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Abstract— In this work we present the design, construction and characterization of a robotic system programmed to
perform the Ronchi test. The system includes the design and the control of a rail system of two degrees of freedom, which
allow the semi-automatic alignment of the Ronchi tester and the surface under test by positioning the optical axis of the
surface on the optical axis of the Ronchi tester. For this, we used Informative Visual Marks, IVM, which allow the robotic
system to locate the surface in the environment and then to align the Ronchi tester with the surface, once it is aligned, the
image of the ronchigram or bi-ronchigram is captured, then by applying the method of correlation of images, genetic
algorithms and/or cubic splines, the surface under test is evaluated.
Index Terms—Robotic system, semi-automatized Ronchi test, images correlation, genetic algorithm.

I. INTRODUCTION
The Ronchi test is a fast and robust method widely used to evaluate optical elements because of its inexpensive and
simple implementation [1]. Several configurations to apply the Ronchi test as well as necessary algorithms to
process the so–called ronchigrams have been proposed [2], [3].
To apply the Ronchi test, a device called Ronchi tester is used, this device consists of a LED, a circuit for the power
supply of the LED and a ruling with alternate dark and clear lines [4]. When it is required to apply the Ronchi test
to a surface under construction, this needs to be disassembled from the polishing machine and placed into a new
mount to manually align it to a Ronchi tester near the center of curvature and on the optical axis of the surface. This
procedure is often difficult to perform if the technician or user does not have the necessary experience in the
alignment process and the qualitative evaluation. When the Ronchi tester is not correctly aligned, clear fringes
cannot be clearly seen and, therefore, the error in the surface could be misinterpreted by the technician. In this
situation, the process of application and evaluation of the Ronchi test is not efficient for a stage of mass production
of optical surfaces due to the time implemented for alignment.
In the present work we propose to increase the efficiency of the implementation and evaluation of the Ronchi test
by using: 1) a Robotic System of Two Degrees of Freedom (RSTDF) for alignment and application of the Ronchi
test [5], and 2) a software based on the correlation of images [6], genetic algorithms [6] - [8] and cubic splines [7],
[8] for the evaluation of surfaces using the image of the irradiance of the Ronchi pattern. The RSTDF is a
semi-automatic system that aligns the Ronchi tester and a CCD camera to the optical axis of a surface, and these
devices are placed near its center of curvature. Subsequently, the semi-automatic system acquires the image of the
ronchigram of a reflective surface during the process of polishing, with diameters of 5 to 10 cm and paraxial radii
of curvature ranging from 20 to 70 cm. The proposed RSTDF is considered semi-automatic because the user needs
to disassemble the optical surface from the polishing machine and to place it in the experimental setup of the
Ronchi test.
An application of the Ronchi test using engines was reported by Castro-Ramos and Sasian [9], where the authors
used the method of phase shifting to quantify the wave front aberration of a convergent optical system. The
difference of this system with the proposed RSTDF in the present work is that the Ronchi tester and the CCD
camera are automatically placed in the pre-programmed position where the Ronchi pattern will be recorded. Once
the Ronchi tester and the CCD camera are located in the desired position (ronchigram with the desired number of
fringes) by means of the RSTDF, and then capturing the image of the corresponding ronchigram, a program is
applied to evaluate the surface, by: 1) the calculation of the paraxial curvature radius and the conic constant of the
conic surface that best fits, and 2) quantification of the error on the surface. In both calculations we used the method
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of correlation of images [6], [10] applied to the irradiance pattern on the X-axis of the experimental and simulated
ronchigrams, this correlation is used as a cost function in the genetic algorithm [6], [7], [10]. The robustness in the
image processing was increased by normalizing the irradiance of the experimental ronchigrams [11]. In this work
the parameter estimation method was applied [12]. It is worth mentioning that this approach is valid even when the
so-called bi-ronchigrams patterns are used [7], [8], [10]. Finally, the error surface is quantified by using the cubic
splines interpolation [8], [10].
II. DESIGN OF THE ROBOTIC SYSTEM OF TWO DEGREES OF FREEDOM
A. Informative visual marks
To evaluate a surface with the Ronchi test using our proposed system, the surface has to be placed in a mount within
a closed robotic system, and just in front of it, Informative Visual Marks, IVM [14] are placed by matching the
center of these with the center of the surface under test [5]. Then, the system starts searching for the IVM, see Fig.
1, and once the marks have been identified, the software obtains information that allows the mount and the Ronchi
tester, to be placed in the programmed position (near the center of curvature of the surface under test) for the
acquisition of the experimental ronchigram. The IVM allow locating the coordinate system of the optical surface
with respect to the robot’s basic coordinate system. These marks can be easily detected by a mono-camera,
allowing the control of the system’s position in the X-Y plane (the optical axis of the surface is on this X-Y plane
and it is parallel to Y axis, so it can be controlled: 1) the alignment of the system in these two directions and, 2) the
number of fringes showing in the experimental ronchigram, in accordance with the simulated or desired
ronchigram.

