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ABRSTRACT
Two—alternative forced-choice experiments were conducted to determine the
effects of ambient l1ight on luminance discrimination thresholds. The luminance
levels displayed on the monitor screen were chosen so as to Iinclude typlcal light
levels encountered in medi.cal images, about 0.01 to 120 ftL. The ambientrligh.t

levels of 4 to 40 lux used represent the range found in e_l't'ypical radiologic -

reading room where v_idgg displays are used and efforts are made to control the
ambient light. Test targets were 1 ¢m squares centered in a uniform background
field so that when no ambient light was present the mean luminance from the
central regipn of the display was held constant at about 2 ftL. When the ambient
light was 4 or 40 lux no effect on the observers” discrimination thresholds was
found. Alterations in discrimination thresholds which were found at the higher
ambient light ievel of 148 lux are attributed to diffuse reflections from the CRT
face. Since the diffuse reflections sum with the intensity emitted from the CRT
to deterimine the luminance characteristics of a digitally stored image, as
ambient light levels increase the displayed intensity increases and the display

contrast decreases.




IRfRODUCTION
In ghe wofld of medical imaging represented primarily, but not entirely, by
the field of radiology, the use of electronic devices to display images stored in
a digital format has come into common use. The newer imaging modalities such as
X~Ray computed tomography (CT), magnetic resonance imaging (MRI) and Ultrasound
have digitallf acquired images where the most direct transform for display to the
human observer is by electronics.

A digitally acquired image 1s stored in a computer as an array of numbers,

each number representing a recorded intensity for a specific portion of the

image. Before the image 1s displayed, it may be modified by contrast enhancement

techniques. The transformed image numbers, now referred to as scale indicator

intensities, are mapped by a lookup table into physical driving intensities, i.e.,

digital driving levels. A D/A converter uses this as input and produces the video
signals. The display device then converts the video signal into displayed

intensities, i.e., luminance. The term greyscale refers to the path transversed

from minumum to maximum displayed intensiﬁy (photometric luminance) as a function
of digital driving level. The final image transformation is that which occurs
within the human visual system and yields the perceived intensity or brightness.
With the proliferation of electronic displays and the introduction of picture
archiving and communications systems'(PACS), radiologists will be looking at
inages or multiple screans and consulting with colleagues in different locations.
We have been concerned that as images are displayed on different devices and in
different locations, the information transferred to the radiologist observer
remain constant and not altered by the display device or viewing enviromment. In
caseg where display devices have different photometric intensity ranges, each
device should employ its full range. But consequently, the images displayed om
different devices may not be physically identical. In such cases, perceptual

constancy rather than physical ‘constancy is the objective. That 1s, the
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brightness of the rest-of the image, despite variations in ﬁhe absolufe inténsity
at which the image is displayed. Given that the observer is the final processor of
information, characteristics of the human visual system must be detérmined by
controlled experiments and factored into the final cholce of display parameters.

To maintain displayed images that are physically invariant, or alternatively,
displayed images which yield equivalent perceptions acrose diverse display
devices, we have developed a methodology to "standardize the display device"
(Pizer 1981).

The specific standardizationm methodology we are implementing ig termed
“perceptual linearization". It is based on empirically determined visual
discrimination thresholds {just noticeable differences or jnds) of displayed
intensity. Using signal'détectidgrtﬁébri.baradigms we define a jnd as that
difference in luminance that is dété;table by the observer with a 50X true
positive rate and a 5X false positive rate on ROC curves (Pizer 1980, 1981). For
our two—alternative forced-choice experiments a jnd is equivalently described by
the luminance difference which can be detected 87.8% of the time.

Jnds are determined at various luminance levels throughout the luminance
range of a video display. As reported by others (e.g., Koenig and Brodhun, 1889,
clted by Blackwell, 1972,), we found that for all but very low luminances, jnds
increase monotonically as a function of luminance, with a rate less than Weber’s
law. This jnd function is used to define a conversion table between the scale
indicator intensities and the digftal driving level intensities such that the
resultant greyscale 1s "perceptually linear" under our display conditions. We
define a linearized greyscale to be one in which the jnd vs digital driving level
function i8 described by a horizontal line. That is, equal changes in recorded
intensity result in luminance changes which when viewed on the display screen are
equally discfiminahle, 1ndep§udent of location in the display scale path.

