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(57) ABSTRACT 

Methods for dispensing eyeglasses are disclosed. The meth 
ods involve making a Subjective refraction and an objective 
refraction and sending the information to a calculation com 
puter to combine both refractions to calculate the person's 
prescription. The person's prescription is Subsequently sent to 
a manufacturing location separate from the calculation com 
puter for manufacture of the lenses. 
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SYSTEMIS AND METHODS FOR ORDERING 
LENSES 

BACKGROUND 

0001 Eye care professionals (ECPs), such as opticians, 
optometrists, ophthalmologists, and eye doctors, typically 
dispense eyeglasses to people based on a study of the per 
son's vision that involves taking a medical history of the 
person's vision and a subjective refraction to get the person's 
prescription. After the person selects eyeglass frames, the 
ECP usually measures the centration of the frame for the 
person and orders lenses for the frame based on the person's 
prescription and the centration measurement. 

SUMMARY 

0002 Methods for dispensing eyeglasses are disclosed. 
0003. In some aspects, the methods involve making a sub 

jective refraction and sending the information from the Sub 
jective refraction to a calculation computer to calculate the 
person's prescription. The person's prescription is sent to a 
manufacturing location separate from the calculation com 
puter for manufacture of the lenses. 
0004. In some additional aspects, the methods involve 
making a subjective refraction and an objective refraction and 
sending the information from the subjective and objective 
refractions to a calculation computer to calculate the person's 
prescription. The person's prescription is sent to a manufac 
turing location separate from the calculation computer for 
manufacture of the lenses. Making the objective refraction 
may involve making a wavefront measurement of one or both 
of the person's eyes and calculating the person's prescription 
may involve using the wavefront measurement to calculate 
the person's prescription. 
0005. In some additional aspects, methods for dispensing 
eyeglasses can involve providing a communication link 
between a computer located at an eye care professional's 
office and a calculation computer located elsewhere. The 
method can include determining a prescription based on 
information gathered by the eye care professional and sent to 
the calculation computer. The method can also involve plac 
ing an order for eyeglass lenses by sending information to a 
manufacturing computer in a location separate from the cal 
culation computer. In this method, the calculations used to 
determine the prescription for the lenses are performed at a 
location separate from the manufacturing location. 
0006. In general, in one aspect, the disclosure features a 
method that includes making a subjective refraction and an 
objective refraction of a person to determine information 
about the person's vision. The method also includes entering 
the information about person's vision based on the subjective 
refraction and the objective refraction into a first computer 
system. The method also includes sending the information 
about the person's vision to a second computer system, the 
second computer system being configured to perform calcu 
lations based on information about the person's vision and 
generate prescription information. The second computer is in 
a separate location from the first computer. The method also 
includes receiving, at the first computer from the second 
computer, the prescription information. The method also 
includes placing an order for a lens based on the prescription 
information by sending the prescription information from the 
first computer to a third computer associated with a lens 
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manufacturing site. The third computer is in a separate loca 
tion from the first computer and the second computer. 
0007. In general, in another aspect, the disclosure features 
a method that includes receiving, at a second computer from 
a first computer, information about a person's vision includ 
ing Subjective refraction information and objective refraction 
information. The second computer is in a separate location 
from the first computer and in a separate location from a third 
computer associated with a lens manufacturing site. The 
method also includes performing, using the second computer, 
calculations to generate a lens prescription based on the infor 
mation about the person's vision. The method also includes 
sending the revised lens prescription to the first computer. 
0008. In general, in an additional aspect, the disclosure 
features a method that includes making a Subjective refraction 
of a person to determine information about the person's 
vision. The method also includes making a wavefront mea 
surement of one or both of the person's eyes to determine 
information about the optical properties of one or both of the 
person's eyes. The method also includes sending the infor 
mation about the person's vision and the information about 
the optical properties of one or both of the person's eyes from 
an ordering computer in the eye care processional's office to 
a calculation computer located in a location separate from the 
eye care professional's office. The method also includes 
receiving, at the ordering computer, prescription information 
from the calculation computer. The method also includes 
ordering eyeglass lenses based on the prescription by sending 
the prescription information to a manufacturing computer. 
0009 Embodiments can include one or more of the fol 
lowing. 
0010. The first computer can be an ordering computer. The 
second computer can be a calculation computer. The third 
computer can be a manufacturing computer. The ordering 
computer calculation computer and manufacturing computer 
can each be located in a different location. 
0011 Multiple ordering computers can be connected to a 
single calculation computer. Multiple ordering computers 
can be connected to a manufacturing location. 
0012. The objective refraction can be derived from a 
wavefront measurement of one or both of the person's eyes 
that determines information about the optical properties of 
one or both of the person's eyes. 
0013 The objective refraction can be derived from a ray 
tracing method of one or both of the person's eyes that deter 
mines information about the optical properties of one or both 
of the person's eyes. 
0014. The objective refraction can be derived from atomo 
graphic method of one or both of the person's eyes determin 
ing information about the optical properties of one or both of 
the person's eyes. 
0015 The objective refraction can be derived from a cor 
neal topography method of one or both of the person's eyes 
determining information about the optical properties of one 
or both of the person's eyes corneas. 
0016. The method can also include sending the lens pre 
scription from the first computer to the third computer. 
0017. In some aspects, a system includes an input interface 
configured to input information about a person's vision deter 
mined on the basis of a subjective refraction. The system also 
includes a device configured to obtain information about a 
person's vision determined on the basis of an objective refrac 
tion. The system also includes a calculating device configured 
to calculate a prescription for the person based on the infor 
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mation about the person's vision determined by subjective 
refraction and based on the information about the person's 
vision determined by objective refraction. The system also 
includes an outputting interface configured to output the pre 
Scription, wherein the calculation device is located in a sepa 
rate location from the input interface, the output interface, and 
a manufacturing location. 
0.018. The details of one or more embodiments are set 
forth in the accompanying drawings and the description 
below. Other features and advantages will be apparent from 
the description, drawings, and claims. 

