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a b s t r a c t 

This work evaluates the performance and operative limits to the dimensional accuracy of 3D optical scanning 
based on blue-light fringe projection technology. This technology, also known as structured light 3D scanning, 
is widely used in many reverse engineering applications. It allows the user to quickly capture and create point- 
clouds, by using images taken at different orientations of white-or blue-light fringe projected patterns on the 
part. For the survey, a large and feature-based gauge has been used with specific optical properties. The gauge 
is endowed with canonical geometrical features made of matt white ceramic material. The gauge was calibrated 
using a coordinate measuring machine (CMM) by contact. Therefore, it is possible to compare the measurements 
obtained by the structured blue-light sensor with those obtained by the CMM, which are used as reference. In the 
experimentation, the influence of the scanner software in the measurement results was also analysed. Besides, 
different tests were carried out for the different fields of view (FOV) of the sensor. The survey offers some practical 
values and limits to the accuracy obtained in each configuration. 
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. Introduction 

This work presents a practical procedure for qualifying a scanner
ased on structured blue light for geometrical and dimensional toler-
nces (GD&T) verification. The idea of evaluating non-contact digitiz-
ng systems for metrological applications was addressed in past research
1,2] . The main research works use the methodology based on GD&T
nd CAD comparison, using prismatic parts composed of basic elements
uch as planes, cylinders, spheres and cones [3–5] or complex geome-
ries like turbine blades [2] . The focus of the present paper is similar to
his research, but with the focus on guaranteeing the traceability of the
xperiments using a calibrated feature-based gauge. This gauge materi-
lizes a set of GD&T specifications using several canonical features and it
s made of a specific and very suitable material for optical measurement.

The scanner used in this paper is based on the fringe projection
echnique [6,7] . It uses a structured blue-light pattern projected onto
he part to capture dense point- clouds over different surfaces in very
hort times. This feature makes this equipment suitable for a diversity
f tasks in industry. Moreover, modern software tools for transforming
oint-clouds into surfaces have also aided in their industrial deploy-
ent. There are several devices based on different principles that em-
loy different algorithms for point acquisition and later for surface re-
onstruction. However, even when referring to the same working prin-
iple (structured light with a fringe pattern or reference target image
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nalysis), these systems can be equipped with one or two cameras, with
ifferent ranges and resolutions (from 2 Mpx to 12 Mpx), with or with-
ut turntables, with white or blue light, etc., which leads to a diverse
ange of 3D scanners. 

For these reasons, among others, the attainable accuracy for non-
ontact 3D scanners still remains hard to quantify, due to several error
ources and the number of factors involved [6,7] . In fact, there are “in-
rinsic ” factors derived from the equipment itself, such as camera reso-
ution, the mathematical model and the intrinsic calibration procedure
8–11] , the angles between the part, camera and projector [12,13] , etc.
nother set of errors are those due to external sources, like the ambient

ight at the time of measurement [14,15] or the surface roughness and
olours [14–16] . A good approximation to evaluate these errors is to
stablish certain types of reference artefacts (tetrahedra, freeform sur-
aces, etc.) to evaluate and quantify the global error [17,18] . 

Nevertheless, this methodology has not been followed by the devel-
pment of universally accepted standards, nor by standard procedures
nd artefacts that permit the evaluation of conformity, or even the as-
ignment of measurement error values to the reconstructed geometrical
eatures, as is commonly done within any metrological instrument. 

Therefore, and in spite of the dissemination of the VDI/VDE 2634
19] German guideline (for optical 3D measuring systems), the accu-
acy of these measurement instruments is not clearly quantifiable and
epends on many factors that need to be constrained. All these factors
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