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Abstract 

The paper deals with the relevance of using laser-plane sensors in 3D part inspection. First, based on the evaluation of the 
measuring system capacities, a digitizing strategy permits to obtain a set of points with a sufficient quality as regards geometrical 
specifications. Despite the optimized strategy, the digitizing noise associated to the sensor alters data quality, and may affect the 
estimation of the surface defects (form deviation for instance is strongly affected by digitizing noise). An original filtering method 
is proposed to remove digitizing noise before the evaluation of the specifications. 
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1. Introduction  

3D part inspection is a full part of life cycle products 
[1]. For on-line or off-line (in metrological lab) 
inspections, CMMs equipped with a touch probe are 
widely used in industry as they provide high accuracy, 
repeatability and reliability when measuring part surfaces 
[2, 3]. However, measurement speed (about a maximum 
of 60 points per minute) and the accessibility limitation 
of CMMs represent a serious disadvantage that may 
involve industrial declining competitiveness. In this 
context, non-contact measurement systems, as laser-
plane sensor based-systems seem to have the potential to 
address CMM weaknesses. A laser-plane sensor is based 
on triangulation and consists of a laser projector and a 
CCD-camera. As the laser source projects a line onto the 
part to be digitized, the intersection laser-line/part is seen 
in the CCD camera as shown in Fig. 1b. From the 
measured pixels, the 3D coordinates of the 
corresponding measured points are obtained thanks to a 
calibration stage. Nowadays, the fast technical evolution 
of laser-plane sensors allows having a high density of 
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data (over 30 000 points per second) in very a short time 
[4]. Moreover, considering their versatility of use, laser-
plane sensor based-systems become very interesting for 
3D part inspection [3, 5, 6]. 

Within this context, studies have recently emerged in 
the literature about laser-plane 3D inspection. Martinez 
et al. propose to follow some advises in the digitizing 
strategy to obtain a convergence of acquired data with 
touch probe sensors (headed on the CMM) taken as 
reference [1]. Pottmann et al. propose to make the 
inspection by localizing the 3D point cloud (generated by 
the laser-plane) relatively to the CAD model based on a 
modified ICP algorithm [7]. The transposition of CMM 
inspection process to laser-plane sensor inspection is not 
a successful strategy, as the quality of the resulting 
measurement strongly depends on the digitizing process 
[6, 8, 9, 10]. In this direction, Mahmud et al. propose to 
define a digitizing strategy (set of sensor configuration) 
in function of an uncertainty to respect calculated 
according to the tolerance interval [11]. Furthermore, it 
is not possible to affect directly each digitized point to a 
single surface part. A step of data treatment turns out to 
be essential, in particular for data segmentation [4, 12, 
13, 14]. Therefore, 3D part inspection using non-contact 
sensors includes two main activities complementary 
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activities: digitizing path planning according to quality 
criteria and data treatment and analysis.  

In this paper, a specific attention is done to data 
treatment and analysis in relation with the ISO 
specification verification. After a short introduction of 
usual treatment steps as data cleaning and fusion, a 
segmentation method based on an extension of the 
Maximally Stable Extremal Regions method (MSER) to 
meshes is shortly detailed. According to the tolerance 
interval, data filtering is introduced based on phase 
correct filters. This filtering operation leads to remove 
the digitizing noise from the digitized data. The 
assessment of the filtering approach is proposed thanks 
to the measurement of a reference feature. Finally, the 
approach is illustrated using a study case that consists of 
geometrical specification verification. 