Fig. 1. Diagram of Informative Visual Marks represented by circular centroids with different diameters.

The IVM are made by 4 dark circular centroids printed on a white screen, as shown in Fig. 1. Such marks were
designed so that any robot equipped with a mono-camera can be located in a determinate position in the
environment by the application of an algorithm of image processing, which calculates the 3D position of the
centroids with respect to the coordinate system of the robot camera [5], [14].
For the design of the IVM, the vertical distance between the centroids has to be taken into account, because this
distance varies depending on the surface to be evaluated, and it serves as an identifier for each surface. Therefore,
we can say that the IVM are unique for each surface. On the other hand, the horizontal distance of the IVM is the
same for all and its value is 15 cm. We used 4 centroids because it is easier to calculate the center of the rectangle
generated by them, which coincides with the optical axis of the surface under test. This is the reason why it is said
that such marks provide information for the control software so the system can be positioned near the center of
curvature of the surface under test to generate a desired ronchigram with a number of desired fringes.
The CCD camera that was used to detect the IVM and to record the ronchigrams, it is a camera from ImageSource,
model DMK 14BF02 with a Sony CCD sensor ICX205AL. It has a resolution of 1280 X 960 with a square pixel
size of 4.65 µm and a diagonal size of 8 mm.
B. Mechanical system
The mechanical design that we proposed of the semi-automated robotic system with two degrees of freedom is
shown in Fig. 2; the system consists of four rails (simulated on aluminum 6063 alloy), two cars, a mount to place
the optical surfaces under test, two toothed belts and a mount to place the Ronchi tester and the CCD camera.
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Fig. 2. Schematic mechanical design of the robotic system of two degrees of freedom, proposed for semi-automation in
the alignment of the Ronchi test.

To validate the efficiency and mechanical behavior of the proposed system, we made a simulation of the static
analysis using the commercial software Solid WorksTM. We considered the weight of the CCD camera and the
Ronchi tester along with the weight of its corresponding mount, see Fig. 3. The analysis is focused on two critical
points, the points at which the system presents fewer supports. Fig. 3(a) shows the system centered and it can be
seen that the rail that supports the system has a maximum deformation of 0.3779 mm, while in Fig. 3(b) the system
is placed in one of the ends (up to where the mechanical system allows to place the mount that sustains the CCD
camera and the Ronchi tester), the analysis shows a maximum deformation of the rail of 0.381 mm when a weight
of 3 kg is applied. The experimental results, shown in section 5, show that these deformations do not affect the
semi-automatic alignment system.

Fig. 3. Simulation of mechanical deformation considering the sub-mount system with the Ronchi tester and CCD
camera placed at: (a) the center, and (b) one of the ends of the mechanical system.

