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Abstract 
Reverse engineering is the process of discovering the technological principles of a device, object or 
system through analysis of its structure, function, and operation. From a device used in clinical 
practice, as the corneal topographer, reverse engineering will be used to infer physical principles and 
laws. In our case, reverse engineering involves taking this mechanical device apart and analyzing its 
working detail. The initial knowledge of the application and usefulness of the device provides a 
motivation that, together with the combination of theory and practice, will help the students to 
understand and learn concepts studied in different subjects in the Optics and Optometry degree. 
These subjects belong to both the core and compulsory subjects of the syllabus of first and second 
year of the degree. Furthermore, the experimental practice is used as transverse axis that relates 
theoretical concepts, technology transfer and research. 
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1 INTRODUCTION 
People can learn a lot simply by taking things apart and putting them back together again. That, in a 
nutshell, is the concept behind reverse engineering—breaking something down in order to understand 
how it works, build a copy or improve it. Reverse engineering is the process of discovering the 
technological principles of a device, object or system through analysis of its structure, function, and 
operation. Reverse engineering is used for many purposes: as a learning tool; as a way to make new, 
compatible products that are cheaper than what is currently on the market; for making software 
interoperate more effectively or to bridge data between different operating systems or databases; and 
to uncover the undocumented features of commercial products.  

Reverse engineering covers the intrinsic motivation also called self-motivation, which allows oneself to 
continue on a path despite obstacles, without influence from other people. Motivation comes in two 
forms, intrinsic and extrinsic [1]. Clearly self-motivation is a critical trait necessary to be able to solve 
problems independently. Self-motivation is, to some extent, a learned trait, learned by experience [2]. 
Reverse engineering is perfect for ego boosting because results can be obtained fast and without vast 
prior knowledge. Classical learning approach of forward engineering could be then compared to 
reverse engineering as learning for success to learning through success.  

Luna-Sandoval et al. [3] show that reverse engineering procedures can encourage creativity among 
engineering students, especially for product improvement and innovation. They argue that the 
methodology of reverse engineering should be taught formally and systematically in classrooms. In 
some manner, reverse engineering shares plenty of the characteristics that describe the scientific 
method. The Oxford English Dictionary says that scientific method is: "a method or procedure that has 
characterized natural science since the 17th century, consisting in systematic observation, 
measurement, and experiment, and the formulation, testing, and modification of hypotheses." [4]. 

In this work, we propose using reverse engineering as a teaching tool. We infer physical principles and 
laws from a corneal topographer, a device used in clinical practice. Those principles and laws are 
related with contents taught in different subjects of Optics and Optometry degree.   
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1.1 Corneal topographer 
Corneal topography, also known as photokeratoscopy or videokeratography, is a non-invasive medical 
imaging technique for mapping the surface curvature of the cornea. The cornea is the principal 
refracting element and contributor to the aberrations of the human eye, so its topography is of critical 
importance in determining the quality of vision. 

The corneal topographer owes its heritage to 1880, when the Portuguese ophthalmologist Antonio 
Placido viewed a painted disk (Placido's disk) of alternating black and white rings reflected in the 
cornea [5]. In 1896, Allvar Gullstrand incorporated the disk in his ophthalmoscope, examining 
photographs of the cornea via a microscope and was able to manually calculate the curvature by 
means of a numerical algorithm [3] The flat field of Placido's disk reduced the accuracy close to the 
corneal periphery and in the 1950s the Wesley-Jessen company made use of a curved bowl to reduce 
the field defects.[5] The curvature of the cornea could be determined from comparison of photographs 
of the rings against standardized images. 

In the 1980s, photographs of the projected images became hand-digitized and then analysed by 
computer. Automation of the process soon followed with the image captured by a digital camera and 
passed directly to a computer[6]. In the 1990s, systems became commercially available mainly to 
research establishments and, nowadays, corneal topographers can be found in most of optician's 
shops. Computerized videokeratometry has become a standard tool for measuring the corneal 
topography. Modern instruments provide an accurate representation of the anterior corneal surface 
and are used for corneal examination of normal and pathological shapes [7], contact lens fitting [8], or 
monitoring results of refractive surgery [9].  

The initial knowledge of the application and usefulness of the device provides a motivation that, 
together with the combination of theory and practice, will help the students to understand and learn 
concepts studied in different subjects in the degree in Optics and Optometry and in the University 
Master's degrees in Biomedicine, in Biotechnology for Health and Sustainability, in Medical Chemistry 
and in Clinical Optometry and Vision of the University of Alicante. The involved subjects in the 
graduate syllabus are Physics (1st semester), Geometrical Optics (2nd semester), Fundamentals of 
Optometry (2nd semester), Instrumental Optics (4th semester) and the subject in the Masters syllabus 
is Image Processing and Signal Analysis in Biosciences (1st semester). As it can be seen, the work 
involves both basic training courses (useful for any scientific studies) and other specific, biased 
towards the studies of Optometry. 

