
ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.19, ISSUE 4/2021 

30 

DEVELOPMENT THROUGH REVERSE ENGINEERING OF A 

FIXTURE FOR AUTOMATED 3D SCANNING 

Mircea Horia MUNTEAN
1
 and Mircea Cristian DUDESCU

2
 

1 
Technical University of Cluj-Napoca, Manufacturing Engineering Department, B-dul Muncii, 103-105, 400641 

Cluj-Napoca, Romania, E-mail: mircea.h.muntean@gmail.com 
2
 Technical University of Cluj-Napoca, Mechanical Engineering Department, B-dul Muncii, 103-105, 400641 

Cluj-Napoca, Romania, E-mail: mircea.dudescu@rezi.utcluj.ro 

ABSTRACT: In today’s world, many quality inspection applications require measuring a 

large batch of parts. In optical 3D metrology, an automated measuring cell helps maintain a 

high productivity. Producing fast, accurate and repeatable measurements requires securing the 

measured part in place, which is best achieved by using a fixture frame. This paper studies an 

existing design of such fastening device by reproducing and adapting it with the help of reverse 

engineering. The results show that adapting this design can lead to an increase in productivity 

and a reduction in cost. 
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1 INTRODUCTION 

Automated 3D scanning has emerged as a means 

for quality control of large production batches. To 

reduce measurement times to a minimum, robots 

have been introduced as a means of automating 3D 

scanner movement. Thus, the need for fastening or 

fixture devices that can hold the measured parts 

during scanning has raised. Fixture frames should 

be rigid, versatile, and most importantly not affect 

the part geometry by deforming it.  

There have been many studies in the field of 

reverse engineering. One of those [1] revolves 

around the subject of creating a fixture frame for 

automated 3D scanning. The study approaches the 

manufacturing process of a frame that is designed 

with a certain measured part in mind through the 

means of rapid prototyping on a 3D printer. The 

paper written by Krznar et al. [1] shows that it can 

be developed a fixture frame by starting from the 

measured part model and creating a structure that 

would hold it in place for automated optical 

scanning. 

Another study [2] describes the process of 

designing a fixture frame for laser scanning. The 

paper shows the entire workflow from the design 

point of view, finally creating a universal fastening 

device fit for laser scanning applications. 

Other studies approach the subject of reverse 

engineering for other parts.  P Other works like [3] 

adds the artificial intelligence to the process, while 

others [4] and [5] employ more traditional 

techniques for certain mechanical parts. 

The present applied research started from the 

need to automate quality control processes, 

especially when it comes to 3D scanning and 

inspection. In addition to the aspects related to the 

fields of automation and robotics, there is also the 

need for support or fixture type structures for 

objects that are measured with automated inspection 

methods. 

This fixture frame has always been extremely 

helpful if the dimensions of the measured part fit its 

size. Our main objective is to repurpose an existing 

design that has proven its flexibility and usefulness 

over many projects that required a fastening device 

while optically scanning a part. Be it to hold the 

part due to the impossibility of placing it in directly 

on the measuring table, to secure the part in place 

due to high risk of deformation while scanning or 

just to increase repeatability of the entire process. 

Another motivation for reverse engineering this 

part is reducing the overall cost of manufacturing. 

As long as it complies with the rigidity needs and is 

able to hold the measured part in place, we can use 

any material that would drive down the price of 

production. A study [1] shows that you can reduce 

the cost of manufacturing even further by 3D 

printing the part. Polymeric rapid prototyping 

materials are generally cheap and can produce high 

quality prints. 

This paper will go through the process of reverse 

engineering an existing design to obtain a digital 

parametric model of the original part, which will 

then be adapted to comply with a different 

dimensional and geometric requirement. The 

process begins by digitizing the part to obtain a 3D 

mesh, extracting geometric data from this mesh in 

order to obtain a solid CAD model and finally, 

parametrizing this design in order to ease the 

process of adapting it. In the end, the new, modified 
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part will be validated and manufactured for use in 

real-life scenarios. 

The goal is to obtain a usable fixture frame that 

will help us in optical 3D scanning projects that 

require fixing or fastening the measured part, with 

modified dimensions and at a fraction of the cost of 

the original frame. 

2 MATERIALS AND METHODS 

The high-precision ATOS Capsule 3D (GOM, 

Braunschweig, Germany) [6] scanner was used in 

this work together with the ATOS Scan Box 4105 

robotic measuring cell as an objective to assist in 

the automated inspection process. The fixture frame 

is placed on the turntable on a set of four pins that 

can be screwed directly onto the scanner table or 

onto a special plate. This type of fastening device 

can be used with any other automated measuring 

system with or without rotating tables and can be 

adapted in size for almost any scanned part, with a 

high degree of versatility. 

