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[57] ABSTRACT 
A portable visual function tester and testing method is 
described for rapid and accurate measurement of sev 
eral human vision parameters, including critical fusion 

frequency, stereops'is, Snellen visual acuity and visual 
resolution, cyclophoria, eye dominance, and lateral and 
vertical phoria, which comprises, ?rst and second illu 
minated visual displays disposed for viewing by respec 
tive left and right eyes of a subject along respective 
parallel ?rst and second optical axes, each display com 
prising an array of visual display patterns, one pattern of 
each display comprising a pair disposed for simulta 
neous viewing by the subject in the measurement of a 
corresponding vision parameter; the display patterns 
include an illuminated blinking disk for measurement of 
critical fusion frequency, a rectangular array of four-dot 
sets for measurement of stereopsis, an array of Snellen E 
designs of various sizes and orientations for measure 
ment of visual acuity, and a resolution fan comprising a 
pattern of a plurality of radially extending alternate 
bright and dark luminance areas for measurement of 
minimum visual resolution; the visual display pairs in 
clude a ?rst pair including a ?rst circle with adjacent 
reference mark and a second circle with adjacent refer 
ence scale for measurement of cyclophoria, a second 
pair including two sets'of oppositely oriented diagonal 
lines for determination of eye dominance, and a third 
pair including an illuminated dot and illuminated rect 
angular grid for testing of lateral and vertical phorias; 
suitable electronics are included for selectively illumi 
nating the display patterns in pairs. 

22 Claims, 13 Drawing Figures 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
see 35 U.S.C. 157. 
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PORTABLE VISUAL FUNCTION TESTER 

RIGHTS OF THE GOVERNMENT 
The invention described herein may be manufactured 

and used by or for the Government of the United States 
for all governmental purposes without the payment of 
any royalty. 

This is a continuation of application Ser. No. 
06/599,088, ?led Apr. 11, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to vision tes 
ters and vision testing methods, and more particularly 
to a novel system and method for testing a plurality of 
human vision parameters. 
Many astronauts have commented on apparent vision 

problems during earth orbit, including supposed “super 
vision” by pre-Gemini astronauts, and, more recently, 
complaints including reduction in near visual acuity 
with no apparent change in distant vision, signi?cant 
elevation of intraocular pressure, “misplaced horizon”, 
and increased dependence upon reading glasses. Al 
though the literature contains numerous reference to 
various anticipated effects of orbital environmental 
conditions upon human vision, few actual tests were 
performed since suitable instrumentation and testing 
methods have not heretofore existed for use in quantify 
ing changes in all the numerous human vision parame 
ters of interest under orbital conditions. The prior tests 
which were conducted included out-the-window visual 
acuity measurements using sightings of ground targets 
from Gemini V and VII, and a near-vision test series on 
accommodative amplitude performed on STS-S and 
later ?ights. 
The present invention comprises a compact, portable, 

and battery powered system and vision testing method 
for the rapid measurement of a plurality of human vi 
sion parameters, including critical fusion frequency, 
stereopsis. Snellen visual acuity and visual resolution, 
cyclophoria (torsional phoria), eye dominance (retinal 
rivalry), and lateral and vertical phoria. The visual 
function tester of the present invention combines a dual 
optical system with a broad spectrum of illuminated 
visual test patterns in a compact, portable unit which 
may ?nd particular utility for the definition and mea 
surement of the environmental and physiological effects 
on a broad range of human vision parameters, such as 
changes in these parameters under the effects of orbital 
space ?ight. 
The system of the present invention is self powered 

and uses microelectronic circuitry controlled light emit 
ting diode (LED) displays to create a series of con-v 
trolled illumination stimulus patterns at or near optical 
in?nity, for use in measuring a plurality of visual func 
tions, with a separate stimulus pattern or set of patterns 
con?gured for testing each such visual function. The 
unique arrangement of all test patterns within the same 
?eld of view allows each pattern to be used by electron 
ically switching the appropriate LED, thus eliminating 
the need for any mechanical moving parts with the 
exception of the switch. This improves the optical align 
ment and ruggedness of the system as there are no mov 
ing parts to wear or become misaligned. Data may be 
recorded verbally by the subject on a microcassette 
audio recorder which may be included as a part of the 
electronics of this system; the subject may indicate ver— 
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2 
bally the test number and observed results as shown in 
the vision function tester. 

It is, therefore, a principal object of the present inven 
tion to provide a novel portable visual function tester 
and method for measuring a plurality of human vision 
parameters, including critical fusion frequency. stereop 
sis. Snellen visual acuity and visual resolution, cyclo 
phoria (torsional phoria), eye dominance (retinal ri 
valry), and lateral and vertical phoria. 

It is a further object of the present invention to pro 
vide a visual function tester for measuring the environ 
mental effects on the various named human vision pa 
rameters. 