2 REVERSE ENGINEERING 
Some of the authors of this work have recently demonstrated [10] that they are able to transform a 
standard videokeratometer into a fully customizable device. In this work, we propose following a 
similar procedure and applying reverse engineering to the corneal topographer. This way we expect 
developing a new useful teaching tool.  

The used videokeratomer was a non-operative unit Humphrey Atlas 995 from Zeiss Meditec. The main 
component of a topographer is the projection head, which projects Placido's rings. The head consists 
of 22 rings with a peak in the near infra-red (Fig. 1). 

   
Fig. 1. Projection head of the videokeratometer 
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All the imaging and electronic parts were dismounted (Fig. 2a) and reassembled with our own video 
camera and computer(Fig. 2b). Corneal images are processed through a software developed by the 
authors. The software is composed by a collection of algorithms responsible for processing, calibrating 
and converting captured images. This stage can be divided in the following phases: 

    
Fig. 2 a) Dismantled videkeratometer. We took all the imaging and electronic parts out. b) 

Photography of the video-camera attached to the head of the topographer 

2.1 Capture 
We have used a colour CMOS fire-wire camera Pixelink PL-A662 with 1 Mpx of resolution. The 
camera has an infra-red filter that has been removed to allow a better quality of the captured image. 
All parameters of the CCD (gain, shutter and saturation) were adjusted in order to obtain an optimum 
contrast between the background image of the eye and the bright rings.  

2.2 Rings extraction 
Mathematical morphology is used to image processing, through a structuring element with certain 
shape to measure and detect objects with corresponding shape in the image. The most basic 
operations of grey scale morphology are erosion and dilation. Based on these operations, some 
important compound operations, such as the opening Top-Hat and closing Top-Hat operations, are 
defined. Open and close Top-Hat filtering can be used together to enhance contrast in an image. 
Therefore, from the initial image (Fig. 3a), contrast is improved by subtracting the close Top-hat from 
the open Top-hat filtered images, as can be seen in Fig. 3b).  

  
Fig. 3. a) Initial frame b) Open minus close Top-hat filtered frame 

2.3 Rings classification and calibration 
The Elliptical Scanning Algorithm is an effective method to individually detect and label the projected 
rings. It consecutively defines an elliptical annulus of one pixel wide which grows pixel by pixel and 
sweeps the image, from center to periphery, until it detects and labels each whole ring. Once we are 
able to extract and classify rings, next step consist in calibration. The system was calibrated using a 
set of steel calibration spheres (Fig. 4), as it was already implemented in [11]. By using adequate 
image processing algorithms, we are able to obtain the topography of the spheres and of the cornea.  
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Fig. 4. Calibration steel balls and images from the assembly used to calibrate the topographer 

Once the videokeratomer is calibrated, next step consists in the test and modification phase, where 
we check the topographer performance and propose improvements. 

2.4 Test and modification 
Prior to make any ocular measurement the consistency of the method is need to be checked. With the 
calibrated device the curvature radius of known spheres or surfaces are measured. This phase allows 
to discuss about possible modifications depending on what it is pretended to be measured or about 
the improvement of any operating phase or any physical component. 

3 RELATED SUBJECTS 
Once the topographer is dismantled and we have established different phases in how it works, we 
pretend to relate the phases to different subjects from the Optics and Optometry degree, and to use it 
to introduce new concepts in a natural manner to students. Within the subjects than can be related to 
the operating of the corneal topographer, we highlight the following. 

3.1 Geometrical Optics 
Geometrical Optics is part of the basic training of future graduates in Optics and Optometry. Is taught 
in first year, second semester. It represents the first contact with the Optics and, therefore, provides 
the theoretical and practical basis of other related subjects (Physical Optics, Instrumental Optics, 
Optical Systems, Visual Optics, Ophthalmic Optics). As base material, a good knowledge of 
Geometrical Optics facilitates understanding of the aforementioned materials and reduces the difficulty 
of addressing them. 

Geometrical optics describes light propagation in terms of rays. Light rays are defined to propagate in 
a rectilinear path as far as they travel in a homogeneous medium. Geometrical Optics provides rules, 
which may depend on the wavelength of the ray, for propagating these rays through an optical system. 
This is a significant simplification of optics when the wavelength is very small compared with the size 
of structures with which the light interacts. Geometrical Optics can be used to describe the geometrical 
aspects of imaging, including optical aberrations. 

The topographer considers the cornea as a convex mirror. It projects Placido's rings and measures the 
size of the image formed by reflection on the anterior face of an object whose size and position are 
known. Therefore, reflection phenomenon and mirror properties are main concepts of geometrical 
optics. Another common matter between Geometrical Optics and phases resulting from reverse 
engineering is related to the geometrical shape of the head of the topographer, which is designed to 
avoid spherical aberration and to provide a focused image of all projected rings.  

