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Abstract

Objective: To accurately evaluate and measure the dioptric and prism power of
ophthalmic lenses with an interferometric technique and correlate the results with
those taken from automated focimetry.

Method and materials: Optical testing of trial ophthalmic lenses, spherical and
cylindrical, was carried out based on an interferometric technique in order to estimate
the dioptric and prismatic power of the lenses measured. The ophthalmic lenses were
inspected with laser light, using a Twyman Green interferometer, and interference
patterns were acquired and processed, obtaining the dioptric and prismatic 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.

Results: The data showed, that the two methods Auto-focimeter and Interferometry
(Twyman Green) are correlated. From the statistics the Pearsons correlation
coefficient shows high statistical significant correlation between the two methods (r =
0.9996 - P<0,0001 having a 95% confidence interval for r = 0.9965 to 1,0000).
Conclusions: A new method is provided for measuring the power (dioptric and
prismatic) of ophthalmic lenses and this alternative method is based on
interferometry. More specific a Twyman-Green interferometer was set to measure
trial lenses of known power. The fringe patterns were photographed and then the
power of the wave front produced due to the insertion in the set-up of the trial
ophthalmic lens was measured. This is equal to the power of the trial lens. The fringes
were tested compared to the plano reference wave front produced when the system did
not have any lens inserted.
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Introduction

A method technique based on interferometry'® and its validation are presented for
measuring the total power of single vision trial spherical and cylindrical lenses.
Although in the beginning a Michelson'"" interferometer was used for such a
measurement, from the results it was seen that the final measurements carried on the
interferograms aberrations due to the initial wave front (reference wave front)
produced. Also it was understood that in order to get the actual information on
performance from the fringe patterns when testing single vision lenses then the optics
used, that means the mirrors, the beam splitter, and the lenses in the set-up should be
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of excellent quality.

Although that with the Michelson interferometer information about the power of the
lenses tested could provided, due to the fact that the reference wave front was not
plane this produced an error in the final result, which was carried in all the
measurements. It was a systematic error that could be calculated but in order to get the
actual information needed from the interferograms taken, a Twyman-Green' '
interferometer was preferred, which provided a reference wave front, which was
plane. Information also is given about how the fringe patterns were captured and
interpreted in order to get the total power result of the single vision tested lenses.

The principal concept was to use a simple low cost easy to operate with the least
complexion in its set-up interferometer in order to get accurate measurements on the
power of ophthalmic lenses. Although the Newton interferometer would be the first
choice from the literature it was understood that only one of the surface of the lenses
would be measured and not the whole lens. Also this type is a contact interferometer.
These were the reasons that the Newton' ' and Fizeau" (modified Newton)
interferometers were ruled out and not chosen for such an attempt.

Method and materials

As an experimental device a Twyman-Green interferometer was used in order to get
fringe patterns of optical components, like prisms, spherical and cylindrical lenses.
From the interferograms and their interpretation the power of the lenses tested could
derive. Figure 1 is a schematic representation of the experimental set up for such a
purpose. The Twyman-Green interferometer used in order to measure lenses is
actually like the Michelson only a lens +100 mm is inserted into the system in front of
the laser at a distance of 10cm at the first principal focus of the lens in order to make
the initial laser beam a plane wave front (parallel rays) which would be the reference
wave front for comparison with the one produced by any lens element inserted into
the system. The laser was a He-Neon laser (red) having a transmitting wavelength of
632, 8 x 10° mm and with a beam diameter of 0.8 mm.

%;T ested lens
| 10cm 17cm 18cm
Laser —Hi | | B-splitter t:| M2
\4}7
+100mm Scm

| R
=/ N\

Screen

Camera

Figure 1. Schematic diagram of the experimental device constructed in order to measure
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ophthalmic lenses with interferometry. It is a modified Michelson version with a collimating
lens +100 mm placed in front of the laser at a distance equal to its first focal point in order to
produce a plane initial wave front. Also the camera was placed in alignment with the screen
where the fringes were projected.

Figure 2. It is an actual photo of the lab and the modified set-up of the interferometric device
(Twyman-Green interferometer).

According to the above photo the set up consisted of:

a) A collimated lens +100 mm, which was placed in front of the laser at a
distance equal to its first focal length. This produced the initial
“reference wave front” which was plane.

b) A beam-splitter (50/50) was placed oriented at 45° to the laser beam
direction in order to divide the initial laser beam into two other
components one reflected and the other transmitted. The angle of the
splitter related to the laser beam propagation and to the two mirrors of
the system is very important. Flat mirrors (one fixed M, and the other
movable M; in terms of three screws for directional movements) were
used. The mirrors have a diameter of 35 mm, which is the same as the
diameter of the trial tested lenses. This set up produced better optics
with less aberration affecting the system.

c) The camera was placed exactly behind the semi-transparent screen at
0° angle. The exposure time, due to the direct alignment of the film
with the fringe pattern (the camera is set I m away from the transparent
grid), was quicker (better photographs taken by setting the camera with
a speed 125 and the diaphragm set at 2)

d) 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.