A number of factors may infipeﬁce jnds, (and thergfbre'the;;iﬁearizaciqn.

function,) ingludiﬁ@;iﬁterobsetvé
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environment. Their effect should be cénsidered when defining the linearizatioﬁ
process used to construct greyscales. In an earlier study (Johnston et al., 1985)
we maintained a fixed image structure and a controlled viewing environment to look
at interobserver and intraobserver variability. These studies were conducted at a
low ambient light level, 4 lux, for target luminances ranging from 0.0l to 26 ftL.
Under these conditions the curve for jnd vs driving level intensity, and therefore
 linearization, was independent of observef:, within the statistical variation of
individual observers.

If the viewing enviromment varies, i.e., the ambient light is not the same as
in our test conditions, or the ambient ligilt at two different display stations is
different, how does this affect what the radiologist sees and interprets? The

present experiments-are an fnitial attempt to answer this question.-

Ambient light

The effects of ambient light on display and perception of images are complex
and include the following. First, there are two classes of reflections, specular,
or mirrorlike, and diffuse. Their magnitude depends on characteristics of the
particular CRT screen, but "there are no accepted, standardized procedures to
measure either of these parameters" (Rinalducci, et al., 1983, p. 92). Their
impact can be reduced with certain filters.

Specular reflections occur when light emitted by objects (e.g., lightboxes)

or reflscted off of odjects {e.g., papers or keyboards) forms images at the front
surface of a CRT. Because reflected images are located at the surface of the CRT
and displayed images are located slightly further away, at the back surface of the
CRT screen, accommodation and convergence may fluctuate as the visual system
alternately focuses on the two sets of images. Consequently, the displayed

characters would be intermittently blurred (Rinalduccl, et al., 1983).

Diffuse reflections is the term used to indicate the falrly uniform increase

in luminance, by reflection, at all points across the CRT. This increase is

_proportional to the amount ‘of _ambient ;'_l'-j._ghtf_. incidefni:‘--at”il_if‘ CRT face.mediﬂu&e
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refléc:ance characteristic of.a moﬁitor can be determined by ﬁeasuriﬁg the
percentage of incident light (of known quantity) which is reflected from the blank
screen. Diffuse reflections, by increasing the luminance for all points, reduce
the contrast within an image, and the image may appear to be washed out. This
perceptual effect may, however, be subtle at low ambient 1ight levels.

A second effect of ambient light is glare, also called veiling glare. This
occurs when a light considerably more intense than the ohject under scrutiny is in
the field of view. It can severely reduce sensitivity to a target image and, even
if sengitivity is not reduced, it can be a source of discomfort. Its occurrence
depends on light location and intemsity. | !

Third, there is concern that changes in ambient light level will adversely
‘affect the observer’s sensitivity to a given display by shifting the adaptation
level away from intensities of the dispiéyed images. Light adaptation refers to
the processes of adjusting to the prevailing environmental luminance. For gross
changes in luminance (above about 3 log t;olands), the first step of adaptation is
the relatively slow process of receptor photopigments reaching a state of

equilibrium. Once the visual system has reached equilibrium it is said to be in

steady=state adaptation. Increases in retinal {1 luminance during steady-state
adaptation wili cause a decrease in the receptor response to a given stimulus
increment with a corresponding decrease in sensitivity. This ghift in the
operating curve, for threshold ve intensity, is called “response compression” and
has been described as instantaneous. The effects would be fairly local were it
not for both voluntary and involuntary eyemovements which occur with normal
vision. Luminance or contrast discrimination is best when the ambient light levels
(hence the visual system adaptation level) and the display are of similar
intensities (Craik, 1938). If the ambient light is very different than the dispiay
intensity, or 1f the display comprises a broad range of intensities, then the

amount of light (delta I) necessary to elicit a criteriou response may be shiftede

"gIn addition, there are_secoadary effects of” adapting 1eve1, 1n terms of thei”‘*



degree of summation and' resolut:l.:on whiéh occure for both temporal and spatial
vision (see review by Barlow, 1972). With adaptation to higher intensity levels,
resclution increases and summation decreases.

