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SUMMARY

PROBLEM

Color displays have proven to be an e ffective medium for studying the characteristics
of a class of acoustic data images characterized by strong patter ning. However , black-and-
white displays have the advantages of greater availability and reliability, lower cost , and
inherently higher resolution. Consequently, a quantitative comparison of the relative
perceptibility of signal-related patterning between black-and-white and color displays
seemed necessary .

RESULTS

Color displays were shown to be superior for the percep tion of patterning, contour-
ing, and equivalent amplitudes and also to be equivalent to grey-scale displays for
discriminating patterns of very weak signals in noise.

Display image encoding using 8 discrirninable levels of grey-scale or color was
shown to provide good perception of pattern features. Beyond 8 levels it was increasingl y
more diff icult  to distinguish the individual levels and pattern perception was degraded.
With 32 to 64 levels of quant ization available , excellent pattern perception was achieved
using a “band-step ” coding scheme. Band-step coding, for example , may utilize 6 color
bands with 5 to 10 intensity steps within each color band. The color bands code the major
levels of amplitude , while the intensity gradient within each band highlights contouring
and p rovides finer amplitude discrimination.
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INTRODUCTION

BACKGROUND

The Comta l color display (see appendix A) has proven to be an effective medium for
reviewing and photographing a class of acoustic data images that is characterized by strong
patterning. Examples of images of this type may be found throughout this  report. The
focus of the series of experiments reported here is a comparative evaluation of various ways
of coding the ampli tude values of strongly patterned data images in grey-scale or color. lhi s
area of concern differs from many of the previous studies comparing color and grey-scale
cod in g of acoust ic dat a . ’’2 The task investigated here is the perception of patterning which
is considerably above the visual threshold and thus readily apparent.  The studies cited. on
the other hand , are concerned primarily with the threshold of detection of signal energy
within a noise field. The present experiments are somewhat more analogous to the studies
reported by Christ 3 dealing with easily resolvable stimuli such as letters in a noiseless field
and by Lamar , et al., 4 dealing with grey-scale/color comparisons of Skylab images.

Various coding schemes have been developed and evaluated informally over a period
of several years in the NOSC Surveillance Display Laboratory . A coding schem e consisting
of six color bands each containing an intensity ramp of 10 steps has proven in practice to
be a more e ffective way ofcoding amplitude for this class of images than has any alter-
native which has been tried. Grey-scale equivalents for such coding have not proven to
be as good because the higher intensities are difficult to resolve. Display of such images
may be an issue in the design of future systems. There is a need , there fore . for quanti-
tative info rmation on the effect of coding on the perceptibility of pattern feature s in
such images. In particular , there is a need for information on the feasibility of substituting
grey-scale coding for color: moreover , information is needed on which type of coding scheme
is best. The issue of the grey-scale versus color coding is ofpractica l  interest in view of the
fact that black-and-white display consoles are readily available , reliable , i nexpensive , and
have inherently higher resolution than color consoles. A related issue investigated in these
experiments is the value of interactive control of the threshold and gain quant izat io n para-
meters by the operator. Quantitative information on any benefi t from interactive coding
can help determine the need for this option in future system procurements.

1 Butler , WM . “Color and Black and White Display of Sonar Information .” Tracor Document
T7l .AU-962 I .U , 25 February 1971.

2 But ler , WB , and McKemie , WM , “Engineering Guidelines for the Use of Color in a Sonar Display.” Tracor
Docu ment T73.AU-9550-U , 1 April 1974.

3Chris t , RE , and Corso , GM . “Color Research for Visual Disp lays. ” ONR Report No . ONR-CR21 3.l02 .3 .
July 1975.

4Lamar , DL , and Merifi eld PM , et al., “Evaluation of Pseudocolor Transformations of Sk ylab and Landsa t
lma~es and Test Charts . Part V . Final Report: SKYLA B EREP463 Results. ” CaIESCO Techni cal Report
76-1, 1976.
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OBJECTIVE

The overall objective of the series of !‘our experiments reported here was to deter-
min e quanti tat ively the relative perc eptibility of signal-related patterning using various grey-
scale and color schemes that  are e ffective for their intended use and b etter than existing
alternatives.

APPROACH

GENERAL

In broad terms the approach taken to compare coding schemes was to obtain
judgments from a team of “experts ” on the relative perceptibility of acoustic data pattern
features when the images were viewed on the Comtal display system using selected grey-
scale and color coding (or quantizat ion) schemes. Measures of relative perceptibility were
obtained from four related experiments.

In Experiment I.  relative ranking was obtained for six candidate coding schemes
ranging from 8 to 64 levels of amplitude quantization. The rankings were made
independently against four percepti bility criteria. Although both grey-scale and color
coding was included , no at tempt  was made to obtain a direct comparison of perceptibility in
this experiment. Experiment I provided a preliminary indication of coding preferences and
eliminated from further consideration any coding schemes that were clearly unsuitable.

In Experiment 2. data were obtained on the preferred settings of threshold and gain
(adjustment of quantization cutoff and range relative to t h e  range of the data). One of the
top-ranking coding schemes from Experiment I was used in this experiment.

In Experiment 3, the relative perceptibility of equivalent grey-scale and color coding
schemes were com pared in terms of the threshold of patte rn perceptibility measured in
decibels. A calibrated test set of acoustic data patterns was used in which the signal-to-noise
ratio (SNR) was controlled by adding Gaussian noise incrementally. Comparisons were made
using 8-, 16-, and 60-level schemes which had been compare d ini t ial ly in Experiment I .  The
pre ferred threshold and gain values obtaine d from Experiment 2 were used to requantize the
ca li brated test data set.

Finally , in Experiment 4 the subjects were asked to make direct ranking judgments
of the relative perceptibility of grey-scale versus color-coded data patterns when quantized
in 8-, 16-, and 60-levels and against the same four criteria used in Experiment I .

CODING SCHEMES

The six coding schemes that were compared in Experiment I are conveniently de-
scribed as combinations of numbers of bands and intensity steps within  each band. A brie !
discussion on this concept as it applies to the qua n t iza t io n  and coding of data for the
Comta l display is provided in this section.

6 
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The (‘omu ta l disp lay has the capabili ty for 6-bit (64 level ) data coding in either
grey-scale or color. Coding schemes were included in Experime nt I which would be appro-
priate to displ ay systems limited to either 3 bits (8 levels) or 4 b its ( 16 levels) of data
coding. The six coding schemes selected for comparison are illus trated b y the photograp hs
in figure 1.

AU data images included in this report are based on an array which consists
of ’ 256 data points in th e horizontal and 80 data points in the vertical. The vertical arr ay
has been replica ted by a factor of three and smoothed by simple linear interpolation to pro-
du ce a disp lay of ’ 256 X 240 points.

