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INSPECTION TECHNOLOGIES AND 
DEVICES IN INDUSTRIAL APLICATION 

 
Abstract: Nowadays, the search for competitive products, 
with high quality and low cost, has made part inspection 
operations an important task in the life cycle of products. 
Contact inspection devices with touch-trigger probes 
(CMM) are widely used because of their good performance 
- cost relation. Noncontact scanning systems are becoming 
more present in the industry every day. These systems allow 
a significant reduction in manufacturing costs, mainly due 
to the important decrement in the inspection time. This paper 
describes the basic technologies of inspection and devices 
for inspection (contact and noncontact) and presents the 
advantages and disadvantages of their use and selection in 
industrial inspection. 
Keywords:Inspection Techniques, Measuring, CMM, 
Scanners 

 
1. INTRODUCTION 
 

Inspection process planning is an integral 
part of the design and manufacturing activities. 
It determines what characteristics of a product 
are to be inspected, where and when. Modern 
manufacturing is increasingly characterized by 
the low volume, high variety production, tight 
tolerance, and high quality products. Part and 
product inspection is evolving to be an important 
module of integrated manufacturing. 
Manufacturers are using in-process inspection to 
control production and achieve the desired 
quality rather than a means of acceptance or 
rejection at the end. This requires fast yet 
accurate inspection as well as effective 
integration with the product model and relevant 
database. The need for more automated 
inspection process planning and better decision 
support tools increases as the complexity and 
variety of products increase and the product 
development cycle decreases [1]. 

Inspection is the means by which poor 
quality is detected and good quality is assured in 
products that are produced in a production 
process. Inspection is usually carried-out via the 
use of various technologies that examine specific 
variables (quality characteristics of the product), 
or product attributes (to ensure product 
conformance to previously-set standards). The 
major steps in inspection include [2]: 
 Presentation of the item for inspection 

 Examination of the item for non-
conformance on certain product attributes 

 Decision-making, based on the results of 
the examination, whether the item passes 
the quality standards required, and 
assigning the product to a quality grade 

 Action, based upon the decision reached, 
such as accepting or rejecting the item 
Various technologies support the inspection 

procedure, enabled by various sensors, 
instruments, and gauges. Some inspection 
techniques use manually operated devices such 
as micrometers, callipers, protractors, and go/no-
go gauges; whilst other techniques are based 
upon modern technologies such as co-ordinating 
measuring machines (CMM) and machine 
vision, which use computer-controlled systems 
that allow the inspection procedure to be 
automated.  

Characteristics of measuring instruments 
that are used to ensure correct device selection 
include parameters that assess: accuracy and 
precision; resolution and sensitivity; speed of 
response; wide operating range; high reliability; 
and cost. 
 
2. INSPECTION TECHNIQUES 
 

There are two types of inspection 
techniques - contact and non-contact. 

In contact inspection, physical contact is 
made between the object to be inspected, and the 
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measurement device. Typically contact is 
achieved using a mechanical probe or other 
device that touches the item, and allows the 
inspection procedure to occur. By its nature, 
contact inspection is concerned with some 
physical dimension of the part, and so contact 
methods are widely used in manufacturing and 
production industries to assess metal parts. 
Principal contact inspection technologies 
include: 
 Conventional measuring and gauging 

instruments 
 Co-ordinate measuring machines (CMMs) 

and related techniques to measure 
mechanical dimensions 

 Stylus type surface texture measuring 
machines to measure surface characteristics 
such as roughness and waviness 
Contact inspection techniques are the most 

widely-used inspection techniques. As well as 
possessing considerable accuracy and reliability, 
in many cases they represent the only methods 
available to accomplish inspection. 

Non-contact inspection techniques use 
sensors instead of a mechanized probe favoured 
by contact inspection methodologies. The sensor 
is located at a certain distance from the object to 
be inspected, to measure or gauge the desired 
features of the object. 

There are two categories of non-
contactinspection technologies: 
 Optical inspection technologies - these use 

light to accomplish the measurement or 
gauging cycle.  

