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ABSTRACT: 

The primary purpose of this article is to show the simulation of the optical behavior of the divergence 
adapter elements in the Ronchi deflectometry configuration to measure convex surfaces, which so far 
has not been reported in the literature. The use of divergence adapter elements is mandatory when 
Ronchi deflectometry is used to obtain the shape of a convex surface. Otherwise, light reflected by the 
surface cannot be collected into the measuring stage. Divergence adapters must be included in both 
arms of the Ronchi deflectometry configuration, keeping in mind that their optical behaviors affect the 
surface shape measurement. Before carrying out an experimental setup, we analyzed these elements' 
effects through an optical simulation of the selected Ronchi. From the analysis of the optical simulation, 
we can check the adequacy of the divergence adapter for the expected measuring range and required 
accuracy; the decision about its suitability has been taken by looking if the relations between slope 
and position at the apex of the convex surface was unequivocal. In this paper, we present the Ronchi 
configuration chosen to measure convex surfaces, the selected lenses for the divergence adapters, the 
thresholds linked to the sampler’s elements, the optical simulation, and the criteria used to answer if 
the behavior of the divergence adapters is appropriated for the radii interval that we want to measure. 
Finally, a unique polynomial expression is proposed to transfer slope and position values from the 
sampling elements of the apex plane of the surface to be measured. 

Keywords: Ronchi deflectometry, convex surfaces, divergence adapter, simulation, metrology. 
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1. Introduction 

From the appearance of the Ronchi test to the present, optical metrology has used this measuring technique 
to evaluate optical reflective surfaces and measure aberrations of optical systems [1-10]. The interpretation 
of the Ronchi test can be geometrical [7,9,10], known as Ronchi deflectometry, or in a waveform [1,3,7,9,11], 
known as the Ronchi test; in the most common configuration, a periodic grating of transparent and dark 
stripes is used for sampling the wavefront. Through the years, the periodic grating has undergone many 
adaptations, from variations in its period [12,13] to its modification to perform a “null test” [14-16] or its 
implementation for phase displacement [17-20]. Usually, the Ronchi test has been applied to evaluate 
concave surfaces, whether spherical or aspherical [21-24], with and without rotational symmetry [25-27]. 
In the previous citations, the novelty focused on improvements in the shape of the grating, the use of 
algorithms and strategies to improve the measurement, the increase of the dynamic range, or the 
complexity in the sample’s shapes, but not in the case where the sample is a convex surface [28]. 

According to current literature, the application of Ronchi deflectometry to measure convex surfaces has not 
been reported so far. Implementing a Ronchi deflectometry system that measures convex surfaces leads us 
to the compromise of implementing an optical system with divergence adapters [29], which are necessary 
to collect the light reflected on the convex surface being measured. For this reason, we need to study the 
behavior of divergence adapters. 

The presence of the divergence adapter adds more complexity to the measurement process because the 
information obtained in the Ronchi plane and the slope measurement system needs to be transferred to the 
apex of the convex reflective surface that we want to measure (from now on, the apex), using the divergence 
adapter. In addition, the divergence adapter placed in the illumination arm affects the slopes of the rays 
that, coming from the light source, reaches the surface. In both cases, the aberrations introduced by the 
divergence adapter can be high enough to lose the unequivocal associations between position and slope, 
risking the measurement process not being carried out correctly. 

To overcome this possible source of error, we obtained the optical behavior of the divergence adapter 
through its simulation before building a lab prototype, using OSLOTM (optical design software) in the same 
conditions we aim to use in the experimental setup. The simulation analysis has confirmed that the chosen 
lens group works correctly as a divergence adapter. The procedure to determine if a divergence adapter can 
be appropriately used in a Ronchi deflectometry arrangement to measure reflective convex surfaces can be 
written in a general way: “if two, or more, rays share the same position in the apex plane, the divergence 
adapter is not valid.” However, the simulations and analysis need to be done for a specific configuration, 
and a threshold value is required to decide if two neighbor rays share or not the same position; that is to 
say, the answer is linked to the configuration and spatial resolution of the sampling.  