DESCRIPTION OF DRAWINGS 

0019 FIG. 1 is a flow chart showing a procedure for deter 
mining an eyeglass prescription and ordering lenses. 
0020 FIG. 2 is block diagram of a multi-computer system. 
0021 FIG.3 is block diagram of a multi-computer system. 
0022 FIG. 4 is a flow chart showing a procedure for deter 
mining an eyeglass prescription and ordering lenses. 
0023 FIG. 5 is a flow chart showing a procedure for deter 
mining an eyeglass prescription. 
0024 FIG. 6 is a flow chart showing a procedure for deter 
mining an eyeglass prescription. 
0025. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0026 Referring to FIG. 1, a procedure 100 for obtaining 
an eyeglass prescription and ordering eyeglass lenses for a 
person includes making ananamnesis 102 and medical inves 
tigation 104 of the person, followed by a subjective refraction 
106 and an objective refraction measurement 108. For 
example, the ECP can make a wavefront measurement. The 
eye care professional (ECP) determines the person's prescrip 
tion 110 based on the results of subjective refraction 106 and 
wavefront measurement 108. After the person selects eye 
glass frames 112, the ECP optional measures a centration 114 
of the frames and orders the lenses 118 from a lens maker 
(e.g., from a third party lens maker oran in-house lens maker) 
according to the prescription and centration measurement. 
0027. The various portions of procedure 100 for obtaining 
an eyeglass prescription and ordering eyeglass lenses for a 
person occur in multiple locations. For example, FIG. 2 
shows an arrangement that includes an ordering location 130 
that includes an ordering computer 136, a calculation location 
140 that includes a calculation computer 142, and a manufac 
turing location 150 that includes a manufacturing computer 
152. The ordering computer 136, calculation computer 142, 
and manufacturing computer 152 are in electronic communi 
cation and transmit data used to determine the eyeglass pre 
Scription and place the order for the eyeglass lenses. The 
ordering location 130, calculation location 140, and manu 
facturing location 150 can be physically separate locations 
(e.g., located in separate buildings) and/or can be separate 
systems located within a single facility. 
0028. The interactions between the ECP 132 and person 
134 (e.g., making anamnesis 102, performing the medical 
investigation 104, performing subjective refraction 106 mea 
Surements, and performing a wavefront measurement 108) 
occur at the ordering location 130, for example at the ECP’s 
office or other facility (as described in more detail below). At 
the ordering location 130, the ECP132 enters the information 
obtained during the interaction between the ECP 132 and 
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person 134 into the ordering computer 136 and transmits the 
information to the calculation computer 142 (as indicated by 
arrow 138). The calculation computer 142 performs calcula 
tions based on the information received from the ordering 
computer 136 and generates information relevant for the 
selecting and/or manufacturing the lens such as prescription 
information, lens thickness, information related to manufac 
turability, and/oran estimated cost of the lens. The calculation 
computer 142 sends the information to the ordering computer 
136 (as indicated by arrow 144). The process of sending 
information to the calculation computer 142 and receiving 
information relevant for the manufacturing of the lens can be 
an iterative process. For example, if the ECP 132 is not 
satisfied with the calculated prescription or other information 
related to the lenses, the ECP 132 revises the data and sends 
the revised data to the calculation computer 142 to generate 
revised prescription data. When the ECP132 is satisfied with 
the prescription, the prescription and other information rel 
evant for the manufacturing of the lens are sent from the 
ordering computer 136 to the manufacturing computer 152 
(as indicated by arrow 146) and the manufacturing computer 
152 sends a confirmation of the order to the ordering com 
puter 136 (as indicated by arrow 148). Due to the dispersed 
nature of this arrangement, all calculations to determine the 
prescription based on the wavefront data and other informa 
tion provided by the ECP are performed in a location separate 
from the manufacturing location 150. 
0029. It is believed that performing the calculations to 
generate the lens prescription at a calculation computer 142 
that is separate from the ordering computer 136 and the manu 
facturing computer 152 provides various advantages. For 
example, in Some embodiments, performing the calculations 
at a location separate from the manufacturing site can reduce 
the amount of data transferred to the manufacturing site (e.g., 
the wavefront data is not sent to the manufacturing computer). 
If existing ordering systems associated with a particular 
manufacturing site do not include fields for providing wave 
front data, performing the calculations at a separate location 
prior to sending the information to the manufacturing site can 
allow a prescription to be ordered using the existing ordering 
systems that accounts for the wavefront data. For example, 
Some manufacturing locations may not have the capability to 
use wavefront data to determine a prescription. By perform 
ing the calculations at a separate location and sending a pre 
Scription that already accounts for the wavefront data, the 
