
D R .  T A R E K  A .  T U T U N J I  

 

R E V E R S E  E N G I N E E R I N G  

P H I L A D E L P H I A  U N I V E R S I T Y ,  J O R D A N  

2 0 1 5  

Reverse Engineering: Mechanical 
Rev II 



Mechanical RE 

 References: 

 

1. Reverse Engineering: An Industrial Perspective 
edited by Raja and Fernandes 

2. RE (reverse engineering) as necessary phase by 
rapid product development by Sokovic and Kopac 

3. A Practical Appreciation Programme on Reverse 
Engineering by  Chu, Tam, and Kong 



Product Development Approach 

 Conventional 

 Starts with the geometric modeling utilizing a CAD system. 
The geometric model could be represented as a wire frame or 
as surfaces or as a solid structure. 

 

 The generated CAD information could be exported 
subsequently in standard format (e.g. IGES points/STL 
binary) and imported in the same data format to CAE systems 
(allowing numerical model simulation) and/or to CAM 
systems (allowing to generate tooling trajectories—NC-code). 



Product Development Approach 

 Non-conventional 
 Used when the physical product is available, but no CAD 

data is available 

 
 Therefore, need to 

Capture the geometry of parts/moulds/tools (or 
prototypes) 

 Generate a conceptual numerical model that will be used in CAE 
and CAM systems 

 

 This process is called Reverse Engineering 



Reverse Engineering 

 RE is a process of constructing a CAD model from 3D 
points acquired by scanning/digitizing a physical 
product. 

 

 RE is the process of creating a math model from a 
physical one 

 

 RE can be used to extract mechanical information 

 

 Why? 
 Some might exist without any design/manufacturing documents 



Sequences to manufacture engineering products 



Product Development Cycle 



Computer-Aided Reverse Engineering 



RE Phases 

1. Scanning (or Data Capture)  

 

2. Point Processing 

 

3. Surface Fitting  

 

4. CAD Model Creation  



Phase One: Scanning 

 Scanning is performed to capture information that 
describes all geometric features of the part such 
as steps, slots, pockets, and holes. 

 

 Three-dimensional scanners are employed to scan 
the part geometry. 

 

 The output of the scanning phase is point cloud 
data sets in the most convenient format. 
 Typically, the RE software provides a variety of output formats 

such as raw (X, Y, Z values separated by space or commas). 



Phase One: Scanning 

 There are many different methods of acquiring shape 
data. Each method uses some mechanism or 
phenomenon for interacting with the surface or 
volume of the object of interest 

 

 There are non-contact methods of data capture, 
where contact type probes at the end of the robot 
arm uses light, sound or magnetic fields, while in 
contact methods touch the surface. 



Phase One: Scanning 



Phase One: Scanning 

 3D-scanning (digitizing) techniques and specialized software’s for model 
reconstruction are necessary. 

 
 Digitizing is the process of gathering data from an undefined three-

dimensional surface  
 
 During the scanning process, an analogue-scanning probe is commanded 

to move back and forth (contact or non-contact) across the unknown 
surface. 

 
 During this process, the system records information about the surface in 

the form of numerical data—generates a point’s cloud matrix (3D-
coordinates). 

 
 This data may then be used to create a CNC-program to machine a replica 

or geometric variant of the shape. 



Phase Two: Point Processing 

 This phase involves importing the point cloud data, 
reducing the noise in the data collected, and reducing 
the number of points.  

 These tasks are performed using a range of predefined 
filters.  

 This phase also allows us to merge multiple scan data 
sets. 
 Multiple scans of the part might be required to ensure that all 

required features have been scanned which might involve rotating 
the part 

 The output of the point processing phase is a clean , 
merged, point cloud data set in the most convenient 
format 



Phase Three: Surface Fitting 

 Surface Fitting  is the process involves fitting or 
constructing a surface, by the use of a set of points, 
which are segmented in the segmentation process. 
Depending on the requirement and accuracy, different 
types of surface construction methods are used. 

 

 Surface fitting algorithms are required to generate 
surfaces that accurately represent the three-dimensional 
information described within the point cloud data sets. 

 

 The generation of surface models from point data is 
probably the most complex activity within RE 



Phase Three: Surface Fitting 

 Segmentation is the process, in which, data points are 
grouped into sets to which an appropriate single surface can 
be fitted.  