Note from figure I that  the coding schemes selected consist o!~ 6. 8. or 1 6 bands in
combination with I to 10 steps within the bands. In general the coding schemes using hue
are based on a se ri es of bands each in ad if ’lërent color (hue) .  The choice of hue does not
appear to he critical , except that  they should be easily distinguished between adjacent bands
and represent a logical p rogression from cool colors (e.g .. bl ue) to hot colors (e.g. . red and
pink). With the exception of the one-step schemes , eac h band is com posed of a ser ies of
graduated intensity (or bri ghtness) steps. The effect of this band-step coding is to produce
concentric contours in the images as may be seen in figure 2. This contouring effect is
prod uced because there is an abrupt  intensity change between the hi ghest level of a given
hue and the lowest level of the immediatel y adjace nt hue. Band-step coding effectiv el y
codes major differences in amplitude in di fferent easily recognized hues : while fine-grain
di fferences in ampli tude are revealed as contours of the same hue which d i f fe r  slightly in
intensity.

Some interesting feature s of band- step coding in color compared to grey-scale are
brough t out by figure 3. A grey-scale being unidim ensi onal  can vary in brigh tness only: a
color scale , however , can vary in both hue amid brightnes s. Accordingly, i n t he co n struction
of the color-coded schemes , as illustrated in figure 3(b) . the 8-band, I-step scheme uses
brightness and hue to achieve both a liner grain amplitude discriminati on and the contouring
effect. With grey-scale coding as illustrate d in figure 3(a) . the onl y variab le avai lable for
achieving discrimin able levels is bri ghtness or grey-scale. Because the response of the human
eye to brightness di fferences is not linear it is diff icult  to construct a grey-scale that achieves
the same discri minabi l ity of the higher ampl itude bands as does the comparable color scheme.

The effect of di f ferent  levels o fquan t i za t i on  in gre y scale coding may be seeen from
the photographs in figure 4. Note that as the number of levels is increased from 8 to 16 the
image appears to be out of ’ focus. The reason I’or this is that with the increase in coding levels the
diffe rence in intensity between adjacent levels is smaller and is not easily resolved by the eye
at the higher intensit ies. Although 64-level coding in either grey-scale or color can be imple-
mented on the Comtal , the resultant images appear even more out of focus than the 1 6-level
images (at least for the data used in t h ese exper iments).

To achieve nearly equal increases in bri ghtness requir es a logarithmic increase in
intensity or luminance. 1o make the higher intensi ty ban ds d iscri min able . it was necessary
to increase the size of the steps relative to the lower intensities, particularly when
the total number  of levels was from 32 to 64. In general , tile resulting quant izat ion func-
tion s consisted of two or thr ee linear segments with progressivel y greater slope. The func-
tions f inal ly chosen were developed by the “cut and try ” method. Th e objective of th i s
process was to r etain as much discrimi nation as possible at the critical higher amplitudes
while re ta in ing some perception of the lowest levels. The task was comp h icat cu by the re-
c lui rem ent to ma in ta in  the sam e number  of inte nsi ty steps within each band.

7
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COLOR-CODING SCHEMES
8 BANDS — 1 STEP 16 B AN D S — 1 STEP 

6 BANDS — 5 STEPS 6 BANDS — 10 STEPS
- 

10

6 HUE BANDS 10 INTENSITY STEPS

8 BANDS — 4  STEPS 8 BANDS — 8 STEPS

- i~FI~1 V III
NOTE: THE BANDS CONSIST OF EASILY D I S T I N G U I S H E D  HUES. AN INTE NSITY

I G R A D I E N T  OF A S P E C I F I E D  N U M B E R  OF STEPS (FROM 1 TO 10) IS
CONSTRUCTED WITHIN EACH BAND.

- Figure 1 . The six coding schemes compared in Experiment I with color coding.
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Figure 4. The six grey-scale coding schemes.
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Figure 4. (Continued).
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The grey-scale quant izat ion ramps f’ina lly selected by this method are shown in
figure s 5 (a through 0. In this set of fi gures, display brightness in arbitra ry units
from 0 to 64 is plotted as a function of data am pli tude from 0 to 255 for the six coding
schemes included in Experiment I . The difference between tile single- and multiple-step
schemes is clearly evident t’rom these fi gures as is the increase in tile slope of tile functions
wit h i n creasi ng a m p l it u de.

Luminance measurements were made for each of the 64 levels of ’ (‘omta l  grey-scale dis-
play brightness using the Model 2400 (Gamma Scientific,  Inc. )  Digital  D isp l ay Ph otom eter wi t h
a photo-optic filter. The resultant luminance f’unction is shown in figure O wi th  footlamberts
on the ordinate amid til e 64 levels on the abcissa. Note that  this  funct ion  is approximate ly  linear
over a signi ficant portion of its range. The shape of this function indicates that equal brightness
differences can be achieved using the Comta l grey-scale , i f va lu es are se lected as descr ibed above
such that  K log L 1/L ~ is approximately constant , where L 1 is a “just noticeable ” difference and
L~ IS til e previous baseline.

CALIBRATED TEST DATA SETS

The development of calibrated data sets was an essential first step before it was
possible to obtain data comparing perception thresholds with various coding schemes. Tilis
section discusses briefl y the development and use made of these data sets.

A calibrated test data set such as shown in figure 7 is produced by adding calibrated
amounts  of Gaussian noise at an appropriate stage in t h e  signal processing. Each data set
consists of 11 i m ages including an original image (without  noise added) and an image con-
sisting of pure noise. The original image is derived from a segment of data witil a high signal-
to-noise ratio (SNR ) . For this case , tile SNR can be determined from the maximum ampli-
tude of the image. Then , using this case as a reference , known amounts of noise power are
added to tile original signal plus noise to produce a readily determined change in SNR. Tile
same additive noise waveform is used for each SNR . which is defined for the data in tllese
experiments as 10 log 10 signal power / total noise power in a I -Hz frequency band at tile
input  to the signal processing algorithm. The difference from one image to the next is the
change in SNR which has been calculated in decibel uni ts  ranging from +5.8 dB to -30.0 dB in
the case of the data in figures 2 through 7.