2. Digitized data treatment and analysis 

Let us consider the inspection of the part defined in 
Fig. 2 using a laser-plane based system, which consists 

of a CMM mounted with a laser-plane sensor, oriented 
via a PH10 head (Fig. 3). The part is acquired thanks to 4 
orientations of the sensor, leading to the point cloud 
presented in Fig. 4. As expected, data are marred with 
digitizing noise. Although attention has been done to use 
one sensor orientation per surface, points that do not 
belong to the desired surface are acquired at the same 
time, which leads to a set of points of different areas of 
the part that are not dissociable (Fig. 4). Thus, the point 
cloud is not usable for part inspection as a specification 
to be verified is linked with a single surface. A specific 
treatment is then necessary to make the data exploitable 
for specification assessment. Two key steps must be 
performed: data segmentation, and data filtering. The 
first one leads to the partition of the data into a set of 
point clouds, each one corresponding to an elementary 
surface. The second activity allows removing the 
digitizing noise from the data. In the next, both activities 
are detailed before the implementation of part inspection. 
Only the case of the flatness of the plane (S1) and the 
parallelism of the plane (S5) are investigated in the 

  

Fig. 1. Digitizing system (a.) and description of a laser-plane sensor (b.) 

 

 

Fig. 2. Part to be controlled 
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paper. 
 

2.1. Data Segmentation 

The segmentation algorithm used first requires the 
meshing of the point cloud [14]. In a second step the 
analysis of the surface mesh is performed using a 
numerical and topological tool: the tree of level sets. For 
any scalar function defined on the surface mesh, a fast 
algorithm is used to build topological tree level sets of 
this function. From this tree it is then possible to extract 
significant level sets by an extension of the Maximally 
Stable Extremal Regions method (MSER) to meshes [4]. 
The intrinsic function used is the mean curvature of the 
surface. The selection by the MSER of those level lines, 
allows segmenting the mesh surface into low curvature 
regions separated by high ridges curvature that probably 
will define the boundaries. It is then reasonable to make 
a simple regression model on regions with homogeneous 
curvature to achieve the segmentation (Fig. 4). Each sub-
set of points so identified is associated to its ideal 
reference surface.  

2.2. Data filtering. 

The need in data filtering is illustrated through the 
verification of the form defect specification of plane A. 
As flatness is concerned, according to the GPS standard 
ISO 1101 and ISO 12781-1 [15, 16] the extracted surface 
may be included within the volume defined by two 
parallel planes the distance of which is given by the 
tolerance interval. To check the specification, an ideal 
plane is associated to the acquired points with respect to 
the Tchebychev criterion (to ensure the minimization of 
the form deviation). If ei represents the distance of a 
point Mi to the associated plane, df the flatness is 
calculated thanks to Eq. (1). 

iiiif eed minmax  (1)  

The specification is verified if df < it. For the study 
case, it = 0.05 mm.  If data are directly used, the form 
deviation calculated is df = 0.0495 mm which is very 
close to the limit. Actually, as shown in Fig. 5, results 
are strongly affected by digitizing noise. To better 
understand the issue, the plane is also measured using a 
touch probe. The evaluation of the form defect using 
contact-measured points gives df = 0.0261 mm, which is 
probably close to the expected result. Therefore, 
acquired data using the laser-plane sensor cannot be used 
to evaluate properly form defects without filtering. 

The importance of the digitizing noise is investigated 
by measuring a reference planar surface. The surface is 
acquired with the laser-plane sensor normal to the 
surface at the distance of 120 mm to minimize the 
digitizing noise. The plane is aligned to the y-direction of 
the CMM and the digitizing is carried out by scanning 
the surface in this direction (the laser-plane is parallel to 
the xz-plane). It is interesting to highlight that the noise 
depends on the direction. Fig. 5a shows the point cloud 
along the digitizing direction; the noise appears to be 
Gaussian, whereas in the orthogonal direction, the noise 

 

 

Fig. 4. Digitized part. (a) Digitized point cloud (b-c) Part segmentation 

 

Fig. 3. Laser-plane sensor mounted on CMM 
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is different (Fig. 5b). As the noise in the digitizing 
direction is supposed to be Gaussian, it may be treated as 
a very short wavelength profile, whereas the noise in the 
laser-plane field of view may be considered as a short 
wavelength profile as for the form defect. Thus a 
wavelength filter may be useful to separate form defect 
from noise. 