Finally, for CRTs or other self-luminous displays, it iz a common observation
that when room lIights are increased the disp.layed images appear to darken, that

is, the brightness, or perceived intensity, of the display relative to the entire

visual field decreases. This occurs because our visua-l system is sensitive to
contrast, not absolute 11lumination level. Thus perceptions of blackness and
whiteness are not determined by absolute fntemsity but by an objects intensity
relative to the rest of the visual field. This phenomenon known as brightness
congtancy is usally adaptive, but it may 1mpose limitations on CRT viewing -
_ environments. For example,’ increasing ambient: light can greatly broaden the
intensity range {n an environmento if brightness is based on intenslities in the
entire visual field instead of intensities within some functionally defined
portion, such as a CRT,. then, with even moderate ambient light levels, the range
of perceived intensities displayable on a monitor may be greatly narrowed and
brightness constancy for the display could be disrupted.

| The effects of ambient light are obviously & concern when displaying medical
images. Detection of low contrast targets displayed in film/lightbox systems has
been found to decrease with increasing levels of ambient light. Baxter et al.
(1982) relate this effect to the differential adaptation level which would exist
across the retina if the retina is stimulated by an image with a wide range of
intensities. Alter, et al. (1982) suggest that light scattering in the eye is the
major cause of decreased performance. Finally, Merrild-Hanson and Ratjen (1952)
also reported that increasing ambient light decreased detection. They argue that
some (unidentified) factor other than glare, produced by illuminated but uncovered
portions of lightboxes, 18 the cause of this degradation. All of this work was
carried out using the film/lightbox system fn which target and surround luminances
are -an-order of mgg_qitude. greater than those of. 8 Viﬁéo-ai'svplay; Ve jktx'ow_'qif no
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éxperiments addressing the impact of ambient light on CRT displays.

We measured ambient light levels {n radiology clinics where image
interpretation is done from video monitors and found that the radfologists usually
attempt to reduce the light to fairly low levels, ranging from about 2 to 5 lux.
Frequently however, video monitors are located in the same room as film
lightboxes, and often films are being viewed on the lightboxes while others use
the video monitors. With films covering most viewboxes .and the overhead lights
off or dimmed, we found the ambient light level at the video comsole to be in the
range of 5 to 40 lux., The typical monochrome video monitor when displaying a CT
image generates an average screen luminance fin the range of a few footlamberts.
The range of luminance within an image for a typical CRT is from about 0.01 up to
about 30 ftl. This ié in c'o'ntrﬁééﬁ to film viewing where the uncovered i1ightbox
operates at around 1000 ftl. “aﬁd 1ight transmitted through a2 film image is in the
range of 10 to 500 £tL.

EXPERTMENTAL METHODS

Images were generated by a Comtal Vision 1020 processor with a VAX 11/730
host computer. Two different monitors were used in the experiment, one obtained
from GE with a P45 phosphor was operated in the range from 0.0006 £tL to 72 ftlL.
The other, a Courac with a P4 phosphor, was cperated from 0.05 to 150 ftlL.
Photometric measurements were made before every experimental session to assure
proper calibration of the monitor.

Three observers, including two of the authors, served as subjects. The
experimental paradigm was basically that used in our earlier studies. To avoild
problems of image interpretation, we selected a simple display and observer task.
The test oblects were two squares, 1 cm on a side, located one above the cother,
and separated by 0.75 c¢m«. The squares were located in the center of the video
screen on a background field of uniform luminance. The top, or atandard square,
was at the digital driving ._;_lgvel_.-"'itit,ensity under test #nd was always at the game