It is a further object of the invention to provide a 
system and method for quantifying changes in certain 
human vision parameters under the effects of orbital 
space ?ight. 

It is still another object of the invention to provide a 
method for testing the effects of various environmental 
conditions on the named human vision parameters. 
These and other objects of the present invention will 

become apparent as the detailed description of certain 
representative embodiments thereof proceeds. 

SUMMARY OF THE INVENTION 

In accordance with the foregoing principles and ob 
jects of the present invention, a novel portable visual 
function tester and reliable testing method is described 
for the rapid and accurate measurement of several pa 
rameters of human vision, including critical fusion fre 
quency, stereopsis. Snellen visual acuity and visual reso 
lution, cyclophoria (torsional phoria), eye dominance 
(retinal rivalry), and lateral and vertical phoria, which 
comprises, ?rst and second illuminated iosual displays 
disposed for viewing by the respective left and right 
eyes of the subject along respective parallel ?rst and 
second optical axes, each of the displays comprising an 
array of visual display patterns, one pattern of each of 
the ?rst and second displays comprising a pair disposed 
for simultaneous viewing by said subject in a particular 
vision test in the measurement of a corresponding vision 
parameter; the visual display patterns include an illumi 
nated blinking disk for use in measurement of critical 
fusion frequency, a rectangular array of four-dot sets for 
measurement of stereopsis, an array of Snellen E de 
signs of various sizes and orientations for the measure 
ment of visual acuity, and a resolution fan comprising a 
pattern of a plurality of radially extending alternate 
bright and dark luminance areas for the measurement of 
minimum visual resolution; the visual display pairs may 
include a ?rst pair including a ?rst circle with reference 
mark adjacent thereto and a second circle and a refer 
ence scale adjacent thereto for the measurement of 
cyclophoria, a second pair including two sets of oppo 
sitely oriented diagonal lines for the determination of 
eye dominance, and a third pair including an illumi 
nated dot and an illuminated rectangular grid pattern 
for testing of lateral and vertical phorias; suitable elec 
tronics are included for selectively controlling the il 
lumination of the display patterns in pairs. The visual 
display patterns may comprise light emitting diodes. 
The electronics of the system may further include an 
audio recorder for recording the identi?cations of the 
selected vision parameter measurement and the results 
of observations using the system, and may be battery 
powered for portability. 
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DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly undestood 
from the following detailed description of certain repre 
sentative embodiments thereof read in conjunction with 
the accompanying drawings wherein: 
FIG. 1 is a perspective view of a representative visual 

function tester of the present invention with part of the 
housing broken away to reveal certain of the internal 
components thereof. 

FIG. 2 is a schematic of a set of representative visual 
test display patterns, on substantially enlarged scale, for 
illumination and display to one eye in the testing of the 
various human vision parameters described herein. 
FIG. 3 is a schematic of a set of representative visual 

test display patterns, corresponding to respective pat 
terns of FIG. 2, for illumination and display to the other 
eye in the testing of the various human vision parame 
ters described herein. 
FIG. 4L is a schematic on enlarged scale of the repre 

sentative test pattern included in FIG. 2 which may be 
presented to the left eye for measurement of stereopsis. 
FIG. 4R is a schematic on enlarged scale of the repre 

sentative test pattern included in FIG. 3 which may be 
presented to the right eye for measurement of stereop 
SIS. 

FIG. 5 is a schematic onenlarged scale of the repre 
sentative test pattern included in the FIGS. 2 and 3 
displays which may be used for high contrast (high 
resolution) Snellen and minimum resolution acuity tests. 
FIG. 6 is a schematic on enlarged scale of the repre 

sentative test pattern included in the FIGS. 2 and 3 
displays which may be used for performing a medium 
illumination mesopic visual acuity test if ?tted with an 
appropriate neutral density ?lters. 
FIG. 7 is a schematic on enlarged scale of the repre 

sentative test pattern included in the FIGS. 2 and 3 
displays which may be used for performing a low illum 
ination mesopic visual acuity test if ?tted with some 
what denser neutral ?lters. 
FIG. 8 is a schematic on enlarged scale of the repre 

sentative test pattern included in the FIG. 2 display 
which may be used for exposure of the left eye in the 
testing for cyclophoria (torsional phoria). 
FIG. 9 is a schematic on enlarged scale of the repre 

sentative test pattern included in the FIG. 3 display 
which may be used in conjunction with the pattern of 
FIG. 8 and for exposure to the right eye in the testing 
for cyclophoria (torsional phoria). 
FIG. 10 is a schematic on enlarged scale of the repre 

sentative test pattern included in the FIG. 2 display 
which may be used for exposure to the left eye in testing 
for retinaLrivalry. 
FIG. 11 is a schematic on enlarged scale of the repre 

sentative test pattern included in the FIG. 3 display 
which may be used in conjunction with the pattern of 
FIG. 10 and for exposure to the right eye in the testing 
for retinal rivalry. 
FIG. 12 is a schematic on enlarged scale of a test grid 

pattern included in the FIG. 3 display which may be 
presented to one eye and used in conjunction with a 
momentarily flashed dot presented to the other eye in 
testing for lateral and vertical phorias. 