manufacturing locations can generate lenses having prescrip 
tions based on wavefront data without having to upgrade the 
manufacturing locations to perform such calculations. In 
addition, since the prescription is determined prior to placing 
the order at the manufacturing location, the ECP can review 
and adjust the prescription prior to placing the order. 
0030. In another example, as shown in FIG. 3, in some 
embodiments, performing the calculations at a calculation 
computer 142 that is separate from the ordering computer 136 
and the manufacturing computer 152 allows multiple order 
ing computers 136a, 136b, 136c to send data to a central 
calculation computer 142 that performs the calculations to 
determine the prescriptions. By having multiple ordering 
computers 136a, 136b. 136c using the same central calcula 
tion computer 142, the amount of software and data needed 
by the ordering computers 136a, 136b,136c is reduced. Simi 
larly, if information Such as an algorithm for determining a 
prescription or new lens data is generated or updated, only the 
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central calculation computer 142 would require an update 
rather than each of the ordering computers 136a, 136b, 136c 
requiring an update. 
0031 FIG. 4 shows a process 170 for using the ordering 
computer 136, calculation computer 142 and manufacturing 
computer 152 to generate and place an order for eyeglass 
lenses. Portions of the process 170 occurat each of the order 
ing location 130, the calculation location 140, and the manu 
facturing location 150 as indicated by the left, middle, and 
right vertical columns, respectively. 
0032. At the ordering location 130, the ECP 132 examines 
172 the eyes of the person 134 (172). The examination can 
include making anamnesis (e.g., as shown in step 102 of FIG. 
1). Making anamnesis typically involves questioning the per 
son 134 regarding his or her medical and ocular history and 
any noticeable eye problems. Anamnesis can also include 
reviewing records of the person's eye care history. For 
example, in Some embodiments, the anamnesis can be per 
formed in conjunction to reviewing a previous eyeglass pre 
Scription. The examination can also include a medical inves 
tigation of a person performed by the ECP132 (e.g., as shown 
in step 104 of FIG. 1). The medical examination can include 
determining visual acuity in each eye using the Snellen Chart, 
which consists of random letters of different sizes. The letters 
for normal vision (20/20) are 3/8-inch tall, viewed at 20 feet. In 
Some embodiments, the medical investigation can include 
measuring the person's eye movement and peripheral vision. 
These can be tested by moving a light or object through the 
person's field of vision and observing the person's response. 
The person's reaction to light (e.g., pupillary response) can 
also be measured. The examination can also include testing 
color vision, contrast sensitivity and night vision. 
0033. During the examination, color blindness can be 
tested by, for example, having the person observe multicol 
ored dots that form numbers. Colorblindness can result in the 
person's inability to see certain numbers or to see a different 
number than people who are not color blind. The medical 
examination can also include glaucoma testing (e.g., tonom 
etry), which typically involves directing a puff of air at the 
person's eye. The eye's response to the air puff is used to 
measure the pressure of the person's eyes, where abnormal 
readings are related to glaucoma. The medical investigation 
also generally includes visual observation of the person's 
eyes by the ECP 132. For example, the retina, fundus, retinal 
vessels, and optic nerve head can be viewed with an ophthal 
moscope. Drops that dilate the person's pupil may be used to 
allow more of the fundus to be viewed, although subjective 
refractive is generally performed prior to this dilation as these 
drops typically blur the person's vision for a period of time. 
0034. The examination can also include subjective refrac 
tion analysis, sometimes referred to simply as a refraction 
(e.g., as shown in step 106 of FIG. 1). Subjective refraction 
generally involves positioning different lenses of different 
strength in front of the person's eyes using a phoropter or a 
trial frame and asking the person about their vision for the 
different lenses. Typically, the person sits behind the 
phoropter, and looks through it at an eye chart placed at 
optical infinity (e.g., 20 feet or 6 meters for distance vision), 
then at near (e.g., 16 inches or 40 centimeters for near vision) 
for individuals needing reading glasses. The ECP 132 then 
changes lenses and other settings, while asking the person for 
Subjective feedback on which settings gave the best vision. 
Subjection refraction is typically performed on each eye 
separately (monocular refraction), and then on both eyes 
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together (binocular refraction). In certain embodiments, Sub 
jective refraction is performed only on both eyes together to 
provide binocular information. In such cases, the monocular 
information is determined from wavefront measurement. 
Subjective refraction can be used to determine initial values 
for sphere (also referred to as mean sphere), cylinder, and/or 
cylinder axis for both eyes. Also, in some embodiments, 
Subjective refraction can be used to determine prism and base. 
This information can be determined for both distance vision 
and near vision. 