intal run, The luminance of the bottom, or comparison

Lumilnance for an exper
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sqﬁare, was equai to or iucreﬁsed in lﬁminance from the top square. Discrimination
thresholds were determined for four standard target intensities, 0.0006, 18.4,
57.5 and 118 ftl. The background luminance for each standard target condition was
set so that the space-averaged luminance of the test objects plus the luminance
from the immediate surround, a region of 8.8 cm diameter centered between the
target aquares, was coustant at about 2.5 ftL. We chose this value to be in the
range of what we measured from typical CT images displayed on wvideo monftors. By
maintaining a constant mean lﬁminance, the contrast of target to surround
luminarce changed as we varied the l:ﬂarget luminance. We ;saumed this to not be
unreasc;nable since in medical images there is a wide range of contrast in
different regions of the image. Figure 1 shows schemat”]..cally the four stimulii

used, with the actual values indicated to the right. A fixatien

Tnsert Figure 1 about here

poiant was not provided for the display and though viewing distance was not
constrained it was typically about 50 =80 cm.

A signal detection experiment consisting of 120 trials without feedback was
designed as a two—alternative forced-choice procedure. For a trial, the two test
squares were presented on the screen for a duration of 2 sec, followed by a 0.5
sec pause, before a second pair of test squares was presented. In ome interval,
the two squares were identical ia intensity, and in the other, the comparison
square was increased in intensity by one of two increments. (These increments
were selected in pilot runs go as to bracket the estimated jnd.} The observers
task was to choose the interval, first or second, in which the comparison square
was of increased intensity. The jnd is, by our definition, that difference in
luminance which an observer detects 87.8% of the time.

All our previous experiments were conducted with an ambilent room light of 4
lux generated by a lightbox locatgd behind the video moui_::or and pointed toward
the jrall. Thl:l.s _lirgrht source 4id iﬁq: .generate a very uniform room 1_13;1::. so for
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) 6hérpre;ent ex;erimentsAﬁe'sﬁitche&ito 1néhndes§é£t-ceiliﬁg lights wﬁicﬁ:did giﬁe
~ a more uniform ambient light. Three ambient 1ight levels were chosen based on
measurements observed Iin different clinic settings: 1) &4 lux, which is
representative of the 2 -5 lux range we found in CRT reading rooms where efforts
are made to control light, 2) 40 lux, which is still low, but more comfortable for
-paper reading; it represents the higher end of ambient iight levelg observed in
clinic settings which aré predominantly CRT-based; and 3) 148 iﬁx, still a
relatively low light level, is found in dark lightbox environments. Amblent light
levels were calibrated with a photometer (United Detector Technology, model 161)
by positioning a cosine diffuser with a 180° angle of acceptance at the position
the observer typically sat during the experiments and directing it towards the
blank CRT face. As the ambient light was increased, and especially at 148 lux,
the observers were bothered by specular reflections on the viewing screen. To
minimize these, we draped the viewing room walls behind the observer and the table
tops with black feit. Additionally, the observers were draped with Black felt to
avold speculgr reflections from their.clothing.
RESULTS

Each subject ran in each of the twelve conditions of the experiment. A

brightness jnd was calculated separately for each rum. The same ;rends were seen

for all subjects and the results for one subject are shown in Figure 2.

Insert Figure 2 about here

Calculated jnds, measured in digital driving levels, are plotted as a function of
each of the four standard target intensities, also measured in digital driving
levels. The four standard target levels are indicated on the graph as stimulus 1,
2, 3, and 4. Only the data for stimulus 4 were obtained using the Conrac monitor.
It"s digital driving levels represent higher photometric values than thase
generated by the Gﬁ monitor which was used to generate the data for stimuli 1 -3
in ;he'figpre. The other data points shown on the graph are from runs with other

standard-target intgngigiés and show how the jnd variqs_gé a function of digital
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driving intensity. Results obtained with the different ambient light levels are
denoted by the different symbols.