For this reason, we introduce the selected configuration of the Ronchi measuring system and how the 
availability constraints and measurement requirements have led us to our selection. Once the selection is 
made, we proceed separately to do the optical simulation of each arm, illumination, and measurement. The 
obtained values and the available spatial resolution provide enough information to answer whether the 
divergence adapter is appropriate for the selected Ronchi configuration. This procedure, at minimum, must 
be done on the extreme values of the radii we wish to measure; it has also been applied at two intermediate 
radius values to ensure the quality of the selected configuration. For easier viewing and evaluating the 
divergence adapter's behaviors, we have fitted an odd fifth-order polynomial to the transfer functions of 
both arms for each radius value analyzed. 

 

2. Selected Ronchi configuration 

The introduction explains that when Ronchi deflectometry [25,26,30] is used to measure convex surfaces, 
the process becomes more complex [29] than a concave surface. Additional divergence adapters and lens 
sets are required to properly converge light onto the convex surface and collect reflected light, which is 
involved in the measurement process and the properties of these divergence adapters, depending on the 
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selected Ronchi configuration. Since the placement and number of items may differ for each Ronchi 
configuration, we must explain our chosen configuration first. 

The selected Ronchi configuration is designed to measure changes in the shape of reflective convex surfaces 
of curvature radii between 5 to 20 mm when an approximate initial value of those radii is known. The light 
source, see Fig. 1a) is monochromatic at 635 nm with a numerical aperture (from now on, NA) of 0.14 and 
an emitting diameter of 125 µm (Thorlabs LPS-635-FC) and acts like a quasi-punctual light. The illumination 
and measurement arms share their optical paths through a cube beam splitter 50/50 of 10x10x10 mm of 
glass N-BK7 (Edmund Optics 47121). And the sampling elements placed in the measurement arm are a 
custom-made Ronchi ruling, with a size of 20x20 mm and a frequency of 1mm-1 with dark stripes that cover 
half of the period and a monochrome CMOS sensor of 1280x1024 pixels with a pixel size of 5.2 µm (Thorlabs 
DCC1545M). 

The sampling elements, both placed in the measurement arm, provide the threshold values for the 
divergence adapter analysis. The Ronchi ruling has been placed in front of the second unitary magnification 
system (S2) and does not conjugate with the apex, covers a measuring field of 10 mm (approx.) and its 
frequency of 1 mm-1 allows to make ten samples. That is, it acts as a low-frequency Ronchi test whose 
resolution can be improved in the data processing stage using, for example, the phase-shifting technique. 
Let's consider that the accuracy in the position determination must be less than ten times better than the 
sampling period. We obtain a threshold value of 1/100 of the field size for the position determination, that 
is 0,01 mm in the Ronchi ruling plane. 

Once the Ronchi ruling has sampled the positions in the measuring field, the corresponding slope values are 
obtained through the CMOS sensor. To get the slope values, the CMOS sensor must be placed in the focal 
plane of a lens that, working together, provides a correspondence between each CMOS sensor pixel and a 
slope value, see Fig. 1b). The achromatic doublet chosen to work with the CMOS sensor has an effective focal 
length (EFL) of 25 mm and an aperture of 12.5 mm (Edmund Optics 32311), and the assembly will be 
named, from now on, the slope measuring system (SMS). The SMS not only introduces a second threshold 
but also does design constraints on the selected Ronchi configuration. The shorter side of the sensor has a 
size of 5.3 mm (1024x5.2 µm), and with the achromatic doublet of 25 mm EFL, the SMS can cover an angular 
field of 12 degrees, ± 0.105 slope values or a numerical aperture of NA=0.105. 