 
Fig. 1 ATOS Capsule optical 3D scanner in the Scan 

Box 4105 robotic measuring cell [6] 

Once the reconstituted model is validated, the 

possibilities for modification and adaptation are 

endless. Due to its simple but ingenious 

construction, the fixing device allows not only the 

modification of the dimensional aspects, but also of 

the general geometry, where the automated 3D 

inspection applications require this fact. 

2.1 Proposed fixture model 

GOM company [7] offers users of 3D 

automation systems a universal model of fixing 

device, designed to be adapted to a wide range of 

geometries of scanned objects. The frame has a 

rectangular shape with a size of 150x100 mm, with 

90° chamfered edges on both sides for a better 

acquisition of the reference markers by the 3D 

scanner. The fixture also has through holes on all 

four sides to allow the insertion of fixing rods with 

which will ensure that the part is not deformed and 

does not move during the scanning process, 

especially when the rotary table is moving. 

 
Fig. 2 Universal fixture frame for 3D scanning 

applications [7] 

In addition to the frame itself, the fastener also 

has a protective housing for the application of anti-

glare powder. The purpose of the housing is to 

maintain the black, reflective color of the mounting 

frame when the part is coated with anti-glare 

powder so that it does not appear in scans. It also 

has the role of protecting the fixture from 

deformation or scratches. The housing is fastened 

with the help of magnets along its sides. 

Lastly, to ensure the possibility of scanning both 

sides of the object to be measured, a solution is 

needed to lift the fixture from the rotary table bed. 

For this purpose, the fixing device also has four 

spacers, as well as a base plate for fastening them in 

case it is not possible to do so directly on the rotary 

table. Both the fixture frame and the housing can be 

mounted on these legs through the pins on top of the 

spacers. 

 
Fig. 3 Complete fixture frame kit [7] 

2.2 Overall procedure 

The reverse engineering process involves 

measuring an object and then reconstructing it as a 

3D model. The physical object can be measured 

using 3D scanning technologies such as tactile 

coordinate measuring machines (CMMs), laser 

scanners, structured light scanners, or industrial CT 

(computed tomography) scanning. The problem is 
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that the measured data, usually represented as a 

point cloud, has no geometric information or design 

intent. The first of these can be recovered by 

transforming the point cloud into a mesh by 

polygonization. Reverse engineering aims to go 

beyond the production of such a mesh and to 

recover the design intent in terms of simple 

analytical surfaces where appropriate (planes, 

cylinders, etc.), as well as possibly non-uniform 

surfaces, to produce a CAD model. The recovery of 

such a model allows the modification of a design to 

meet any new or different requirements, to generate 

a manufacturing plan, etc. 

 
Fig. 4 The stages of reverse engineering 

2.3 Optical 3D scanning 

A set of 3D points can define a real part or 

workspace. Each point represents a digitized point 

on the object or environment and collectively 

describes its shape and measurements. It usually 

comes from a 3D scanner or even a CMM. A point 

cloud can be built as a network in software by 

generating triangles between points, a process 

known as triangulation. Point clouds are used to 

visualize real parts or in reverse engineering to 

make a CAD model. 

A point cloud may or may not have normal 

vector information, depending on the scanner used 

and the type of scan. Even if a point cloud does not 

have normal vector information, it can be generated 

in specialized applications after data is imported. 

The original part was scanned using the ATOS 

Capsule system, which has a resolution of 12 mega 

pixels and an accuracy of 2 microns. Following the 

scan, we obtained a cloud of 3D points that was 

subjected to a triangulation process to obtain a 

polygonal mesh in STL format, containing all the 

surface and dimensional data of the fixture. The 

software package used for scanning is GOM Inspect 

Suite, version 2020. 

The mesh is a polygonal pattern that represents a 

physical object. Such a network consists of several 

connected triangles that can be generated from a 

point cloud or CAD data [8]. 

A scanned part usually consists of several scans 

from different directions, which requires alignment 

of overlapping scans and alignment of common 

areas in the software. Once aligned, multiple dot 

networks can be converted to a single mesh by 

merging. When multiple scans are merged, 

overlapping areas will be removed [8]. 

 
Table 1. Technical data of ATOS Capsule [9] 

Measuring 

volume [mm
3
] 

MV 

70 

MV 

120 

MV 

200 

MV 

320 

Working space 

[mm] 

70x5

0 
120x80 

200x14

0 

320x24

0 

Measuring 

distance [mm] 
290 

Sensor type 8 to 12 mil. points per scan (PPS) 

Dimensions 

[mm] 
310 x 220 x 150 

Mass [kg] 7 

Operating 

temperature 
+5°C up to +35°C 

ATOS Capsule is a precision optical measuring 

machine (OPMM) for complete digitization of part 

geometry, dimensional control and / or reverse 

engineering applications. The fringe projection 

system of the ATOS series is used to ensure the 

production quality of small and medium parts and 

excels in high precision for fine details. 