The effect of an increase in ambient light on brightness discrimination is
rnot uniform, but depends differentially on the target for which discrimination is
| measured. Taken one by one, the results for our stimull are as follows. For our
stimulus 1, a dark target om a bright background (a configuration alsc referred to
as negative contrast) increasing amblent Iight from 4 to 148 lux raises the jnd,
that Is sensitivity is decreased. For our stimulus 2, a moderate intensity on a
moderate and somewhat brighter background, performance is equivalent for the three
ambient light levels tested. For our stimulus 3, a bright target on a dark
surround (a positive contrast display), we were surprised to find that performance
is actually better at the higher than the lower ambient light levels. Finally,
for our highest intensity target, there appears to be little effect of ambient
" 1ight.

As seen by the erfor bars, there is considerable intrasubject variation. As

shown in Figure 3, it also appears that substantial individual differences

Ingert Figure 3 about here

exist. Here data for all three subjects are presented. It is clear that there is
a difference between individuals as indicated by groupings of datapeints and
associated error bars. For a given subject, the variations in brightness jnds
caugsed by 1ntroduction of from 4 — 40 lux ambient light are within intrasubject
variation and would probably be acceptable in a clinical environment. At ambient
light intensities of 148 lux, the jnd function appears to be altered. Presumably
at still higher ambient light levels, thresholds would be more severely altered
and our linearization function would need to be amended. However, given the
variation which typically occurs within a CRT viewing environment, about 2 - 40
lux, it appears that the effects of ambient light do not have serfious
consegugncgs. A larger factor at these light levels appearq .to be individual

,diffgtghcesﬁ-
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DISCUSSION

We had expected the impact of amblent 1ight to be more severe, or at least
uniform across the target intensities. To understand these findings, we
reconsider the experimental conditions and the possible influences of ambient
light as described in the introduction to this paper. First, whether or not
perceived intensity (brightness) of the stimuli was altered, w#s not measured and
is not relevant to the discrimination task of this experiment. Second, both
glare and specular reflections were minimized by lighting configurations and the
use of black felt in the viewing environment. Third, the question of whether
adaptation levels which existed during the different ambient light conditions
differed enough to alter sensitivity is somewhat more difficult to answer.

Since observ.ers were al lowed free viewing of the room, it Is not clear how
the uonunifor-:;ities acro'ss the visual em}rironme'nt would have influenced steady~
state adaptation. To estimate the potential range of adaptation levels under the
different ambient light conditions, luminance measurements were made for different
positions across the walls; these values were similar to the mean intensity
measured for the CRT. We compared these intensity values to the data of Craik
(1938), in which contrast sensitivity for different intensities was measured as a
function of adaptation level, and felt that the threshold changes in sensitivity
found for our experimental stimuli could not be fully accounted for by the
potential variation in adaptation level.

The remaining variable 1s diffuse reflections from the monitor face, i.e., a
fairly constant increase in luminance across all points of a display. Since athe
light intensity from an image point is the sum of the emitted intemsity (defined
by digital driving level) and the reflected intensity, contrast, which is a
proportional measurement of the intensity range within an image, 18 reduced as
ambient light, thus diffuse reflections increase. . Perceétually, diffuse
reflections ma§ ‘cause am image to hppgar “washed ‘fout_"e |
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Luminance jnds, as measured ia our experiment, increase monotonically as a
function of both target intensity and target contrast. Since ambient light
changes these in opposite directions, that is, increases target intensity, but
decreasesg target contrast, we reanalyze the data in terms of the photometric
values of the targets to evaluate their influence.

The first step of this reanalysis was tec determine, by measuring diffuse
reflections at the CRT face, how much the image luminance was increased by the
different levéls of ambient light. These values, which are somewhat different for

the two monitors, are presented in Table l. At 4 lux, the increase was

Table 1. Luminance added to display by ambient light.

Ambient Light GE monitor Conrac monitor
4 Jux d.05 £ftL 0.088 frlL
40 lux 0.5 fel - " (.89 ftL
148 lux 2.5 ftlL 3.4 ftl

less than 0.1 ftL, while an ambient light lavel of 148 lux produced an increase
between 2.5 and 3.5 ftL. for all points in a display. This is a large differenée,
particularly for our stimulus I, which had an intensity of 0.0006 ftL. when
measured with no ambient light. Since the intensity of the displayed image is the
sum of the recorded image intensity and the diffuse-reflections, these experiments
measured brightness discriminations for only four recorded images, but for twelve
different displayed images.