DETAILED DESCRIPTION 

Referring now to the drawings, FIG. 1 presents a 
perspective view of a representative embodiment of the 
visual function tester (VFI‘) 10 of the present invention. 
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4 
Part of the housing for the tester depicted in FIG. 1 is 
shown broken away in order to reveal certain of the 
internal components of the tester. 
The tester 10 of the present invention may preferably 

comprise a housing 11 including three sections for en 
closing a pair of viewing sections 12L and 12R contain 
ing, respectively. visual test displays 13L,13R for vision 
testing as hereinafter described. The middle section of 
tester 10 may include the electronics 14 including the 
logic, display, information processing, and control func 
tions for the visual displays 13L,13R, and audio record 
ing means for information recording. Battery compart 
ment 15 may comprise the power source for operation 
of tester 10. Housing 11 may further comprise a pair of 
eyepiece lenses 16L,16R through which a subject may 
view the visual display 13L,13R in the performance of 
visual tests using tester 10. Lenses 16L,16R act as simple 
magni?ers to create virtual images of the displays 
13L,13R. The images are presented along respective 
parallel optical axis L,R for each respective eye of the 
subject. A padded forehead rest/hood 17 (shown in 
phantom) may be included if desired to provide a fore 
head cushion and shield against extraneous light for the 
subject during vision tests. On/off switch 18, momen 
tary push button control/function interrupter l9, and 
multiple postion function test selector switch 20, all 
operatively interconnected with the electronics 14 and 
power source 15 may be located in conveniently acces 
sible positions such as suggested in FIG. 1. Frequency 
readout display 21, frequency increase control button 
22U, frequency decrease control button 22D, and fre 
quency reset button 23, also operatively interconnected 
with and forming a part of electronics 14 may be 10 
cated'on housing 11 as shown. In a non-limiting, repre 
sentative tester 10 built in demonstration of the inven 
tion herein, the overall size of housing 11 was about 
5"><12"><2". 

Displays l3L,13R, described in more detail below in 
relation to FIGS. 2 through 12, contain the various 
visual displays for testing the various vision parameters 
utilizing tester 10. Each display 13L,13R includes an 
array of display patterns in the form of light emitting 
diodes (LED’s), each display pattern being individually 
controllable as hereinafter described. In the tester 10 
demonstration unit the LED’s (except as othewise spe 
ci?cally indicated) were selected as green on color for 
optimum visibility. 

In the performance of visual tests utilizing tester 10, 
the user/subject looks through lenses 16L,16R and ro 
tates swtich 20 to the appropriate setting for the desired 
visual test. Data may be recorded verbally on a mi 
crocassette audio tape recorder included in electronics 
14 and mounted under the device; the subject reads the 
test number and the results as shown through viewing 
of the various display patterns. 

Described below individually are the battery of tests 
included in the tester 10 built in demonstration of the 
invention. The selection of tests was made on a basis of 
detecting changes in critical vision parameters resulting 
from neurological or muscular balance changes caused 
by weightlessness. 

Referring now to FIGS. 2 and 3, the patterns com 
prising visual test displays 13L,13R of FIG. 1 are pres 
ented in more detail, respectively, as pattern arrays 
30L,30R. Each pattern in the arrays 30L,30R may be 
individually controllable and may preferably comprise 
an LED display, the patterns being controllable in pairs 
for each named vision test to expose a pattern of 30L to 
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the left eye and a companion pattern of 30R to the right 
eye. It is understood that the selection of displays pres 
ented to the left and right eyes, respectively, in the use 
of tester 10 may, within the teachings hereof, be re 
versed for any of the visual tests performed. In the 
tester 10 unit built in demonstration of the invention 
herein, patterns 31L,31R comprised substantially identi 
cal controllable blinking circular light discs for the 
measurement of critical fusion frequency; substantially 
identical patterns 41L,41R were con?gured for testing 
of stereopsis; patterns 51L,51R and 61L,61R and 
71L,71R were con?gured for visual acuity and resolu 
tion tests; patterns 81,91 were con?gured to test for 
cyclophoria; patterns 101,111 were con?gured to test 
for eye dominance; and patterns 32, 121 were con?g 
ured to measure lateral and vertical phoria. 

