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Preface

The Air Force Institute of Technology (AFIT) and the
Aerospace Medical Research Laboratory (AMRL) are conducting
research into the operaﬁion-and response of the human visual
gystem to varicus visuel tasks., The results obtained from
investigations of this nature may provide significant con-
trivutions in defining design eriteria for various visusl
display systems, This investigation was designed to provide
an insight into how an image 18 processed by the human vis-
ual system,

I am indebted to Maj Joseph W, Carl whose paradigm
prompted this investigation. I thank him for convincing
me to undertake *he thesis and for the many hours he spent
explaining the underlying model,

Words cannct express my gratitude to Dr., Matthew Kabe
risky for the untold hours he devoted to helping me trouble
shoot, repalr, nrodify, and calibrate the equipment, and act-
ing as a test subject, sdvisor, and general supporter,

Last of all I want to thank my real supporters durlng
these long months, To my wife, Cathy, andi my daughters,
Jonna and Jenny, go my loving thanks for always understand-
ing the reasons for, and supporting me in, my pursult of an

advar - d degree,

Charles G, Smith
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Abstract

Tris report docuzments an investigatlon of the hypo-
thesis that the organizatlon of the receptive fields in the
human visual system changes to compensate for changes in
the average luminance of the visual stimulus,

Foveal measurements of eontrast sensitivity of sinuc-
oldal spatial frequency were made at one luminance level
while subjects were adapted to & spatial sinusold of a dif-
ferent average luminance, The luminance levels used were
3.65 and 35.5 ft-lamberts.

Contrast sensitivity curves were generated for the
rapnge of spatial frequzncles from 2 through 11 cycles per
degree for adapting spatial frequencies of 4, 6, and 8
¢ycles per degree, .

Adaptation and testing at the same average luminance
level produced a depression in the contrast sensitivity
curve centered over the adapting spatial freguency. Adap-
ting to a low level stimulus and testing at a higher lumi-
nance level produced a shift in the adaptation depvession
to 8 lower spatial frequency. Adapting to a hizh luminance
level and testing at a lower luminance level produced a
ghift to a higher spatial frequency. The shift in the
adsptat1on depression was observed for red, green, blue,
and white 1light stimuli and was observed for the unadapted

eye of & subject whose other eye wag adapted,
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CONTHAST SENSITIVITY OF THE HUMAN '
VISUAL SYSTEM AT ONE LUMINANCE LEVEL
WHILE ADAPTED TO A STIMULUS AT
ANOTHER LUMINANCE LEVEL

I. Introductlon

Purpose

This report documents an investigation of the hypothe-

alhs

8is that certain aspects of the functional organization of
the human visual system change in response to the visual 1
task being performed., If one accepts the hypothesis that a
center-surround receptive field organization exists at var-
ious levels in the visual system, then the organization of
the receptive flelds can be assumed to change as a function
of the visual stimulus. A visual system model based on
center-gurround receptive fields haé been proposed which
predicts that the frequency-specific adaptation depresesion
in the'contrast sensitivity curve will shift to a different

spatial frequency when the average iuminance of the test

_atinulus 18 highsr or lower than the average luminance of

the adapting stimulus (Ref 1), The specific purpose of this

investigation was to determine whether this shift in the
gpecific frequency adaptation-depression on the contrast

sensitivity curve can be predicted and detected,




Background

Information 1s presented to the visual system as a two
dimensional light distribution spread over the receptors in
the eye, 1t can be shown that any two dimensional épatlal
pattern can be sxpressed as a sum of an appropriate set of
spatial sinusolids of proper orientation, amplitude, and
spatial frequency. The set of sinusoidal components which
must be added together to obtain a given pattern is obtained
by Fourler anslysis. Each component can be identifled with
a point in a polar representation of a two-dimensional free
quency plane. The angular dimension represents the sinus-
oldts orientation and the radial dimension represents its
spatirl frequency, The central hypothesls of the Fourler
analysis model of the human visual systém is that the spa-
tial frequency components of the light pattern are abstract-
ed or encoded by the visual systex (Ref 2: 8-9),

The kusceptibility of the human visual system to damage
precludes interrupting neural connectioqs or using other in-
vasive techniques to obtain precige quantitative measure-
ments of visual system operation, Therefore, most invegti-
gations into the operation of the human visual system are
psyohophysical in nature, Psychophysical teating is aconme
plished using very specific ahd contrecllied st+imuli and ob-
serving the subjects' responses. The specific stimulil

generated data can be analyzed to provide an insight into

the physioclogiocal operation uf the visual systenm,
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The human visual systen primar;iy depends on the con-
trast characteristics of a scene to dlscriminate detalle
(Ref 3: 551). If one constructs a linear model of the human
visual system, then the effect of contrast in a scene on
visual resolution can be expressed in terms of the syatem!s
ocontrast threshold for detecting the presence of sinusoidal
gratings.,

The profile of a sinusoldal grating can be generated
by using a sine wave input to drive the control grid of a
cgthode ray tube to cause varilations in the intensity of the
screen presentation. If the sine wave input 1s synchronized
with the sweep rate of the cathode ray tube's rastsr-scan
generator, an alternating pattern of light and dark bars
which bland with each other at their edges 1s displayed on
the soreen. This pattern is a sinusoidal grating (see Fig.
1, p. 4).

Contrast has been defined by Michelson (Ref 4) as

L =L
max “min (1)

Contrast =
max Lmin

where Lmax is the luminance at the centers of the bright

bars and Lmin is the luminance at the centers of the dark

.bars. This 18 illustrated in Fig. 1. This definition of

contrast 1s used consistently in this investigation. Plg. 1
also depicte how & sinusoidally varying voltage must be

3
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. o] } Normalized

Luminance = DC+A31nw°X
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(b) ' Position

Fig. 1. Luminance Profile of 8 8ine Wave Grating
(a) Sinusoidal Grating, (b) Luminance
Grating (Adapted from Ref 14 3)

superimposed on a DC (or average) Ievqlﬂto maintaln & sinus-
oldal luminance profile,
For the purpose of this investigation, the threshold

contrast 1s the contrast value at which a sine wave grating

for a given average luninance, DC = (Lmai*nmin)/z‘ i8 just

distinguishable from a blank screen of the same average
luminance. For this investigation a blank screen ial dew
fined as a presentation which is uniform in luminance.

']




trast,

One can quantitatively describe some characteristics oi
the visual system in terms of the contrast sensitivity of
the system to sinusoidal gratings of various spatial fre-
quenclies. The spatial frequency of a sine wave 1s measured
in cycles per degree {(CPD). This sinusoidal spatial fro-
quency refers to the number of cycles in the sine wave
grating per degree of visual field (Ref 55 312-324)., A
sinusoidal variation from light to dark and back -to light is
one cycle, The contrast sensitivity of the human visual
system as & function of the spatial trequeney of the stim-
ulue grating 1s generally referred to as the modulation

{ transfer function (MTF) of the systenm.