To compare sensitivity for different target intensities threshold
measurements are indicated by delta I/I. We have calculated this fractiomal jnd
for our data and find that by increasing the ambient light, the sensirivity
(1/delta I/I) of the observer to luminance differences actually increases. The
reason for this can be found by looking at how the contrast for each target is
" also changed with ambient light. We calculated contrast for each target at each
ambient light level using the equation

C = (Lmax ~ Lmin)/(Lmax + Lmin) (1)
where C 1s contrast between the background and ;he stggdard target, Lmax and.Lqin
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standard target. Table 2 indicates the decrease in contrast which occured

Table 2. Stimulus contrast at different ambient light levels.

AMBIENT LIGHT (lux)

4 40 148
CONTRAST
(between standard
and background)
Stimulus 1 096 e71 -38
Stimulus 2 s98 . 96 - 71
Stimulus 3 078 07& -63
Stimulus 4 97 o - 96 092

for each stimulus as a function of increési'ng ambient light. This decrease was
quite large for stimulus I, from 0.96 to 0.38.

To illustrate the combination of these two factors, changing target intensity
and changing contrast, we have replotted the data. The results for one subject

are shown in Figure 4. The fractional jnd, ~delta I/I is plotted

Insert Figure 4 about here

as a function of stimulus contrast. Data for the different stimuli are
differentiated by symbols. A single monotonic function can reasonably well
describe (delta I/I) for almost all points. In agreement with the literature on
brightness jnds (e.g., Blackwell, 1972) this suggests that the effects of ambient
light which we have observed can be attributed to the greater brightness
discrimination sensitivity which occurs at lower contrast levels.

Consider just the data points for stimulus 1. Recall from Figure 2, where

Jnds are presented in terms of digital drivipg lexfels, that sensitivity appears

depressed by higher ambient light levels. This would be grcdrr‘ec,t::conciusidn--if_ S




'-dig-il:aial driving level were the 'on'iy contributor to the displayed intemsity and

'd%ffuse reflections were not a factor. Now consider what is actually happening.
The upper right point for stimulus ! in Figure 4 was obtained at 4 lux, the lower
left point, at 148 lux. The delta I for &4 lux is significantly lower (p < .05)
than that of 148 lux, but because the displayed target intensity is sc low here,
due to & very small contribution of diffuse reflections, the delta I 1is
proportionately large. Thus the subject is less sensitive to the stimulus 1
configuration displayed under 4 lux than as displayed under 148 lux ambient light.
We can attribute this to the higher contrast which was present at 4 lux since
brightness jnds for a fixed stimulus intensity are increased as a function of
contrast.

In addition to magnitude of ambient light, cne might consider how different
iight sources with differing spectral characteristics affect sensitivity. Our
minimal data on this consist of comparing our prior and current results in which
ambient 1ight levels of 4 lux were generated by a fluorescent tube in a single
lightbox, or by incandescent ligh;s positioned overhead, respectively. No
differenée in the measured jnd values were observed across target luminances for
these two 1lighting conditions.

CONCLUSIONS

The changes in sensitivity we have found here for brightness disc;imination
in & computer stored image can be explained by photometric changes of the image
resulting from diffuse réflectians. It may be that ambient light per se is also
having some effect on sensitivity, due perhaps to shifts in adaptation level. We
expect, however, that at these ambient 1ight levels and with the I1imited intensity
range for a typical CRT this would not be a very large effect. To investigate
this {ssue, we would need to conduct further experiments in which the secondary
effects of ambient light are controlled. That is, different recorded images would
be presented at different ambient light ;gvels in order that the displayed image

is constant and only the ambient light level varies.
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The axhbient: light levels which tjnii'cal 1y occur in CRT based read'ing_' rooms, do
not appear to alter brightness discrimination thresholds as measured in our
experimental paradigm and from a practical viewpoint, the linearized greyscale

remainsg linearized over levels of 4 - 40 lux.