 Non-optical inspection technologies - these 
use other forms of energy than light to 
perform the inspection. Various energies 
utilized include: electrical fields, radiation, 
and ultra-sonics. 
Since coordinate measuring machines and 

optical devices are mostly used from inspection 
devices in industrial aplications, they will be 
described in details below. 
 
3. CO-ORDINATE MEASURING 
MACHINES 
 

In co-ordinate metrology the actual shape 
and dimensions of an item are measured, and 
compared against desired shape and dimensions, 
as might be specified on a part drawing. 
Coordinate measuring machines (CMM) is an 
electromechanical system that has been designed 
to evaluate relevant dimensions of an item 
against a required standard. 

CMM can be performed in two main 
varieties: portable and stationary CMMs CMMs. 

Portable CMMs, which typically are 
stationed on an arm or are observed by a tracking 
device, are, as the name implies, highly portable 
and can be moved to a part rather than the other 
way around as with stationary CMMs. They are 
manually operated, and lower accuracy than 
stationary CMMs, but also come at a much 
reduced cost. Use of portable CMMs requires a 
lot less training, can be used on very large parts 
without requiring complex set up, and it is easy 
to add additional portable CMMs to increase 
throughput. 

Stationary CMMs (Fig. 1) are typically very 
large installations - gantry, bridge and horizontal 
systems - that are highly accurate, expensive and 
much slower compared to other methods. These 
CMMs have zero portability and the part being 
measured has to be ported to the CMM itself, not 
vice versa. A number of different physical 
configurations exist for the mechanical structure 
of the stationary CMM; these include: cantilever; 
moving bridge; fixed bridge; horizontal arm; 
gantry; and column mechanical structures. 
 

 
 

Figure 1. Portable CMM 
 

Stationary CMMs (Fig. 2) are typically very 
large installations - gantry, bridge and horizontal 
systems - that are highly accurate, expensive and 
much slower compared to other methods. These 
CMMs have zero portability and the part being 
measured has to be ported to the CMM itself, not 
vice versa. A number of different physical 
configurations exist for the mechanical structure 
of the stationary CMM; these include: cantilever; 
moving bridge; fixed bridge; horizontal arm; 
gantry; and column mechanical structures. 
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Figure 2. StationaryCMM 
 

The overall CMM construction consists of 
a mechanical structure that supports the probe 
head and probe, and a worktable (in stationary 
CMM) that passes underneath the probe, upon 
which the item to be inspected is placed. 
Associated equipment such as the computer 
system are located remotely. The tip of the probe 
in the CMM is usually a ruby ball. Ruby is a form 
of corundum (aluminium oxide) with high 
hardness for wear resistance, and low density for 
minimum inertia, thus making it ideal for 
probing applications. Probes can be single or 
multiple tip. The most common probe design is 
the touch-trigger type, which actuate when the 
probe makes contact with the item’s surface. 

Stationary CMMs have the disadvantage of 
being fixed in one place, being very slow and 
quite costly. But otherwise, the advantage of 
accuracy always needs to be considered. 
Secondly, data capture is slow. Capturing 100 
points can take ten minutes, but those tend to be 
some very valuable points [3]. 

CMM control (probe positioning) may be 
accomplished via methodologies that use manual 
drive; manual drive with computer-assisted 
processing; motor drive with computerassisted 
data processing; or direct computer control with 
computer assisted data processing. 

In the case of CMMs using direct computer 
control with computer assisted data processing 
capabilities, two principle methods of 
programming may be outlined: Manual lead-
through (where the operator leads the CMM 

probe through the various motions that are 
required of it for a particular workpart, while the 
points and locations are recorded into 
programme memory) and Off-line programming 
(where the programme is prepared based on the 
workpart drawing, and then downloaded to the 
CMM controller for execution). 

In addition to CMM part programming 
software used for programming direct computer 
control CMMs, other CMM software may be 
used. These include software in the following 
categories:  
 Core software. Types of core software 

include probe calibration; part co-ordinate 
system definition; geometric feature 
construction; and tolerance analysis. 

 Post-inspection software. Types of post-
inspection software that may be deployed 
include statistical analysis software, and 
graphical data representation software. 

 Reverse engineering software. Types of 
reverse engineering software include 
software for gear checking, thread 
checking, cam checking, and automobile 
body checking. 