Patterns 31L,31R each comprise a circular light 
which may be made to blink at a controllable frequency, 
for use in the testing of critical fusion frequency. In the 
functioning of the body’s nervous system, data is trans 
mitted between our sensory organs, brain and muscles 
via frequency-encoded nervous transmissions. When 
ever a nerve ?res, it must “rest” a while before ?ring 
again, which resting, or latency period varies depending 
on many factors, including physiological state. One way 
to measure the nerves’ ability to conduct signals is to 
input a known signal varying in frequency over time at 
a sense organ, and test the brain’s ability to detect the 
signal. A simple example is critical fusion frequency 
(CFF) or ?icker fusion frequency (FFF). A blinking 
light is presented to the eyes, and the blink frequency is 
increased until the light fuses or appears steady and 
unblinking. This critical fushion frequency is an indica 
tion of the physiological state of the nervous system. If 
CFF changes, nervous transmission speed may have 
been affected due to fatigue or other physiological 
change occuring at the synapses, thus affecting our 
ability to properly gather and analyze sensory data. 
Normal CFF may be between 50 Hz and 70 Hz, de 
pending on several factors, including the portion of the 
retina which is stimulated. Patterns 31L,31R each com 
prised a circular pattern (approximately 5° in diameter) 
retro illuminated by a yellow-green ?at LED. The 
LED was con?gured to emit square wave blinks and to 
be frequency controlled by the electronics 14. 

In the performance of a CFF test, the subject presses 
the DOWN (left) button 22D until the steady light is 
just seen to ?icker. He then looks out of the instrument 
at the seven-segment LED frequency display 21 on top 
of housing 11 and presses the frequency button 23 and 
verbally records the reading. The subject then looks 
into the device and presses the UP (right) button 22U 
until_t_he ?ickering light is seen as steady, and agains 
looks outside the device at the frequency display 21, and 
presses the frequency button 23. The number indicated 
on the display is the CFF in Hertz. The subject verbally 
records this value, then presses the DOWN button to 
lower the frequency past his threshold for a repeat test. 
This test (foveal ?icker fusion frequency) is repeated 
several times, after which the subject looks at a ?xation 
doe 32L,R located several degrees to the right of the 
CFF disc 31, and repeats the test several more times. 
This later test measures the peripheral ?icker fusion 
frequency. 

Referring now to FIGS. 4L and 4R, presented 
therein are enlarged views of the respective patterns 
41L,41R shown in the display pattern arrays 30L,30R of 
FIGS. 2 and 3, respectively, for testing of stereopsis 
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6 
(clinical depth perception) and suppression. Although 
there are at least six visual cues to depth perception, 
many of them are absent in the textureless visual envi 
ronment encountered when looking outside a spacer 
craft. Stereopsis (a function of retinal disparity) may 
then be of increased importance to the safety and con 
trol of docking, untethered maneuvers and other nearby 
operations and may be tested to detect decrement in this 
parameter due to capsule environmental conditions or 
physiological changes in the crew. Stereopsis requires 
?ne fusional control and a high level of cerebral inter 
pretation of visual data. Under laboratory conditions, 
some people have displayed stereoacuity as ?ne as two 
seconds of arc. These individuals are able to see a differ 
ence in depth between similar objects placed at “in?n 
ity" and at 6550 meters. 

In the test of stereopsis, a rectangular array of a plu 
rality of four-dot sets 42L,42R are presented to the 
subject. The subject identi?es (by column and row 
identi?ers) which display pattern 42 is observed, and 
which dot on each set appears to be closer than the 
others. 
One reason for degraded stereopsis is suppression, or 

the selective “turning off" of all a portion of the ?eld of 
view of one eye. The upper left corner of the stereopsis 
test slide contains a macular suppression test. The test 
consists of a pair of identically sized circles 43L,43R 
(seen by both eyes) with a diagonal line 44 ( ) through 
circle 43L as viewed by the left eye, and diagonal line 
45(/) through circle 43R as viewed by the right eye. If 
the subject sees only one diagonal line (44 or 45), he is 
suppressing one eye; if he sees an “X” both eyes are 
working together. 
FIG. 5 presents an enlarged view of the (identical) 

patterns 51L,51R for the high contrast, high resolution 
Snellen acuity test to determine what is the smallest 
letter the subject can read, and how far away the sub 
ject can read letters. 
The left part of the acuity test patterns 51 contains 

four rectangles 52-55, identi?ed by coordinates num 
bered from 1 through 8, and lettered from A-through D, 
each containing a plurality of Snellen “E” designs of 
various sizes and orientations. In the conduct of a test, 
the subject indicates the orientation of each Snellen “E" 
with each rectangle. This test indicates the smallest 
(most distant) resolvable letter or multiple spatial fre 
quency. 