To take the maximum profit of the SMS measuring range, we need to spread the shadows of the Ronchi 
ruling along with all the sensor size. In this situation, the threshold for the position determination is directly 
transferred to the threshold for the slope determination, so it is also 1/100 of the measuring field of 7.2 arc 
minute or 0.0021 slope units or 10 pixels on the CMOS sensor. However, the SMS also constraints the design 
process because to maintain the numeric aperture for all the radius values that we aim to measure, two 
conditions must be met; the illumination arm must have the same value of numeric aperture, and the 
curvature center of the surfaces under test need to be permanently placed in the same position. Finally, 
although the SMS is not a component of the divergence adapter, both it and the cube beam splitter must be 
included in the simulations to obtain the optical behavior of the divergence adapter because they also 
introduce changes in the light path. 

Once the threshold values and constraints are known, the design process can continue. The SMS fixed the 
maximum slope value (±0.105), and the rays must come into the SMS through its entrance pupil. To place it 
in an accessible position, the Ronchi ruling, we have added a unit magnification system (S2), ELF 50 mm, 
and 12.5 mm of aperture (Edmund Optics 55272) that conjugates the entrance pupil of the SMS in a point 
near the cube beam splitter and allows to locate the Ronchi ruling in front of it, see Fig. 1a). S2 is part of the 
divergence adapter placed in the measurement arm and plays a triple role, conjugates the entrance pupil of 
the SMS, maintains the numerical aperture, and allows an accessible place for the Ronchi ruling. 

Following in the measurement arm, two more elements are found before reaching the surface under test; 
from now on, the surface, a cube beam splitter, and another unitary magnification system (S1) with the exact 
optical specifications that S2. The numerical aperture of the SMS and the size of the cube itself determine 
the placement of the beam splitter, while S1 conjugates simultaneously the image of the entrance pupil of 
the SMS, done by S2, and the light source at a point near the center of curvature of the surface. In this 
situation, see Fig. 1c), the incident and the reflected rays are close to the local normal, and the surface does 
not introduce relevant changes in the divergent values. The divergence adapter of the measuring arm is the 
system composed of S1 and S2. The simulation process must submit the cube beam splitter and the SMS to 
obtain the correct behavior. 

http://www.sedoptica.es/
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The measurement arm also determines all the elements of the illumination arm, see Fig. 1a) because they 
are shared through the beam splitter; in this way, the divergence adapter of the illumination arm is the 
element S1, and the simulation process needs to introduce the cube beam splitter to obtain the correct 
behavior. Through its sampling elements, the measuring arm provides couples of value position-slope from 
the reflected light on the surface, and the illumination arm provides the slope value, at the previously 
selected positions, from the incident light. Although the illumination arm does not have any sampling 
element, the same threshold, 1/100 of the measuring field, must be applied at the relations position-slope 
for the incident light because if the aberrations of the illumination arm introduce equivocal associations 
between positions and slope, the further steps of the Ronchi measuring strategy will be wrong. 
 
The Ronchi configuration selected provides the raw data of position-slope values to obtain the shape of the 
surface; the speed, repeatability, and accuracy of the measure are related, also to the measurement strategy 
applied. 

 
 

Fig. 1 Layout of the selected Ronchi configuration. a) The divergence adapter of the measuring arm is the system composed of S1 and 
S2, and the divergence adapter of the illumination arm is the element S1. b) In the slope measuring system (SMS) scheme, the CMOS 

sensor is placed in the focal point; each sensor position is directly related to a slope value. c) To maintain the numerical aperture 
(NA), the image of the light source must be placed near the curvature center of the surfaces. 

 

3. Optical simulations 

As we have explained, checking the suitability of the divergence adapters in our Ronchi deflectometry 
design is necessary to perform the optical simulation for both arms separately. The simulation has been 
done for the extremal radius values that we aim to measure, 5 and 20 mm, and two extra intermediate 
values, 10 and 15 mm, to test the behavior in all ranges. 