2.2.1. Phase correct filters 
Among filtering methods proposed in the literature, 

the use of an analog filtering method to that used in 
micro-geometry measurements (also called phase correct 
filters) seems relevant [17]. The interest of such a filter is 
that it is possible to separate undulation from roughness. 

Considering one profile extracted from the measured 
surface, each point of the 2D profile is moved regarding 
its neighborhood. If M is the point to be moved the 
following weighting function is applied to the other 
points of the profile (Eq. (2)). 
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Where x is the distance between the neighbor and the 
considered point M, and is the cut-off wavelength of 
the profile filter and with  defined in Eq. (3). 
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The phase correct profile filter is extended to 3D cases 
to answer the filtering of digitized data. Considering that 
the normal to the plane is close to the z-axis, the 
following weighting function (Eq. (4)) has been 
proposed:  
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where x and y represent the distances of a weighted point 
to the considered point in the x and y directions. As 
needs are different in both directions, an equivalent cut-
off wavelength is created to take into account the 
different requirements for cut-off wavelengths and the 
two distances x and y (Eq. (5)). 
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Let Mz' be the z coordinate of an initial point 

),,( MMM zyxM after motion, Mz' is given by Eq. (6). 
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A pondered mean is applied to every point and the 
motion of each point depends on its neighborhood with 
decreasing influence with respect to the distance to the 
considered point. In other words, the further a point is 
from the point to move, the less its weight. 

2.2.2. Application to ideal features 
To assess the proposed filter, it is applied to the point 

cloud corresponding to the planar reference surface (Fig. 
5) using several cut-off wavelengths. For each case, a 
plane is associated to the point cloud according to the 
Tchebyshev criterion, and flatness is calculated using Eq. 
(1). In Fig. 6 results are reported as well as the value of 
the flatness obtained when the touch probe is used (df = 

 

Fig. 5. Scanned point cloud and touch trigger probe point cloud. (a) Digitizing direction (b) Orthogonal to digitizing direction 
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18 μm). The first main result is that the noise is filtered 
with a short cut-off wavelength; the value is divided by 
four with  in both directions.  

Therefore, the cut-off wavelength can be set equal to 
1mm in the digitizing direction (Fig. 5a). Additional tests 
are carried out to find the influence of the cut-off 
wavelength in the other direction. The conclusion that 
comes as evidence is that the flatness value decreases 
when the cut-off wavelength increases. Note that, when 
the cut-off wavelength is greater than 25 mm (Fig. 6), the 
value of the flatness obtained with the digitized data 
filtered is slightly less than the reference value (~6 μm). 
This is probably due to the high point density of the 
digitized data which leads to a better representation of 
the surface and thus a better evaluation of the defects, 
once data are correctly filtered. 

Although the acquisition with a laser-plane sensor is 
noisy, it provides a more complete representation of the 
surface. Filtering is necessary to determine the form 
deviation associated to the surface. To remain close to 

the reference value, the cut-off wavelength must be 
chosen at 1mm in the digitizing direction, and within the 
range of [20, 30] (mm) for the other direction.  

2.3. Application to the flatness evaluation 

 Let us go back to the case of the flatness. The flatness 
assessment is verified if every measured point is 
included in the volume delimited by two parallel planes 
distant of 0.05 mm. As the plane (S1) has been digitized 
in the y-direction, according to the previous section, the 
cut-off wavelength is set equal to 1mm in this direction. 
The other one must be chosen between [20, 30] (mm) as 
previously exposed.  