Patterns 51L,R may also be used in the determination 
of minimum resolution acuity, i.e. what is the smallest 
separation or dtail which one can see. Accordingly, the 
right part of the pattern contains a spatial resolution 
(RETMA) fan 56 and an accompanying series of identi 
fying numbers and pointer lines. The subject indicates 
the number corresponding to the level (spatial fre 
quency) at which the distinct fan 56 lines appear to blur 
or merge. The corresponding number represents the 
spatial frequency of the fan in cycles per degree, at the 
point indicated. 
FIG. 6 presents an enlarged view of the (identical) 

patterns 61L,R, similar in arrangement and function to 
pattern 51L,R of FIG. 5. Each pattern 61L,R contains 
rectangles 62-65 including Snellen “E” designs and a 
resolution fan 66 of frequency range different from that 
of fan 56. Patterns 61L,R are designed for a medium 
illumination mesopic visual acuity test, i.e., how well 
one can see in dim light. FIG. 7 presents an enlarged 
view of (identical) patterns 71L,R including rectangles 

> 72-75 and Snellen “E” designs of various sizes and ori 
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entations, and a resolution fan 76 for a low illumination 
mesopic visual acuity test. Because of the absence of 
atmosphere and other light-scattering particulates in 
space, objects seen against the starry background will 
always be of high contrast. The addition of tinted visors 
and other transparent materials reduces the transmitted 
light energy, but may not affect contrast (unless dirty or 
of poor quality). Lowering the overall light level impin‘ 
gent on the retina will cause the visualsystem to shift 
from photopic through mesopic to scotopic vision. The 
effect of the visual environment found in space on 
mesopic and scotopic visual performances may there 
fore be studied. Patterns 61L,R and 71L,R may further 
be used in conjunction with appropriate neutral density 
?lters to provide luminances in the mesopic ranges, in 
addition to providing alternative illumination visual 
acuity tests in the photopic range. 

Normally, tilting one’s head to the right or left will 
result in the eyes torquing slightly in the opposite direc 
tion to attempt to compensate, and to keep the retinal 
image of the horizon horizontal. There is evidence indi 
cating head tilt (as detected by the semicircular canals 
of the ear) is partially compensated in our visual system 
by activity of the oblique muscles of the eyes. This 
linkage may contribute to a better perception of ones 
position in space with respect to the horizon. In space, 
gravity does not provide cues for “true” vertical, and 
the semicircular canals are relatively useless. In addi 
tion, the otolith mechanism is rendered ineffectual by a 
combination of weightlessness and decalci?cation of the 
tiny otoliths themselves. Interference with these link 
ages appears to contribute to symptoms of vertigo. 
FIG. 8 is an enlarged view of pattern 81 of display 

30L for exposure to one eye of the subject (e.g., the left 
eye) in a cyclophoria (torsional phoria) test. FIG. 9 is an 
enlarged view of pattern 91 of display 30R for exposure 
to the other eye (i.e. the right eye in the demonstration 
tester 10 constructed) for a cyclophoria test. This test is 
designed to determine the relative positions of the eyes 
along a vertical axis. Each pattern 81,91 comprises a 
central dot 82,92 and a plurality of concentric circles 
83-85 and 93-95. When viewed simultaneously, the 
circles serve to fuse the patterns for vertical and hori 
zontal displacements, while allowing free torsional 
movements. There is no fusion stimulus for torsion. 
Accordingly, pattern 81 includes a reference mark or 
arrow 86 which is viewed as adjacent a reference scale 
96 on pattern 91 when the two patterns 81,91 are 
viewed simultaneously. The subject identi?es at which 
number on scale 96 the arrow 86 points, each numbered 
index mark on scale 96 representing ten degrees of rota 
tion. If the eyes have not rotated, the subject will report 
the arrow 86 pointing to 4.5 on scale 96. 
FIGS-wand 11 present enlarged views of patterns 

101 and 111 of display 30L and 30R, respectively, of 
FIGS. 2 and 3. These patterns are designed to measure 
retinal rivalry, i.e., if one eye or one cerebral hemi 
sphere is more dominant than the other. In the nonlimit 
ing examples given, the pattern 101 of FIG. 10 com 
prised a green-colored diagonal LED pattern display, 
for viewing by one eye (e.g., the left eye in the example 
given), and pattern 111 of FIG. 11 comprised a red-col 
ored oppositely oriented diagonal LED pattern display, 
for viewing by the other eye. 
The use of heads-up displays (HUD) and helmet 

mounted displays (HMD) in aircraft has underlined the 
importance of binocular vision. If single simultaneously 
binocular vision is degraded by weightlessness or other 
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conditions, certain haploptically presented visual dis 
plays will also be effected. lf imagery is presented only 
to one eye, and different visual information to the other, 
retinal rivalry will cause only portions of each image to 
be “seen" at any one time. Typically, the perceived 
scene shifts back and forth, depending which eye (or 
?eld of view) is “dominant” for that moment. One way 
to test retinal rivalry is to measure the rate at which the 
eyes trade dominancy, and the duration for which each 
eye is dominant. 