All simulations have been performed using OSLOTM software. Since we have selected a quasi-point 
monochromatic light source, we do not need to analyze both field and chromatic aberrations. The Ronchi 
measurement process needs to obtain three sets of raw data related to each other; two of them, the positions 
and the slope after the light is reflected from the surface, are obtained in the measurement arm, using the 
rule of Ronchi and SMS as sampling elements, respectively. The third set of data is the slopes of the incident 
light and is obtained using the relationship between the position and the slope in the lighting arm. 

Our Ronchi configuration is focused on measuring convex reflective surfaces, so introducing divergence 
adapters affects the raw data values. To find out the behavior of each divergence adapter, we need to do the 
simulations optically disconnecting the two arms of the configuration, see Fig. 2. To do the simulations in 
the measurement arm, the surface must be skipped, and the light source must be placed in its center of 

http://www.sedoptica.es/
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curvature, see Fig. 2a); for the simulation in the illumination arm is only necessary to skip the surface, see 
Fig. 2b). 

 

 
Fig. 2 Layout to simulate the behavior of the divergence adapters. a) In the measuring arm. b) In the illumination arm. 

 

To analyze the behavior of the divergence adapter in the measurement arm, we need to obtain two relations: 
one between the position in the Ronchi ruling and the position at the apex and the other between the 
position in the CMOS sensor plane of the SMS and the slope in the apex. A graph representation of these 
relations for the selected radii (5, 10, 15, and 20 mm) is shown in Fig. 3. For easy treatment, a polynomial 
fit of each relationship has been done and shown in table 1. 
 

The position and slope data used for the graphs shown in Fig. 3 and Fig. 4 have been extracted from the OSLOTM 

simulation. Simulation of the illumination arm was first performed (Fig. 2b), and 41 values of the position and 

slopes on the apex of the convex surfaces were obtained. Next, the system simulation was implemented up to the 

Ronchi ruling (Fig. 2a) to get the 41 position values on the Ronchi ruling. Finally, the measurement arm was 

simulated up to the image plane representing the CMOS sensor (Fig. 2a), obtaining the 41 values for the position 

in the SMS. 
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Fig 3 Graph representation of the relations needed to analyze the behavior of the divergence adapter in the measuring arm for the 

four radii analyzed. The graphs on the left represent the relation between the position in the Ronchi ruling plane and the position in 
the apex. The graphs on the right represent the relation between the position in the CMOS sensor plane of the SMS and the slope 

value in the apex. 
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TABLE 1. The polynomial fit of the relations is shown in Fig. 3. 

Radius 
(mm) 

Position in the apex  
Vs. Position in Ronchi ruling 

R2 Slope in the apex Vs. Position in the 
CMOS sensor plane of the SMS   

R2  

5 Y = -0.120 x – 1.21e-4 x3+ 3.29e-6 x5 1 Y = -0.0400 x – 2.86e-4 x3+ 2.18e-5 x5 1 
10 Y = -0.240 x + 1.12e-5 x3- 1.78e-7 x5 1 Y = -0.0402 x – 5.28e-5 x3+ 3.74e-6 x5 1 
15 Y = -0.361 x + 1.35e-4 x3- 3.31e-6 x5 1 Y = -0.0403 x + 1.95e-5 x3- 1.48e-6 x5 1 
20 Y = -0.481 x + 2.56e-4 x3- 6.37e-6 x5 1 Y = -0.0403 x + 5.47e-5 x3- 3.98e-6 x5 1 

 
To do an equivalent analysis for the behavior of the divergence adapter in the illumination arm, we only 
need to find the relation between position and slope in the apex. A graph representation of these relations 
for the selected radii (5, 10, 15, and 20 mm) is shown in Fig. 4. For an easy treat, a polynomial fit of each 
relationship has been done and shown in table 2. 