0035. The process 170 also includes performing a wave 
front measurement (174). The wavefront measurement can be 
performed using a Hartmann-Shack sensor. In Such sensors, a 
narrow beam of radiation output from a laser or a Superlumi 
nescence diode, for example, is projected onto the retina of 
the person's eye through the optics of the eye. Then, radiation 
scattered from the retina passes through the optics, and 
emerges from the pupil. The wavefront of the emerging beam 
carries information relating to aberration errors of the optics 
of the eye. Then, the wavefront of the emerging beam at the 
exit pupil plane of the eye is relayed (by relay optics) onto a 
Hartmann-Shack sensor, and output from the Hartmann 
Shack sensor is used to measure the wavefront of the emerg 
ing beam. For an emmetropic eye, i.e., an eye without aber 
ration error, the wavefront of the emerging beam is a flat 
Surface, whereas, for an eye that produces aberration errors, 
the wavefront of the emerging beam is distorted from the flat 
Surface. 

0036 A Hartmann-Shack sensor typically includes a len 
slet array and a CCD camera, which CCD camera is typically 
located at a focal plane of the lenslet array. Whenever a beam 
to be measured is projected onto the Hartmann-Shack sensor, 
the lenslet array breaks the beam into Sub-apertures, and 
forms a pattern of focal spots. The CCD camera records this 
pattern of focal spots, and a computer analyzes the pattern of 
focal spots to measure the wavefront of the beam. 
0037. Further embodiments of methods and systems for 
making wavefront measurements of a people eyes are dis 
closed in the following patents: U.S. patent application Ser. 
No. 1 1/835,109, entitled “EYEGLASS PRESCRIPTION 
METHOD and filed on Aug. 7, 2007; U.S. Pat. No. 6,382, 
795 B1, entitled “METHOD ANDAPPARATUS FOR MEA 
SURING REFRACTIVE ERRORS OF AN EYE: U.S. Pat. 
No. 6,406,146 B1, entitled “WAVEFRONT REFRACTOR 
SIMULTANEOUSLY RECORDING TWO HARTMANN 
SHACK IMAGES: U.S. Pat. No. 6,575,572 B2, entitled 
METHOD AND APPARATUS FOR MEASURING OPTI 
CALABERRATIONS OF AN EYE: U.S. Pat. No. 6,997, 
555 B2, entitled “METHOD FOR DETERMININGVISION 
DEFECTS AND FOR COLLECTING DATA FOR COR 
RECTING VISION DEFECTS OF THE EYE BY INTER 
ACTION OF A PATIENT WITH AN EXAMINER AND 
APPARATUS THEREFORE; and U.S. Pat. No. 7,084,986 
B2, entitled “SYSTEM FOR MEASURING THE OPTICAL 
IMAGE QUALITY OF AN EYE IN A CONTACTLESS 
MANNER. The entire contents of U.S. Ser. No. 1 1/835,109, 
U.S. Pat. No. 6,382,795 B1, U.S. Pat. No. 6,406,146 B1, U.S. 
Pat. No. 6,575,572 B2, U.S. Pat. No. 6,997,555 B2, and U.S. 
Pat. No. 7,084,986 B2 are hereby incorporated herein by 
reference. 