C. Control system
The system should be able to move the Ronchi tester and the CCD camera on the X-Y plane (as can be seen in Fig.
2), therefore it is proposed to incorporate a motor for each of the axes of the plane. To control these engines, we
developed a control system, and with a software routine we can indicate the movement of each one of the engines.
The system will first have to locate the IVM by ordering engine 1, which is the one in charge of moving the
components in the X-axis, to move in the right direction in search of such marks. Once these are located, the control
software calculates the distance at which the optical axis of the surface is from the optical axis of the CCD camera
and the Ronchi tester, and by knowing this distance, engine 1 is indicated to move so both axes can coincide.
Previously, the control software detects the IVM and calculates their distance in the Y-direction, which is
necessary to place the components in that direction and to generate the ronchigram with the desired number of
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fringes. Therefore, engine 2, which is responsible for moving the components in the Y-axis, is indicated to place
the components at such distance, which is near the center of curvature of the surface to be evaluated.
III. IMPLEMENTATION OF THE ROBOTIC SYSTEM OF TWO DEGREES OF FREEDOM, RSTDF
In this section, we describe the implemented RSTDF. The complete system is divided into three main sub-systems:
the mechanical system, electronic system and control software; as seen in Fig. 4. This figure also shows the
communication that exists between the three sub-systems. The control software indicates the distance and the
direction that the Ronchi tester and CCD camera should be moved. The aforementioned program receives the
images provided from the CCD camera, which may or may not contain the IVM, and depending on this, it indicates
the corresponding actions of movement. Next, the three sub-systems are briefly described.

Fig. 4. Schematic diagram of the robotic system of two degrees of freedom (RSTDF), for the application of the Ronchi
test.

A. Mechanical system
The design of the mechanical part consists of 2 top rails, 2 bottom rails, aluminum angles supports, a mount for the
optical surface and another mount for the Ronchi tester and finally, a CCD camera as can be seen in Fig. 5. Bottom
rails can be observed in Fig. 5(a) and the top Rails in Fig. 5(b), which move over bottom rails. On these rails, the
components (the Ronchi tester, CCD camera and the engine with its corresponding mount) are able to move in the
X-Y plane and parallel to the optical axis of the surface under test. Fig. 6 shows the engines, gears and toothed belts
which act as actuators to generate the linear displacement in the X-Y plane with an accuracy of 3.2 mm in both
directions.

Fig. 5. (a) Bottom rails; (b) top rails.
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Fig. 6. Mechanical parts responsible for the movement of the Ronchi tester and the CCD camera.

The optical surface is placed vertically in a mount which allows it to correct the error from tilt, as shown in Fig. 7.
In order to have the robotic system in a controlled environment, the mount is placed on a steel girder attached to the
system. The system has the capability to place up to three mounts allowing the evaluation of more than one surface
in a sequential way.

Fig. 7. Image of the system showing the steel girder, where the mount of the surface under test is placed.

B. Electronic System
The engines that we employed are bipolar Nema 23 stepper motors which provide the required torque to move the
RSTDF. Direction and movement control is through a desktop computer; communication of the motors with the
computer is through USB port by using a microcontroller model M430G2553, of the MSP430 family from Texas
Instruments®, one for each motor. The voltage and power required by the engines are provided by an external
power supply; we used a driver L293B for the power amplifier.
C. Control Software
The software controls the path followed by the components (Ronchi tester and CCD camera) in their search for the
IVM, to place them near the center of curvature of the surface under test. Before executing the control software, the
user must manually place the system in the home position. Then, the software performs a data validation, i.e., it
checks if the PC has a saved file that contains the information of the distance in the Y-direction of the IVM,
diameter of the surface, paraxial curvature radius, number of desired fringes and distance at which the ronchigram
should be seen.
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After validation, the software performs the following procedure: it moves the Ronchi tester and the CCD camera 30
cm in a parallel direction to the optical axis of the surface and approaches them to the surface; this movement is
done by placing the camera at a distance where the system can capture the IVM without external factors affecting
the image.
The components are then moved 9 cm in a perpendicular direction to the optical axis of the surface. When the
system stops, the image is recorded and processed in search of the IVM; if the IVM are not detected the
components continue their movement for another 9 cm in the same direction, otherwise, the program evaluates the
IVM to obtain information about the type of surface under test and the distance at which the desired ronchigram
should be seen. Having this information, the software places the components near the center of curvature of the
surface (desired position). Fig. 8 shows the described process above.