The imaging properties of any linear system oan be de-
scribed in terms of the MTPF of the system, In purely optie
cal systems the MTP desoribes the ratio of image~to=object
reductions in contrast for sinusolids of varying spatial fre-
quencies (Ref 61 420-421). A plot of the logarithm of con~
trast sensitivity against spatial frequency (as shown in
Fig. 2, page 6) is called an MTF plot, The data which re-
sulted from this investigation is displayed using this type
of MTP plot,

Regsearch has shown that certain aspects of the contrast
sensitivity of the human visual system can be modeled using

linear system analyais, Linesr system analyeis allows one

5
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to develop a convenlient mathematical representation for the
system of interest, The mathematical representation is then
used to make predictions about expected system output for a
given input, Once a model has been developed, it must be
tested to verify its prediotive capabllities,

The results of this investigation support the hypothe-
sis that the functional organization of the human visual sys-
tem changes in response to the visual task being performed,
Evidence exists which suggests that one of the parameters
which effects reorganization is the average luminance of the
visual scene, Previous research has demonstrated that the
visual system's contrast sensitivity tends to increase with
an increagse in average luminance, This l1ls accompanied by a
shift in peak sensitivity toward a higher spatial frequency
(Ref 21 25=26; 7: 690~691), The visual system is able to
form high-contrast neural images over & brosd range e¢f light
conditions because nerve cell interactions shift the response
range of the system to adjust for changes in ambient lisht
conditions (Ref 8: 71). In his investigation of the pro-
cessing of visual images, Werblin found that the retinal
message changed significantly after leaving the bipolar
cell. He determined that neighboring receptor cells were
able to communicate with the hipolar cell via the horizontal
cells (Hef 8: 73) and that this communication is a ma jor
factor in the ability of the viaual sysﬁem to adapt quilokly

to changes in luminsnce level (Ref H: 78), He attributes




the actus]l adaptation to a shift 1n the bipolar cell’s lumi-~-
nance intensity response curve caused by the horizontal cell
input,

Adaptation to the specific spatial frequency of the
test pattern presented i1s another aspect of visual system

response, Visual system contrast sensitivity 1s slignifi-

- cantly decreased for spatial frequencles within one octave

of the sdapting Spatial frequency of a high contrast sine
wave grating (Ref 9: 1926; 23 32), Adaptation results in s
depression of the contrast sensitlvity curve approximately
centered over the adapting spatial frequency, The fact that
the contrast sensitivity depression resulting from adapta- |
tion 13 limlted to a narrow range of spatial frequencles
suggests to some 1hvestisators that the visual system might
contain a number of independent channels, each of which is
selectively sensitive to @ narrow range of spatial frequen-

cles (Ref 2: 32), It has been pfoposed.that these channels

are neuron populations organized in a center-surround con-

figuration, There is aiao & relationship between the size
of the receptive field and the range of epatial frequencies
to whioh the visual system 1s most sensitive (Ref 10: 950~
951), 1If this relationship is coupled with the hypothesis
that receptive fisld organization is8 a function of stimulus
luminance, then one would expsct to obaerve a shift in the
adaptation effect to another mpatial frequency when the sub-

Jeot is adapted at a low luminance level and tested at a
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higher luminance level.

There were two main considerations in determining the
contrast and luminance levels for this investigation. The
. adapting grating contrast had to be high enough to provide

good adaptation eftacts; The luminance change from dim to
bright had to be sufficient to produce a predicted clear

shift in the MTF curve,
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II. Apparatus

Basic gguigment

This investigation was conducted using equipment de-
signed and bullt for the purpose of collecting MTF data by
previous thesis students at the Air Force Institute of Tech-
nology. The original design, subsequent modifications, and
operation of the equipment is desoribed by Nystrom (Bef 11),
Hannikel (Ref 12), Quill (Ref 13), and Scheidegg (Ref 14) in
their respective theses,

The equipment consists of a digital computer and & com-
puter program which controls the equipment, records the data
and computes the results; a multiplex controller which ocofi-
verts the digital signals from the computer into thiee de
voltages; a frequency generator which converts one of the
do voltages 1hto a sine wave; and a pattern generator which
accepts the other two do voltages and the signal from the
frequency generator and supplles a signal which produoas'
sine wave gratings at a desired contrast level on the screen
of a modified 17" commercial television set (Sony model KV-
1710), The leads to the red, blue, and green cathodes have
been out and pin plugs have been installed to facilitate
single oolor illumination of the screen.

The television set was previously modified to include
& dual-level brightness control (Ref 14: H«9) so that a test

subject could be adapted at one luminance level and then
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tested at another luminance level under computer control.

Modification of Brightness Control

The dual hrightness control 1ncreases the brightness
of the television screen by instantaneously adding resis-
tance to the brightness control circuit., Flg. 3 shows the
location of the bLrighktness control, VR 901, in a schematié
o' the original television circuit,

The polnt where thes dual brightness modification was
added to the cireuit is indicated by an HX", Pilg, 4 is a
schematic diagram of the original dual brightness control
and the modified dusl brightness control. The modified dual
brightness control is mounted on the rear televislon chassis

adJacent to the original brightness control (VR 901) knob,

o,

Analysis of photometer measurements with the full 20K ohms
of B2 in the brightness control circuit and with it switched

PO

out of the circuit indicated that an additional 20K ohms of
resistance was necessary to obtain the desired luminance
range of 3 to 30 foot lamberts,

The operation of the dual brightness control circuit is
described by Scheldegg (Ref 14: 8-9). The basic operation
of the circuit is unaffected by the increase in circuit re-

gistance,

_ Modifications to Multiplex Controller
: The digital to analog converters (DAC's) in the

¢ : 11
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; (a) (X in Flg. 3)
. 20K 20K l

= Bl B2

- VR9O1 | <
! Bl - Brightnese et switch
Control No. 1 f o f oy

i { UIJ.BDIP-S relay
|

|

[

i+ -

oL g

' +

i T -

|
| Lo 5 ‘1'A :
| to pattern

switching circuit

manual seleot

B2 - Brilghtuess
Control No. 2

— e wml e At

] (b)
i . .
| 208 20K 20K (X in Fig. 3)

T A 1040 e

N Bl B2 .
VR901

B2A « Resistance ’
added to ———-—-——\-———-
Brightness rt— = —== === -
Control No.2! ~

W1l¥DIP-5
relay

1

i

§

{

+ - ) i
1
bememmom s =
__} to pattern

switching circuit

( Fig. 4. Brightness Control Modiflcation Cirocuit
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'-———"—"Iiiffﬁtri*cantrbiiér are designed to provide the dc control

voltages, of 0-10v, for computer controlled operation of the

2 system. (The DAC's for the analog output number 1 and 3 are

i not funct.oning properly at the present time). The DAC in

' position B of the type I output card in slot AO of the multi-
plex controller 1s totally unpredictable in output. The DAC
in position B of the type 1 output card in slot Al has a
maximum cutput of 2.5 volts., It provides proper analog out-
put voltage below 2.50 volts. The DAC's in position A of
both cards function properly (Ref 11: 31, 62),

The front panel wiring for the analog output of the
multiplex controller was reaccomplished to work around the
above equipment malfunction. This was done because the ex-

{ pected delay in data gathering while walting for parts de-
1ivery would have precluded timely thesis completion.

Analog output *0" 1is now wired to the contrast control
line of the pattern generator. Analog output %2¢ is wired
to the pattern frequency circuitry of the pattern generator.
Analog output *3% provides the btlghtneés control voltages
(0.0v dc, dimg 0.5v dc, bright) for the pattern switching
circult, The pattern switching circuit interconnection
points are shown in Fig. 5.
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I1I. Testlng Procedures

Laboratory Setting

The stimulus generating equipment is located in a win-
dowless room. The television set has a mask over the screen
in the center of which a 10" diameter hole has been cut.
When viewed through the mask, the stimulus grating subtends
approximately two degrees of the visual fleld of the subject
seated in a chair 24 ft from the screen; The only source of
illumination other than the televislon screen is.one over-
hesd flourescent lamp, above and slightly behind the tele-
vigion set, This lamp adds 0,1 ft-lamberts to the average
luminance of the television soreen. This increased lumi.
nance was included at both the high and low luminance levels
when the contrast calibration of the television display was
acocmplished., This low background illumination allows the

| subject to be aware of the test environment but not dis-~
tracted by 1t. A small black dot (4" diameter) has been af-
fixed to the center of the television screen to aid the sub-
Ject in fixating on the television screen,

A partition separates the subject from the operator and
the stimulus generator control equipment. This allows the
opsrator to monitor the equipment during the experiment

without distracting the subject,

16
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Experimental Structure

The test subject was shown an adapting grating (&, 6,
or 8 CPD) or a blank screen at either of two luminance
levels, Upon subject request (by manually operating a
micro-switch), a test grating was displayed on the screen
for 500 msec, The test grating was shown at either of two
luminance levels and at varied contrast levels., The two
luminance levels were 3,65 and 35.5 ft-lamberts., The con-
trast levels were from ,007 to .631 contrast units as de-
fined by Michelsonts formula. Contrast was varled in steps
of 0,05 logarithmic contrast units (40 steps from -2.15 to
«.20).