 Application-specific software.  
Some of the most popular application 

inspection software are FARO CAM2, Hexagon 
PC-DMIS, Verisurf, BuildIt!, i Delcam 
PowerInspect, among others.  

The general performance of CMMs has 
been the subject of very extensive research and 
standardization [7-11]. 
 
4. OPTICAL INSPECTION 
TECHNOLOGIES 
 

In recent years, demand for optical 3D 
imaging sensors has become increasingly 
relevant, and has led to the development of 
instruments that are now commercially 
available. 

The use of optical depth sensors has gone 
beyond the mechanical field for which they were 
originally intended. Examples of application 
fields are geology, civil engineering, 
archaeology, reverse engineering, medicine, and 
virtual reality. 

There is a remarkable variety of 3D optical 
techniques, and their classification is not unique. 
The 3D techniques are based on optical 
triangulation, on time delay, and on the use of 
monocular images. They are classified into 
passive and active methods. In passive methods, 
the reflectance of the object and the illumination 
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of the scene are used to derive the shape 
information: no active device is necessary. In the 
active form, suitable light sources are used as the 
internal vector of information. A distinction is 
also made between direct and indirect 
measurements. Direct techniques result in range 
data, i.e., into a set of distances between the 
unknown surface and the range sensor. Indirect 
measurements are inferred from monocular 
images and from prior knowledge of the target 
properties. They result either in range data or in 
surface orientation (Table 1) [17]. 
 
Table 1. Classification of 3D imaging 
techniques [17] 

 
 

Active systems can be further classified in 
terms of underlying physical principles: 
triangulation, time-of-flight or laser pulse, and 
interferometry. 

Triangulation is based on the principle of 
triangulating a measurement spot on the object 
from a physically separate camera optical source 
and detector. By simple geometry, the (x, y, z) 
coordinates of the illuminated spot on the object 
are calculated [11]. As shown in Fig. 3, 
triangulation-based sensors can be single-point 
or slit. A single-point sensor acquires range 
information point by point, whereas a slit 
scanner allows the projection of a laser line and 
the simultaneous detection of a complete profile 
of points. A slit scanner must compromise 
between the field of view and depth resolution, 
and it has relatively poor immunity to ambient 
light. 

 

 
 

Figure 3. Triangulation-based sensors, a) 
Single-point sensor and b) slit sensor[17] 

 
Time-of-flight or laser pulse scanners work 

on the principle that the surface of an object 
reflects light back towards a receiver which then 
measures the time (or phase difference) between 
transmission and reception. The range is 
measured as a direct consequence of the 
propagation delay of electromagnetic wave.  

Interferometric methods operate by 
projecting a spatially or temporally varying 
periodic pattern onto a surface, followed by 
mixing the reflected light with a reference 
pattern. The reference pattern demodulates the 
signal to reveal the variation in surface 
geometry. The measurement resolution is very 
high, since it is a fraction of the wavelength of 
the laser radiation. For this reason, surface 
quality control and microprofilometry are the 
most explored applications. Use of multiple 
wavelengths and of double heterodyne detection 
lengthens the non-ambiguity range. 
 
5. SCANNING DEVICES 

 
Noncontact scanning systems (sceners) are 

becoming more present in the industry every 
day. These systems allow a significant reduction 
in manufacturing costs, mainly due to the 
important decrement in the inspection time. They 
enable obtaining a great amount of data that 
provides very good levels of quality in results. In 
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spite of the well-known advantages that these 
systems offer, there are also some difficulties, 
such as the undefined and nonstandardized 
accuracy when compared with traditional 
inspection systems based on touch-trigger 
probes [4]. Noncontact scanning systems range 
across laser scanners, structured light scanners 
and industrial CT scanners. All of them capture 
the “shape” of the part so that measurements can 
be made and analyzed using inspection software. 
They are (except for CT scanners) highly 
portable and flexible to use, with no or very few 
compensations for the data being collected. They 
avoid possible surface damage that can be caused 
upon contact [3]. Also, in a case when the parts 
are made from materials with elastic properties 
application of contact methods for 
threedimensional digitization is not appropriate 
[5]. 