 

 
  

 

 
 

 
Fig. 4 Graph representation, position vs. slope in the apex, needed to analyze the behavior of the divergence adapter in the 

illumination arm for the four radii analyzed. 

TABLE 2. The polynomial fit of the relations is shown in Fig. 4. 

Radius 
(mm) 

Slope Vs. Position in the apex R2 

5 Y = -0.199 x – 2.77e-2 x3+ 5.06e-2 x5 1 
10 Y = -0.0999 x – 1.68e-3 x3+ 7.60e-4 x5 1 
15 Y = -0.0667 x – 3.29e-4 x3+ 6.59e-5 x5 1 
20 Y = -0.0500 x – 1.04e-4 x3+ 1.17e-5 x5 1 

By closely analyzing Fig. 3 (graphs on the right), we observe that the range of the abscissas and ordinates 
are the same for all four radii; this is a consequence of the design criteria used to build our Ronchi 
configuration. As we have decided to maintain the same dynamic range of SMS for all the cases, we have 
needed to place the curvature center of the convex surface near the light source image and the relation 
between the field sampling and the curvature radius becomes a constant. In Fig. 3 (graphs on the left), we 
observe that the range for the abscissas, position in the Ronchi ruling plane, is the same for all the radii, but 
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the range in the ordinates changes because the position of the apex also changes. Finally, if we do the same 
analysis for the graphs in Fig. 4, we also observe that the slope range is the same for all the radii and the 
position ranges change from one case to another. 

It is also interesting to observe that an odd fifth-order polynomic fit has been enough for all the graphs 
shown to adjust the simulated values. The polynomic fit does not have the independent term, the quadratic 
term is not present, and the importance of the third and fifth terms is lower than the linear term. The loss 
of the independent period was expected because all the systems were centered. The missing of the quadratic 
term was also expected because the light source is punctual, and only spherical aberration has relevance. 
Finally, the low values of the third and fifth terms tell us that design is closer to a paraxial design. 

To answer whether the divergence adapters are good enough for our Ronchi deflectometry configuration, 
it is necessary to study in detail the sum of the third and fifth-order terms for all the radii and their 
corresponding threshold values. 

4. Divergence adapter behavior 

The divergence adapters have different functions; the divergence adapter of the measuring arm collects the 
light beam reflected in the surface, which will be sampled by the Ronchi ruling and the SMS, and the 
divergence adapter of the illumination arm conforms the light to be incident over the surface as close as 
possible in its local normal. However, the optical elements that are part of the divergence adapter, while 
shaping the light in the right path, introduce aberrations that disturb the wavefront and can disable its use 
in the selected Ronchi configuration. 

The necessary information to answer if the divergence adapters are adequate for their use was obtained in 
the previous points. At point 2, “selected Ronchi configuration,” we have found that the threshold to ensure 
no confusion in the apex is 1/100 of the measuring field for positions and slopes. Those values were 
obtained through the chosen frequency of the Ronchi ruling and the size of the CMOS sensor used in the 
SMS. In point 3, “Optical simulations,” the simulation of the measuring arm provided the relations between 
sampling planes and the apex, and the simulation of the illumination arm provided the relations between 
the position-slope of the illumination beam in the apex. 

To assure that, in the selected Ronchi configuration, the divergences adapters do not introduce errors 
between sampled neighbor values is necessary to know how far the relation is from linear behavior. When 
the relation is a linear one, the separation between sampled values is maintained along the measuring field, 
and as further as they get away from a linear fit as easier, the confusion between neighbor points becomes. 
In our strategy, as we have added a polynomial fit for each couple of data values, the difference between the 
real and the lineal behavior is directly quantified through the sum of the fitted polynomial's third and fifth-
order terms in Fig. 5 and Fig. 6. 