The signal-processing algorithm normalizes the signal-plus-noise power at tile proc-
essor input  to 1.0: this  restricts the processor output  ampli tudes to the range of ’ 0.0 to
1.0. If the SNR is very large the maximum output  ampli tude is near 1.0. Because tile total
power is held constant at 1 .0. the maximum output  ampli tude decreases as the SNR de-
creases. At some point , which  is dependent upon tile processing bandwidth  and integration
time , the inpu t  noise predominates over tIle signal. Beyond this point , the maximum output
amplitude is determined by noise alone, which remains constant as a result of the normal-
ization. It may be noted from figure 7 that  for the processing parameters in these test data
the noise becomes predominant at approximately —6.0 dB. Beyoiid tills SNR level tile maxi-
m u m  output  amplitude remains constant at approximately 0.5 (yellow coding).

Based on data sets such as these , measurement of the threshold of pattern percepti-
bil i ty can be made for comparisons of various coding scllemeS. h owever , the concept of a
threshold for the perception of distinctive pattern features requires some elaboration. It
should be emphasized that  a pattern threshold is d is t inc t l y dif ferent  from the threshold for the

19 

- - - - ——— —



~~~~~~~~~~~~~~~~ .—~~
—- - — - — —---

~~
--

~~
—

~

64.0 8 BANDS — 1 STEP 64.0 16 BANDS — 1 STEP
56.0 56.0

‘4,48.0 u~ 48.0
z z

40.0 40.0
9 2

32.0 5a 32.0 5b

24.0 24.0 -
8.
0a ~~ ~ 16.0

8.0 8.0

0.0 . . , , .  0.0
0.0 100.0 200.0 0.0 100.0 200.0

DA TA A M P L I T U D E  DATA AMPLITUDE

64.0 6 BANDS — 5 STEPS 64.0 6 BANDS — 10 STEPS

56.0 56.0

48.0 48.0
Iii ‘41z z

40.0 40.0

9 9
32.0 5c 32.0 Sd

24.0 24.0
0.

5 16.0 6 16.0

8.0 8.0

0.0 , -, 0.0
0.0 100.0 200.0 0.0 100.0 200.0

DATA AMPLITUDE DATA AMPLITUDE

64.0 8 BANDS — 4 STEPS 64.0 8 B A N D S — B  STEPS

56.0 56.0

~~~ 48.0 ~~~48.0141 141z z
40.0 40.0

9 9
32.0 5e 32.0 5f

24.0 24.0
0. 0.,n
~ 16.0 5 16.0

8.0 8.0

0.0 0.0
0.0 100.0 200.0 0.0 100.0 200.0

DATA AMPLITUDE DATA AMPLITUDE

Figure 5. Grey.scale quanti zat io n ramps in the Comtal for the six coding schemes.
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detection of a sign al in noise. Clearly,  the cr i ter ia  t’or perception of a P at te rn  arc more sub-
jective and less prec ise tha l l  for a tone or simple visual s t imulu s . Ti m e judgment  01 a p a t t e r n
thresho ld is h ighly  depei lde li t on the viewer ’s understa nding of tile most s igni i ica ml t  p at tern
t eat t ir es  and pa t te rn ing  in tile noise d i s t r ibu t ion  which might be confused w i t h  signal. It is
expected tha t  the t ilresho ki would vary as a t’unct ion of the pa t t e rn  features em flp i las it ed to
t h e subject , tile pa r t i cu la r  pa t t e rn  viewed , and tile subject making the judgment .  Tile amount
of practice in n l aki n g s imilar  judgments  on other pat terns  aild other coding scilellies would
also a ft ’ect tile measured threshold. It  should be evident ,  th erefore. that  the concept of a
P attern thresi loid and the comparison of thresholds under d i f f e r e n t  condi t ions  are s ta t i s t ica l
corlcepts. The approacil is based on tile assumption that  sul’l’icie nt  consistency can be found
in the threshold judgments ol’ a group of subjects l a i l l ih iar  Wit i l  the type of pat ter n s  viewed to
establish real difkr ences . if any,  between the thresholds for the various coding schemes.

The procedure used in Exper iment  3 differs from conventional psychophysical
measurement of a threshold value , primarily ill tile emp hasis on full disclosure of al i relevant
para meters to the subjects. The subjects were allowed *o examine in detail the entire range
of SNR values in the two patterns and under all of tile grey-scale and color-coding schemes
prior to making any of their threshold judgments.  The details on tile procedures used to
provide this exposure to the entire data set are included in Experiment 3. At ti li s point .
however , it may be noted that tile procedure allowed tile subjects to view images in the  test
ser ies , fou r a t a ti me on the Com ta l an d to page forward or backwa rd th rough the entire
series of I I  images as desired. Tllis techni que allows the subject to exa mll in e and compare
pat tern features in the orig inal image and t h e  noise image. With full knowledge of these two
en d poi n ts . ile is better able to judge the SNR level at which tile significant pattern features
in the original image have been degraded beyond recognition. He is also better able to
recognize patterns in t h e  noise. W hic il might otilerwise be confused with the signal. Tile
tecilnique is based on the assumpt ion tilat the subject will examine tile test series carefully.
several times in ascending and descending order , as he ref ’ines ili s j udgment  of tile threshold.
In a sense, his final judgment is equivalent to tile mean of ’ a series of independent  threshold
de te rm ina t ions  obtained by presenting one image at a t ime in ascending amid descending order.

THRESHOLD AND GAIN CODING ADJUSTMENT

Tile primary objective of Experiment 2 was to obtain preliminary informat ion on
t he prefe rred manual settings of tile threshold and gain coding par an leters which max ’ be
adjusted by the  operator in the Com ta l di sp lay using the trackba ll .  Briefl y stated, the thres-
ho ld amid gain parameters determine tile relationship between the dynamic  range of the
input  amp litude scale amid the output  ampli tude coding scale. This relationship is determin-
ed within the Comta l function memory by a transfe r or mapping function. The potential
value of having a threshold and gain adjustment  is tha t  the full dynamic range of tile display
output  can be applied to any portion of the input  amplitude distributions , where a filler
discr iminat ion of ampli tude levels may be desired. As noted . the threshold amid gan~ sett ings
preferred by the subjects in Experiment  2 were desired as a basis for r e qua nt i z in g  the test
data sets for Experiment  3. A secondary objective of Experiment  2 was to compare the
pre ferred manual  settings of threshold amid gain wi th  those obtained by au ton orma l iza t ion .
A brief discussion is provided of the ti lre sho ld and gain coding parameters as they are
implemented on the Comta l display.
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‘rile acoust ic data used in these experiments  consisted of a 240 X 256 m i la t r i x  of
an lph tude  valu es ranging 110111 0.0 to 1 .0. In t im e data processing required to code these
values for d is p l ay .  tile ampl i tu des  were quant ized to 252 discrete levels from 4 to 255 (levels
0 to 3 Were used to code time f ’ield surrounding the image) .  The funct ion m emory in the
(‘omtal m apped t h is iml put  mat r ix  of amp li tude levels to an output  scale quantized to 8 to 64
levels w i th  display codim ig ill color, grey-scale , or some combinat io ml of color am ’md intensit ies.
Tile relationship between the input  data ampli tudes ami d the ou tpu t  coding was determined
by tile cha racteristics of ’ the transt ’er function and tile specifi c values assigned to threshold
and gain. TIm e principles under ly ing the definitions of tilese parameters are discussed below.