However, to assess the method, all values of the cut-
off are tested. Furthermore; the plane is also measured 
using a touch probe in order to find the best-adapted cut-
off as regards the reference form defect (obtained with 
touch probe). For the first values of the cut-off 

 

 

Fig. 7. Raw and smoothed data (a) Digitizing direction (b) Orthogonal to digitizing direction with only cox=25mm 

Fig. 6. Flatness results using several cut-off wavelengths Fig. 8. Flatness results of plane A using several cut-off 
wavelengths 
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wavelength, results are not as significant as those 
obtained with the marble artefact for the noise filtering. 
This may be due to marble properties that increase 
digitizing noise (very short wavelength). Therefore, the 
effect of the cut-off wavelength of 1mm is softened. In 
this case, whatever the cut-off, the flatness evaluated 
from digitized filtered data remains higher than that 
obtained with the contact probe. For the latter, data 
density is poor relatively to that obtained using laser-
plane sensor as said before. The good coverage of the 
surface probably leads to an estimation of the form 
defect for non-reference surfaces greater than the one 
obtained with touch probe. The difference is nevertheless 
very small (less than 3 μm). The choice of a cut-off 
within the range of [20, 30] (mm) seems relevant. To 
summarize, filtering is necessary to approach correct 
values of the form defect when data are obtained with 
laser-plane sensors. The choice of cut-off wavelengths 
can be made after the measurement of a reference 
surface, and in comparison with measurements carried 
out using a touch probe. Some data are superposed in 
Fig. 7 to show the influence of smoothing on the point 
cloud form. 

2.4. Parallelism tolerance verification 

For the parallelism specification, every point of the 
surface has to be included within the volume defined by 
two parallel planes the orientation of which is given by 
the specified datum (Fig. 2) and distant by 0.1 mm. The 
datum corresponds to the tangent plane associated to the 
point cloud (of the surface S2) that minimizes the 
maximum of the distances. In this case, digitized data 
corresponding to both planes (the datum and the 

tolerance plane) must be filtered to ensure a correct 
estimation of the defect. Therefore, the influence of the 
datum filtering on the value of the parallelism is 
investigated. For this purpose, various cut-off 
wavelengths are tested for the datum, and for each one, 
the cut-off wavelength of the tolerance plane point cloud 
was tuned between 0 and 30 mm. As for form deviation, 
the parallelism defect is also evaluated using the touch 
trigger probe: dp = 0.065 mm (Fig. 9). Results are 
displayed in Fig. 9. As expected, the datum plane needs 
to be smoothed. Actually, the parallelism defect 
evaluated without filter is between 13 and 16 μm greater 
than the reference one (obtained using the touch probe) 
for the recommended cut-off wavelength of the tolerance 
surface. Thus, noise introduces an orientation deviation 
of the associated surface. As shown in Fig. 9, choosing 
the cut-off wavelength within the range [20, 30] (mm) 
for both the datum and the toleranced planes leads to 
evaluate the parallelism deviation close to the reference 
value: the difference is less than 6 μm. 

Thus the same recommendations as for the form 
deviation evaluation may be considered for the cut-off 
selection for the smoothing of both the datum and the 
tolerance surfaces. 

3. Conclusion 

The main benefits of laser-plane based digitizing 
systems as timesaving or easiness of implementation 
make their implementation more and more usual for 
applications such as 3D inspection. However, the quality 
of the measurement is less than that obtained when using 
the touch probe. The paper showed that a specific 
attention has to be paid to data treatment before 

 

Fig. 9. Parallelism deviation evaluation using several cut-off wavelengths, for both datum and toleranced planes. 
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application. The needing for data filtering has been 
clearly demonstrated through the evaluation of form and 
orientation defects. As it is expected that the noise can be 
considered as a short wavelength profile and the form 
deviation as a long wavelength profile, an original 
filtering method based on the phase correct filters used in 
micro-geometry has been introduced and assessed. This 
filter based on different profiles wavelength separation 
allows filtering noisy data so that classical algorithms of 
form and orientation deviations may be used with 
respects to recommendations defined in standards. The 
efficiency of the smoothing operation is strongly 
dependent on the cut-off wavelength of the filter. Thus 
recommendations have been proposed to select the cut-
off for both datum and tolerance surfaces. An extension 
to other surfaces and other types of defects must be 
conducted. Future works on data smoothing may provide 
solution to select the appropriate cut-off wavelength as 
regards the part (materials, color, surface, etc.) and the 
sensor used. In fact, this selection is strongly linked with 
the digitizing conditions and may vary for each case. 
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