Fig. 8. Flow diagram of the software performance of the robotic system proposed for the implementation of the Ronchi
test.

The program also allows that once the CCD camera and the Ronchi tester are placed in the desired position, the
user may be able to move these components forward, backward, left or right (see Fig. 9), depending on the
adjustments needed by the user, for example, placing a bright fringe in the center of the ronchigram.

Fig. 9. Flow diagram of the performance of the position adjustment of the control software.
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A photograph of the implemented full system is shown in Fig. 10. The complete system is semi-automatic; this
implies that there is a human intervention to its total operation. In the next section we describe the process that the
user must perform so that the system works properly.

Fig. 10. Integrated system of our RSTDF for the application of the Ronchi test.

IV. OPERATIONAL DESCRIPTION OF THE SYSTEM
In order for the overall system to work properly, the following procedures must be followed:
• The surface under test must be placed in its respective mount, making sure that the optical axis of the surface
under test is horizontally, i. e., in the optical system all devices are placed at the same height.
• The corresponding IVM screen must be placed in front of the surface under test, taking care that the center of
the marks coincides with the center of the surface.
• The sub-system of the Ronchi tester and the CCD camera must be located at home position as shown in Fig.
11.

Fig. 11. Home position of the system.

• Insert the data of the IVM and the surface under test into the system, according to the format presented in
Table 1.
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Table 1. Format for entering the parameters of the surface under test.
Parameter
Vertical distance of the mark
Diameter of the surface
Paraxial curvature radius
Number of desired fringes of the ronchigram
Distance at which the ronchigram should be seen

Abbreviation
ID
DM
RC
NF
DR

Value
13.0 cm
5.50 cm
40.2 cm
9
38.2 cm

• Program execution: Once the program has been initiated, the components start to follow a path searching for
the IVM, and the CCD camera and the Ronchi tester are then indicated to be placed at a distance at which such
marks can be easily detected. A displacement is then made in the axis perpendicular to the optical axis of the
surface under test to detect the IVM. Once detected, the control software obtains the necessary information and
then puts the components near the center of curvature of the surface. The IVM screen must then be removed from
its position so the ronchigram can be recorded.
• To apply the Ronchi test, the optical system of the CCD camera must be focused to the plane of the mirror
vertex.
As a final part of the procedure, the program displays a series of instructions that allow the user to make corrections
in position if necessary, i. e., if the user considers that the pattern obtained is not suitable for recording, the program
allows him to make small movements to the right, to the left, forward or backward, in order to generate the desired
pattern.
V. EXPERIMENTAL RONCHIGRAMS GENERATED WITH THE PROPOSED ROBOTIC SYSTEM
The surface under test is a spherical surface, whose parameters are shown in Table 1. The corresponding Ronchi
experimental pattern to be reproduced by the robotic system of two degrees of freedom is shown in Fig. 12(a),
which is considered the reference pattern with a bright fringe at the center. To generate the ronchigram pattern, the
IVM screen is placed in front of the mount of the surface under test. Secondly, the system is positioned at home
position and the software is initiated. Once it has approached the center of curvature, the marks screen is removed
and the Ronchi ruling is placed, and subsequently the pattern is recorded, see Fig. 12(b). As we can see, the
recorded ronchigram has a more enlightened zone on the right side of the image; this indicates to the user that the
system is not exactly positioned on the optical axis of the surface under test, therefore there must be a correction
using the software by ordering to the engine the steps that the mount must move. In this test in particular, 6 steps to
the left were necessary, and then we obtained the ronchigram that is shown in Fig. 12(c), as we can see, the
generated ronchigram by the robotic system is very similar to the reference shown in Fig. 12(a).

Fig. 12. (a) Reference experimental Ronchi pattern with bright fringe at the center; (b) generated ronchigram with the
robotic system without distance correction; (c) ronchigram generated with the robotic system with additional
correction of engine steps.