In Fig. 5 and Fig. 6, two dashed lines are shown on each graph. These lines mark the threshold of 1/100 of 
the measuring field, and the graph crosses the lines only in the case of a 5 mm radius. For the rest of 
analyzing configurations (radius 10, 15, and 20 mm), the graphs never cross the lines; so, in these cases, we 
can conclude that the aberrations introduced by the divergence’s adapters are low enough for the use of the 
divergence adapter in our Ronchi configuration. 
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Fig. 5 Sum of third and fifth-order terms of the polynomial fit from the equations of table 1. The graphs on the left represent the 

relation between the position value in the Ronchi ruling plane and the position value in the apex. The graphs on the right represent 
the relation between the position value in the CMOS sensor plane of the SMS and the slope value in the apex. The horizontal dashed 

lines indicate the threshold value for each case. 
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Fig. 6 Sum of third and fifth-order terms of the polynomial fit from the equations of table 2. The graphs show the relations between 
the position value and the slope value in the apex for the illumination arm and the four radii analyzed. The horizontal dashed lines 

indicate the threshold value for each case. 

The case of a 5 mm radius needs a more detailed interpretation. Observing in detail graph 5 (graphs on the 
left), the relation between position in the Ronchi ruling and position at the apex does not have problems of 
confusion between neighbor points because the values remain under the threshold line. However, in graphs 
5 (graphs on the right) and 6, only in the 50% of the measuring field do the values remain under the 
threshold, while in the other 50 %, near the borders, the values cross the line and reach a value of 1/33 the 
measuring field, three times, the value that, conservatively, we have fixed. 

In this case, we can choose two different ways to overcome the problem, all acceptable. The first solution 
does not use 50% of the field near the border for samples of a 5 mm curvature radius. The second solution 
is to change the threshold value at 1/33 of the field; this solution needs a high accurate implementation in 
the building stage, but it is still possible to distinguish between two neighbor point values of slopes when 
the sampling period is 1/10 of the field and the resolution is 1/33 of the field. However, it is not a 
recommended solution if we want a robust experimental setup. 

At this point, the main question has been answered; the divergence adapter, with the threshold set by the 
sampling elements, is appropriate for the proposed optical configuration whenever the interval of the 
surface radii to measure is constrained between 5 and 20 mm. The only partial exception was found in the 
case of a 5 mm radius for which only half of the field can be adequately measured. Furthermore, the same 
simulation process has provided information about the relations between sampling planes and the apex, 
see table 1, and between the position and slope for the illumination arm, see table 2, which is enough for an 
odd fifth-order polynomial fit for all the relations. One more step can be done by introducing an extra set of 
equations, including the radius variable, see table 3, to obtain the polynomial coefficients of tables 1 and 2. 

 

 

 

 

 

 

http://www.sedoptica.es/


ÓPTICA PURA Y APLICADA 
www.sedoptica.es  

 

Opt. Pura Apl. 55 (3) 55107 (2022)  © Sociedad Española de Óptica  

 
12 

TABLE 3. Compact set of polynomial fit, including the radius (r) as a variable.  

Position in the apex Vs. Position in Ronchi ruling  

 
y = Ax +Bx3+ Cx5 

A= 2.00e-4 – 2.40e-2 r  
B=-2.43e-4 + 2.51e-5r 

C= 6,39e-6- 6,42e-7 r 
Slope in the apex Vs. Position in the CMOS sensor plane of the SMS 

 
y = A x +Bx3+ Cx5 

A= -3.97e-2 – 7.00e-5r + 2.00e-6r2 
B= -8.04e-4 + 1.40e-4r – 8.17e-6r2+ 1.70e-7r3 
C= 6.28e-5 – 1.12e-5r + 6.62e-7r2 – 1.30e-8r3 

Slope Vs. Position in the apex 
 

y = A x +Bx3+ Cx5 
A= -1.00(1/r) 
B= 1.23e-3 – 6.11e-2(1/r) + 1.06(1/r)2 – 7.38(1/r)3 
C= -6.16e-3 + 2.85e-1(1/r) – 4.32(1/r)2 + 21.5(1/r)3 

 
To summarize, the main divergence adapter functions are to conform the illumination beam that arrives at 
the convex surface to be near the local normal and make it easier for the reflected beams to pass through 
the Ronchi ruling and reach the CMOS sensor of the SMS. Those jobs must be done without confusion 
between neighboring sampled positions or slopes, and a transfer function can be written to describe the 
relations between sampling planes and the apex doing further data treatment in the Ronchi metrology 
strategy will be easier. 