 

 Mesh reconstruction  is the process of modeling the 
surface of the object to connect the dots of the point cloud. 
Mesh reconstruction algorithm must consider three factors: 
Topology, overlap between different views, and missing data 

 

 Once we have a first-order approximation of the object 
from mesh reconstruction, the final stage (surface fitting) of 
is to generate higher order descriptions that are more 
appropriate for CAD applications. 



Mesh Reconstruction 



Surface Fitting 



Phase Four: CAD Model Creation 

 The purpose of this final phase is to create a 
consistent and contiguous model of vertices, edges 
and faces, where both the adjacency relationship between 
the constituent elements and mathematical equations of 
underlying edges, curves and surfaces are explicitly 
stored.  

 
 This constructed CAD model can be used for further 

modifications or analysis such as finite element analysis, 
rapid prototyping, g-code generation etc. 

 
 The output of this phase is geometric model in one of 

the proprietary formats such as STL , OBJ, or G Code 



Phase Four: CAD Model Creation 

After designing a model in a CAD 
program, you save the design as an 
STL file. An STL file renders 
surfaces in the CAD design as a 
mesh of triangles - 
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3-D CAD redesign from data 

 A parametric representation of a surface takes 
the following form: 
 S(u,v) = ( f (u,v), g (u,v),h(u,v)) where u and v parameterize 

the surface and the functions f, g, and h return the x, y, and z 
coordinates 

 

 The data generated during 3D-scanning, i.e. the 
digital points cloud data in X, Y, Z coordinates, is 
exported to a model reconstruction system software 
to be transformed in a conceptual model supported 
by a triangular surface geometry or by a CAD-surface 
data 



CARE System with Laser Scanner 







Taxonomy of Measurement Systems 



Probe sensors 



Probe sensors 

Physical touching probe Laser beam probe 

Optical sensors 



Active 3D Stereo (non-contact) 



Laser probes (non-contact) 

 Advantages 

 Precise and fast in z-direction 

 Possible to scan soft materials 

 

 Disadvantages 

 High price equipment 

 Does not work on reflective materials 

 Sensitive to dust 



Contact Methods 



Coordinate Measurement Machine (CMM) 



Contact probes 

 Advantages 

 Very fast scanning 

 Very precise 

 Possibility of manual scanning 

 

 Disadvantages 

 Not appropriate for soft material 

 Scanning of unknown surfaces is difficult 



Digitizing Factors 

 What is the model made of? 

 What is the physical condition of the model? 

 Need for fixtures. 

 Alignment requirements. 

 Digitizer errors. 

 Available digitizers. 

 What is the required use of the resultant geometric 
model? 



RE Applications 

 Produce (or modify) a part when no original 
drawings or specifications of components are 
available. 
 The original manufacturer no longer exist 

 The manufacturer does not produce the part 

 

 Analyze the good and bad features of competitors’ 
products. 

 

 Create 3-D data from a model or sculpture that can 
be used to reproduce artwork or for animation in 
games and movies. 

 



RE Applications 

 The original product design documentation (or CAD data) has 
been lost or never existed. 

 

 Inspection and/or Quality Control–Comparing a fabricated 
part to its CAD description or to a standard item. 

 

 Some bad features of a product need to be eliminated or the 
product needs to be improved. 

 

 Reverse Engineering is applicable for modifying the CAD 
models. Due to manufacturing limitations there is a  
difference between the CAD model and physical component 
obtained from this CAD model. 

 



RE Applications 

 The generation of custom models for use in making 
just a single component 

 
 Each human being is different; measuring individuals and 

modeling them allows items such as special helmets, protective 
suits etc, to be manufactured so as to fit exactly. 

  

 Fitting clothing or footwear to individuals and determining the 
anthropometry of a population 

 

 Generating data to create dental or surgical prosthetics, tissue 
engineered body parts, or for surgical planning 

 

 



Applications: Automation 



Applications: Aerospace 



RE of Gears 

Ref: The fundamentals of barriers to reverse engineering and their 
implementation into mechanical components by Curtis et al 



Conclusion 

 RE is the process of constructing CAD models from 
existing systems. 

 

 RE can be divided into three phases: Scanning, 
Curve-fitting, and Creating CAD Models. 

 

 Scanning can be done using contact or noncontact 
probes. 

 

 RE equipment includes both hardware and software 