Acknowledgements— This research was partially supported by NIH Grant No. 1 ROI

CA39059 and NATO Collaborative Research Grant No. RG. 85/0121.

16




| REFERENCES

AJ Alter, GA Ka.rgas, SA Kafgas, JR Cameron, and JC McDermott, “The influence
of ambient and viewbox light upon visual detection of low contrast targets in a
radiograph,” Investigative Radiology, 17, 402-406, (1982).

HB Barlow, "Dark and Light Adaptation: Psychophysics,"” in Handbook of Sensory
Physiology, VII/4. Visual Psychophysics, LM Hurvich and D Jameson, eds., Berlin:
Springer Verlag, 1-28, (1972).

B Baxter, H Ravindra, and RA Normann, "Changes in Lesion Detectability Caused
by Light Adaptation in Retinal Photoreceptors,” Investigative Radiology, 17, 394-
401, (1982).

HR Blackwell, "Luminance Difference Thresholds" in Handbook of Sensory
Physiology, VII/4. Visual Psychophysics, LM Hurvich and D Jameson, eds., Berlin:
Springer Verlag, (1972).

KJW Craik, "“THe effect of adaptation onm differential brightness
discrimination” Journal of Physiology (London), 92, 406-421, 1938.

RE Johnston, JB Zimmerman, DC Rb’gers, and SM Pizer, "Perceptual
Standardization” Proceedings of SPIE, 536, 44-50, (1985a).

RE Johnston, DC Rogers, and SM Pizer, "Effect of the Observer and Ambient
Light on Perceptual Linearization of Video Monitors, Proceedings of 25th Fall
Symposia, SPSE, 191-195, (1985b).

B Merrild-Hanson and E Ratjen, "Investigations on the Optimal Illumination of
Viewing Cabinets,"” Acta Radiologica, 38, 447-460, (1952).

SM Pizer, "Intensity Mappings to Linearize Display Devices," Computer
Graphics and Image Processing, 17, 262-268, (1981).

SM Pizer, FH Chan, "Evaluation of the Number of Discernible Levels Produced
by a Display,” Information Processing in Medical Imaging. R. Dipaola and E. Kah,

eds., Editions Inserm, Paris, 561-580, (1980).

17




EJ__Riﬁalducc‘i, Chair of Panel on Impact of Video Viewing on Vision of
Workers; Video Displays, Work, and Vision, National Academy Press, Washington,

D.C., (1983).

18




7 -'Eigu?e.LégéndsA

Figure l. Schematic of experimental stimuli to show relative 1ntensit§:of
test squares aﬁd backgrounds. Values for each stimulus are indicated in terms of
digital driving levels (dl) and photometric intensity (ftL), as measured with no
ambient light.

Figure 2. Brightness discrimination thresholds for subject DCR measured in
units of digital driving levels are plotted as a function of standard target
intensity, measured in digital driving levels. Measurements were made under three
ambinet light counditions, 4 lux (e), 40 lux (& ) and 148 lux (o) for the four
experimental stimuli. Additional datapoints obtained 1n earlier experiments at
intermediate intensities are included in the graph to better indicate the shape of
the function. The‘_fuact;pn is discountinuous for stimulus 4 since -these data were
obtained with a different monitor which produced higher photometric intensities
for a given digital driving level.

‘Figure 3. Discrimination data for the three subjects at the three ambient
light levels ;ested.

Figure 4. Data from Figure 2 for DCR summarized and replotted with
fractionalljnd shown as a function of display contrast. This plot incorporates

the changes in luminance characteristics of displayed image which result from

diffuse reflections from CRT face.
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STIMULUS 1

Target = 0 dl
0.0006 ftL

Background = 79 dl
3.0 fiL

STIMULUS 2

Target = 148 di
18.35 fil

Background = 72 di
2.24 /L

STIMULUS 3
Target = 230 di

57.46 fiL

Background = 45 dl
0.46 ftL

STIMULUS 4

Target = 225 di
118 fiL

Background = 30 di
1.3 fiL
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