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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 

This work analyses the directional effect shown by the point clouds when digitizing with a conoscopic holography (CH) sensor. 
The asymmetric shape of the laser spot for this sensor yields that directionality appears along the greatest spot length and it occurs 
repeatedly under different working conditions. To study this effect of the sensor, several tests were performed on a surface 
machined by EDM with a very uniform and isotropic finish, so that the directional effect should not appear actually. This ensures 
that the effect is a systematic factor related to the sensor and feasible to be compensated. A Gaussian filter is used with this purpose. 
The results found before and after applying the filter were compared with those obtained by a confocal microscope, which was 
used as reference due to its better metrological performance. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Conoscopic holography (CH) is an interferometric technique based on the double refractive property of birefringent 
crystals. It was first described by Sirat and Psaltis [1] and patented by Optimet Optical Metrology LTD. The underlying 
physical principle of measurement of this type of sensor is included in the guideline VDI/VDE 2617-6.2 [2].  

The characteristics of the CH sensors include high accuracy and repeatability, good behaviour for a wide variety 
of materials, ability to digitize steep slope surfaces and feasibility to combine the sensor with different lenses to adapt 
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to various depths of field. Moreover, being a collinear system allows for accessing to complex geometries such as 
holes or narrow cavities, by using simple devices for light redirection. All these characteristics demonstrate the 
feasibility of CH systems for being applied to different fields of industry, including quality assessment, reverse 
engineering or in-process inspection.  

Nevertheless, CH digitizing quality may be affected by a lot of factors similarly to other optical techniques. Among 
these factors, one that affects to the quality of the digitized surfaces is the lateral resolution of measurement or ability 
to recognize nearby points on a surface [3]. This concept is related to the minimum distance between such points and 
the size of the laser spot projected on them [4]. This way, as the distance between points to be digitized is smaller and 
the size of the laser spot greater, there is a higher probability of overlapping between the laser spots projected on them. 

The effect of the lateral resolution could be resembled to a low pass filter that eliminates the high frequencies of 
the digitized surface [5]. This is similar to the effect of digitizing a surface with a relatively large diameter contact 
probe, which is not able to access to the narrowest surface valleys, thus altering the measurement result. 

Since the CH sensor used in this work has got an asymmetric laser spot (Fig. 1a), the effect of lateral resolution 
affects in a different way depending on the digitizing direction. Thus, the overlapping of the laser spots will be greater 
when digitizing along the largest direction of the laser spot instead of along the smallest one. Consequently, when 
digitizing points far each other a distance smaller than the lateral resolution, this type of sensor will not allow for 
measuring details of high frequency on the surface. Moreover, a directional behaviour can be observed in the texture 
of the point cloud obtained in the digitizing process (Fig. 1b). In addition, this directional effect occurs in the direction 
of the greatest spot length and appears repetitively under different working conditions, which ensures that it is a 
systematic effect of the sensor and, therefore, feasible to eliminate. 

 

 

Fig. 1. (a) Laser spot with respect to the coordinate systems of the CH sensor and CMM; (b) Point cloud obtained by digitizing the plane surface 
machined by EDM. 

This directionality effect can be negligible when digitizing sculptured soft and large surfaces, where a high density 
of points is not required. However, when it is necessary to analyze topographic aspects of the surface or digitizing 
forms of small dimensions, this effect could distort the digitizing results. Thus, in this work a Gaussian-type filter was 
proposed to eliminate this effect [6,7]. One of the most common applications of this type of filter is the characterization 
of surfaces with high quality requirements. In these cases, the filtering process extracts from the surface topography, 
those components with frequencies related to roughness and it removes those that become irrelevant [8,9].  

In this work, several digitizing tests were performed under different working conditions and the results compared 
with those obtained with a confocal microscope that was used as reference. 

2. Characteristics of the conoscopic holography (CH) sensor 

The work described in this study was performed by means of the conoscopic holography (CH) sensor Conoprobe 
Point 10 by Optimet, equipped with two lenses of different focal length and different depth of field (DOF). The visible 
light source is a Class II laser diode which wavelength of 655 nm. This is a point-type sensor, thus each reading 
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