 
Fig. 5 Scanning of the original fixture frame 

Due to the dark color of the part, it was 

necessary to coat it with anti-glare powder to be 

visible to the optical sensor. 
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2.4 Reverse engineering technique 

To extract the surfaces and geometries from the 

fixing frame, we used the Geomagic Design X (3D 

Systems, Rock Hill, SC, USA) software package, 

specialized in reverse engineering applications. The 

process begins by filling in the gaps left in the mesh 

to create a watertight pattern. This procedure was 

performed using the 3D scanning software, 

immediately after polygonization. 

The next step was to obtain all geometric 

features in the form of a feature tree. The reverse 

engineering software allows the export of these 

trees directly to any CAD modeling application. 

Reference geometries are used to create other 

features. These include basic geometric entities, 

such as planes, vectors, coordinates, points, and 

polygons [8]. 

 
Fig. 6 Geomagic Design X workflow [8] 

In the CAD modeling software, we created the 

final model based on the information extracted from 

the geometric characteristics tree, initially 

respecting the original dimensions. After obtaining 

the CAD model based on the original fixing frame, 

we proceeded to adapt its overall characteristics 

such as to make it parametric, meaning it can be 

adapted to most requirements that we may 

encounter in real-life scenarios. 

 
Fig. 7 Parametric CAD model of the fixture frame 

An example requirement of the adapted model 

would be to measure smaller parts with a measuring 

volume between 80 mm and 100 mm. Thus, we 

proposed a square shaped fixture frame of 90 x 90 

mm with the possibility of using up to 12 rods for 

fastening the measured parts. 

2.5 Manufacturing 

In terms of flexibility and affordability, the 

quickest solution would be additive manufacturing 

especially using some type of polymer rather than 

metal. Still, for the reason of maintaining the 

original parameters of rigidity and stability of the 

fixture, traditional CNC milling would be preferred. 

Having both options available, we chose to first 

validate the model via rapid prototyping, using a 

Rize 3D printer with PLA (polylactic acid) as the 

polymer of choice for its cost-efficient and facile 

printing properties. 

 
Fig. 8 Model validated through rapid prototyping 

With the model validated and eventual errors 

corrected, we went through and manufactured the 

final product through the means of CNC milling 

using a Haas VF2 machine (producer, country). The 

material of choice was stainless steel to replicate the 

original stability properties, but as a further study, it 

could be replaced with aluminum, which would 

reduce production time and also, the overall cost. 

All the fastening devices, together with the fixture 

were then electrostatically coated with a matte black 

powder. The reasoning being is to avoid them being 

detected by the optical 3D scanner, thus leaving 

only the measured part visible. 

 
Fig. 9 Final adapted fixture frame 
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3 RESULTS AND DISCUSSIONS 

Having completed the final manufactured 

device, we not only obtained a new fixture frame of 

a different size, fit for a whole new variety of 3D 

measured parts, but also a parametric CAD model 

that can be further adapted to almost any 

dimensional or geometric requirement needed. 

3.1 Cost efficiency 

With parts in today’s world varying in shape and 

form, it is of utmost importance to efficiently 

manage the costs of not only production, but also 

quality control. Purchasing such fixture frames for 

every type of part that we measure would be 

extremely expensive, so many companies choose to 

refrain from using such devices in order to drive 

down the price of quality control, although, most of 

the hardware producers strongly recommend so.  

In this sense, we propose the manufacturing of 

such parts, having the freedom of choosing the 

material and process of production, impacting its 

cost. With the proposed frame made from stainless 

steel, we managed to reduce its overall cost by more 

than 30% (including shipping/transport costs). 

This cost reduction can be improved even further 

by changing the material to aluminum or even 

plastic, if we run a rigidity study on these kinds of 

material and conclude that they will yield working 

parts. Thus, the cost can be driven down upwards of 

50% compared to the original cost of the part. 

3.2 Scan times 

When measuring with an automated setup, it 

usually implies that we are working with a large 

batch of scanned parts. In such cases, the duration 

of the scanning process will contribute greatly to the 

productivity of the operator, as well as the sensor 

and computer. 

It is known that using a fixture frame while 

measuring with an automated optical 3D scanner 

can significantly impact the duration of such 

measurements. With this in mind, we proceeded to 

compare scan times with and without the new 

fixture frame for parts that were previously unable 

to fasten due to the dimensions of the old one. 