Spatial Freguency Selection
The range of frequencies from 2«11 CPD generally cover

the range of highest contrast sensitivity (see Pig. 2).

This investigation used this range of trequencies;
The experiment was designed to determina the effect
of adahtation to a stimulus 5ra£1ng within this range of

spatial fregquenclies on the subject's MTF curve., The peak

_sensitivity for the typical MTF curve in this experimental

situation appears to be around é&6 CPD, It was decided to
make the initial data runs at this frequency and determine
whether any change could be observed in the MTF curve whioch
could be attributable to the difference in the luminance
level of the adapting and test stimuli, Two additional cets

17
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of data runs were made at 4 CPD and 8 CPD to determine if
observed changes in the MTF curve were repeatable at another
frequency. If the MTF curve changes, then there should be
sone corrglation between the changes resulting from the

three different adapting spatial frequencies,

Data Reguirements

It was necessary to obtailn a complete set of data on
At least one individual to provide a profile for relating
the MIF curves generated during this investigation to the
results of previous investigators, In order to verify any
MTF ourve changes observed in the data set for this indi-
vidual, four fhings were necessary. FPFirst, a run with a
bright blank adapting screen and a bright test pattern to
establish & baseline to whioh all changes could be relafad.
Second, one run with s dim blank adapting soreen snd a

“bright test pattern to establish the change in the MTF ocurve

due solely to luminance change, Third, & ‘set of runs with

‘bright adapting patterns of 4, 6, and 8 CPD and testing at a

high luminance level to estavlish the presence of a fre-
quency spepiric sdaptation depression in the subject's MTP
ourve centered at those frequencies, Flhally, a set of re-
peated rung using a dim adapting grating at 4, 6, and 8 CPD
while testing at a high luminence level to determine if a
shift was observed in the adaptation ddprealion. The test
Plan called for the results of tests on this individual to

18
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be verified by testing two other indlviduals. Equipment and
schedulling problems precluded one potential test subject
from participating. The desired data sets for the two test
subjeocts are listed in Table I,

Experimental Procedure

The procedure used to carry out this experiment had
three parts; operator pfeparation. subject threshold testing,
and data output, The operator preparation for testing, in-
cluding equipment checkout and operation, 1s lncluded in
Appendlx A, Equipment Operating Procedures, The data inputs
required by the computer program and the data output are in-
cluded in Appendix B, MTF Computer Program. This section
will be restricted to an explanation of the procedure used
to obtaln an MTF plot for each subject,

The computer program for computer control of the stinme
ulgs equipment required that the ppérator provide the con-
puter with digital values corrosponding to the desired
spatisl fregquencies to be tested, The digital values were
determined using the procedures outlined in Appendix A, The

operator also had to input test grating luminance level,

adapting luminance level, and the spatial frequency of the
adapting grating, Aftnr the operator provided this data,
the computer controlled the experiment.

The opefatlon of the Stimuluc Request 8witch and hand-

held Response Box was explained to the test subjeot prior to
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é MTF Test Plan
Subject Luminance Level Adapting
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Bright Din Bright Dim
CGS X X 0
X X 0
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his first test, The subject was cautioned to maintain a
consistent decision criteria during the course of the ex~
periment,

The subject was seated in a comfortable chair 24 rt
from and directly in front of the television set, The pre-
determined adapting stimulus was on the screen before and
between all test intervals. The adapting stimulus was

l either a blank soreen or an adepting grating with an average
luminance of either 3,65 or 35,5 ft=lamberts.

The exact time at whlchltha test stimulus was presented
wag controlled by the subject through the hand-held Stimulus
Request Switch, - The luminance, contrast, and spatial fre=
quency of the test grating were controlled by the computer,

¢ The subjeotfa response to each test stimulus presentation
wag tabulated by the computer. The subjest could make only
one of two responses to each test atimulus presentation,
either ¥] think a test sritina is presgent® or "I don't think
8 folt grating 1s present.® ' '

When the test subject depressed the Stimulus Request
Switch, the sdapting stimulus was instantaneously replaced
by the test grating, The duration of the teat grating pre-
sentation was 500 milliseconds, This time period was deter-
nined optimal during Scheidegg's investigation of this pro-
blem (Ref 143 24),

The contrast of the firat test grating was set high

é enough to ensure easy recognition by anyone who does not




hAVe a visual deflcif. Thzﬁ ensured that each subject's
initial response was affirmative and gave the subject an
cpportunity fto see clearly the test grating he was expected
to identify during subsequent test intervals. The affirma-
tive response caused the computer to decrease the cest grat-
ing contrast by six contrast levels. It took 5 to 8 seconds
for the computer to record the subject!s response and to
print the next set of commands for the multiplex controller,
The subjsct continued to view the adapting grating during
this interval, As soon as the teletypewriter had finished
printing the commands, the subjedt was able to obtaln the
next tesc grating by depressaing the Stimulus Request Switch,

The tomputer program was designed to lower the test
grating contrast in increments of s8ix contrast levels until
the subject responded that he could no longer see the grat-
ing. The computer then reversed the direction of contrast
change and increased ths ocontrast by two contrast levels per
response. When the subjeot indloated that he could again
see té: test grating, the contrast wag incrementally lowered
by one contraast level until the subjeoct again indicated that
he ocould not see the grating. The contrast level was then
near the subject!s contrast threshold, The contrast threshe-
0ld was estadblished by raising and lowering the contrast one
level at a time until six reversals had beer obtained,

The computer program averaged the contrast response

values to determine ocontrast sensitivity for that spatial

22




frequency (Ref 18: 59). The subject's response pattern for

l

the ten spatial frequencies was tabulated by the computer

and used to generate MTF plots for each frequency. These
plots were printed on the CALCOMP Plotter and are included
as Flgs, 8 through 29 and 33 through 49,
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T IV. Experimental Hypothesis

The experimental paradigm was developed to investigate
the hypothesis that certain aspects of the human visual sys-
tem change in response to the visual task performed., FPre-
vious research has shown that the average luminance of the
visual scene is one of the parameters which affects visual
system reorganization. It has been demonstrated that an
increase in the average luminance of the scene causes the
peak sensitivity of the human visual system to shift to a
higher spatial frequenocy. The increased luminance also
cAus?s an inorease in the ocontrast sensitivity of the visual
system at all spatial frequencies (Ref 2: 25-26, 7: 690-691).

If a center surround receptive field organization exists
withln the visual system, then the changes in the visual
system in reaponse to a changing visual tagk can be assumed
to be a result of ohanges in the receptive fields, Several
versions of the center surround receptive field theory were
addr-;lad in suction I. The specific version reflected in
this model assumes that the spatial distributions of the

oohtox and surround flelds are Gaussian in form, concentrio,

and overlap, The surround distribution has a smaller peak

and a larger spresd than the center (Ref 1),
The center distridbution is postulated to produce an

excitatory response to a visual stimulus while the surround

produces an inhibitory responase, These two responses are




summed in the retinal gangllion to provide the neural impulse
pattern transmitted to the vigual cortex (Ref 5: 307-310),
The precise site of the surmation is not known, but there is
evidence indicating that it is after the receptors, foveal
cones 1in this case, but before the ganglion cell outputs
(Ref 5: 251), Schmitt, Dev, and Smith cite evidence to sup-
port & model in which this summation is accomplished by
means of "reoiprocal® synapses between pairs of horizontal
cells and between amaorine and bipolar .cells (Ref 16: 115).