Before inserting into the system the trial lenses of known power, in front of mirror M1
prisms of 1.00 D, prism 2.00 D and 3.00 D were placed (from the trial case) on a lens
holder in order to assess how the system will react, and if it is possible to measure
prismatic lenses. Then optical flats were used (1 mm thickness, 5 mm thickness, 8 mm
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thickness, 10 mm thickness) in order to assess if the thickness of an optical element is
affecting the fringe pattern®’*%. Then trial lenses were inserted. These trial ophthalmic
lenses spherical (-1.00, -2.00, -3.00 and +1.00, +2.00, +3.00 Ds) and plano-cylindrical
(-1.00, -2.00, -3.00 and +1.00, +2.00, +3.00 Dc) were taken from a standard trial
ophthalmic lens case Topcon TLS-FD trial lens set.

The fringe patterns were photographed and scanned on to a computer in order to
calculate the power of the known prisms and lenses. The following equation™ was

used in order to find the power of the spherical and cylindrical lenses tested
an/R =nl =x,= WRJL =R =xn2/ni

where x, 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 A is the wave length of the light source used (A = 632.8 x 107
mm).

The prism power was derived by measuring the displacement dx of the centre of the
circular fringe pattern from the centre of the grid with the metric scale. At first the
displacement of the prism of 1 D was measured. Then a 2 D prismatic power or 3 D
prismatic lens was inserted in the metric system and it was found that the
displacement was 2x times or 3x times the displacement distance of the 1 prismatic
dioptre lens.

Results

Some examples of the tested lenses (Figure 3) with the Twyman-Green
interferometer are given below:

For a spherical trial lens of +1.00 Ds the fringe diameter of the 5™ dark fringe was 87
mm so X, = 87/2 = 43,5 mm. The magnification used to make the fringe pattern visible
was 35x. So the actual fringe size was 43,5/35 = 1,24 mm. By using the equation
R=x,’/ni then R = 488,20 mm = 0,488 m™. Fens = 1/R = 2,048 Ds. But due to the
double pass of the beam from the tested lens the wave front power is doubled
(Twyman, 1988). So Frea1 = 1,02 Ds.

It is obvious that with such an experimenting set-up the results taken were very near
to the nominal power of the trial lenses tested. It should be mentioned that only the
absolute power could be measured and it is not possible to know if the lens is positive
or negative. The lenses in order to check the repeatability of the method were
measured 3 times using this system.
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Figure 3. Fringe patterns of spherical trial lenses tested with a) +1.00 Ds power b) +2.00 Ds
power ¢) +3.00 Ds power.

Figure 4 shows the fringe patterns for plano-cylindrical trial lenses tested.

Figure 4. Fringe patterns of plano-cylindrical trial lenses tested with a) - 1.00 Dc power b) +
1.00 Dc power. The axis direction as it is seen is 180°

The statistical analysis of the results for the proposed method compared to Auto-
focimeter is given below.

Statistics for the spherical lenses measured
The sample size for spherical lenses measured with the interferometric technique
using Twyman-Green interferometer was 36 having arithmetic mean  0,0167 Ds
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(95% CI for the mean -2,5429 to 2,5763) the standard deviation was SD=2,4390
having a standard error of the mean of SE=0,9957). Kolmogorov-Smirnov test for
Normal Distribution showed that the data is normally distributed (accept Normality
P=0,987).

The sample size for spherical lenses measured with the Auto-focimeter was 36 having
arithmetic mean -0,0067 Ds (95% CI for the mean -2,4618 to 2,4484) the standard
deviation was SD=2,3395 having a standard error of the mean of SE=0,9551).
Kolmogorov-Smirnov test for Normal Distribution showed that the data is normally
distributed (accept Normality P=0,990).

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 = 0,9996 P<0,0001 having a
95% confidence interval for r = 0,9965 to 1,0000). Conducting the Paired t-test for the
two methods this showed that there is no bias between the two methods (Two-tailed
probability P = 0,6502). The Mean difference was MD = 0,0233 while the Standard
deviation SD= 0,1186 with 95% CI =-0,1011 to 0,1478. The Variance ratio test (F-
test was = 1,0869 having P = 0,929.

In order to compare better the two measuring methods the Bland & Altman plot is
used”*?*. With this method the differences between the two measuring methods are
plotted against the averages of the two methods. From the plot it is concluded that the
limits of agreement between the two methods are (Lower limit = -0.2558 Ds and
Upper limit = 0.2091 Ds). So both methods agree to about a quarter of dioptre (0,21
to -0,26 Ds). Also the limits of agreement between the two methods by performing
Bland & Altman Plots for each set of the three repeated measurements for spherical
lenses range to about a quarter of dioptre.

