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“PROGRESSIVE ADDITION LENSES MEASURED WITH A TWYMAN GREEN INTERFEROMETER 

AND AN AUTO-FOCIMETER (TOMEY TL-100) AND THE CORRELATION OF THE TWO 

METHODS.” 

 

ABSTRACT 

Objective 

Evaluate and measure accurately the dioptric power of progressive addition ophthalmic lenses at specific points on the progressive 

addition lens surface with interferometry, by using a Twyman Green interferometer, and correlate the results with those taken from an 

Auto-focimeter (TOMEY TL-100).  

 

Method and materials  

The progressive addition ophthalmic lenses were inspected, using a Twyman Green interferometer at specific points, and interference 

patterns were acquired and processed, obtaining the dioptric power that theses lenses presented. Comparison of the respective results was 

conducted with those taken from an Auto-focimeter (TOMEY TL-100) in order to check if the two types of measurement are 

interchangeable, and statistical analysis was carried out for both types of measurements on the spherical and the cylindrical component of 

the measurement.  

 

Results  

The analysis showed, that the two methods, Interferometry (Twyman Green) and  Auto-focimeter (TOMEY TL-100) are correlated. The 

plotting for both measuring techniques were similar. From the statistics and especially the p-values taken showed that the two measuring 

techniques do not different significantly. Also the Bland and Altman plot shows that there is a difference of about 0.30 Ds for the 

spherical component while it was about 0.17 Dc for the cylindrical component between the two methods. With interferometry it was 

difficult and time consuming to get as many measurements as those taken with the Auto-focimeter due to the manual and laborious nature 

of the technique.  

 

Conclusions 

A Twyman-Green interferometer was set to measure progressive addition ophthalmic lenses.  The results showed that it is possible to 

measure such type of lenses although interferometry it was difficult and time consuming to get as many measurements as those taken 

with the Auto-focimeter due to the manual and laborious nature of the technique.  

 

Key words: interferometry, Twyman-Green, progressive addition ophthalmic lenses, power. 

 

INTRODUCTION 

 

Progressive Addition Lenses are very complicated as ophthalmic lenses. Due to the fact that there are no borders visible for far, 

intermediate and near vision areas on the lens surface, these lenses are difficult to measure and to access their performance. So far the 

method for measuring these lenses is the use of Auto-focimetry.  

A method technique based on interferometry
1-6

 and its validation are presented for measuring the power of progressive addition 

ophthalmic lenses at specific points on the progressive addition lens surface. A Twyman-Green
7-12

 interferometer was preferred and set 

up, which provided a reference wave front, which was plane. The results taken were correlated with those taken from automated 

focimetry. 
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METHOD AND MATERIALS 

 

A more precise method is used such interferometry (Twyman

distribution on the progressive addition ophthalmic lenses

presented by providing contour plots of the power distribution on the lens surface and the unwanted astigmatism distribution 

lenses present outside the progressive corridor. The same way of performance presentation is used here only the data is extracted by 

using the interferometric method proposed (Twyman

necessary information for evaluating such lenses. This innovating approach can be used also in the manufacturing sector of these lenses 

in order to provide the manufacturer data on the surface of the lenses with out the need of subjective observations. 

 

The Twyman-Green interferometer used in order to measure 

(parallel rays) which was the reference wave front for comparison with the one produced by any 

inserted into the system. The laser was a He-Neon laser (red) having a transmitting wavelength of 632, 8 x 10

diameter of 0.8 mm. Figure 1 is an actual photo of the lab of the experimental set up for such a purpose.

Figure 1. It is schematic diagram of the Twyman

addition lenses. 

 

According to the above photo the set up consisted of:  A collimated lens +100 mm, which was placed in front of the laser at a

equal to its first focal length. This produced the initial 

45° to the laser beam direction in order to divide the initial laser beam into two other components one reflected and the other t

Flat mirrors (one fixed M2 and the other movable M

placed exactly behind the semi-transparent screen at 0

reduce the interfering of vibrations on the device and on the fringe patterns produc

fringe patterns producing a breathing phenomenon. 

The fringe patterns were photographed and scanned on to a computer in order to calculate the power of progressive addition le

following equation
23

 was used in order to find the power of the spherical and cylindrical component at each point measured on the 

progressive addition lens surface.  