The second aspect of visual system response affecting
the structure of this paradigm is the affect of adaptation
on the system, The adantation phenomenon is described in
Section I. For the purposes of this investigation, the sal«
{ ient fact is that the depression in the contrast sensitivity
‘ of the human visual system resulting from adaptation to a
grating of a specific spatial frequency ia linited to a nare
fow range of spatial frequencies centered about the adapta-~
tion frequency. This suggests that the visual systea con-
tains a number of independent channels, each of which is
sclectivolyrséhlltlvo to a narrow range of spatial frequen-
cles (Ror 21 32), It has been postulated that the NTPF curve
is an envelope of the renpénnoa of thesse independent channels
to the visual system stinmulation (See Pig. b).

A center surround receptive field theory has been pro-

posed whioh poastulates that the receptive field organization
is & funotion of stimulus luminance (Ref 1, 10: 949-951,




T
g
i
7 X X
2900
102 4 (’ ’ ’\
; {' " "
-
«d
L ' .
FtY
wf
7]
) ,
o .
10" ¢ ',
a
T
{ 8
Zz & b % 161 -
Spatial Frequenocy (CPD)
Pig. 6. Typical MTF Plot of Contrast Sensitivity
&8 a Punction of Spatial Frequency Indi-
; oating the One Ootave Wide Frequency
Ly Specific Channels Defining the Enveloping
b (“_1 MTF Curve o
- 26
B |
'R ’




A

¥

- ms

iy

$s 307, 17: 75). Previcus research has indicated that there
is a relationship between the size of the receptive rield
end the range of spatial frequenciles over which it 3is most
gensitive (Ref 10: 950-951). If a relationship exists be-
tween the size of the receptive fleld and the average lumi-
nance of the stimulus, 1t could be expected to manifest 1t-
self as a change in receptive field organizatlion of the
visual system with a concomitant change in the spatial fre-
quency sensitivities of the systenm,

It has been shown that adaptation at one luminance

level causes desensitization of the system to the spatial

frequency of the adapting stimulus, This paradigm assumes

that this desensitization 1s a result of desensitization of
the receptive fields maximally sensitive to that adapting
frequency. Under this hypothesis, 1f a change in stimulus
luminance level resulted in & change in the receptive fleld
organizaﬁion before the desensitization of particular cells

. Wears off._then the MTF curve at the new luminance level

should exhibit a frequency specific adaptation depression at
& spatial frequency different from the one at which the sys-
tem wae adapted, Specifically, 1t is postulated that the
frequency specific depression in the contrast sensitivity
curve will shift to a higher spatial frequency if the visual
system is adapted to a low luminance level grating and
tested at a high luminance level, PFig. 7 1llustrates this
theory,
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Pig, 7. The Effect on the Frequency Specific adaptatien
Depression of the MTF Curve of Testing at a High
Luminance Level When Adapted to a & CPD Grating
at {a} a High Luminance Level and {v) a Low
Luminance Level
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V. Resulte

The experimental structure described in Section II1I was
followed to obtain the data sets described herein, Both
subjects were thoroughly familiar with the experimental
paradigm and the test structure, They were also familiar
with the results of Scheidegg's research {Ref 14), Both
subjects were involved in the calibration and checkout of
the equipment and had experience in the repalr of the equip-
ment. They were also familiar with the computer prograan
used to develop the stimulus patterns snd were aware of the
prograr changes and equipment modifications,

Test subject familiarity with equipment and test pro-

5 cedure does not degrade these test results, A test subject
would have to remember the axact order of hpﬁroximately 100
responses to 12 different experimental conditions to gener-
ate biased test sequences, Both test subjects indicated
that soon after the test started they lost track of where
they were in the test under the stress of concentrating on
the adapting and stimulus gratings,

One factor whiech created stress during the conduct of
the experiments was the interference from the Yphantom grat-
ing® when the contrast of the test grating wes near contrast
threshold. The phantom grating phenomenon was first report-
ed by Scheldegg {(Ref 14;: 24-25) and was first investigated
&8 & laboratory projuct under X, Kadbrisky, Frofessor of

29
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Blo-Engineering, AFIT., The results of that investigation
are being prepared for publication at this time., The "phan-
tom grating' is a persistent, low contrast, (presumably)
cortically generated, high spatial frequency after-response
to adaptation to sinusoidal gratings, The strength of the
phenomenon varies from individual to individual and with
stimulus orientation but oceurs for all three color phos-
phors of the P-22A screen of the Sony Trinitron.

Subject MJK had greater difficulty than subject CGS
with "phantom grating" interference. This may account for
the greater variation in data from experiments with MJK.
Sone tests with MJK were totally unreliable (MJK mistook the
“phantom grating” for the test grating and gave affirmative
( responses to grating presence when only s blank soreen was

displayed). The problem of interference from the "phantom
grating® can be diminished be adopting a wYes, I can see the
test grating® and Y] am not sure if I see the test grating®
response criteria. This provides a basis for making the re-
sponse decision a little above threshold and avoiding the
near threshold "phantom grating® interference, As long as
the response criteria of the subject is consistent for the
specific test run, the test results permit comparison for
the purposi of determining if a shift in the adaptation de-‘
pression has ocowurred,

When subjeot CG5 adapted to a bright bdlank soreen and
was tested &t the high luminance level, the result was the
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fairly uniform MTF curve shown in Fig. 8. This curve was
used as a baseline for the test results from adapting to
sinusoidal gratings of 6, &, and B CFD, Adapting subject
~CGS to a low luminance blank screen and testing with a low
luminance grating again produced a falrly uniform MTF curve
but significantly decreased in magnitude (sece Flg, 9)., Suo~
ject CGS exhiblited a peak sensitivity at & CPD when adapted
to a low luminance blanxk screen and tosted with a high lumi-
nance grating. |
Adaptation to a high lumiriance &6 CPD s&nuqoida}-grating
while testing with test gratings of the same average luml-
nance produced ﬂhe oipectédrfrequonox specific adaptaticn
deprsscion preclisely at 6 CPD., Decrsasing the luminance
i level of the mdupting grating frem 35,5 ft-lamberts (high)
1 to 3,65 ftwlimbarta {low) Tesulted in the frequency spocific
adaptation depression being manifested at § CPD, These re-
sults are presented graphically in Figa, Bel12,
Fig. 13 indicates that when subject CGS was adapted to