Normally, the lines of sight (imaginary lines extend 
ing from the fovea of each eye) intersect at the object of 
regard. When a subject is extremely stressed or fa 
tigued, or under the influence of drugs or alcohol, or 
otherwise dissociated, the lines of sight of each of his 
eyes move toward a “position of rest." For most sub 
jects, this latter position is dissimilar from that assumed 
by the eyes when in a normally alert state. If a subject’s 
lines of sight no longer intersect the point of regard 
when his eye’s vision is dissociated from the other, that 
subject is said to have a “heterophoria”. In subjects 
with high heterophorias, the visual system has to work 
harder to prevent double vision. On Earth, hetero 
phorias usually remain fairly constant over short (day to 
day) periods. Little information is available on the fa 
vored position of the eyes while in space. 
The novel patterns of tester 10 useful for measuring 

the magnitude and direction of lateral and vertical het 
erophoria are shown as dot 32 in FIG. 2, and grid pat 
tern 121 of FIG. 3. Pattern 121 is shown in enlarged 
scale in FIG. 12. 
Some individuals’ lines of sight are such that both 

eyes are not aligned with the object of regard. These 
individuals are said to have heterotropias. Tester 10 
may be used to detect and measure the magnitude and 
direction of both vertical and horizontal (lateral) 
heterotropias or heterophorias. In the nonlimiting test 
pattern example given, the stimulus for the left eye 
comprises ?ashing dot 32 which is initially invisible at 
the start of the test. When ?ashing dot 32 is actuated, 
one eye (e.g., the left eye for the tester 10 constructed) 
sees a short-duration ?ash. In tester l0, frequency but 
ton 23 acted as the stimulus button for the ?ashing dot 
32 for the test selector 20 position corresponding to the 
tests for lateral and vertical phorias. The stimulus for 
the other (right) eye consists of an LED display of 
lettered and numbered matrix or grid 121 of squares of 
FIG. 12. When the stimulus button is pressed, a single 
dot of light appears only to the eye that does not see the 
grid pattern. The subject identi?es in which square the 
bright dot 32 is located when the dot 32 and grid 121 are 
viewed simultaneously. The brain fuses these two im 

- ages (the grid and the dot) into one. By knowing the 
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optical and mechanical alignment of the device it is 
possible to determine the amount of lateral and vertical 
muscle imbalance (phoria) between the eyes. If these is 
no imbalance, the dot will appear in the center of the 
grid 121 (4-H in the representative tester 10). Each 
square to the left of this position corresponds to 10 
milliradians or one prism diopter of esophoria (eyes 
tend to be cross-eyed) and each square to the right 
corresponds to one prism diopter of exophoria. Vertical 
displacements of the dot correspond to one prism diop 
ter of vertical phoria per grid 121 square. Using this 
technique it is possible to achieve a measurement accu 
racy of about i prism diopter. If the ?ash of dot 32 
occurs too fast to note the position of the dot, the sub 
ject can press the frequency button 23 to repeat the test. 
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The tester 10 demonstration unit was used to perform 
the names tests on a select group of individuals to deter 
mine the utility of the device to provide reliable test 
results, both as to repeatability of group data and to 
reproducibility of individual baseline values of each 
test. Results of the demonstration tests indicated an 
extremely close compatibility of the data, assuring that 
differences in measurements were due to changes in the 
visual function being measured rather than in the instru 
ment. 
The present invention, as hereinbefore described, 

therefore provides a novel portable system of excellent 
sensitivity, and a highly reliable vision testing method 
for the measurement of several characteristics of human 
vision, including critical fusion frequency, stereopsis, 
Snellen visual acuity and visual resolution, cyclophoria 
(torsional phoria), eye dominance (retinal rivalry), and 
lateral and vertical phoria. It is understood that certain 
modi?cations to the invention may be made, as might 
occur to one with skill in the ?eld of this invention, 
within the scope of the appended claims. For example, 
a variation of the invention may include means whereby 
either the lens plane or the pattern display plane could 
move so that the distance of the virtual image could be 
changed to allow the mesurement of the above parame 
ters at different eye accommodations states. Therefore, 

embodiments contemplated hereunder which 
achieve the objects of the present invention have not 
been shown in complete detail. Other embodiments may 
be developed without departing from the spirit of the 
invention or from the scope of the appended claims. 
We claim: 
1. A vision testing system for measuring a plurality of 

vision function parameters of a subject, which com 
prises: 

a. ?rst and second illuminated visual displays dis 
posed for viewing along respective parallel ?rst 
and second optical axes, said ?rst display disposed 
for viewing by a ?rst eye only of said subject along 
said ?rst axis, and said second display disposed for 
viewing by the second eye only of said subject 
along said second axis; 