                    

xn
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A more precise method is used such interferometry (Twyman-Green interferometer) in providing information about the power 

progressive addition ophthalmic lenses surface. It is well known that so far the performance of such complex lenses is 

presented by providing contour plots of the power distribution on the lens surface and the unwanted astigmatism distribution 

corridor. The same way of performance presentation is used here only the data is extracted by 

using the interferometric method proposed (Twyman-Green interferometer). Such a technique has never so far been used to provide the 

uating such lenses. This innovating approach can be used also in the manufacturing sector of these lenses 

in order to provide the manufacturer data on the surface of the lenses with out the need of subjective observations. 

Green interferometer used in order to measure progressive addition ophthalmic lenses produced a plane wave front 

(parallel rays) which was the reference wave front for comparison with the one produced by any progressive addition ophthalmic

Neon laser (red) having a transmitting wavelength of 632, 8 x 10

is an actual photo of the lab of the experimental set up for such a purpose. 

schematic diagram of the Twyman-Green interferometer set up and a photo of the lab for measuring progressive 

According to the above photo the set up consisted of:  A collimated lens +100 mm, which was placed in front of the laser at a

equal to its first focal length. This produced the initial “reference wave front” which was plane. A beam-splitter (50/50

to the laser beam direction in order to divide the initial laser beam into two other components one reflected and the other t

and the other movable M1 in terms of three screws for directional movements) were used. The camera was 

transparent screen at 0° angle. The use of a granite table two tones of weight was necessary in order to 

reduce the interfering of vibrations on the device and on the fringe patterns produced. Even the least noise or air current could affect the 

fringe patterns producing a breathing phenomenon.  

The fringe patterns were photographed and scanned on to a computer in order to calculate the power of progressive addition le

was used in order to find the power of the spherical and cylindrical component at each point measured on the 

n
2
/R = n λ  ⇒⇒⇒⇒ xn = √√√√n R λ  ⇒⇒⇒⇒ R = xn

2
/n λ 
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Green interferometer) in providing information about the power 

surface. It is well known that so far the performance of such complex lenses is 

presented by providing contour plots of the power distribution on the lens surface and the unwanted astigmatism distribution that these 

corridor. The same way of performance presentation is used here only the data is extracted by 

Green interferometer). Such a technique has never so far been used to provide the 

uating such lenses. This innovating approach can be used also in the manufacturing sector of these lenses 

in order to provide the manufacturer data on the surface of the lenses with out the need of subjective observations.  

lenses produced a plane wave front 

progressive addition ophthalmic lens 

Neon laser (red) having a transmitting wavelength of 632, 8 x 10
-6

 mm and with a beam 

 
Green interferometer set up and a photo of the lab for measuring progressive 

According to the above photo the set up consisted of:  A collimated lens +100 mm, which was placed in front of the laser at a distance 

splitter (50/50) placed oriented at 

to the laser beam direction in order to divide the initial laser beam into two other components one reflected and the other transmitted. 

ovements) were used. The camera was 

The use of a granite table two tones of weight was necessary in order to 

ed. Even the least noise or air current could affect the 

The fringe patterns were photographed and scanned on to a computer in order to calculate the power of progressive addition lenses. The 

was used in order to find the power of the spherical and cylindrical component at each point measured on the 



ISSN-2319-2119 

RESEARCH ARTICLE

                    

 

                                          
           Pateras E.S, The Experiment, 2014, Vol. 21(2), 1471-1479 

  

                                                               www.experimentjournal.com                                                                1473 

where xn is the distance of the nth dark fringe R is the radius of curvature of the optical element under test n is the number of the dark 

fringe from the centre of the fringe pattern while λ is the wave length of the light source used (λ = 632,8 x 10
-6 

mm).  

Progressive addition lenses were introduced in the system and measured at 15 points. The lenses were measured at points, which are 10 

mm apart horizontally. Figure 2. shows on a progressive addition lens surface the points, which were measured.  

 
Figure 2.  Points (circles) on a progressive addition lens where measurements with interferometry took place. Each circle is 2,5 

mm wide. 