@& high luminance level 4 CPD grating and tested at the same
luminance level the adaptation depression was observed, as
expected, at the adapting spatiasl frequency. Fig. 14, even
though very noisy, indicates that the adaptation dip is man-
ifested at the adapting frequency when the test and adapting
pattern luminance levels are both low, When the adapting
luminance level was lower than the test stimulus lwninance

level, the adaptation depression shifted to a lower spatial

n
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frequency (see Fig. 15). Figures 16 and 17 show that the
same 8hift of the adaptation dopresslon to a lower spatial
frequency also oscours for un adapting frequéncy of 8 CPD,
Fig. 18 is the result of testing to see if the shift
rln the adaptation depresaioﬁ would move both ways. There
is an apparent shift to s higher spatial frequency when the
subject 1s adapted to a high luminance level atimulua grate
~ ing and the MTF is tested at & lower luminance level,
Bubject MJK was used to verify the test results ob-
tained from CG8, Figure 19 shows a bauseline MTF curve for
MJK, It should be noted that, as mentioned earlier in this
report, MJK's data are substantially noisier than that obe
tained from CGS due to "phantom grating®" interference, PFilg~
{ ures 20, 21, and 22 show the results of subjesot MJK adapting
to low luminance level sinusoidal gratings of 6, &4, and
8 CPD respectively., In each oase, the shift to a lower
spatial frequency can be observed,
| All the above tests were done using the green phosphor
component of the Sony Trinitron tolqvision soreen, Addie-
tional testing was done with subject CGS using the televie
sion set's red and blue components. The shift of the
frequenoy specific adaptation deproision to a lower apatial
frequency was observed for blue and red as well as green,
8inoe the shift in the udaptuti;n depression had been

obeerved for all three colors, the final tests were con-

; % ducted with all three cathodes (rid. blue, and green) of the
8 O 32
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Sony television set conneoted.' This produces the subjectlive
white color of the P22A phosphor. The first test simply
verified that the shift in the adaptation depression result-
ing from adapting to a stimulus grating at one luminance
level and performing an MTF test at a higher luminance level
was also apparent when P22A white light was used foxr the
stimulus. PFig, 25 shows the results of binocular sdaptation
to a P22A white light stimulus grating of 6 ch. am Flg., 26
shows monoocular adaptation to the same stimulus, These two
figures were used as & baseline for evaluating the results
of adapting the right eye of subject CGS to a low luminance
lovel grating of 6 CFD and testing the MTF of the subject's
left eye using high luminance level stimulus gratings. This
testing was mooomplished by having the subject obsocure the
vision of the left eye with & blank oard while edapting the
right eys and then simultsneously pressing the Stimulus Re-
quest Button while switching the scard to uncover the left
sye and obscure the right ¢yc.‘ Fig. 2? provides the results
of this test, |

Barly in the test program, an adaptation persistence
was noted that was not investigated until after all other
teats were completed, 8pecifically, if a subjeot has been
adapted to a elnusoldal grating of some frequency, he will
produce MTPF ourves indloating & rroquenoy-opocitio adapta~
tion depreasion at that spatial frequency for some period

of time after the adapting stimulus has been removed, In
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Flg. 28 MJK exhibite a 8trong adaptation depression in an
MTF test performed 20 minutes after he was adapted to a 6
CPD stimulus grating, The Bubject was shown a uniform high
luninance screen between teat stimulus presentations, After
approximately 48 hours, MJK was agaln tested without an
adapting stimulus. Again the MTF curve indicated an adapta-
tion depression at & CPD although the ef’lect had diminighed
with tinme (Fig, 29),
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C Fig. 9. CGS, Test Dim, Adapt Dim, O CFD
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Pig. 13. ©G8, Test Bright, Adapt Bright, 4 CPD
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Fig. 22, MJK, Test Bright, Adapt Dim, 8 CPD
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VI. Conclusion

The experimental structure of this inveatigation sought
to expose a receptive fleld reorganization process by desen=-
sitizing those receptive fields specifically sensitive to
the adapting frequency at a certain luminance level and
testing at a different luminance level to determine at which
spatial frequency the desensitization would ocecur., This ine
vestigation has shown that a luminance change which would
shift the MTF curve to higher spatial frequencies exhiblts
a shift in the adaptation depression to lower spatial fre-
quenclies,

The observed shift in the locatlon of the frequency
specific adaptation depression in the MTF curve as a result
of adapting at one luminance level and testing at another
luminance level 1s consistent and, therefore, predictable
from one experiment to another.

These results do not, however, support the hypothesis
that a changze has occurred in the frequency eensitivity of
the receptive flelds as a result of a change in the rela-
tive size of the rields caused by a change in luminance
level, The experimental hypothesis stated that the increase
in luminance would result in a decrease in the size of the
center distribution and an increase in the size of the sur-
round distribution with a resultant shift in the frequency
specific sdaptation depression to a higher spatial frequency,
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The results of this experiment indlcate that exactly the
’ i opposite of this prediction 1s occurring. When a subject
! is adapted to a low luminance stimulus and tested with a
high luminance level stimulus, the auaptation depression
is manifested at a lower spatial frequency than the adapt-
ing frequency., Thils implies that elther this receptive-

field description of neurasl organization or this simple

ﬂfi model of adaptation, or both, are wrong. Thils therefore
‘3§‘ implies that more complex models of one or both processes
are required, |

Maffel, Florentini, and Bistl found a center-surround
receptive fleld organization ¢f neurel elements in the cor-
tex of cats (Ref 17; 1036-1037)., This extension of the
center-surround organization which Werblin reported for
the retina appears to support the center-surround receptive
field model. Maffel, et al also provide evidence to sup-
port the contention that a simple cell fatigue adaptation
model 1s not applicable to high contrast experimentation
(Ref 17: 1037).

Four important concluslons can be drawn from the re-
sults of this experiment. First, there 1s & predictavrle
shift in the location of the adaptation depression when
there 1s a sufficlient change in luminance between adapting
and test stlmull, Second, since the adaptétion depression
shift was observed in an MTF curve for an unadapted eye of

a subJect whose other eye was adapted, the shift phenomenon
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must be taking place subsequent te the retina, The third
important conclusion is that the spatial frequency desen-
sitivity induced by adapting and testing at different lumil-
nance levels is not affected by color, This implies that
the elements of the visual system whose luminance sensiti-
vity affect thelr spatial frequency sensitivity are fuac-
tioning independently of any color sensltivity of the visual
system, The final -onclusion is that the spatial frequency
adaptation~effect exhliblits a temporal persistence similar

to the persizstence that Favreau and Corballis reported for

the color orientation adaptation phenocmenon known as the

McCollough effect (Ref 191 44-45),




VII. Recommendations

To provide a broader data base for analysis this in-
vestigation should be reaccomplished with a larger number
of subjects., The observed persistence of the adaptation
effect indicates that in such a re~investigation extreme
care should be taken to structure the order of experiments
to preclude previous adaptation from interfering with later
experiments. The results of this investigation also indl-
cate that there are four new areas for further investlga-
tion:

1. persistence of adaptation effect
2, effect of color difference between adapting
and test stimull on the frequency speciflic
adaptation
3. mnmaximum shift which can be caused by a dif-
ference in the luminance level of the test
and adapting stimull
4, the effect of the contrast level of the
adapting stimulus on the shift in the
adaptation depression.
An investigation into any of the above areas snould include
an experiment to determine whether the results obtained for
adapting one eye are transferred to an unadapted eye, A
transfer of the adaptation effect implies that the observed

effect is a result of changes in the visual system which
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take place subsequent to the retina.
Various investigators have shown that the persistence
of the color oriented adaptation known as the McCollough

effect may last for a week to ten days (Ref 20: 45), This
paper reports that stimulus color did not affect the shift

of the speclfic fregquency adaptation depression to a differ-
ent spatlal frequency. A study of the frequency speclific
response in conjunction ﬁith coloxr adeptation persistence
would provide an insight into whether a common system re-
gsponse is responslible for both effects,

The experimental result which indlcates that stimulus
color does not affect the shift in the adaptatlon depres-
sion caused by changes in luminance does not provide all the
information needed relating to celor. In two separate re-
ports, May and Matteson and Green, Corwin.-and Zemon have
described their experiments with colored checkerboard pat-
terns which indicate that color is coded within the visual
gsystem with frequency specific (as opposed to feature speci-
fic) information (Ref 21: 147, 22: 147-148). A determina-
tion that this is true for sinusoidal gratings would provide
significant support to the hypothesis that a model based on
a Fourier-like ﬁcchanism is applicable.to the human visual
system, One way that an investigaticn based on this recom-
mendation could be implemented would be to adapt subjects to

a stimulus grating at one color and use a different colior

for the test grating. If the spatial frequencles and




contrast levels used in this investigation were used, then
the data contalned in this report could provide a baseline
for determining how the visual system processes information
relating to pattern color. If color information is being
processed with the frequency specific information then there
shovld be no change in the test results.