3.2 Fundamentals of Optometry 
Fundamentals of Optometry is taught in the second half of the first course of the Optics and Optometry 
degree. With this subject, students first enter into contact with the Optometry, a pillar in the education 
of this degree in order to acquire the professional skills to develop. This subject establish the concept 
and historical develop of Optometry, concepts such as emmetropia and ammetropia and the basics of 
refraction through both objective and subjective tests, all both theoretically and practically. This 
knowledge will establish the necessary bases to study other degree subjects such as: Optometry I,  
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Optometry II, Optometry III, Optometry IV, Contact Lenses I, Contact Lenses II and Clinical 
Optometry. 

Within the protocol in optometric tests to get objective refraction, the knowledge of corneal refractive 
power is very important due to the fact that it means two-thirds of that of the eye. Corneal topographer 
provides a description of corneal surface from which one can obtain the dioptric power. This analysis 
helps to understand how the device works and sets up the bases to other subjects related with 
Optometry of future years.  

3.3 Instrumental Optics 
Instrumental Optics is a compulsory subject in the Optics and Optometry degree. It is taught in the 
second semester of the second year. This subject is a continuation of the subjects Geometrical Optics 
and Optical Systems but applied to real optical systems such as instruments. It provides students a 
first contact with the optical instruments and, especially, with the optometric ones that will 
subsequently be used in subjects like Optometry, Contact Lenses and Ophthalmic Optics. 

Instrumental Optics provides the theoretical and practical basis about different optical instruments 
related with optometric practice. It analyses from an optical-instrumental view and determines how the 
image is formed through them or how they can measure some parameters from the eye or lens. The 
main objectives of the subject are: 

• To know the process of image formation and properties of optical systems. 

• To know and manage material and basic laboratory techniques. 

• To understand the principles, the description and characteristics of fundamental optical and 
instruments used in optometry and ophthalmic practice. 

• To train for the calculation of the geometric parameters of specific visual compensation 
systems: low vision, intra-ocular lenses, contact lenses and ophthalmic lenses. 

• To understand the factors that limit the quality of the retinal image. 

All these objectives are reached by the reverse engineering applied to the corneal topographer. 
Moreover, within the syllabus of the subject, there are two lessons in which alumni study the digital 
camera, whose concepts can be related with the capture phase (section 2.1), and the keratometer, 
whose principles are the same than those used in the calibration process (section 2.3). Those 
principles relate object and image sizes with the curvatures. 

3.4 Physics 
Physics is a basic subject pertaining to the first half of the first course of the Optics and Optometry 
degree. Its basic character allows to relate it to others subjects of Optics and Optometry degree. As 
discussed in the previous paragraph, Physics has a close relationship with all those subjects who 
make an experimental side. More specifically, all those subjects pertaining to matters "Optics", "Vision" 
and "Ophthalmic Optics."  

It should not be considered simply as advance preparation to study more specialized subjects, but 
also has a training function usually necessary as it introduces concepts and techniques such as 
"physical model", "order of magnitude" "measurement of error", etc.., which is appropriate to include in 
the formation of any graduate in Sciences. In short, Physics helps to strengthen the capacity of 
reasoning and wit, and provides a general methodology to study and work. 

Our proposal implies a natural way to introduce students to the experimental work and the scientific 
method. We can easily relate how the topographer works with the need of constructing physical 
models and the importance of the measurements of errors.  

3.5 Image Processing and Signal Analysis in Biosciences 
The subject Image Processing Techniques and Signal Analysis in Biosciences falls within the Training 
Programme in Biomedicine and Life Sciences. It is a common subject to the four masters that are 
integrated into this program: Masters in Clinical Optometry and vision, Master in Biomedicine, Masters 
in Biotechnology for Health and Sustainability and a Masters in Medical Chemistry. 
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As a subject of a specialized program, its objective is to provide students with basic and advanced 
skills in handling scientific images. Hence, it includes the study of both the capture and storage of 
images as restoration, enhancement, quantification and interpretation according to objective scientific 
criteria. Therefore, all the phases described in section 2 can be related to this subject. 

3.6 Others 
The arisen concepts through the reverse engineering process could be related, in principle, to other 
subjects belonging to the Optics and Optometry degree like Optical Systems, Anatomy of the Visual 
System, Statistics, Contact Lens, Optometry and Contact Lens Clinic. However, here, the authors 
have detailed just those what they teach.  

4 DISCUSSION 
In figure 5, we show a diagram of relationship of subjects from the Optics and Optometry degree that 
are related to concepts extracted from reverse engineering applied to corneal topographer. Subjects 
are grouped in years, which are differentiated in colours.  

Fig. 5. Diagram of relationship of subjects from the Optics and Optometry degree that are related to 
concepts extracted from reverse engineering applied to corneal topographer. 

Reverse engineering is not taught formally in the universities and, generally, it is confused with a 
piracy practice. It should be noted that reverse engineering is a methodology used to obtain technical 
information from a duplicate of an object or reference system. Reverse engineering applies 
procedures to obtain information primarily from the geometry, dimensions and materials and, so, it 
may have a huge usefulness when applied it to the didactic methods.  
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