. each of said ?rst and second displays comprising an 
array of a plurality of visual display patterns, one 
pattern of said ?rst display and a corresponding 
pattern of said second display comprising a pair for 
simultaneous viewing by said subject, said ?rst and 
second displays including a pair having dissimilar 
patterns, each pair being utilized in a particular 
vision test in the measurement of a corresponding 
vision function parameter; 

. means for selectively controlling the illumination 
ef-eachpair of said display patterns for viewing by 
said subject of any preselected pair in measurement 
of the corresponding vision function parameter; 
and 

d. optical means including ?rst and second eyepiece 
lenses disposed, respectively, along said ?rst and 
second optical axes through which said ?rst and 
second displays are viewed by respective ?rst and 
second eyes of said subject, said eyepiece lenses 
con?gured to project images of each of said ?rst 
and second displays to optical in?nity. 

2. The system as recited in claim 1 wherein said visual 
display patterns comprise light emitting diodes. 

3. The system as de?ned in claim 1 further comprising 
recording means for verbally recording the identi?ca 
tion of the preselected vision parameter measurement 
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10 
and the results of observations with respect to the said 
measurement. 

4. The system as recited in claim 1 wherein said visual 
display patterns include an illuminated disk, and said 
system further comprises means for selectively illumi 
nating said disk at a controllable frequency, and means 
for selectively varying that frequency, for the measure 
ment of critical fusion frequency of the eyes of said 
subject. 

5. The system as recited in claim 1 wherein said visual 
display patterns include a rectangular array of patterns 
comprising four-dot sets for the measurement of stere 
opsis in said subject. 

6. The system as recited in claim 1 wherein said visual 
display patterns include an array of Snellen E designs of 
various sizes and orientations for the measurement of 
visual acuity of said subject. 

7. The system as recited in claim 1 wherein said visual 
display patterns include a resolution fan comprising a 
pattern of a plurality of radially extending alternate 
bright and dark luminance areas for the measurement of 
minimum visual resolution of said subject. 

8. The system as recited in claim 1 wherein for one 
said visual display pair, said ?rst display pattern in 
cludes a ?rst circle and a reference mark adjacent 
thereto, and said second display pattern includes a sec 
ond circle and a reference scale adjacent thereto, for 
simultaneous viewing of said pair by said subject for the 
measurement of cylophoria in said subject. 

9. The system as recited in claim 1 wherein for one 
said visual display pair, said ?rst display pattern in 
cludes a ?rst pattern of diagonal lines and said second 
display pattern includes a second pattern of diagonal 
lines oriented oppositely to said ?rst pattern of diagonal 
lines, for simultaneous viewing of said pair by said sub 
ject for the determination of eye dominance in said 
subject. 

10. The system as recited in claim 1 wherein for one 
said visual display pair, said ?rst display pattern com 
prises an illuminated dot and said second display pattern 
comprises an illuminated rectangular grid pattern, for 
simultaneous viewing of said pair by said subject in the 
testing for the presence of lateral and vertical phorias in 
said subject. 

11. A vision testing system for measuring a plurality 
of vision function parameters of a subject, including, 
critical fusion frequency, stereopsis, visual activity, 
visual resolution, cyclophoria, eye dominance, and lat 
eral and vertical phorias, which comprises: 

a. ?rst and second illuminated visual displays dis 
posed for viewing along respective parallel ?rst 
and second optical axes, each of said ?rst and sec 
ond displays comprising an array of a plurality of 
visual display patterns, one pattern of said ?rst 
display and a corresponding pattern of said second 
display comprising a pair for simultaneous viewing 
by said subject, said ?rst and second displays in 
cluding a pair having dissimilar patterns, each pair 
being utilized in a particular vision test in the mea 
surement of a corresponding vision function pa 
rameter; 

. said ?rst display disposed for viewing by a ?rst eye 
only of said subject along said ?rst axis, and said 
second display disposed for viewing by the second 
eye only of said subject along said second axis; 