0038. The wavefront refractor can measure a variety of 
different optical errors of the person's eyes, such as, for 
example, second orderaberrations, defocus, astigmatism, and 
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higher order aberrations including coma, trefoil, and spheri 
cal aberrations. These errors can be measured quickly (e.g., in 
seconds). 
0039. After collecting the information from the eye 
examination and the wavefront measurement, the ECP 132 
enters information about the patient's eyes into the ordering 
computer 136 at the ordering location 130 (176). This infor 
mation is sent from the ordering computer 136 to the calcu 
lation computer 142 (178). In addition to the examination and 
wavefront information, the information sent to the calculation 
computer 142 can include information about the eyeglass 
frames and centration measurement. Centration refers to the 
horizontal distance between the centration points of the pair 
of lenses and can be specified by monocular values, measured 
from the assumed centreline of the bridge of the nose or 
spectacle frame. Alternatively, if an inter-pupillary distance is 
specified, this is taken to be the centration distance. In certain 
embodiments, additional features for the eye glasses, for 
example, optional optical coatings (e.g., antireflection coat 
ings), bifocal lenses, and/or Sun-activated tints can also be 
entered into the ordering computer 136 and sent to the calcu 
lation computer 142. 
0040. The calculation computer 142 receives the informa 
tion from the ordering computer 136 (180) and determines the 
person's prescription based on the results of subjective refrac 
tion and wavefront measurement using an algorithm (182). In 
general, the algorithm can utilize data from a number of 
different sources to calculate the person's prescription. For 
example, in certain embodiments, the algorithm takes into 
account the wavefront data from both eyes, the data from 
subjective refraction from both eyes, and additional data from 
the ECP 132. Additional data can include, for example, addi 
tion, prism, and/or base for one or both eyes, design prefer 
ences, and/or expected light conditions for the use one or both 
lenses. Another example of additional data is where the ECP 
132 wants the prescription to be optimized for a certain dis 
tance (e.g., different from infinity), this information can be 
provided so that Subsequent determinations are performed 
based on the distance. 
0041. In some embodiments, the calculation computer 
142 determines the person's prescription from wavefront data 
by first determining Zernike coefficients which characterize 
the aberrations in the person's eye. Alternatively, or addition 
ally, the person's prescription can be calculated from the 
three-dimensional wavefront map itself. The person's pre 
Scription (e.g., sphere, cylinder, and cylinder axis) can be 
determined from the Zernike coefficients or from the three 
dimensional map using a variety of methods. For example, 
one can calculate sphere, cylinder, and cylinder axis by fitting 
a torical surface to the wavefront data. Alternatively, or addi 
tionally, the Zernike coefficients or the three-dimensional 
wavefront map can be used to construct an image of a point 
Source on the person's retina, and the sphere, cylinder, and 
cylinder axis can be determined using an image quality met 
ric. 

0042. In some embodiments, the calculation computer 
142 determines the person's prescription from wavefront data 
for distance vision and wavefront data for near vision. With 
this, the person's prescription can be calculated including 
both the prescription for distance vision and the prescription 
for near vision. 