Figure 8 depicts time basic geometry relating threshold amid gain to the transfe r
func t ion .  Iii this diagram the input amplitudes are scaled from 0.0 to I .0 and are represented
by the horizontal axis. Time output amplitudes , repre sen ted by the vert ica l a xis , a re al so
sca l ed t’ro m 0.0 to I .0 to correspond to the input , al t ho ugh any app ropri ate sca le mi ght be
used. The output  ampli tudes are shown coded in six broad bands of color , pl us white.  A
wide variety of color and grey scale coding schemes , ranging from 8 to 64 discr iminabk
levels . m ight have been used for this diagram as described in a previous section.

In t’igure 8 the basic transf ’er funct ion  geometry is i l lustrated in ternls of the
“standard” coding (a). i t is eviden t th at wi t h standa rd codi ng the full dy na m ic ra nge of the
input  is mapped in a l inear  fashion to the f ’u II d y n a m i c  ramige ol’ the ou tpu t .  As noted on the
diagram , standard coding may be also defined as a threshold of 0.0 and a gain of I .0. Other
possible values of threshold and gain are shown omi the diagram to in dicate  how the para-
meters are re lated.

Examina t ion  of the diagram reveals tha t  the t ra n st ’er funct ion m ay be rep resen ted as
the h ypote n use of ’ a right triangle.  The base of this triangle is equal to the percemitage of the
t’u ll  range of the i npu t  ampl i tudes  which is mapped by the transfe r function , while the height
of ’ the t r iangle  is the percentage of the full range of the ou tpu t  ampl i tudes  which is actually
coded. The threshold is seen to be represented by tIle im lterce p t  of the transfe r funct ion
with  the horizontal  axis , while t h e  gain is inversely related to t h e  slope of the transfer
f’u net io n .

The geometry of the re la t ionships  i l lustrated in figure 8 may be summarized as
t ’olIows:

Transfe r func t ion  = the hypotenuse of a right t r iangle ,  whe re:

x = the percentage of the full  range of the input  anlp l i tudes that is coded by
the t r amisfer funct ion .

y = the percentage of the full mange of the output  amplitudes that  is coded
by the transfer funct ion .

ga im i = I / i  slope of ’ t he transfer funct ion (y / x  I]  = x/y .  and

threshold = tI m e x in tercept  of the transfe r funct ion .
Several numerical  examples may clarify these defini t ions.  Referring to figure 8(b) .

where the threshold is 0.0 amid the gain is 0.5
gaim i I / slope 0 .5/ I  .0 = 0.5 .

Note tha t  in this  case tile lower half of the full dynamic  range of the inpu t  is mapped to the
ful l  d y n a m i c  range of the ou tpu t .  In ilgure 8(c). wilere the threshold is 0.5 amid the gain is
0.5 , the  gain has tile same slope as case (h )  amid is derived from the san~e values , except tha t
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im i this case it is the upper  half of ’ time inp u t w imich is mapped to time full range of t u e  output.
1mm figure 8(d) . t h e relatio n sh i ps are sotm ic w hat di i fe r e ml t  in timat Oml l y time lower imu l f of the
ul y nam m i ic range of the  output is used to mii a i~ tile upper ima l f of time output .  I Iere , t h e gai n is
equal to 0.5/0.5 . which is aga n equal to 1. 0. [he final case i l lus t ra te d .  f igure f~( e I . intro-
duces the concept ofa h ypothetica l ml ega t iv c threshold , i n timis case —0.5. Example (e) mim aps
the lower half of the im iput to the upper imalt ’ of the output , ilence time gain of 1 .0. Since the
range from 0.0. to 1.0 is the full dynamic range of the input amplitudes , r~ gative values of
input  amplitude canno t exist ; however , for the computation of thresholds in Experim ne nt 2 ,
it was desirable to include tilose cases wilere time subject set the threshold below the stan-
dard coding of 0.0. For such cases , tile threshold is defined as the x intercept of the trans-
fer fu nction when extended witim the san~e slope to the horizontal axis to form a right tn-
angle . Or~ final rela t ionship of those coding parameters should be noted. The algebraic
sum of the threshoki plus the gain defines the input  amplitude mapped to the highest out-
put coding, i.e., white in the examples in figure 8. This definition holds , however , only for
values of threshold plus gain between 0.0 and 1 .0. In examp le 8(e), the threshold of—0.S
plus the gain of 1.0 are equal to 0.5 which is seen to be the input value that is niapped to
1.0 or white. Tile importance of the tilreshoid plus gain will become evident in later dis-
cussions of nornla l ization and the results of Experiment 2. To further  illustrate time coding
principle discussed in this section , the effect of’ some representative settings of ’ threshold
and gain on image pattern features may be seen from the photographs in figures 9 and 10.
Because it is a special case, a transfe r function diagram has been included with figure 1 O(a)
to illustrate how the gain of 1 .5 is derived.

With this background understanding of figure 8, additional coding concepts are
more easil y explained. In the experiments reported here comparisons were often made be-
tween normalized and nonnorma lized data images. A discussion of the autonorma lization
procedure used in these experiments is provided in this section. Autonorm alization of tile
input  data dis tr ibut ion is a process that divides each data amplitude by the highest amplitud e
in the data array. This normalizes the input data to a distribution of amplitudes ranging
between 0.0 and 1 .0. With the use of standard coding in the Comtal as illustrated in figure 8,
it is evident that with these normalized aniplitudes as input the full dynami c range of the
output  coding is matched to the normalized values from 0 to 1 .0. This means that the
highest amplitude is always coded white regardless of its amplitude prior to normalization.
Note that autonorn ial iz ation is equivalent to adjusting the gain so that the threshold plus
gain is coincident with the highest amplitude in the input data. This relationship is used in
Experim ent 2 to relate the preferred settings of threshold and gain to autonormalization.

I i~ s igni f icant  difference betwee ml manu al adjustment of threshold /gain and auto-
n ormm i a l i ,a t ion a~ t l mat  in the la t ter  case tile input  data are normalized to ma~ one—to—one with
the full  d~ nai mmic ramige of the output  scale. In the fo rmer case. the operator intera ctively
adjusts time t r a n s f e r  func t iomi  in tIle (‘onltal memory relative to the dynamic range of the
input amu p l i tudes.  Wi th  m i mam ’m ua l adju stment , both threshold amid tile gain of the transfe r
function are under operator control Autonormah ization adjusts the gaimi only ( in a relative
sense by renorm u a l iz ing the  da t a ) ;  tile threshold rem il a ins constamlt at 0.0.