 

Point 11 represents the semi-circle indicating where the distance power and axis should be checked. Point 18 represents the fitting cross, 

which is normally located to the patient’s pupil. Point 39 represents the circle indicating where the centre of the reading area is. The 

produced fringes where photographed, measured and the resulting dioptric power was calculated for each point. The plotting for the 

spherical and the cylindrical component is given in terms of spherical power and unwanted astigmatism distribution. (Each progressive 

lens was clipped on a stand with verniers horizontally and vertically, in order to ensure that the correct point was measured each time).  

 

RESULTS 

 

The progressive addition lenses selected for the research were taken from the Greek market representing companies’ products, which are 

widely used nowadays. From Essilor it was selected to measure Comfort and the new lens design under the trademark Panamic. From the 

company Hoya the lenses GP and Summit Pro lens designs were selected. From Aoptical the lenses selected were AO Pro and the 

Compact. From Zeiss the Gradal HS, Rodenstock Progressive S and from Nikon Presio were selected.  These 9 lens designs represent the 

majority of the progressive lenses marketed in Greece. All these lens design are very similar to each other belonging to the major 

category of ultra soft designs. The only different one is the AO Compact which is a design produced to fit in small frames (B vertical 

dimension of the frame B< 35 mm). All the lenses were measured having plano distance vision zone and addition 2.00 D which 

represents the mean value of additions used from presbyopic wearers.  

 

Also all the above mentioned lenses were measured with an Auto-focimeter (Tomey) at the same points in order to compare the two 

methods in their results of measuring such complex lenses. With the Auto-focimeter besides the same 15 points measured other 34 points 

were measured in order to have a complete presentation of the power distribution and the performance of these lenses. So there were a 

total of 49 points measured on the surface of such lenses covering all the area representing a viewing angle of 35°. 

 

The results are given for one of the above-mentioned lenses in the following plots.  
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1 Far (point 11) 

2 Cross (point 18) 

3 5 mm below cross (point 25) 

4 10 mm below cross (point 32) 

5 Near vision circle (point 39) 

 

Figure 4. a) Diagram showing the distribution of the unwanted astigmatism 

spherical power distribution c) plot of the power progression at the progression corridor. All the above results are for Hoya

plano/add 2.00 D. Measurements taken with interferometry.

 

The photographs of the fringes taken for Hoya GP at the progression corridor are given below 

2

5
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a)

 

 
c) 

a) Diagram showing the distribution of the unwanted astigmatism presented by the lens b) diagram showing the 

spherical power distribution c) plot of the power progression at the progression corridor. All the above results are for Hoya

plano/add 2.00 D. Measurements taken with interferometry. 

The photographs of the fringes taken for Hoya GP at the progression corridor are given below  
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b) 

presented by the lens b) diagram showing the 

spherical power distribution c) plot of the power progression at the progression corridor. All the above results are for Hoya GP 

1.5-2

1-1.5

0.5-1

0-0.5
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0,50 Dc/0,75 Dc 

Figure 5. Photographs of the fringes taken for Hoya GP at the progression corridor

 

For comparison the same lens was measured with the Auto

are seen in the following figure. 
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plano/0,25 Dc    at point 18 

 
0,50 Dc/0,75 Dc → 0,50Ds/0,25Dc at point 25 

 
1,50 Ds at point 32 

 
2,00 Ds at point  39 

Photographs of the fringes taken for Hoya GP at the progression corridor

For comparison the same lens was measured with the Auto-focimeter but this time the points were 49 on the lens surface.  These points 
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Photographs of the fringes taken for Hoya GP at the progression corridor 

focimeter but this time the points were 49 on the lens surface.  These points 
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Figure 6.  Points on a progressive addition lens where measurements with an auto

 

Figure 5. shows the results taken with an auto-focimeter for comparison with the results taken with interferometry. 

 

Figure 6. a) Diagram showing the distribution of the unwanted astigmatism presented by the lens b) diagram showing the 

spherical power distribution c) plot of the power progression at the progression corridor. All the above results are for Hoya

plano/add 2.00 D. Measurements taken with auto

 

The statistical analysis is done for the measurement of one progressive lens Hoya GP at the lens corridor. The lenses were me

with an Auto-focimeter (TOMEY TL-100) and with the interferometric t

table below. 
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Points on a progressive addition lens where measurements with an auto-focimeter took place.

focimeter for comparison with the results taken with interferometry. 

a)

 
c) 

a) Diagram showing the distribution of the unwanted astigmatism presented by the lens b) diagram showing the 

spherical power distribution c) plot of the power progression at the progression corridor. All the above results are for Hoya

d 2.00 D. Measurements taken with auto-focimeter. 