Statistics for the plano-cylindrical lenses measured

Comparing now the two methods Auto-focimeter and Interferometry for the plano
cylindrical lenses, the Pearsons correlation coefficient shows high statistical
significant correlation between the two methods showing that the data are highly
associated (r = 0,9993 P<0,0001 having a 95% confidence interval for r = 0,9933 to
0,9999). Conducting the Paired t-test for the two methods this showed that there is no
bias between the two methods (Two-tailed probability P = 0,8297). The Mean
difference was MD = -0,0117 while the Standard deviation SD= 0,1261 with 95% CI
= -0,1440 to 0,1206. The Variance ratio test (F-test was = 1,0758 having P = 0,938.
From the plot it is concluded that the limits of agreement between the two methods
are (Lower limit = -0,2355 Ds and Upper limit = 0,2588 Ds), showing that they fit the
spherical lenses results.

Conclusions

A new method is provided for measuring the power of ophthalmic lenses and this
alternative method is based on interferometry. More specific a Twyman-Green
interferometer was set to measure trial lenses of known power. The fringe patterns
were photographed and then the power of the wave front produced due to the insertion
in the set-up of the trial ophthalmic lens was measured. This is equal to the power of
the trial lens. The fringes were tested compared to the plano reference wave front
produced when the system did not have any lens inserted. The results were compared
with the results taken by measuring the lenses with an Auto-focimeter.

A statistical analysis of the results comparing the two methods, were given using
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variance analysis and the Bland an Altman statistical method. From the statistics and
especially the p-value its time taken in any tests done (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 0.25 Ds
between the two methods for both spherical and cylindrical lenses.
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Mepiinqyn

2toyoc: H a&lohdynon Kot n pHETPNO™N NG OOMTPIKNG KO TPIGUATIKNG OVVOUNG TMV
opOarukdv axodv pe v ypnon ovpPoropetpiog (Twyman-Green) Omwg kot 1M
OTOTIOTIKI] GLUGYETION TOV OMOTEAECUATOV pE eKeEva mov AapPdvovror omd éva
OLVTOLLOTOTTONUEVO POKOUETPO.

MéOooog kou viika: O €heyyog, YVOOTNG OVVOUNG OOKLUOGTIKOV GOOUPIKMV KoL
KUAWVOPIK®OV 0POOAIKOV poK®V, Tpaypuatomo|dnke pe v xpriion cvpuporopetpiog
TPOKEWEVOD VO, VITOAOYIGTEL 1) SLOTMTPIKN KO TPIGUATIKY OVVOUN TOV QOKOV TOV
petpnOnkav. Ot opBaipkol paxoi eAEyyOnkav, ypnoporol®vTog £vo GLUPOAOUETPO
Twyman-Green, ot ta ocvufoloypagrjpoto  7mov  omoKTHOnkayv — KaTOmTLY
QOTOYPAPIoNG TOVg LITOPANONKaV g emefepyacia kot aEloAdyNomn, Yo TNV HETPNON
NG SLOTMTPIKT KO TPIGUATIKNG SUVAUN oV avtol gaxol Tapovsiocay. Katdmy, Eywve
GUYKPION TOV OVTIGTOW®V OmOTEAECUATOV HE ekelva mov ANEOnkav oamd €va
avtopatonompevo eakopetpo (TOMEY TL-100) npoxepévon va kabopiotel edv ot
000 tOmol petprioemv eivor avtoAla&uyol. Emiong mpaypoatormombnke ototiotikn
avaALGN Kot Y10 TOLG 600 TOTOVS LETPTCEMV.

AmoteAéouoro: Tao amotedéopata £6€1E0v OTL N LETPNON TOV OQOUALUK®OV QOKOV LE
TO OVTOMATOTOMUEVO QakOpHeETpo kot TtV ocvpPoropetpio pe to Twyman-Green
ovpPorduetpo ocvoyetiCovior. Amd TIG OTATIOTIKEG O GULVTEAECTNG GULGYETIGUOV
Pearsons moapovctdler vynAd onuovtikd oTaTIoTIKO GLOYETICUO pHeTald TV dVO
peBodwv (r = 0.9996 - P<0,0001 xon €yel £va ddonua epmiotocdving 95% ywou r =
0.9965 ¢mg 1.0000).

2vurepaouoto: M véa péfodog mopovcialetor ywoo TN péETPMom MG OOVOUNG
(O10MTPIKNG KOl TPIGUOTIKNG) TGOV OPOOAMKOV QOKOV KOl OLTH 1 EVOAAUKTIKN
puébodog eivar Paciopévn oty ocvpPoropetpia. o ovykekpuéva éva Twyman-
Green ouppoAdpetpo ypnoyomombnke o¢ texvikn ywo vo. petpnfovv dokyactikol
opOaipkol aKol YvwoTng S10TTPIKNG SOVVOUNG.

Aééeig klerora: ocvpPoropetpio, Twyman-Green, opOaipikol gakot, dovaun.
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