Before col l lp let ing t imis  section on codim ig parameters it sho uml d be mioted tha t  a great-
ly s implif ied model of tile transfe r funct ion  has been used in the di scus siom ’m . For the mul t i -
hand/ one-step color codimig schenm es the transfe r ftmm ’mction was a c t u ma l lv  a stepped, l ine ar  ramp.
i .aCil step correspom ided to a band in the outpu t  coding scale. The number  of steps and the
hei ght of each step were d et ermn imied by tile gain amid the rmumbe r of d iscr imin at ion  levels in
the output  codim ig scale. In the ni u l t ib and-m mm ltist ep scilenles the tram isfe r fun cti om l was again
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a stepped line ar ra immp. However , in this latter case the steps correspomided to (he intensi ty
steps within each band.

T u e  trans fer func t ions  f ’or t ime grey-scale coding sJmemnes were quite  d i f ferent .  Be-
ca use time respomms e of ’ time hu m an eye to bri ghtness dift ’eremices is mion l inear , tile tra nsfer
function must also he miom il inear to achieve equally disc n imim iabl e output levels. Examples
of time nonlinear transfer f’un ctions (qu a m m tiz a t io m i  ramps ) used f ’or grey-scaie coding in these
exp er inmen t s are irm fi gure 5.

SUBJECT S

The experi m ental desi gmi for these exp erim emi t s , knowmi as a “subje ct by t r e atm m i et lts ”
design , tested each subject under all of the cond itions , In effect , each subject acted as his owncontrol. Such a design is ti m e m ost el ’fici ent test available for a rel ativ ely small , diverse
sample of ~ubje~ts. Figh t or nine sumhj e cts were used in these experiments. The subjectswere drawn fro m the pro f’essionul staff ’ of the NOSC Sigmi al Processing and Disp lay E)ivisionomi the basis of their availabili ty and their  l~im i l ia r i ty  with the class of acoustic data used ititi m e experiments. Actual l y, all h u t  one of the subjects were m embers of time Disp lay Branchwithin the division . All subjects had prior exp eri ermce wi th the specific l att erns used iii thetest and thus had prior knowled ge of the si gn i fican t pattern features. All had been exposedto the pat tern s at full signal streng th and in the stamidard color code on many previousoccasion s. The subjects had l i t t le  ii ’ any previous exposure to the patterns in time grey~scal e. Th us, if the subjects brough t any bias to time experi mllefl t s it was in fuvor ofcolor-coded i m ages in the standard 6-band , l O-step format. With this potential bias present , an yprefer ence for grey-scale over color in these experimen ts assumne d even greater
significance.

EXPERIMENT I:  CODING SCHE MES

PROCEDU RES

The purpos e of Exp erim ne nt I was to obtain r anking judgmen t s  on th e  percept ib i l i ty
o f s ix  candidate coding schemes ranging from 8 to 64 levels of ou tpu t  a mu p l i t u d e  coding.
The rankings were m ade independentl y against Ibur p erceptibil i ty criteria. The d e f i m m i t i o n
of the coding schemes , rep resenting combinat ions of bands and steps , is described in detail omi pages6 through 26. Grey-scale and color quant iz a t i on  were includ ed iii Experime nt  I as parameters(i.e., variables held constant while the primary variables were change d to det ermine their
e ffect). However , ranking jud gments were made with respect to the cod ing schemes, only.
in this initi al  experiment .  Other parameters included were SNR at two levels and bot h
normalized and nonnormalized data quamit iza t ion .  A detailed di scu ssiom ’m of nor m al izat ion
was present ed in Threshold and Gain Coding Adjustment , page 20.

Four separate criteria , listed below , were developed for this experiment to provide a
more meaningf u l measure of the source of factors that might contribute to a ju dgment of
overall percepti bility.
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1. Sharpness of time demarcation (edge) betw eeml successive contours.
2. Overall com ltr a st between adjacent comito umrs (quant iza t ion  levels).
3. Perceptibility of sign ifica nt patt ern f’eatu res.
4. Perceptibility of equivalent amnp l it u mdes in widely separated areas t im ro u mgho um t

tiw mote.

Tlmese criteria were selected omi the basis of an informal assessment of time appearance
of representative data p atterns when coded with various schemes in grey-scale and color. An
attempt was made to imic lude criteria that  would produce distinctly diff erem it rankings w lmen
a~~ lied to the various coding schemes. This approach can add sign ificantly to our under-
standing of the basis for change s in time rankings from one condit iomi to ammot imer .

The ex p er imm m en t al design for Exp er imn emi t I was represented by all combinat ions of
the following variables: 6 (coding schemes) X 4 (criteria) X 2 (color/grey-scale) X 2 ( SNR
at +5.8 dB and —6.0 dB) X 2 (nornlalized and nonnorm n al ized) X 9 subjects .

The test procedure involved time presentation of ’ time six coding scilemes in sequence
on the Comtal in a self-paced or “paging ” mode using the keyboard space bar. The subject
was also able to call up any omme of ’ time six images for detailed comparisons by pr essimmg
specifi c letters on the keyboard. The subject paged throug h tile six images f’or a given combi-
nation of the parametric variables, i.e. . 2 (grey-scale/color) X 2 ( SNR) X 2 (norma l izat iom i )
= 8 trials. His task was to rank the coding schemes t’rom I to 6 agaimist each of time foumr
criteria in turn. The subject then init iated time r~ext trial and repeated the ranking proce-
dure. Tile same order of presentation for the parametric variables was followed for each
subject to simplif y the storage of data in time computer.  Tlmis order is most easily described
in programming terms. The most rapidly changing variab le was tile coding scheme. Then .
in order , th e cri ter ia add ressed by t u e  subject: color or grey-scale . SNR. normalizat ion .
and fina lly the subject. Only one image patte rn was used throughout. Representative image
sets are shown on fi gures 2 and 4.

The instructions to the subjects, reproduced in full imi appendix B . provide additional
details on the test procedure .