The statistical analysis is done for the measurement of one progressive lens Hoya GP at the lens corridor. The lenses were me

100) and with the interferometric technique described in chapter 4. The results are given in the 
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focimeter took place. 

focimeter for comparison with the results taken with interferometry.  

b) 

a) Diagram showing the distribution of the unwanted astigmatism presented by the lens b) diagram showing the 

spherical power distribution c) plot of the power progression at the progression corridor. All the above results are for Hoya GP 

The statistical analysis is done for the measurement of one progressive lens Hoya GP at the lens corridor. The lenses were measured once 

echnique described in chapter 4. The results are given in the 

1.5-2

1-1.5

0.5-1

0-0.5
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Table 1. 

 

Points of measurement             Autofocimeter             Interferometry

                                               sph                  cyl         sph         

Point 11   0  0 

Point 18   0  0.12

Point 25   0.37  0.25

Point 32   1.37  0.12

Point 39   2.00  0 

 

Statistics for the Spherical component 

 

The sample size for progressive addition lenses (spherical component) measured with the interferometric technique using Twyma

interferometer was 5 having arithmetic mean   0,8500 Ds (95% CI for the mean 

SD=0,8588 having a standard error of the mean  of  SE=0,3841). Kolmogorov

is normally distributed (accept Normality P=0,835). 

 

The sample size for progressive addition lenses measured with the Auto

the mean -0,3654 to 1,8614) the standard deviation was SD=0,8967 having a standard error of the mean  of  SE=0,4010). Kolmogorov

Smirnov test for Normal Distribution showed that the data is norm

 

Comparing now the two methods Auto-focimeter and Interferometry the Pearsons correlation coefficient shows high statistical significant 

correlation between the two methods showing that the data are highly asso

for r = 0,9045 to 0,9996). Conducting the Paired t

(Two-tailed probability P = 0,0961). The Mean difference was 

0,0286 to 0,2326. The Variance ratio test (F-test was = 1,0903 with P = 0,935.

 

In order to compare better the two measuring methods the Bland & Altman plot

two measuring methods are plotted against the averages of the two methods.

 

BLAND AND ALTMAN PLOT 
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Points of measurement             Autofocimeter             Interferometry 

sph                  cyl         sph                cyl 

0.25  0         

0.12 0  0.25 

0.25 0.50  0.25 

0.12 1.50  0 

2.00  0                       

The sample size for progressive addition lenses (spherical component) measured with the interferometric technique using Twyma

interferometer was 5 having arithmetic mean   0,8500 Ds (95% CI for the mean -0,2163 to 1,9163) the standard deviation was 

SD=0,8588 having a standard error of the mean  of  SE=0,3841). Kolmogorov-Smirnov test for Normal Distribution showed that the data 

is normally distributed (accept Normality P=0,835).  

The sample size for progressive addition lenses measured with the Auto-focimeter was 5 having arithmetic mean 0,7480 Ds (95% CI for 

0,3654 to 1,8614) the standard deviation was SD=0,8967 having a standard error of the mean  of  SE=0,4010). Kolmogorov

Smirnov test for Normal Distribution showed that the data is normally distributed (accept Normality P=0,817). 

focimeter and Interferometry the Pearsons correlation coefficient shows high statistical significant 

correlation between the two methods showing that the data are highly associated (r = 0,9937 P=0,0006 having a 95% confidence interval 

for r = 0,9045 to 0,9996). Conducting the Paired t-test for the two methods this showed that there is no bias between the two methods 

tailed probability P = 0,0961). The Mean difference was MD = 0,1020 while the Standard deviation SD= 0,1052 with 95% CI  = 

test was = 1,0903 with P = 0,935. 