The model of the visual system which purports that the
system comprises a number of independent, approximately one
actave wide, channels hes been the source of considerable
controversy (Ref 2: 32, 21: 147-148, 22: 209, 23: 2139). An
investigation to determine the maximum shift which could be
induced by adapting to a stimulus grating at one luminance
level and testing at a different luminance level could con-
tribute significantly to resolving this controversy. If a
multi-channel model 13 descriptive of the human visual sys-
tem, one would expect the region over which the adaptation
depression could be shifted to be a narrow range centered
about the adapting spatial frequency., Such an investigation
could be accomplished by using the same adapting grating
contrast level {0.23) and luminance level (3,35 ft-lamberts)
used for this experiment and performing MTF tests at several
higher luminance levels,

Blakemore, Muncey, and Ridley attempted to expose spa-
tial frequency selective channels in the human visual system
by using a contrast reduction technique (Ref 9: 1928). They

reported changes in subj)ect perception of grating contrast
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after adaptation to a grating of a different contrast., This
investigation was accomplished using an adapting grating
contrast of 0.23. The experiment should be accomplished at
both a higher and a lower adaptation contrast level to de-
termine the effects of contrast on the observed shift in the
adaptation depression and to galn further insight into how
contrast levels affect wvlsual resolutlon,

Regardless of which of the above addlitional studies are
undertaken or whether the equipment 1s subsequently used for
other as yet undefined MTF testing the following equipment
modifications would facilitate .esting, 1) The switches, Si
and S5, which control adapting and test. pattern luminance
should be replaced by relays. The operation of the relays
could be coupled to the output of the multiplex controller,
2) The continuous trigger switch and the contrast level
switch on the pattern generator should be relocated to the

operatort's console, Thls would be pérticularly helpful to

the operator during equipment callibration and modification,
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Appendix A

Equipment Operating Procedures

This section will describe the operating procedures for
the automated system for testing the MTF of the human visual
gsystem. The procedufes depend on the computer program 115--
ted in Apperdix B being on file in binary form in the CDC
system, |

The VCO's, televislon line voltage power supplies, and
multlplex controller were left "on' continuously because of
the long pericd of time required for these ltems to reach a
stable output level after turn-on, Leaving the multiplex
controller "on" also resulted in a decreased failure rate
for this item, The transients and signal pulses resulting
from the power surge at turn-on had resulted in several
fallvres, Once the decision to leave these.eqﬁipment items
#hot?* had been made, no subsequent fallureé of the multi-
plex controller were observed, |

The first step ln preparing the egquipuent for an ex~
p2riment 1s to turn on the television set, The 3-5 mlinutes
required for the set to warm up will elapse durlng the per-
jod of time required to complete the following éteps._

Three éontrols must be set on the pattern'generator.
The contrast range switch should be set to positicen 1, 2, or

4 corresponding to contrast changes of 1:2, 115, and 1:10
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regspectively. The switch setting should be recorded for
later entry as data into the computer program. The stimulus
duration switch should be set for 500 msec, The trigger-
continuous switch should be set to the "triggered" position.
This provldes a continuous presentation of the adapting
grating on the television screen unless the Stimulus Request
Switch 1s depressed.

The adapting and test pattern stimulus luminance levels
are selected by setting switches S4 and S5 on the pattern
switching box (Ref l4: 16).

The line voltagze power supply should be set to provide
110 4+ .5v AC. The orientation of the television should be
checked to insure that the rotation shaft pointer 1is aligned
with the 0 degree mark on the rotation shaft caliper ring,
This concludes the pre-operational checkout of the equlpment
items colocated with the TV set., The next items to be ad-
dressed are located at the operator's étation. |

The acoustic coupler must be set to *local® and the
teletypewriter turned to the *on-line" position. The tele-
typewriter can now be used to provide digital wvalues to
drive the Digital-to-Analog converters (DAC's) in the multi-
Plex controller, The toff, X.J, X1" control knob on both
VCO's should be set to the *#X1" position. The frequency
multiplier control should be set to the "XIOOR" position
and the frequency vernier should be centered with a sine

wave output selected. The dual beam Oscillloscope should be
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turned "on' and connected 80 that the test pattern VCO out-
put is displayed on channel "AY and the output of the pat-
tern generator is displayed on channel "B%,

The coaxlal cable which connects the test pattern VCO
and the oscllloscope must be disconnected at the VCO ouiput
and connected to the output of the adapting pattern VCO,
This displays the adapting pattern VCO output on c¢hannel
"AY, The VCO attenuation knob should be used to 2djust the
output level to 0.42v peak~to-peak, This sets the contrast
level for the adapting pattern to 0.23 contrast unlits when
the average luminance of the adapting pattern 1is 35.5 ft-
lamberts (see eg, 1).

With the frequency dial of the adapting pattern VCO
set to approximately 3.65, a sinusoidal grating of 6 CPD
(12 full cyclés) should be obtained within the 10" aperature
of the televislion mask, This pattern can be fine tuned to
the center of the lock-up range using the frequency vernler,
To obtain & CPD, the fresquency dial should be set to approx-
imately 2.60 and the above procedure followed to obtain lock-
up with 8 full sinusoidal gratings in the mask aperature,
Once the adapting pattern spatial frequency has been ob-
talned on the televislon, the coaxlal c¢able can be recon-
nected to the output of the test pattern VCO.

The test pattern VCO attenuation control should be ad-
Justed to obtain an output signal of 1lv peak~to-peak. The

preparatinn of the signal generating equlpment for operation
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with the multiplex controller is completed by setting the
"triggered-continuousY switch or the pattern generator to
the "continuous' position.

The teletypewriter is used to enter the initilalizing
commands into the multiplex controller, Commands must be
entered in the format *XXXnQQ'. This command format causes
the multiplexer to store the value XXX in the nth buffer
upon recelipt br the consecutlve QQ keyword. For example,
when the command "5553QQ" is entered from the teletypewrlter,
buffer 3 of the multiplexer will store 555 and the voltage
level out of the Digital-to-Analog converter output 3 will
be 5.55v dc. A more detailed explanatlon can be found in
Nystrom's thesis (Ref 11: 19). The commands *0003QQ",
"0052QQ", and "9990QQ* will set the pattern generator to
rroduce a test pattern of 2 CPD on the televlislon screen.
The frequency control and vernier of the test pattern VCO
should be used to fine tune to the center of fhe lbck—up
range,

The remalning nine test frequenclea should be stepped
through 1n ascending order using commands of the form
#XAX2QQY, where "XXXY" represents a three digit number from
the FREQ CAL column of Table III.

The VCO to multiplex controller calibration and the
computer program require that the first spatial frequency
of 2 CPD be locked up by entering the H0052QQ" command into

the multiplex controller using the teletypewriter. The
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other nine frequency calibration values may bhe varied within
the frequency range indicated in Table III as necessary to
obtain a stable test pattern at all test spatial frequencies,
The equipment 1is, at best, marginally stable in its overalil
operation and highly sensitive to temperature variations;
consequently, the frequency calibration values for a stable
test pattern vary but usually lie within the ranges listed.