The following tests consisted of placing the mount of the surface under test on the far left and right of the system as
seen in Fig. 13 and 14 respectively; the purpose of this is to verify that the system can be used to implement the
Ronchi test consecutively for 1 to 3 surfaces under test distributed over the length of the girder.
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Fig. 13. Surface under test positioned at the far left of the robotic system.

Fig. 14. Surface under test positioned at the far right of the robotic system.

The results obtained when the surface under test was positioned at far left are shown in Fig. 15. It was noticed that
once more the system does not reach exactly to optical axis of the surface under test, as shown in Fig. 15(a). The
correction made to get the reference ronchigram shown in Fig. 15(b) was a movement from the engine, by means of
the software, of 5 steps to the left and the resultant pattern is shown in Fig. 15(c). In the case when the surface was
positioned to the far right, the results are shown in Fig. 16, where once more the system does not reach exactly the
optical axis of the surface under test. As can be seen in Fig. 16(a), we made a correction via software of 3 steps to
reproduce the reference ronchigram shown in Fig. 16(b). The ronchigram obtained with this correction is shown in
Fig. 16(c). These experiments proved that the system can be programmed to evaluate three surfaces consecutively,
so, we have obtained a system: 1) automated in the X-Y plane, and 2) a system of evaluation for mass production of
optical surfaces.

Fig. 15. Obtained ronchigrams of the surface under test when it is positioned at the far left within the robotic system: (a)
ronchigram without correction steps; (b) reference ronchigram; (c) ronchigram with correction of 5 steps to the left.

Fig. 16. Obtained ronchigrams of the surface under test when it is positioned at the far right within the robotic system:
(a) ronchigram taken without correction steps, (b) reference ronchigram, (c) ronchigram with correction of 3 steps.
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To quantify the degree of alignment obtained by the proposed robotic system, we applied the method of
measurement of the centers of the fringes on the X-axis and we applied it to the ronchigram obtained in test 3,
shown in Fig. 16(c). This method performs an optimization process by employing genetic algorithms to calculate
the error in the surface under test and calculates a non-integer interference order 'm' as an indicator that the optical
axis of the mirror does not cross by the central fringe of the ronchigram [8]. In this case, the obtained value for 'm'
is: -0.016, and as we can see this quantity is of the order of hundredths which tells us that the optical axis of the
surface under test is located closely to the central fringe of the generated ronchigram, i.e., the semi-automatic
system does allow the alignment of the Ronchi tester with the surface under test.
VI. EVALUATION OF RONCHIGRAMS BY USING THE METHOD OF CORRELATION OF
IMAGES
The proposed RSTDF for the implementation of the Ronchi test includes an additional software that allows the
evaluation of the surface by means of the calculation of the best fitting conical to the surface, and the calculation of
the error on the surface under test, using a desired surface [8]. Both calculations are made by using the method of
correlation of images applied to bi-ronchigrams [6], [10], this implies the correlation of the images of irradiance on
the X-axis of the experimental and simulated ronchigrams. The method of correlation of images is taken as the cost
function for the application of the genetic algorithm used as optimization method [6], [10]. Normalization of
experimental irradiance pattern is made by the parameter estimation method [11] – [13]; and in the case of the
calculation of the error, the cubic splines method is employed as a method of interpolation [7], [8], [10]. The
advantage of using only the image of the irradiance on the X-axis, and considering only surfaces with symmetry of
revolution, is that the used computation time for the implementation of the evaluation software is reduced by 60 to
70 %.
In ronchigram simulations of reflective concave surfaces, see Fig. 17, an exact ray tracing is done from the point
source of light, S(α, β, γ) to a point on the mirror, M(x, y, z), where the ray is reflected and next it crosses the ruling
at the point R(x0, y0, z0). The coordinates (x0, z0) can be calculated by means of the formulae described by Cordero
et al. [15]. Furthermore, in this work, they described that an experimental ronchigram, its irradiance profile along
X-axis of the image is almost cosinusoidal for each fringe. Then in order to reproduce this kind of experimental
profile they proposed to use a ruling with cosinusoidal transmittance, T, given by:
1  cos(2 x x0 )
(1)
,
2
where νx is the spatial frequency of the ruling along X-direction. Therefore, the irradiance as function of the
coordinates (x, z) is defined as:
T ( x0 ) 

I ( x, z )  T ( x0 ).