In order to compare better the two measuring methods the Bland & Altman plot
13-14

 is used. With this method 

two measuring methods are plotted against the averages of the two methods. 
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The sample size for progressive addition lenses (spherical component) measured with the interferometric technique using Twyman-Green 

0,2163 to 1,9163) the standard deviation was 

Smirnov test for Normal Distribution showed that the data 

focimeter was 5 having arithmetic mean 0,7480 Ds (95% CI for 

0,3654 to 1,8614) the standard deviation was SD=0,8967 having a standard error of the mean  of  SE=0,4010). Kolmogorov-

ally distributed (accept Normality P=0,817).  

focimeter and Interferometry the Pearsons correlation coefficient shows high statistical significant 

ciated (r = 0,9937 P=0,0006 having a 95% confidence interval 

test for the two methods this showed that there is no bias between the two methods 

MD = 0,1020 while the Standard deviation SD= 0,1052 with 95% CI  = -

With this method the differences between the 
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Figure 7.  Is the Bland & Altman Plot where “Interferometer” and “Auto

compared for the results on progressive addition lenses and more specifically on the spherical component.

 

From the plot it is concluded that the limits of agreement between the two methods are (Lower limit = 

0,1042 Ds).  

 

Statistics for the Cylindrical component 

 

The sample size for progressive addition lenses (spherical component) measured with the interferometric technique using Twyma

interferometer was 5 having arithmetic mean   0,1000 Ds (95% CI for the mean 

SD=0,1369 having a standard error of the mean  of  SE=0,0612). Kolmogorov

is normally distributed (accept Normality P=0,416). 

 

The sample size for progressive addition lenses measured with the Auto

the mean -0,0312 to 0,2272) the standard deviation was SD=0,1040 having a standard error of the mean  of  SE=0,0465). Kolmogorov

Smirnov test for Normal Distribution showed that the data is normally distributed (accept Normality P=0,927). 

Comparing now the two methods Auto-focimeter and Interferometry the Pearsons correlation coefficient shows high statistical significant 

correlation between the two methods showing that the data are highly associated (r = 0,9937 P=0,0006 having a 95% confidence interval 

for r = 0,9045 to 0,9996). Conducting the Paired t

(Two-tailed probability P = 0,9621). The Mean difference was MD = 0,0020 while the Standard deviation SD= 0,0884 with 95% CI  = 

0,1078 to 0,1118. The Variance ratio test (F-test was = 1,7329

 

BLAND AND ALTMAN PLOT 

 

Figure 8.  Is the Bland & Altman Plot where “Interferometer” and “Auto

compared for the results on progressive addition lenses and more specifically on the cylindrical component.

 

From the plot it is concluded that the limits of agreement betwe
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Is the Bland & Altman Plot where “Interferometer” and “Auto-focimeter” are the two measuring methods that are 

ed for the results on progressive addition lenses and more specifically on the spherical component.

From the plot it is concluded that the limits of agreement between the two methods are (Lower limit = 

The sample size for progressive addition lenses (spherical component) measured with the interferometric technique using Twyma

interferometer was 5 having arithmetic mean   0,1000 Ds (95% CI for the mean -0,0700 to 0,2700) the standard deviation was 

SD=0,1369 having a standard error of the mean  of  SE=0,0612). Kolmogorov-Smirnov test for Normal Distribution showed that the data 

is normally distributed (accept Normality P=0,416).  

ive addition lenses measured with the Auto-focimeter was 5 having arithmetic mean 0,0980 Ds (95% CI for 

0,0312 to 0,2272) the standard deviation was SD=0,1040 having a standard error of the mean  of  SE=0,0465). Kolmogorov

Distribution showed that the data is normally distributed (accept Normality P=0,927). 

focimeter and Interferometry the Pearsons correlation coefficient shows high statistical significant 

ods showing that the data are highly associated (r = 0,9937 P=0,0006 having a 95% confidence interval 

for r = 0,9045 to 0,9996). Conducting the Paired t-test for the two methods this showed that there is no bias between the two methods 

ity P = 0,9621). The Mean difference was MD = 0,0020 while the Standard deviation SD= 0,0884 with 95% CI  = 

test was = 1,7329 with P = 0,607. 

 

where “Interferometer” and “Auto-focimeter” are the two measuring methods that are 

compared for the results on progressive addition lenses and more specifically on the cylindrical component.

From the plot it is concluded that the limits of agreement between the two methods are (Lower limit = 
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focimeter” are the two measuring methods that are 

ed for the results on progressive addition lenses and more specifically on the spherical component. 