 

5. Conclusions 

A method to analyze the optical behavior of the divergence adapter, necessary to be incorporated in a 
Ronchi deflectometry configuration to measure convex surfaces, has been presented. The analysis has been 
done following the following steps: First, the election of the desired Ronchi configuration. Second, 
identification of the elements and positions of the divergence adapters of the measuring and illumination 
arms. Third, obtaining the threshold values through the frequency of the Ronchi ruling and the number and 
size of the pixels of the SMS. Fourth is the selection of the radius interval desired to measure. Fifth, an 
individual simulation of each arm to obtain the relation between the position in the Ronchi ruling plane and 
the position in the apex, the position in the CMOS sensor and the slope in the apex, and the position and the 
slope in the apex for the illumination beam. Sixth, a fifth-order odd polynomic fit for the previous relations. 
Seventh and last, the application of the goodness criteria: The divergences adapters are adequate for a 
specific surface radius if the sum of the third and fifth-order term of the fitted polynomials remains under 
the threshold values in all the relations found relations and for all the measuring field. This criterion is 
equivalent to ensuring that the apex has not had problems of confusion, either of positions or slopes. 
 
We have applied the above method to the divergence adapters used in the proposed Ronchi deflectometry 
setup for convex surfaces. We have found that they are suitable for measuring surfaces with radii from 5 to 
20 mm; however, the required objective is not achieved in the case of a radius of 5 mm for half the 
measurement field. 
 
To reach those results, the sampling elements have played a significant role. The first sampling element is 
the Ronchi ruling itself, with a frequency of 1mm-1 and a field size of 10 mm has fixed the threshold for 
positions sampling in a 1/100 of the measuring field, assuming that is necessary, at least 1/10 of the ruling 
period to avoid identification errors. The same criteria have been applied to the second sampling element, 
the CMOS sensor; in this case, the threshold value is for the slope values and has been fixed in 1/100 of the 
measuring field, which is equivalent to the size of 10 pixels or ±0.00105 slope units. Finally, the same 
threshold value has been transferred to the illumination arm to ensure that an incorrect assignment 
between the position and slope of the incident beam no produces confusion between neighbor positions at 
the apex. 
 
After determining the threshold values, each arm was simulated using OSLOTM software with a 
monochromatic and quasi-punctual light source. The simulation has provided three relations: position in 
Ronchi ruling vs. position at the apex, position in the CMOS sensor plane of the SMS vs. slope in the apex, 
and position vs. slope of the illumination beam in the apex. The graphs of the three relations are shown in 
Fig. 4 and Fig. 5, and an odd fifth-order polynomial has fitted. The sum of the third and fifth orders has been 
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compared with the threshold values in the entire measuring field, finding that in none of the field positions 
the value crosses the threshold, except for the 5 mm radius, where only half of the field remains below the 
threshold. In the case of a 5 mm radius, the 50% of the field near the border reaches a value of 3 times the 
threshold keeping away an easy way to distinguish between two neighbors' values of slopes. 
 
A complete description of the three sets of polynomial fits has been included introducing the radius of 
curvature of the surface as a variable. This more compact writing, shown in table 3, will be helpful when we 
are interested to know the transfer functions for a no-simulated radius of curvature, however, do not 
provide information about the goodness of the divergence adaptors because neither the sampling elements 
nor the thresholds are included. 
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