results

Figure 2 shows typical results of the distance measurements. The diagram shows the difference between the measurement of the laser scanner and the reference device, for the two targets with 10% and 90% reflectivity.
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Figure 2: Typical Results on the measurement track
For the whole range between 1m and 25m the difference is less than (3mm
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Figure 3:Typical Noise
Figure 3 shows the standard deviation of the point distances in each sample of 6000 measurements. This is a good indicator on single-point accuracy. A big influence on single-point accuracy is the reflectivity of the surface. The darker the surface is, the less light is reflected, and the bigger the single-point uncertainty is.

Angular Measurement
The angular measurement uncertainty is checked by using self-referencing of the laser scanner. This technique is also known as front-sight/back-sight check. A specific point in space is first aimed at in front-sight configuration of the scanner. Then the scanner turns 180° horizontally and adjusts the mirror position so that this same point is now aimed at in back-sight configuration. This is done for 6 points: two near the zenith, two at the horizon, and two near the lower end of the angular range.

The front-sight/back-sight technique has the advantage, that nearly all angular misalignments appear doubled in the result.

Instead of using single points and introducing the uncertainty of identifying the laser spot on the target, the laser scanner is put into scanning mode and the areas of interest consist of horizontal and diagonal lines.
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Figure 4:Target Area
The resulting scan is then examined to check whether the horizontal and diagonal lines are congruent in the front-sight part and the back-sight part of the scan. As this is done with the resolution of the scan, the separation of two scan points limits the uncertainty.

Overall Performance
To check the combined effects of range measurements and angular measurements, a scan is performed and the coordinates of specific points in space is checked against their coordinates as they have been determined by a certified reference device.
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Figure 5:Targets surrounding the Laser Scanner
The difference between the measurements of the laser scanner and the certified reference device must stay in the specified uncertainty limits.

Accuracy in Scans

In scans normally measurements are taken from point to point, which is a somewhat different situation than the above described measurement from scanner to point.

In this situation the uncertainty of the measurement increases and can reach twice the above mentioned (3mm, for example if the points are on opposite sites of the scanner, and each point has an uncertainty of (3mm.

When a measurement is taken between points of different scans, the quality of the scan registration also influences overall measurement uncertainty. A good quality of scan registration can be achieved if:

· Reference points are surveyed with high precision single-point measurement devices, for example a FARO Laser Tracker

· The reference points are evenly distributed around the scanner location. The scanner should be situated near the center of a polygon outlined by the visible reference points.
Checking Procedure

You can recognize any changes in the accuracy of your scanner yourself, if you set up a special scanning environment which doesn’t change over time. For example you could designate a room for this task in which you put some paper targets on the walls. When you scan this environment from time to time, you can take measurements between the targets and compare the latest results with the earlier ones. Except for the above mentioned uncertainty, you shouldn’t notice any changes.

If you are still experiencing difficulties, please contact the customer service department by telephone or by e-mail at support@faroeurope.com.

Be sure to visit our website at www.faro.com 
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