From the plot it is concluded that the limits of agreement between the two methods are (Lower limit = -0,3082 Ds and Upper limit  = 

The sample size for progressive addition lenses (spherical component) measured with the interferometric technique using Twyman-Green 

700 to 0,2700) the standard deviation was 

Smirnov test for Normal Distribution showed that the data 

focimeter was 5 having arithmetic mean 0,0980 Ds (95% CI for 

0,0312 to 0,2272) the standard deviation was SD=0,1040 having a standard error of the mean  of  SE=0,0465). Kolmogorov-

Distribution showed that the data is normally distributed (accept Normality P=0,927).  

focimeter and Interferometry the Pearsons correlation coefficient shows high statistical significant 

ods showing that the data are highly associated (r = 0,9937 P=0,0006 having a 95% confidence interval 

test for the two methods this showed that there is no bias between the two methods 

ity P = 0,9621). The Mean difference was MD = 0,0020 while the Standard deviation SD= 0,0884 with 95% CI  = -

focimeter” are the two measuring methods that are 

compared for the results on progressive addition lenses and more specifically on the cylindrical component. 

en the two methods are (Lower limit = -0,1753 Ds and Upper limit  = 
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0,1713 Ds). 

  

CONCLUSIONS 

 

A Twyman-Green interferometer was utilized to take measurements on progressive addition lenses. Although at the beginning the fringe 

pattern of the whole lens was taken in order to assess the performance of these lenses due to the fact that the pattern it was impossible to 

interpret then specific points on the lens surface were measured and the power of these points was calculated from the fringe pattern 

being photographed.  

 

The results were presented in a way that always, progressive addition lenses performance is done. Using contour plots, the power and the 

unwanted astigmatism distribution is presented. The measuring points on the lens surface contained the progressive corridor the far and 

near vision points and points 10mm away from the corridor (15 points in total). These results were compared with measurements taken 

with an Auto-focimeter and (49 points in total) and contour plots again were presented for power and astigmatism distribution.  The 

plotting for both measuring techniques were very similar, although the measuring points were not numerical the same. From the statistics 

and especially the p-value its time taken (p should be in all cases p > 0,05) showed that the two measuring techniques do not different 

significantly. Also from the Bland and Altman plot it shows that there is a difference of about 0.30 Ds for the spherical component while 

it was about 0.17 Dc for the cylindrical component between the two methods. With interferometry it was difficult and time consuming to 

get as many measurements as those taken with the Auto-focimeter due to the manual and laborious nature of the technique. The 

technique can be improved, in order of time needed, if a computer with the analogous software could analyze the fringe pattern. 

 

REFERENCES 

 

1. Chandler C. “Modern interferometers” Hilger and Watts, London, 1951 

2. Dyson J. “Interferometry as a measuring tool” The machinery publishing Co., Brighton, 1970 

3. Francon M “Optical interferometry” Academic, New York, 1966 

4. Hariharan P.“Basics of interferometry” Academic Press, San Diego, Calif. 1992 

5. Hariharan P. “Optical interferometry” Academic Press, San Diego, Calif. 1985 

6. Steel W.H. “Interferometry” Cambrige Press, London, 1983 

7. Twyman F. & Green A. British pat. 103.832, 1916 

8. Twyman F. “Correction of optical surfaces” Astrophys. J. 1918a:48:256 

9. Twyman F. “Prism and lens making” Chapt. 11 - 12 Hilger and Watts, London, 1957. 

10. Twyman F. British pat 130.224, 1919 

11. Twyman F.“Interferometers for the experimental study of optical surfaces from the point of view of the wave theory” Philos. 

Mag. Ser. 1918b:6:35:49  

12. Kocher D. “Twyman-Green interferometer to test large aperture optical systems” App. Opt. 1972:11:8 

13. Bland JM, Altman DG “Statistical method for assessing agreement between two methods of clinical measurement”. The Lancet, 

i, 1986:307-310 

14. Bland JM, Altman DG “Measuring agreement in method comparison studies”. Statistical Methods in Medical Research, 

1999:8:135-160 

 

Pateras E.S.
1
  

1. Mphil, PhD, Assistant Professor Dept. Optics & Optometry, TEI of Athens 

 