The comparison will be conducted on a batch of 

five identical parts, measuring overall scan times 

including part preparation, fastening, and 

polygonization duration, last one being mostly 

influenced by software and hardware parameters 

that were identical in both cases. For the first 

comparison, the same automation code for the robot 

movement and positions were used, without any 

optimization. 

 

Table 2. Average scan duration comparison 

without code optimization 

Part 

Scan time 

without 

fixture  

[min] 

Scan time with 

fixture  

[min] 

P1 16.7 13.7 

P2 16.1 12.2 

P3 15.9 12.8 

P4 17 12.8 

P5 16.5 13.1 

Average 16.44 12.95 

As we can observe from the table above, scan 

time was reduced on average by 3.49 minutes which 

means a 21,23% reduction in overall scan times. 

Having used the same automation code for the 

robot, without increasing or decreasing the number 

of scan positions we can conclude that these figures 

are greatly influenced by the duration preparation 

and fastening procedures.  

By further optimizing the code for the Scan Box 

automation, we were able to reduce the number of 

positions required to produce a valid result when 

using the fixture frame. We ran the tests again, this 

time with the optimized robot path and positions for 

measuring with a fixture frame, measuring again 

with identical hardware. Having reference markers 

on the sides of the frame, makes overlapping 

multiple scans easier, thus reducing the number of 

scans needed to properly capture and transform the 

entire surface of our part. 

Table 3. Average scan duration comparison with 

code optimization 

Part 

Scan time 

without 

fixture 

[min] 

Scan time with 

fixture 

[min] 

P1 16.7 9.5 

P2 16.1 8.9 

P3 15.9 8.8 

P4 17 8.9 

P5 16.5 9.3 

Average 16.44 9.08 

From the table above, we can conclude that scan 

time was reduced on average by 7.36 minutes which 

means a 44,76% reduction in the total time to obtain 

a 3D mesh from a physical part. 

With an optimized automation process, we were 

able to reduce not only robot travel times and 

number of scans, but also we contributed to a faster 

polygonization due to the reduced quantity of 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.19, ISSUE 4/2021 

35 

overlapped data, without reducing the quality of the 

final resulted 3D mesh. 

Although this is a relatively small sample size, 

we can still conclude that it makes a significant 

impact on the duration of scanning operations, thus 

increasing the productivity of not only the human 

operator, but also that of the scanning hardware. 

This study showed that the duration of 

programming the automated cell may also be 

reduced by using a fixture frame, but it cannot be 

confirmed on a single batch of parts. 

 

4 CONCLUDING REMARKS 

In this study we managed to produce a working 

part by reverse engineering a proven design. We 

were able to adapt this design to different 

requirements by parametrizing its structure. The 

new design can be modified not only in terms of 

dimensions, but in terms of geometry as well if 

future applications may require so. 

In addition to its flexibility, we managed to also 

reduce the production costs of such parts. These 

numbers can be further reduced by experimenting 

with different materials in the future. In this study 

we obtained a fixture frame at roughly 30% reduced 

cost, but our goal in the long run is to eliminate the 

issue of improvised fastening methods during 

optical 3D scanning and especially, when 

measuring in an automated robotic cell, where such 

improvisations can be dangerous for the measured 

part, robot, and sensor. 

By validating our design using rapid 

prototyping, we were able to avoid eventual errors 

in the manufacturing process that could yield 

unwanted costs and maybe even scrap our part. 

While our 3D printer didn’t produce a usable 

device, mainly due to the usage of cheaper, less 

reliable polymers, it enabled us to see the potential 

of this technology, combined with the right material 

and rigorous optimizations on the machine itself. 

This research also offers data supporting the fact 

that the usage of such dedicated fastening devices 

can significantly reduce the duration of the overall 

quality control procedure by driving down 

preparation and fastening time as well as helping 

optimize the automation process and yielding faster 

results at matching quality. We managed to reduce 

the measuring times of a batch of 5 parts by 

upwards of 20% without any changes in the 

automation process. By optimizing our code and 

reducing scanning positions, we obtained almost 

45% faster measuring times, including 

polygonization and recalculation of results. 

As a future research direction, we can start 

experimenting with different materials and methods 

for manufacturing, including additive 

manufacturing with either polymers or metallic 

powders, as they will eventually make such fixture 

frames available to any quality control engineer in a 

matter of a few hours and at a fraction of the cost. 

On the other hand, we can further study the 

impact of these devices on measurement duration, 

by experimenting with larger batch sizes, as well as 

taking into consideration programing times when 

scanning multiple batches of different parts. Cell 

programming duration in a parameter that may 

further influence the productivity operators and 

scanner hardware 
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