Fig. 17. Schematic diagram showing the configuration used for the Ronchi test.

26

(2)

ISSN: 2319-5967
ISO 9001:2008 Certified
International Journal of Engineering Science and Innovative Technology (IJESIT)
Volume 5, Issue 2, March 2016
A bright fringe could not be located at the center of the pattern of the experimental ronchigram, and because of this,
a phase angle is introduced within the cosine argument of Eq. (2), in order that the simulated ronchigram matches
the experimental ronchigram during the optimization process. This phase angle (phase-shift variable) is also
considered as a variable within the genetic algorithm, and it allows us to displace the fringes of the simulated
pattern as if we moved the Ronchi tester in the X-direction, so that the positions of these fringes match with the
positions of the fringes of the experimental pattern. Therefore, the calculated phase-shift variable value allows us to
quantify how much the pattern is shifted with respect to the central bright fringe. And in this sense, we consider that
our algorithm is sensitive to the alignment of the system.
For the validation of the proposed method of evaluation, the conical surface that best fits to a spherical surface
(f/2.14) was calculated. The conical in question had been previously reported in the literature [8]. The reported
data are: radius of curvature of 60.1887 cm and conic constant of −0. 00778; the ronchigram was taken at a distance
of 58.8 cm between the mirror vertex and the ruling. In Fig. 18(a) we show the ronchigram of the surface under test,
Fig. 18(b) shows the experimental irradiance on the X-axis of such surface, Fig. 18(c) shows the plot of the
normalized experimental irradiance together with the plot of the irradiance of the reproduced ronchigram after
genetic algorithms were applied. Finally, Fig. 18(d) shows the reproduced ronchigram; the results obtained using
our method are: radius of curvature 60.1939 cm and conic constant of -0.00243, the correlation coefficient
obtained was of 0.966. As we can see, the results are very similar to those already reported with another method [8],
the difference between nominal value and that estimated with our method is 0.009 % for the radius of curvature,
and an error, for the conic constant, of about 5 thousandths. As described above, in the genetic algorithm
implementation is considered the phase-shift variable, in the calculation of the simulated ronchigram [15], and it
can quantify how much the central fringe have been shifted, generated from the ideal centered at x = 0 cm, in this
case the calculated value is - 0.15 rad, implying that the experimental ronchigram, as shown in the Fig. 18, is
practically centered with respect to the central bright fringe.

Fig. 18. (a) Experimental Ronchigram of spherical surface with f/2.14; (b) experimental irradiance on X-axis; (c)
normalized experimental irradiance and simulated irradiance of the optimized ronchigram with genetic algorithms; (d)
ronchigram of the conical surface fitting.

Once the method of evaluation of surfaces using the method of correlation of images (using only the irradiance on
the X-axis of the ronchigram) was validated, this method was applied in the ronchigram seen in Fig. 19(a) obtained
with our proposed robotic system. This ronchigram corresponds to the surface under test, for which we calculated
the best fitting conic surface and the error on the surface. The ronchigram was recorded with a Ronchi ruling of 50
lines/in, located at 38.2 cm from the mirror vertex, together with the light source.
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Fig. 19. Evaluation of the surface under test using the ronchigram recorded with the robotic system: (a) experimental
ronchigram, (b) ronchigram of the best fitting conic surface, and (c) error on the surface.