Laser scanners. Laser scanners (Fig. 4) use 
laser light to create the 3-D shape of the part as a 
point cloud. They tend to be very flexible - you 
can mount them to CMMs and portable CMMs - 
and can be hand-held or mounted on tripods. 
Laser light causes inherent measurement noise 
and diffusion from the laser light limits the 
resolution possible, and laser based systems 
typically have difficulties measuring highly 
reflective surfaces. Camera resolution is always 
better than laser coherence. Your use of these 
scanners should be made based on the available 
resolution of a scanner compared to your 
tolerance requirements on the shop floor. 

 
 

Figure 4. Laser scanner 
 
Structured Light Scanners. A structured 

light scanner (Fig. 5) uses projected light 
patterns and a camera system to record the 
deviations of the light to record the 3-D shape of 
the part. Available in multiple shades of light, 
these scanners are usually more accurate than 
laser scanners, due to a markedly lower 
measurement noise. In addition, they can deal 
with shiny parts. The combined light and camera 

technology delivers much greater accuracy and 
also means much heavier datasets to deal with. 
They are also less flexible, needing to be 
mounted and calibrated on tripods or robots. 

 
 

Figure 5. Structured light scanner 
 
Industrial CT Scanners. CT scanners have 

the advantage of being able to capture both 
internal and external geometry, even to the point 
of being able to see and identify cracks and 
fissures in a material almost down to the atomic 
level if you have the right system. This kind of 
accuracy demands much higher prices, and CT 
scanners are far less mobile - you bring the part 
to the scanner unit. CT scanners also have 
limitations on what materials can be scanned so 
that needs to be carefully checked against 
requirements.  

 
 

 
 

Figure 6. Industrial CTscanner 
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Inspection software for noncontact measu-
rement is a wholly different experience from the 
traditional methods, and is aimed at the new 
generation of measurement and automated 
inspection process.  

There are a number of commercial packa-
ges available for manipulation of 3D data. 
Examples are PolyWorks (InnovMetric, Inc., 
Canada), Geomagic (Raindrop Geomagic, Inc., 
USA), Rapidform (Inus Technology, Inc. & 
Rapidform, Inc.), Rinhoceros (Rino3D Inc., 
USA), Surfacer (Powershape, Inc., UK). They 
provide view importing, editing, alignment and 
fusion. Specific modules allow meshediting, 
compression, rendering, visualizing and inspec-
ting. Some of them provide the tools for the 
construction of the CAD model from the mesh. 
It is worth noting that in general, the operations 
are performed in a semi-automatic way, i.e., the 
operator skill is crucial to optimize the various 
steps, and to keep under control the influence of 
the alignment errors and of the editing operations 
over the 3D models [17]. 

 
6. CONCLUSION 
 

In selecting measurement equipment, a 
choice between contact and noncontact solutions 
exists.  

Contact solutions are a more traditional and 
widely accepted technology, and come in two 
main varieties: stationary CMMs and portable 
CMMs. 

The noncontact solutions are a relatively 

new approach, and include laser scanners, struc-
tured light scanners and industrial CT scanners. 

The paper gives basic elements from the 
process of inspection. Princips of the function of 
portable and stacionary measuring machines are 
described. Advantages, disadvantages and the 
princips of programming are given, so are the 
known aplicative inspection software at contact 
techniques. Also the noncontact techniques and 
principes of optical acquisition of data are given. 
Mostly used laser devices are described and their 
advantages and disadvantages are given.  

There are obvious advantages of non-
contact inspection methods: speed, coverage, 
ease of operation, price, etc.Certainly there are 
major differences between CMM and non-
contact measurement data that require some-
times fundamentally different approaches. The 
first difference is that the accuracy of the 
individual points in non-contact measurements is 
usually inferior to that of touch-probe devices. 
The second difference is that some surfaces, due 
to glossiness or transparency, are not suitable for 
optical measurement and cause special errors. 
There is a third difference: the sheer amount of 
the collected data. The vast amount of points 
provides far more coverage, but the inspector 
must relinquish his/her individual control over 
the individual points.  

Aim of the paper is to show the basic 
differences between the contact and noncontact 
inspection devices and to help in the choice of 
their use in industrial inspection aplication.  
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