$~ SU LTS

The results of Experiment I are presented in fig imres I I  t h rough 14.
Figure 11 presents the results in terms of the comparative average ram iking of the six

candidate coding schemes. The data are averaged over the nine subjects , time t’our ran kim i g
criteria , and three parametric variables (i.e.. color-grey, SNR. and norm alization).  Subse-
quent figures break down the results in terms of various combimmations of these parameters.
Remembering that the coding schemes were ranked from 1 (highest ) to 7 (lowest ) .  figure I i
indicates that the overall ranking of the six coding scimem ~s from highest to lowest was 3. 4 .
1. 5 , 6 , and 2. The difference between schemes 3 and 4 is si ig lmt (not significant ),  as is tIme
difference between 5 and 6. Scheme I is given approximately time same rank as 5 and 6.
Figure 11 is useful mainly as an overall indication of comparative rankings , since time rank-
ings change somewhat as a function of the criteria amid time oth er param etric variables.

Figure 1 2 gives the results in terms of a color/grey comparison. Here we SeC a s imi ft
in color/gre y ranking as a function of coding scheme , part icul arly for Scheme 4 amid Sch eme I .
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Figure I I .  The mean ranki ng of the six coding schemes compared in Experiment I .
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Figure 12. The mii eamm rammking of the six coding scimemes in grey-scale and color.
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Figure 13. Tim e mean ranking of the six coding scimernes imi grey-scale amid color combined
against four perceptibility criteria.
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Figure 14. Time nmean ram m kimmg of the six coding schemes against four criteri a amid imm grey-scale
and color.
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It is importam lt to keep in mmiim i d . when r ev i ewi lmg these data . t h at E xper i m imer mt  I was mm o t
designed as a direct comparison of grey-scale amid color codi rmg. I t  would be mis immter p re t a -
tiomm of t ime results . f ’or example.  to comm cl ude t h at grey-scale is preferred by one ra m mk i m m g un i t
over color coding wit im Schemne I . Time reason for  the  apparen t  ditTerence may lie in time tac t
that  when compared wit im some of time other grey-scale schem imes Schemn e I was noticeably
bette r: whereas , the d iff ’erem mces amn or mg time various sc lm enmes wit im color coding were r iot as
mnark e d. Results wiucil direct ly com n par e the perceptibility of’ grey-scale and color codes arc
presented in Experi m ents 3 arid 4.

The combined ran ki n g in figure 1 1  sh ows schemes 3 and 4 to Imave approximm i at e ly
equal ranks. Im i figure 1 2 mt is seen t i mat  l’or grey-scale Sc imemne 3 is i r e I ~rred over Sch enm me 4;
for color , t he opposi te ms foun d.

Fi gure 13 presents the overall e ffect of ’ tile four d i ft ’er en m t criteria as a fun ctiom m of
codimig sch eme. Timese data indicate that  edge and comitrast generally produce similar
ra n ki n gs , as do patter n arid amplitude. Figure 14(a) plots time m i m eani ram iki nmg for time f ’our
criteria for the color-coded schemes. Time differences in ram lk ing .  as a I’u r mctiom i of criteria.
a re seen to be sl igl m t . except t’or t he pairing of edge and contrast arid a similar pairim lg of
patter m m and anmm p l i tude on Scimern e 4. However . wit h grey-scale coding, as showmm im m figure
14(b ) . time pairim mg of criteria is m uc h mn ore prommounced.

A deta iled stat i st i cal anal y sis of t i m ese resu lts , k nown as am i Analysis of’ Variance
(ANOVA ) . was computed using time UCLA BMD O8V programmm ( 1 9 7 1 ) .  An ANOVA of the
significance of time differences between time m eans of time primary variables can be of consid-
erable value when the differences are not as apparent as in this case. Time ANOVA does.
h oweve r , include a complete table ot meam is . whic h greatly simplifies time documentat ion of
the results. Tile ANOVA for these data commt ’irnis timat time differemmces between time mm l eans for
the combinatio mms of variables, presented in figures 11 t lm rotmgh I 3, are statistically significant
at tIme .001 level o1 confidence (i .e. ,  a d iffe re n ce betwee n m ea n s as la rge as t h i s wo u ld occur
less than one time in a timousand by chance alone) . These si gmiif icam m t differences include time
coding sclmemes (figure 11) .  tIme interaction of color/grey with coding schemes (figure 1 2).
and the interact iomm of ’ criteria Witil coding sch emes (figure 13). The interaction of ’ criteria .
coding sch emes, and color/grey-scale (figure 14a , b) is significant at tile .05 level of confidence.

EXPERIMENT 2: THRESHOLD AND GAIN

PROCEDU RES

The purpose of Experime n t 2 was to obtain pre l imim iary inf ’orm n ation omi time prefe r-
red mnamiua l settings of’ time thres h old and gain quant i z at iomm paramm ieters , wh ich niay be
adjusted by time operator on time Comta l display using time trackba ll .  Timese preferred settings
were needed for coding time test data sets for Experiment  3. A secomidary objective of ’
Experiment  2 was to compare the preferred mmianua l settim igs of timres imo ld and gain with
those obtained by autonorma l ization.

A detailed discussion of the t lmresimo l d amid gain adjustni emi t 0m m time Co m m m ta l was pro-
vided on pages 6 thro u mg im 26. The reader may wish to ret u m r n to this  section for a review of the
mnajor concepts and m any procedural details which are mm ot repeated here.
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Time primary i ndependent variable imm t imis e xper imm i e n mt was the ratio of signal po wer to
noise power ( SNR)  of the acoustic data images used as test material .  Five levels of SNR
rammgimmg fro n m l +5.8 (or +2. 1)  dB to — 1 1 .4 dB were selected fr omm i the  calibrated test data as
t he test immmages used. The commstructiom i of timese data sets imas already been described in
deta il. Timere were two data sets wit h di f ’feremmt pat terns mi Experiment  2. Each SNR-
patter mm co r m i bimmatio n m was presented t lmre e times. Time images were coded only itt color m l  the
6-hand , 1 0-step sclmeme wh icim was preferred by the sumbjects in Exp er inmen t I - Time experi-
nm e nta l  desig nm f ’or Experiment  2. t lmerefore . consisted of all the possible co mbimmations  of
S ( SNR )  X 2 (pat tern)  X 3 (replications ) X 8 (subjects).

Time test proced umres in Experim i ient 2 were designed to simulate conditions where time
ope rato r m ight view a num imber of ’ different patterns.  w it l m varyi n g signal stren gt Ims. over a
simort period of ’ ti me. Also , ca re was taken to avoid any bias introduced by a sum bject ’s
pr evio ums setting on a similar p at tern.  For these reasons , a pseudoram mdom order of prese nm ta-
tio n of ’ t i l e  test conditionms was used to provide as mu mc l m contrast as possible between
sumcc essive trials. The presenmtat i on order alternated time two patterns , amid one of time imig h m
SNR images was a ltermm ated wit l m a low SNR image unti l  t ime entir e dual set of 10 images had
bee n presented. Time sequence was timem i repeated two m ore times.