0043. Exemplary methods are disclosed, for example, in 
U.S. Pat. No. 6,511,180, entitled “DETERMINATION OF 
OCULAR REFRACTION FROM WAVEFRONT ABER 
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RATION DATA AND DESIGN OF OPTIMUM CUSTOM 
IZED CORRECTION” and in European Patent No. EP 1324 
689 B1, entitled “DETERMINATION OF OCULAR 
REFRACTION FROM WAVEFRONT ABERRATION 
DATA, the entire contents both of which is hereby incorpo 
rated by reference. 
0044. In some embodiments, the calculation computer 
142 determines the person's prescription from wavefront data 
using ray tracing techniques. For example, a ray tracing algo 
rithm can be used to trace a bundle of rays through the 
patient's eye based on the wavefront data. Sphere, cylinder, 
and cylinder axis, for example, can be determined from the 
behavior of the rays at various locations along their path using 
one or more metrics. For example, in some embodiments, the 
prescription is determined using a metric based on character 
istics of the bundle of rays at and around their point of mini 
mum aperture (e.g., at their position of focus within the eye). 
These characteristics can include the cross-sectional area, 
cross-sectional shape, and/or longitudinal extension at this 
position. 
0045 FIG. 5 shows a flowchart of an exemplary embodi 
ment of an algorithm for calculating a person's eyeglass pre 
scription. Initially, wavefront data (210) for each eye, pro 
vided by wavefront measurement 150, is used to determine a 
wavefront refraction for each eye (220). This involves the use 
of an appropriate metric on the wavefront data. The metric 
depends on the wavefront data, the subjective refraction (if 
provided) and/or the additional data. Wavefront refraction 
data for each eye is used to determine a cylinder and cylinder 
axis for each eye (250). The cylinder refers to a cylindrical 
deviation from a spherical lens that part of a person's pre 
Scription, usually used to correct for astigmatism. The cylin 
der axis refers to the relative orientation of the cylinder for 
each eye. Concurrently to determining the cylinder and cyl 
inder axis, the mean spheres of wavefront refraction for each 
eye is adjusted (260) based on the wavefront refraction data, 
subjective refraction data 230 and/or additional data 240 for 
each eye. For example, if ECP 132 had to adjust the mean 
sphere ascertained from subjective refraction 140 for one eye, 
this adjustment can be emulated by adjusting the wavefront 
refractive mean sphere of the other eye by a certain amount 
the difference between the mean sphere for the left eye is the 
same as the right eye as calculated from Subjective refraction 
140 is the same as the difference calculated from wavefront 
refraction 150. 
0046. Once appropriate mean sphere adjustments are cal 
culated, new mean sphere values are determined from the 
adjustments (270). The adjusted mean sphere values are com 
bined with the cylinder and cylinder axis calculated in step 
250 to determine the prescription for the person (280). 
0047. In general, the person's eyeglass prescription can be 
determined to a high level of accuracy using the procedures 
presented herein. For example, spherical and cylinder can be 
determined to within about 0.25 dipt or less (e.g., about 0.1 dpt 
or less, about 0.05 dipt or less, 0.01 dpt or less). Cylinder axis 
can be determined to within about +5 or less (e.g., about +4 
or less, about +3° or less, about +2 or less, +1 or less). 
0048 Referring back to FIG. 4, after determination of the 
lens prescription is complete, the calculation computer 142 
sends the lens prescription data to the ECP 132 (184). The 
ordering computer 136 receives the lens prescription data 
(186) and the ECP132 reviews the prescription. The ECP132 
determines if any changes are desired and/or needed to the 
prescription (188). If the ECP132 decides to make changes to 
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the prescription or to other features of the lenses (e.g., the 
material, the coatings, the eyeglass frame), the ECP 132 
revises the information in the ordering computer 136 and the 
ordering computer sends the revised information to the cal 
culation computer 142 (190). The calculation computer 142 
receives the information (192) and re-determines the lens 
prescription (182) and sends the lens prescription to the order 
ing computer (184). 
0049. After all selections have been made and the ECP132 

is satisfied with the prescription, the ECP 132 orders the 
lenses from the manufacturing location 150, e.g., a third party 
or in-house lens maker. In order to place the order for the 
lenses, the ordering computer 136 transfers information 
needed to generate the lens to the manufacturing computer 
152 (194). This information includes the prescription infor 
mation for the lenses and information about the materials 
used to create the lens. Since the calculations to generate the 
lens prescription based on the information from the ECP’s 
examination of the patient's eyes and the wavefront measure 
ments were performed using the calculation computer 142, it 
is not necessary to transfer the wavefront measurements to the 
manufacturing computer 152. The manufacturing computer 
152 receives the order information (196) and manufactures 
the lenses according to the order information (198). 
0050. The process of determining the lens prescription and 
lens characteristics can be an iterative process where the ECP 
132 submits information to the calculation computer 142, 
receives lens prescription and lens characteristics, and revises 
the information based on the received lens prescription and 
lens characteristics. FIG. 6 shows an exemplary process 300 
for determining lens characteristics based on factors such as 
prescription, manufacturability, cost, weight, coatings, and/ 
or lens thickness. Since the calculations for determining the 
lens prescription and lens characteristics are performed at a 
location other than the manufacturing site (e.g., on the calcu 
lation computer 142), the ECP132 can revise the prescription 
in Such an iterative process prior to placing an order for the 
lenses. 