The lock-~up range for each spatial frequency is deter-
mined by stepping through the range of values which procduce
a slnusoidal grating on the screen, A frequency in the cen-
ter of the lcck-up range should be selected as the frequency
calibration (FREQ CAL) value for the run. The equipment can
now be placed in the configuration for operation under com-
puter control by setting the "triggered-continuous" switch
on the pattern generator to the "triggered' positilon,

The operation select switch on the acoustic coupler
should be placed in the "half-duplex! position and a 110
baud link should be established with the ASD computer cen-
ter, The baud rate is determined by the strapping of pad
"HY on the clock card in the multiplex controller (Ref 11:
Fig. A~10)., Normal LOGIN prccedures should te used to gain
access to the ASD INTERCOM system, The MTF program stored
in binary file should be attached as well s the CAL COMP
plot routine designated CCAUX. The MTF program is described
in Appendix B and listed in Fig, 30, The procedure for at-

taching both routines 1s shown in Fig. 31. An experiment
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¢an now be run under computer contrcl o determine the MTF

of a subject,




Appendix B

MTF Cemputer Program

Thls program controls the operation of an automated
system for determining and plotting the modulation transfer
function (MTF) of the human visual system, This control 1is
excercised *thrnugh the generation of control words to drive
the Digital-to~Analeg convertars (DAC's) in the multiplex
controller. The DAC outputs set the contrast and freguency

and control t.ie change of pattern of the stimulus display.

Computer Program for Stimulus Control

The original program was written by Quill (Ref 13: J4a-
5?7). Several modifications were made té it by Scheidegg to
incorporate system modifications, contrast-out-of-limits
flags, and data checks within the basic program (Ref 1l4: 76-
B8)., PFig. 30 i1s a iisting of the program as modified to
meat the requirements of this investigai.ion and described in
the following paragraphs.

The data arrays labeled CONT contain the contrast cal-
tbration data for the 10 spatial frequencies toc be tested,
Each of the 40 numbers in the CONT array corresponds to the
multiplex controller output voitage required to produce a
given contrast level oa the televisiyn scresn, The 40 con-

trast levels cover the range from -0.20 toe «-2.15 logarithmic
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contrast units and are 0.05 log ¢« atrast units apart. The
DAC voltage corresponding to each contrast level was origl-
nally determined by Quill using the prccedure descrited in
his thesis (Ref 13: 22-25, 74+79), The calibration results
for the equipment confliguration used in this investigation
and the verification of the applicabllity of the contrest
level calibration data determined by Quiil are presented in
Appendix C,

The program requires the operator to preovide the com-
puter with frequency, test parameters, and subject identifi-
cation, This information is necessary for computer contrel
of tne experiment and for proper labeling and ldentificatlon
of the computer generated data plots and tables releting to
the test. A data verification routine has been added to pro-
vide the operator with the capabllity to edit this control
information before entering the run.

During the main run the computer controls the test stim-
ulus frequency, contrast, and lumlinance levels. For a gliven
spatial frequency, a change 1n luminance level results in a
change in contrast. The constant DELTA was added to the com-
putation phase to compensate for thls difference when the
test procedures required contrast computations at the lower
luminance level. The technique for determining the value of

DELTA is described in Appendix C.
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Program Operatlion

The computer pregrzm is interoperative, requiring ini-
tially that the operetor provide the parametere necessary to
control the test and gather the data. During the main por-
tion of the program, the subject is required to respond to
the test stimulus generated. The program begins by setting
the DAC's to provide the first contrast level and test stim.
ulus spatial frequerncy. The program ruquests 10 frequency
values for the FREQCAL array. The values are predetermined
using the procedures 1in Appandix A, These values are entered
at the teletype in the fermat: blank, I3, blank, I3, etc.,
until all 10 values are entered. The program then prints
the values on the teletype and requests veriflcation, Typling
8 zero causes the program to return to "request 10 values
for FREQCAL array'. Typing a %1" causes the program to pro-
gress to subject ldentification,

After the FREQCAL array has been verified, the prozram
requests subject iderntification, This information is en-
tered on the teletype in the format indicated by the program
(subject, date, step size).

The program then requzsts that the luminance level of
the test and adaptin: stimuli and the frequency of the adap-
ting stimulus be entered from the teletypewrlter, The pro-
gram also requests that the contrast range swlitch setting be
éntered. This information is used by the program to control

the experiment and to develop the plot routine and data
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tables for the program output, 7

The original MTF program developed by Quill (Ilef 13:
43) addressed the two stimulus contrast levels assoclated
with the high-low contrast range switch on the pattern gen-
erator designed and built by Hannikel !(Ref 12: 40). The
data from Quill's low contrast level callibration was used by
Sakail as a starting point in developing the contrast cali=-
bration data for nhis modificatlon to the pattern generator.
Sakal replaced the two positlon contrast level switch wilth
a five position selector switch to obtaln more contrast
range levels, Each position on the selector switch cor-
responds to a different resistive network which can be se-
lected to attenuate stimulus contrast (Ref 15: 19)., Sekal
determined experimentally that the voltage output of the
pattern generator was a linear function of the input voltage
and that an increase in resistance at the pattern generator
output only served to divide the contrast level of the pat-
tern by a constant,

The two luminance levels used by Scheldegg to perform
his M{F experiments rermitted all data to be taken with the
contrast range switch of the pattern generator in positlon
4 (contrast level divided by 10). In order to normalize the
results of his exneriments to the calibration levels deter-
mired by Sakal and Quill, Scheldegg modified the specific
equation in the MTF program which cetermines the starting

point for calculating logarithmic contrast.
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The one logarithmic unit difference in the two lumin-
ance levels used in this investigation preciuded taking all
data at the same contrast range swltch setting, Furthermore,
there 1s no basis for assuming that future experimentation
with this equipment would use the same switch setting, A
routine was needed to incorporate 1into the computer program
a means of relating the contrast level at which the subject
was tested to the calibrated contrast levels. Using Schel-
degg!s normalized logarithmic zontrast equation as a basis
for reiating contrast levels, and the fact that contrast is
& linear function as determined b, Sakai, a funcéion for ine
terrelating the various contrast levels {CONRNG) was deter-
mined (See Table IIX).

The average divisor factor for ealh contrast level was
determined from Appendix B, Table V of Sakal's theals. The
ratio of the average dlvisor for each contrast level to con-
trast level 3 (contrast range switch position 4) was calcu~
lated and a routine for operator input of this data was
incorporated into the MI'P program, This routine requires

that the operator specify the contrast range switch settling.

"The MTF program then changes the contrast divisor according~

ly. The subsequent computer generated data tables and

graphs require no mathematical interpretation (i.e. they

present the data Jjust as if the contrast divisor were 1).
The program requests verification of all experiment

parameters before enteiinz the mein program, If any errors
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were made during data input, typing a zero (0) on the tele-
typewriter will return the program to the first program step
requesting parameter input. Typing a one (1) causes tue
program to proceed to the main run,

The exveriment is carried out using a stailrcase pro-
cedure to establish the contrast threshold of the subject,
The staircase is initiated at the highest possible contrast
level. This allows the subject a clear observation of the
test grating that will be used and insures that the.rirst
response 1s always affirmative (M1 sse 1t"), Thls response
is entered from the Hand Held Response Box (HRB). An af-
firmativa response causes the prograi’ te decrease the cone
trast level by & logarithmic (log) contrast units. The
contrast lavel is furcner decreused 6 log coétrast units for
each subsequent affirmative response, When the subject en-
ters a negatlive response (7), the program increaces the cone
trast level by 2 log contrast units, Thls 2 lor contrast
unit increase per response 1s continued intil the suhject
indlcatec thast he can see th2 gracing. The point a¢ which
the subjimct makes this affirm=tive resporn:e provides an e3-
timate of the sublect'!s uonrregat thesriivld., The program
then decreases the con*trast level by ) log cortrast unit
until a nsgavive respornse i3 glven. This constitrtes lhe
_first reversael, The contrast Zevei 18 thaen increased by 1
log contrast level at a time until another reversal is ob-

talned. It is then decreased by 1 luz contrast unit untii
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the next reversal 1is obtained., Thls galternate increase and
decrease of the contrast level will continue until 6 rever-
sals have been nbtalned, This staircase technigque for deter-
mining the subject's contrast threshold is performed for the
ten (10) sinusoidal gratings (2-~11 CPD) in ascending order,