For the calculation of the error, we have added an error function to the sagitta of the ideal surface, in addition to
using the method of cubic splines as an interpolation method. The data reported by the technician of the surface
under test are: radius of curvature of 40.1851 cm and a conic constant of zero. The results obtained by applying the
method of evaluation were: curvature radius of 40.2187 cm with a conic constant of -0.3282 and a phase-shift of
-0.4375 rad. The latter value indicates that the center of the central bright fringe is very close to the X-position = 0,
which implies that the robotic system has a good capacity to align the Ronchi tester with the surface under test (in
the X-Y plane). The maximum value of the correlation coefficient was 0.887. From the experimental ronchigram it
is noticed that the side fringes have a very slight curvature, which means the surface under test is not exactly a
sphere, and therefore the calculated value of the conic constant of -0.3282 is justified. The difference between
nominal value and the estimated value with our method for the radius of curvature is 0.084%. In Fig. 19(b) the
ronchigram of the fitting conic surface to the surface under test is shown, and as can be seen, this ronchigram is very
similar to the experimental. The plot of the error on the surface, to generate a sphere, is shown in Fig. 19(c), the
maximum error is of approximately of 1.2 m.
VII. BI-RONCHIGRAM PATTERN GENERATED WITH THE RSTDF
When the classical Ronchi ruling is removed and changed by a square grid within the RSTDF, we can generate
bi-ronchigrams type patterns. In Fig. 20(a), we show the experimental bi-ronchigram of the surface evaluated from
the ronchigram showed in Fig. 19(a); and in Fig. 20(b), we show the reproduced bi-ronchigram calculated from the
best-fitting conical surface, and as is can be seen, both are similar. The pattern was recorded at a distance from the
square grid, with a period of 42 holes/in, to the mirror vertex of 37.1 cm; values of radius of curvature and conic
constant were obtained following the method depicted in reference [6] and these are: 40.2870 cm y -0.3440
respectively, and again, we can see that these values are similar to those calculated with the Ronchi pattern showed
in Fig. 19(a) with a difference between nominal and estimated value of 0.2 % for the radius of curvature and 4.8 %
for the conic constant, the maximum correlation coefficient obtained was 0.7814. In Fig. 20(c), we show the
reproduced pattern of the surface by calculating the optical aberrations [6] from an ideal sphere. The calculated
values of the aberration are: tx = 0.0020.05, ty = 0.0250.05 , df = 0.150.05, sp = -0.004670.00005, c0 =
-0.00490.0025, and as =-0.029630.00025. A comparison from the bi-ronchigrams from Fig 20(a) and Fig.
20(c), allows to observe that both are similar and the obtained correlation coefficient by means of the genetic
algorithm was 0.7808.
The obtained results of the generated patterns with our proposed robotic system confirm the reliability of the
system for the application and evaluation of the Ronchi test in its two modalities (ronchigrams and
bi-ronchigrams).
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Fig. 20. Bi-ronchigram of the surface under test (sphere with 5.5 cm of diameter): (a) experimental; (b) reproduced
from the best conic fit; (c) reproduced from the evaluation of the optical aberrations present on the surface.

VIII. CONCLUSIONS
By adapting a robotic system with two degrees of freedom to the Ronchi test, we have been able to obtain a full
semi-automatic system that allows the evaluation of concave reflective optical surfaces. The developed system
consists of four main basic sub-systems, these are: 1) a mechanical system, 2) an electronic system, 3) a position
control software, and 4) a software of evaluation of the surface under test using the recorded ronchigram or
bi-ronchigram by the robotic system.
The robotic system of two degrees of freedom, RSTDF, has the ability to automatically place the Ronchi tester and
the CCD camera in the desired position where the user wants to display and record the ronchigram; the system has
an option for position correction of the Ronchi tester controlled by the user using the computer. The system has a
program included that evaluates the surface under test by calculating the best fitting conic surface and it also
calculates the error on the surface. In both calculations, we used as a method of optimization genetic algorithms,
using as a cost function the correlation between the irradiance plots of the experimental and simulated ronchigram
only on the X-axis, which allows to reduce computing time in the evaluation; and due to the fact that we are
considering surfaces with revolution symmetry, this procedure is valid. In addition, to the calculation of the error,
we applied the cubic splines as interpolation method. Finally, the entire robotic system and evaluation software,
allow us to have a complete system for the implementation and evaluation of the Ronchi test. In the case of the
results calculated from the best-fitting conical surface, these results are very similar to those reported with other
evaluation methods. Furthermore, the evaluation of the surface by using bi-ronchigram type patterns is possible
when the classical Ronchi ruling is changed by a square grid within the RSTDF.
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