0051. In process 300, shown in FIG. 6, the calculation 
computer 142 receives information from the ECP 132 (302) 
and determines lens characteristics including the lens pre 
Scription (304). For example, the calculation computer can 
determine the lens prescription and characteristics using one 
or more of the processes described herein. Based on the 
calculated lens prescription and characteristics, the calcula 
tion computer 142 determines whether the lens can be manu 
factured (306). If the lens can not be manufactured, the cal 
culation computer 142 sends a notification to the ECP 132 
(308). The ECP 132 revises the information sent to the cal 
culation computer 142 and the calculation computer 142 
determines a revised lens prescription and characteristics 
(304). If the lens is capable of being manufactured, the cal 
culation computer 142 determines an estimated cost for 
manufacturing the lenses (310). The cost can be based on the 
type of material selected for the lens, the shape of the lens, the 
coating on the lens, and/or the prescription. The calculation 
computer compares the estimated cost and the lens charac 
teristics to pre-set threshold values (312). The threshold val 
ues can be set by the ECP 132 at the time the information is 
sent to the calculation computer 142 or can be predetermined 
and stored in the calculation computer 142. For example, 
threshold values can be set for the maximum thickness of the 
lens, maximum weight of the lens, and/or maximum price of 
the lens. If the determined lens characteristics do not exceed 
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any of the thresholds, the lens prescription, lens characteris 
tics, and estimated cost are sent to the ECP132 (316). On the 
other hand, if one or more of the determined lens character 
istics exceeds a threshold, the calculation computer deter 
mines alternatives for the lens (318). For example, if the cost 
of the lens exceeds the maximum price threshold, the calcu 
lation computer can suggest an alternative material for fabri 
cation of the lens. In another example, if the lens weight 
exceeds a weight-based threshold, the calculation computer 
can suggest an alternative, lighter material for manufacturing 
the lens. After the calculation computer determines alterna 
tives (318), the original lens prescription, lens characteristics, 
and estimated cost and the alternative lens prescription, lens 
characteristics, and estimated cost are sent to the ECP 132 
(320). After receiving the information about the lens prescrip 
tion, lens characteristics, and estimated cost, the ECP 132 
reviews the information and determines whether to order the 
lenses. 

0052. In some embodiments, the wavefront measurement 
can provide additional information about the person's vision. 
For example, wavefront measurement 150 can be used to 
provide information about the person's night vision. Further 
more, a corneal topography measurement can be made con 
currently to the wavefront measurement 150, in order to 
determine additional information about the refractive status 
of the eye, which can also be used in the calculation of the 
eyeglass prescription. The topographic information can also 
be used, for example, to dispense contact lenses. 
0053. The additional information (e.g., about night vision) 
can be obtained from the same wavefront measurement used 
to obtain prescription information. Accordingly, this informa 
tion can be obtained without further stressing or inconve 
niencing the person. 
0054 While in at least some of the embodiments 
described herein, connections were described between the 
order computer 132 and the calculation computer 142 and 
between the order computer 132 and the manufacturing com 
puter 152, in some embodiments additional or alternative 
connections could exist. For example, in Some embodiments, 
there could additionally be a direct link between the calcula 
tion computer 142 and the manufacturing computer 152. For 
example, an ECP could enter information into the order com 
puter 132 and use the calculation computer 142 to perform the 
calculations to determine the characteristics of the lens. After 
the ECP approved the determined characteristics of the lens, 
the order computer 132 could transmit a command to the 
calculation computer 142. Upon receipt of the command the 
calculation computer 142 could send the information for 
manufacturing the lens to the the manufacturing computer 
152. 

0055. The systems (e.g., the order computer 132, the cal 
culation computer 142, and the manufacturing computer 152) 
and methods described herein can be implemented in digital 
electronic circuitry, or in computer hardware, firmware, Soft 
ware, web-enabled applications, or in combinations thereof. 
Data structures used to represent information provided can be 
stored in memory and in persistence storage. Apparatus of the 
invention can be implemented in a computer program product 
tangibly embodied in a machine-readable storage device for 
execution by a programmable processor and method actions 
can be performed by a programmable processor executing a 
program of instructions to perform functions of the invention 
by operating on input data and generating output. The inven 
tion can be implemented advantageously in one or more 
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computer programs that are executable on a programmable 
system including at least one programmable processor 
coupled to receive data and instructions from, and to transmit 
data and instructions to, a data storage system, at least one 
input device, and at least one output device. Each computer 
program can be implemented in a high-level procedural or 
object oriented programming language, or in assembly or 
machine language if desired, and in any case, the language 
can be a compiled or interpreted language. Suitable proces 
sors include, by way of example, both general and special 
purpose microprocessors. Generally, a processor will receive 
instructions and data from a read-only memory and/or a ran 
dom access memory. Generally, a computer will include one 
or more mass storage devices for storing data files, such 
devices include magnetic disks. Such as internal hard disks 
and removable disks magneto-optical disks and optical disks. 
Storage devices suitable for tangibly embodying computer 
program instructions and data include all forms of non-vola 
tile memory, including, by way of example, semiconductor 
memory devices, such as EPROM, EEPROM, and flash 
memory devices; magnetic disks such as, internal hard disks 
and removable disks; magneto-optical disks; and CD ROM 
disks. Any of the foregoing can be Supplemented by, or incor 
porated in, ASICs (application-specific integrated circuits). 