The responses for the staircase testing are stored in
two data arrays; one for affirmative and one for negative
responses. For each spatial:frequency, the program uses the
table with the fewest entries to determine tne value of the
average contrast sensitivity and to calculate 1 standard de-
viation (SIGMA) from that value, The results of this com-
putation are printed on the teletypewfiter upon completion
el the run. The equipment operator can choose to continue
with another run or cvo stop at ithis point., If the operator
chooses to run another experiment, the data from the first
2xperiment are held in memory until after the final experi.
ment has been completed, When tne operator indicates he 1is
finished testing (by typing a #?" in response to the program
query), he will roucte the data files to the appropriate out-
put devices in the computer facility in thke AFIT School of
Engineering bullding. (Note: The heading of the file to be
routed gis0 indicates the device to which it is to be

routed., Example: PUNCH - to card punch, etc,).
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Appendix C

Contrast Calibration Data

Contrast calibration was maccompliished after completion
of the brightness control modiflcation described in Section
II. The maximum and minimum lweninance levels of the sinus-
oldal gratings were measured using a Pritchard photometer,
model 19BOA-CD with a 1980A~PL optical head.

The line voltage to the Sony television was set to
110,0 + 0.5 volts ac, The controls on the television were
positioned in accordance with the instructions gliven by
Qﬁill (Bef 13: 22-25, 75-77). The pattern generator con-
trast level switch was set to position 2 during calibration,

Photometer measurements were made for varlous spatial
frequencies with the dual brightness control set (o bright
(35.5 tt-lamberts) using DAC drive voltages from column & of
Quillts calibration tables as the multiplex controller input,
In each case & high and a low contrast drive voltage was in-
put and the corresponding contrast was calculated using Mich-
“elson's formula (see page 3). The contrast levels did not
vary from those determined by Quill Ly more than the cali-
bration limicts of the photometer, As a result, the contrast
calibration tables developed by Quill were used for this in-
vestigation.

Contrast measurements with the dual brightness control
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.t

in the dir position {3.65 ft-lamberts) indicated that the
contra~t level for dim differed from the contrast level for
bright by a constant ratio for each spatial fregquency. The
constant DELTA waz added to the contrast in the computation-
al section of tha computer program to sccount for the con-
trast change when a dim lumlinance sine wave was selected.
DELTA 1s defined as the ratio of the average contrast at the
dim luminance level to the average ccontrast at the high

luminance level,

&

L]
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Appendix D

Spatial Frequency Calibration Lata

The results of this investigation were directly depen-
dent upon the ablility to accurately produce adapting and
test sinusoidal gratings at specific spatial frequenciles,
The adapting and test spatial freguenclies were produced by
two Wavetek voltage controlled oscillators (VCO) operated as
standard signal generators. The VCO cutputs have a tendency
to drift with changes in ambient temperature, The drift in
the VCO output is greater than the tolerasnce of the raster-
synch generator. (The Sony korizontal synch circuits are
much more tolerant). Because of this instability, the spec-
ifie frequency desired must be locked up and verified before
each run,

The procedures for setting and locking up the sdapting
spatial frequency in the VCO zre detailed in Appendix A,
Equipment Operating Procedures, A change in the spatial
frequency of the adapting patiern of even a part of one de-
gree changes the nature and location of the trequency specl-
fic adaptation depression. This significantly degrades the
investigatorts capability to interpret the eftects of the
adaptation on the MITF regardless of how well he has defined

and callibrated the test spatial frequencies,
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Test Spatial Frequencies

The procedures for obtaining frequency lock-up at each
spatial frequency and for fine tuning the test pattern VCO
to the center of the lock-up range are included in detail in
Appendix A, Equipment Operating Procedures, The suscepti-
bility of the equipment to temperature variatlions reguire
that the mid-range rrequency of the voltage lock-up range
corresponding to each spat!rl frequency be determined before
each experiment and entered as data in the computer program
FREQCAL array. The spatial frequencies of interest and

thelr corresponding range of VCO inputs are listed in Table

I1I.
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Appendix E

Egquipment Configuration

This thesis was accomplished using equipment designed,
built, modified, and remodified by previous AFIT thesis stu-
dents. This appendix is included as a guide for subsequent
investigators. Table IV is a guide to source information on
the equipment. Flg. 32 is a schematic 1lllustrating how the
equipment 1s interconnected and where the pattern signals

are generated and sampled.
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Appendix F

Suggorting Data

This appendix provides a listing of the data results
from which the graphs appearing in the Results Section were
derived, Table V provides this data.

Also listed in this appendix is the supporting data and
individual graphs from which the average MTF curves shown in
Figs. 12, 15, 20, 21, 24, and 27 were developed, . The re-
mainder of the graphs and data collected during this inves-

tigation are listed in Table VI and shown in Figs. 33-49.
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CONTRAST SENSITIVITY

T T 1 | T T T |
2 3 4 §5 6 17 8 9 10 11

SPATIAL FREQUENCY
(CYCLES/DEGREE)

CGS 07RUG78 R.F.=0TEST=BR
FOOT LAMBERTS: 35.5 35.5

{ ' Fig. 33. CGS, Test Bright, Adapt Bright, 0 CPD




v
©
I
> -
=
> .
-
”
z
Wi N
w R
|
o O
- et
o o
— o
Z -
O w-
O
Nu
oo ‘
T ) | 1 T T | . T | |
2 3 4 o 6 7 8 9 10 11
SPATIAL FREQUENCY
(CYCLES/DEGREE)
CGS 18JULT78 A.F.=BTEST=8BR
FOOT LAMBERTS: 35.5 35.5

Pig. 34, CGS, Test Bright, Adapt Bright, 6 CPD
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CONTRAST SENSITIVITY
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@"‘ Plg. 36, CGS, Test Bright, Adapt Dim, 6 CPD
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Pig. 37. CGS, Test Bright, Adapt Dim, 6 CPD
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{ Fig. 38. CGS, Test Bright, Adapt Dim, 6 CPD
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Pig. 39.

CGS, Test Bright, Adapt Dim, 4 CPD
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CONTRAST SENSITIVITY
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CGS 08RUG78 A.F.=4 TEST=8BR
FOOT LAMBERTS: 3.35 35.95

{» ,' Pig, 40. CGS, Test Bright, Adapt Dim, 4 CPD
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MJK 31RUGT78 R.F.=6TEST=0DM
FOOT LAMBERTS: 3.35 3.35
Fig. 41, MJK, Test Dim, Adapt Dim, 6 CPD
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Fig. 43. MJK, Test Bright, Adapt Dim, 6 CPD
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CONTRAST SENSITIVITY
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22RUG78 A.F.=4 TEST=BR
LAMBERTS: 3.3 35.95

Plg., 44,

MJK, Test Bright, Adapt Dim, 4 CPD
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Pig, 45, MJK, Teat Bright, Adapt Dim, 4 CPD
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CGS 02RED78 A.F.=B6TEST=BR
FOOT LAMBERTS: 3.3% 35.5

Pig. k6, CGS, Test Bright, Adapt Dim, 6 CPD (Red)
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CONTRAST SENSITIVITY
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Fis- 47,

C¢GS, Test Bright, Adapt Dim, 6 CPD (Red)
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CGS XEWHITE R.F.=B6TEST=BR
FO"T LAMBERTS: 3.35 35.5

-

- Pig. 48. CGS, Test Bright, Adapt Dim, 6 CPD (White,
i; o Adapt Right Eye, Test Left Eye)
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XZWHITE R.F.=6TEST=BR

FOOT LAMBERTS: 3.35 35.9

Pig. 49,

CGS, Test Bright, Adeapt Dim, 6 CPD (White,
Adapt Right Eye, Test left Eye)
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