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Conoscopic  Holography  (CH)  is a non-contact  interferometric  technique  used  in  surface  digitizing.  Sim-
ilarly to other  laser  techniques  it is influenced  by  the  optical  behaviour  of  the part  surface  and  the
conditions  during  scanning  (geometry,  strategy,  etc.).  In this  work,  a  CH  system  and  a touch  probe  (TP)
integrated  in  a CMM  were  used  to analyse  the  CH behaviour  for measuring  the slope  angle  of  flat sur-
faces  in  inspection  tasks.  For  this  purpose,  several  digitizing  tests  were  performed  with  both  sensors  on  a
square  specimen  under  different  slope  angles.  The  tests  were  performed  for two different  orientations  of
onoscopic holography
on-contact inspection
lope angle
MM

the laser  spot  as well  as at three  different  positions  within  the sensor  depth  of  field  (DOF).  The  specimen
angles  determined  by each  sensor  were  compared  to  each  other  and  the difference  (slope  deviation)  was
used  as an  indicator  of the  CH  behaviour.  Considering  the results,  some  recommendations  were  provided
for digitizing  sloped  flat  surfaces  with  the  CH  sensor  and  it was  also  developed  a  model  to  predict  and
compensate  the  measurement  deviations  of this  sensor  with  regard  to  the  TP.

©  2016 Elsevier  Inc.  All  rights  reserved.
. Introduction

Industrial use of commercial scanners like non-contact dig-
tizing systems has grown significantly in recent years with a

ide range of applications that go from dimensional metrology to
everse engineering [1–3]. Apart from avoiding contact with the
bject to be measured, the main advantages over contact systems
re the ability to capture small geometries and complex shapes as
ell as the high rate for points acquisition. Additionally, the porta-

ility of non-contact systems offers the possibility to be installed
n different equipment such as coordinate measuring machines
CMM), articulated arm coordinate measuring machines, machine
ools or production systems, which certainly favours its industrial
pplication.

Despite the above advantages, commercial non-contact scan-
ers are usually less accurate than the traditional contact-type
ethods, since their accuracy depends strongly on the relative

osition and orientation of the sensor with regard to the digitized

art, the configuration parameters of the sensor, the part geometry,
he optical properties of material, the surface roughness, etc.
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Currently, there exist numerous non-contact techniques for sur-
face digitizing, such as those based on triangulation laser which are
more deeply analysed and disseminated every day [4–11]. Some of
them [4–6] examined the effect of scan distance and beam incident
angle on the random and systematic errors of the scanner. In the
case of Feng et al. [4] and Isheil et al. [6] also provided models for
compensating the measurement errors.

Using a triangulation laser scanner installed in a CNC platform
Vukašinović et al. [8] found that the intensity of the light reflected
by a digitized surface decreased as the surface slope increased. The
best measurement results were obtained for surfaces with a good
diffuse reflection and nearest to the sensor. Considering these influ-
ence factors the authors provided a mathematical model to predict
the measurement uncertainty for a laser-scanning process [9].

The study presented by Bin et al. [10] used a laser sensor
mounted on a 5-axes machining centre to analyse the effects of the
position and orientation on the laser measurement of free-form
surfaces. To improve the measurement accuracy, a measurement
strategy that considered the position and orientation of the sensor
and a semi-quantitative error-compensation model based on geo-
metrical optics was  proposed. Manorathna et al. [11] presented a

set of performance evaluation tests for a 3D laser scanner attached
to a 6-axes robot. The scanner was evaluated under operating con-
ditions such as different surface reflectivity, view angle, surface
roughness and stand-off distance. The best working range was
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