0. said visual display patterns of each said ?rst and 
second displays including an illuminated disk for 
use in measurement of critical fusion frequency, a 
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rectangular array of four-dot sets for measurement 
of stereopsis, an array of Snellen E design as of 
various sizes and orientations for the measurement 
of visual acuity, and a resolution fan comprising a 
pattern of a plurality of radially extending alternate 
bright and dark contrast areas for the measurement 
of minimum visual resolution; 

d. means for selectively illuminating said disk at a 
controllable frequency, and means for selectively 
varying said frequency, for the measurement of 
critical fusion frequency; 

e. said ?rst and second displays including a ?rst pair 
including a pattern on said ?rst display de?ning a 
?rst circle and reference mark adjacent thereto and 
a pattern on said second display de?ning a second 
circle and a reference scale adjacent thereto for the 
measurement of cyclophoria, a second pair includ 
ing a pattern on said ?rst display de?ning ?rst 
diagonal lines and a pattern on said second display 
de?ning second diagonal lines oriented oppositely 
to said ?rst diagonal lines for the determination of 
eye dominance, and a third pair including a pattern 
on said ?rst display de?ning an illuminated dot and 
a pattern on said second display de?ning an illumi 
nated rectangular grid pattern, for the testing for 
the presence of lateral and vertical phorias; 

f. means for selectively controlling the illumination of 
said display patterns of each pair for viewing by 
said subject of any preselected pair in the measure 
ment of the corresponding vision function parame 
ter; and 

g. optical means including ?rst and second eyepiece 
lenses disposed, respectively, along said ?rst and 
second optical axes through which said ?rst and 
second displays are viewed by respective ?rst and 
second eyes of said subject, said eyepiece lenses 
con?gured to project images of each of said ?rst 
and second displays to optical in?nity. 

12. The system as recited in claim 11 wherein said 
visual display patterns comprise light emitting diodes. 

13. The system as recited in claim 11 further compris 
ing recording means operable by said subject for ver 
bally recording the identi?cation of the selected vision 
parameter mesurement and the results of observations 
with respect to the said selected measurement. 

14. A vision testing method for measuring a plurality 
of vision function parameters of a subject, comprising 
the steps of: 

a. providing ?rst and second illuminated visual dis 
plays disposed for viewing along respective paral 
lel ?rst and second optical axes, each of said ?rst 
and second displays comprising an array of a plu 
ralityof‘visual display patterns, one pattern of said 
?rst display and a corresponding pattern of said 
second display comprising a pair for simultaneous 
viewing by said subject, said ?rst and second dis 
plays including a pair having dissimilar patterns, 
each pair being utilized in a particular vision test in 
the measurement of a corresponding vision func 
tion parameter; 
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12 
b. presenting said ?rst display for viewing by a ?rst 

eye only of said subject along said ?rst axis, and 
presenting said second display for viewing by the 
second eye only of said subject along said second 
axis; 

0. selectively controlling the illumination of said dis 
play patterns in pairs for viewing by said subject of 
any preselected pair for the corresponding vision 
function parameter measurement; and 

d. recording the identi?cation of the selected vision 
function parametermeasurement and the results of 
observations by said subject with respect to said 
selected measurement. 

15. The method as recited in claim 14 wherein said 
visual display patterns comprise light emitting diodes. 

16. The method as recited in claim 14 wherein said 
visual display patterns include an illuminated disk, and 
said method further comprises the steps of selectively 
illuminating said disk at a controllable frequency, and 
selectively varying said frequency, for the measurement 
of critical fusion frequency in the eyes of said subject. 

17. The method as recited in claim 14 wherein said 
visual display patterns include a rectangular array of 
patterns comprising four-dot sets for the measurement 
of stereopsis in said subject. 

18. The method as recited in claim 14 wherein said 
visual display patterns include an array of Snellen E 
designs of various sizes and orientations for the mea 
surement of visual acuity of said subject. 

19. The method as recited in claim 14 wherein said 
visual display patterns include a resolution fan compris 
ing a pattern of a plurality of radially extending alter 
nate bright and dark luminance areas for the measure 
ment of minimum visual resolution of said subject. 

20. The method as recited in claim 14 wherein for one 
said visual display pair, said ?rst display pattern in 
cludes a ?rst circle and a reference mark adjacent 
thereto, and said second display pattern includes a sec 
ond circle and a scale adjacent thereto, and further 
comprises the step of presenting said pair including said 
?rst and second circles for simultaneous viewing by said 
subject for the measurement of cyclophoria in said sub 
ject. 

21. The method as recited in claim 14 wherein for one 
said visual display pair, said ?rst display pattern in 
cludes a ?rst pattern of diagonal lines, and said second 
display pattern includes a second pattern of diagonal 
lines oriented oppositely to said ?rst pattern of diagonal 
lines, and further comprises the step of presenting said 
pair including said ?rst and second patterns of diagonal 
lines for simultaneous viewing by said subject for the 
determination of eye dominance in said subject. 

22. The method as recited in claim 14 wherein for one 
said visual display pair, said ?rst display pattern com 
prises an illuminated dot, and said second display pat 
tern comprises an illuminated rectangular grid pattern, 
and further comprises the step of presenting said pair 
including said dot and grid for simultaneous viewing of 
said pair by said subject in the testing for the presence of 
lateral and vertical phorias in said subject. 
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