By storing the entire sequence of ’ immiages on tape it was possible to call up each
image from time 1108 computer with a siniple key board entry . Time im ages were pr esented
on time Comta l without  annotat ion . im icluding eh imimiatiomm of t lme umsual calibrated color scale.
TIme subject Imad no qu mamit i ta t ive  knowledge of ’ his results - - - only time c h ma ml g e to time imm iag e as
he adjusted threshold armd gai rl by mmmean s of the trackba ll . To insure an equivalent start i~igpoint for each trial , time inm iage first appeare d wit h stam idard nom mnorn - ma h ized coding. For
examnp l e . it ’ time imig im est data magnitude in the imnage were 0.3. the color coding of the peak
in time data array would be just into time yellow bam i d.

TIme task of time subject was the adj u mstment of threshold amid gaimi by meamis of ’ the
trackba ll to make the signifi cant pattern features of ’ t h e i nm age as dist in cti ve as possible r ela tiv e
to time low level background. TIme objective , as stated i n time imi strimctioi l s . was to inn prove
upon the coding as first presented, if possible. As ami aid to ac imieving th is objective , ti m e
subject could return at any time to t I me coding of the image first presented by means of a
keyboard entry.  Wlm en satisfied wit h the threshold and gain settings , ti m e su mbj ect seq u en ced
to time next image by pressing time space bar.

Automatic recording and printout  of the subject ’s threshold and gain settings were
also provided. Time measurement system recorded the starting point (t lmr esho l d) amid tI m e
range (gain) of tIme quantization ramp in the Comtal fun ictiomi memory imi no ri mma l iz ed units
from 0.0 to 1 .0 relative to the stammdar d ini t ial  settings. If t I me subject ’s final  setting of
thresho ld was below the zero value of the input  distr ib u tiomm . negative values were assigned.
Illustrations of ’ various combinations of thres h old and gaimm are inclu ded m i  figure 8.
Further  details on time test procedures for Experiment 2 are provided in the instructions to
time subjects. included in appendix B.

RESU LTS

Time results of Experiment  2 are s imowmm imi f ’igure I 5. Time effect of tIme pri m ary
va r iab le . SNR. is plotted in terms of the average threshold , gain . and thres lmo ld plus gain
settings as described for t ine  two patterns.  Time hig hest ampli tude (si gnma l or noise) in the
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Figure 15. Time mean thres lmold and gaimm setti n gs in Experiment 2 as functions of SNR.
Time maximum ammmp litude (signal or noise) is indicated for comparison with time threshold
plus gain function.

imi mages at each SNR is also p lotted for comnparisom i as explained below. The parameter thr es-
hold plums gain always defines the amplitude in the input  distribution . wl mi ci m is m apped to
tIme h igimest level in the output color code. This is always white , if time value of the threshold
plums gain is less than or equal to 1 .0.

It may he recalled that autonormalization is accomplished by dividing the input
data by the highest amplitude imi the distribution (again , signal or noise). This renormaiizes
the data from 0.0 to 1.0 and the data are then mapped in the function memory to a color
code in which the highest level is white, regardless of the data values prior to normalization.
It is apparent , therefore , that if the value of the parameter threshold plus gain is coincident
with the highest amplitude in the input data the subject has matched the coding for auto-
normalization.

Time data presented in figure 15 (fo r time two patterns combined ) simow t i mat  time
su bjec ts do . in fact , closel y match auto n ormah ization , at least wit lm respect to time coding
for time imig imest ampl i tude.  Th ese data indicate t i mat time subjects decreased timeir gain settings
in a m amm n er ti iat closel y mn atc imed tile r e d i mctio n m in anip l it tmde in time imimages. TIme threshold
setting, on the other hand , remains relatively con mstant at 0.1 to 0. 15 units of ampl itude
above tIme normalized 0 level. The preferred settimigs diffe r f’rom automiorn iah izat ion imm t h at
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tI m e subjects raised time thre slmo ld a constant amount and , at t he same time, decreased the
gain proportionately to m ai imt a in time same coding for t u e  highest amplitude (whi t e ) .

Photographs of both the preferred coding and the nonn ormna l ized coding for one of the
patterm i s are provided in figures 16 and 1 7.

Detailed statistic al analysis (ANOVA ) for the data of Experi r m i ent 2 indicate , as
mi gh mt be expected , that the reduction in threshold plus gain values as a funct ion of SNR is
a true effect. The difference between the nmeails is significant at a probability value less
than the .00 1 level of confidence.

EXPERIMENT 3: GREY-SCALE VERSUS COLOR
AT THE PATTERN THRESHOLD

PROCEDURES

The purpose of Experirmmemmt 3 was to determine the relative perceptibility of grey-
scale and color-coded acoustic data images at the threshold of pattern perceptibility (i.e..
at very low SNR levels where the patterning is easily confused with noise) . In this ex-
periment. relative perceptibility was defined in terms of a measured threshold value
calibrated in conventional dB units. The threshold was determined by viewing a set of
I I  images in which the amount of noise power was progressively increased relative to the

signal power for a given combination of conditions. The development and use of data
sets such as these is described in detail on pages 14 through 20.

The primary independent variables in this experiment were the grey-scale versus
color coding and I I  SNR levels. Because the sumbject selected a single SNR level (the thres-
hold) out of 11 possible choices , SNR is not treated as a primary variable in the analysis.
Parametric variables (held constant on a given trial ) were the two patterns used in
Experiment 2 and thre e of the coding schemes used in Experiment 1. These were the 8-.
16-. and 60-level (6-band , 10-step) schemes. All data viewed in Experiment 3 were
normalized to match the average threshold and gain settings at each SNR level preferred
by the eight subjects according to the results of Experiment 2. Sample data sets in grey-
scale and color are shown in figures 18 and 19.

Time experimental design for Experiment 3 consisted of all combinations of the
following variables : 2 (color and grey-scale) X 1 1 (SNR levels) X 2 (patterns) X 3 coding
schemes) X 9 (subjects). This was also the order of presentation of the conditions from
most rapidly changing to least rapidly chan ging. The same order of presentation for the
combinations of parametric variables was followed for each subject.