What is claimed is: 
1. A method, comprising: 
making one or more refractions of a person to determine 

information about the person's vision; 
entering the information about person's vision based on the 

one or more refractions into a first computer system; 
sending the information about the person's vision to a 

second computer system, the second computer system 
being configured to perform calculations based on infor 
mation about the person's vision and generate prescrip 
tion information, the second computer being in a sepa 
rate location from the first computer; 

receiving, at the first computer from the second computer, 
the prescription information; and 

placing an order for a lens based on the prescription infor 
mation by sending the prescription information from the 
first computer to a third computer associated with a lens 
manufacturing site, the third computer being in a sepa 
rate location from the first computer and the second 
computer. 

2. The method of claim 1, wherein the first computer com 
prises an ordering computer, the second computer comprises 
a calculation computer, and the third computer comprises a 
manufacturing computer. 

3. The method of claim 1, wherein the one or more refrac 
tions comprises a Subjective refraction and an objective 
refraction. 

4. The method of claim3, wherein the objective refraction 
is derived from a wavefront measurement of one or both of the 
person's eyes determining information about the optical 
properties of one or both of the person's eyes. 

5. The method of claim3, wherein the objective refraction 
is derived from a ray tracing method of one or both of the 
person's eyes determining information about the optical 
properties of one or both of the person's eyes. 

6. The method of claim3, wherein the objective refraction 
is derived from a tomographic method of one or both of the 
person's eyes determining information about the optical 
properties of one or both of the person's eyes. 
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7. The method of claim3, wherein the objective refraction 
is derived from a corneal topography method of one or both of 
the person's eyes determining information about the optical 
properties of one or both of the person's eyes corneas. 

8. A method, comprising: 
receiving, at a second computer from a first computer, 

information about a person's vision including Subjective 
refraction information and objective refraction informa 
tion, the second computer being in a separate location 
from the first computer and in a separate location from a 
third computer associated with a lens manufacturing 
site; 

performing, using the second computer, calculations to 
generate a lens prescription based on the information 
about the person's vision; and 

sending the lens prescription to the first computer. 
9. The method of claim 8, further comprising receiving 

revised information at the second computer from the first 
computer based on the lens prescription; 

performing calculations at the second computer to generate 
a revised lens prescription based on the revised informa 
tion; and 

sending the revised prescription to the first computer. 
10. The method of claim 8, further comprising sending the 

lens prescription from the first computer to the third com 
puter. 

11. The method of claim 10, wherein the first computer 
comprises an ordering computer, the second computer com 
prises a calculation computer, and the third computer com 
prises a manufacturing computer. 

12. A method comprising: 
making a Subjective refraction of a person to determine 

information about the person's vision; 
making a wavefront measurement of one or both of the 

person's eyes to determine information about the optical 
properties of one or both of the person's eyes; 

sending the information about the person's vision and the 
information about the optical properties of one or both of 
the person's eyes from an ordering computer in the eye 
care processionals office to a calculation computer 
located in a location separate from the eye care profes 
sional's office; 

receiving, at the ordering computer, prescription informa 
tion from the calculation computer, and 

ordering eyeglass lenses based on the prescription by send 
ing the prescription information to a manufacturing 
computer. 

13. The method of claim 12, wherein the objective refrac 
tion is derived from a wavefront measurement of one or both 
of the person's eyes determining information about the opti 
cal properties of one or both of the person's eyes. 

14. The method of claim 12, wherein the objective refrac 
tion is derived from a ray tracing method of one or both of the 
person's eyes determining information about the optical 
properties of one or both of the person's eyes. 

15. The method of claim 12, wherein the objective refrac 
tion is derived from a tomographic method of one or both of 
the person's eyes determining information about the optical 
properties of one or both of the person's eyes. 

16. A system, comprising: 
an input interface configured to input information about a 

person's vision determined on the basis of a subjective 
refraction; 
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a device configured to get information about a person's an outputting interface configured to output the prescrip 
vision determined on the basis of an objective refraction; tion, wherein the calculation device is located in a sepa 

a calculating device configured to calculate a prescription rate location from the input interface, the output inter 
for the person based on the information about the per- face, and a manufacturing location. 
son's vision determined by subjective refraction and 
based on the information about the person's vision deter 
mined by objective refraction; and ck c. c. : : 