The test procedure allowed the subject to view the 11 images on any given trial , four
at a time on the Comtal display, as illustrated in figure 20. The subject was able to manually
“page ” forward or backward , one image at a time. By this means he could view the entire
sequence of 11 images. He was also able to shift directly between the grey-scale and color
versions of any given set of images on the display. A manually controlled cursor was avail-
able that automatically rep licated its position at identical coordinates in the four images.
This feature aided the subject in locating and tracking signal peaks on any sequence of four
images as the sign al progressively faded into the noise. Further details on time test procedures
are described in the instructions to the subjects , included in appendix B.
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RESU ITS

The results of E x p c r i m m i e m m t  3 are pr esented i m i tab le I .  Table 1(a )  gives time average
thresho ld se ttimmgs of time mmi m m e subjects for t I me grey-scale a imd color coding in arbitr ary uni ts
trommm I t lmro u g lm I I  corresponding to tIme 11 SNR levels frommm +5.8 dB to —30 dli. ( FO~~ ex-
ample. a t imr e siioid of 8.0 corresponds to amm SN R level of ~ o) .3~ ) Table I pr e s emmts the average
t lmresho lds whemm the data for both pat te r mms ammd the three coding schenmes have beemi co im ibimmed
to a rrive at a si mmg l e muc a im value l’or grey-scale ammd for color. It is aflp arent  that  there is imo
di f ’t’e re rmce between the grey-scale and color worth not imig. Another  way of presenting the
resu l ts is by pat te r rm t’or t ime grey-scale amid color separately as in table 1(b ). Tlmese data indi-
cate that  time color coding was slig ht ly  pre ferred on Pattern I while the grey-scale was the
preferred codimmg omi Pattern 2. Again , time co nc lu sio im is supported t lmat overall there is h o
significa r mt difference. Table 1(a) sumim larizes tIme data in still amiother way. The mnean thres-
Imo ld values for the 8-. 1 6-. and 60-level coding schemes are sh own separately for grey-scale
a nd color coding. Agaimi . there are no dif ’ferences worthy ol note.

Detailed statistical ana lysis (ANOVA) for Experinmen t 3. as expect ed. su ppo rts the
cotmc lusion of no difference between grey-scale and color codi mmg under  time conditions of this
experiniemi t (i.e.. at the threshold of pattern perceptibility ). Time only significamit difference
foumid between means (.01 comifidence level) is the int e ractiomm of time coding sci me rmie with the
pattern.  This is merely statistical confirmation of the results shown in table 1( h ) .  i.e .. t lme re
may be a significant preference for grey-scale or color coding dependin g on time pattern viewed.
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Table I .  Mean Tlmreslmold Deter mni n at iomms of Nine Subjects in
Experiment 3 with Grey-Scale and (‘olor (‘odi ng.

a. Average Threshold Settin g

Subject Grey Color

7 .83 7.83
2 8.50 8.33
3 8.50 8.00
4 8.50 8.33
5 8.00 8.00

8.00 8.00
7 8 .00 7.67
8 8.17 7.83

Mean 8.20 8.07

b. Separate Results

Grey Color

Pattern 1 7 .92 8.04

Patte rn 2 8.48 8.11

c. Mea n Threshold Values

Grey ColoT

8 Levels 8.1 7.9

16 Levels 8.3 8.3
60 Levels 8.2 8.0
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EXPE RI \ I ENT4:  O VERALL RANK I NG OF
GREY-SCALE VERSUS COLO R

PROCEDURES

The purpose of E xper im i me n t  4 was to obtain direct rankimmg jud grnem mts  on the relative
pe rcept ibi l i ty  of grey-scale and color-coded immiages at SNR levels clearl y above the
pattermi th reshold. The rammkings were made immdep en demit ly against the saimie Iour percep-
t i h i l i t ~ criteria used in Experinm ent  I - l hree representative coding schemes used in Experi-
ment  I ( i .e . ,  the 8- . 16- . amid ô0 -le v el ( ô -b ammd . 1 0-step) schemes) were incl uded as a para-
m u i e t e m .  Oth er  pa ra i mmetr i c  var ia b les  were SN R at  three levels . nornmal i te d  a r md m m o m mm m o r mimal i t ed
q u anti t at ion.  and the two patterns used iii Experiments  2 ami d 3.

TIme experimental design for Experim m ient 4 consisted of all combinations of time
following variables: 2 (color and grey-scale ) X 4 (criteria) X 3 (coding scimemes) X 3 ( SN R )
X 2 (nor m a l i t e d and mionmmormm i a l iz e d ) X 2 (patterns) X 8 (subjects ) . This was also the order of
presentat io n of time conditions. from u m i most rapidly changing (grey-color ) to least rapidly
changim mg (subjects ). The samne order ot ’ presentation for tIme comnbinat ions of paramete r i c
variables was followed for each subject. Timere were 36 trials ( i .e . .  3 ( codimmg) X 3 ( SN R )
X 2 (normalizat ion )  X 2 pat tern )) .

The task for the subjects required a direct comparison and conmparative ra r mking of
the p er cepti h i l ty of the color amid grey-scale versions I’or each image (t r ia l )  against the four
perceptibil i ty criteria. m facilitate timis judgment  time subject was able to slmift between
color and grey-scale as many times as he wis lmed before making his decision. Ai’ter rankings
had been immad e against eacim of the criteria , time subject sequenced to time next  trial and repeat -
ed the procedure .

Time subjects were asked to mm ia ke one of Ibur judg m em its  expres s ing time degre e of
dif li re mmce 1mm pe rcept ib i l i ty  of grey-sca le aimd color on a scale of I ( imig imest P ercept ib i l i ty )
to 7 ( lowest) . These were : mmo difference ( 4-4) . slig lm t (3-5 ). mmiarked ( 2-6) . amid extreme ( 1-7 1.
The di ffe r emmc e mn ig i mt favor e it lm er grey-scale or color. Furtimer detai ls  of the test procedure
are i ncluded in time imistruct io n s to time subjects m n ap pemidix B.

RESULTS

The results of E xpe r im m mem m t 4 are presented in Iigur es 21 tlmro iuglm 24. Time ave rage
ranking for grey-scale amid color mmmad e by the eigimt subjects agaimist time I’our crite r ia are
shown in tigure 21 in bar chart formim . These data combimm e time results for time re mainim ig para-
metric variables i.e.. SNR. mmor mmma lization , aimd pattern. These data imidicat e that overall tIme
codim mg schemes based on color were pre ferred over time grey-scale against eaclm of time four
criteri a , as may be seen by the height of the “color ” bars above the line imidicating tIme rankimig
of 4-4 (r mo dit ’ference) for each criteria. The syimm inetry  of the data for color and grey-scale
results from the cons t raint placed on the ranking choices ( i.e. .  4-4 . 3-5. 2-6 . 1-7 ) .  DifI ’ere n ces
in time relative ramiking as a Iummctiomi of t ime criteria are also evi de mmt t’rommm figure 2 1 . TIme pre-
ference for color is greatest (2.5-5.5) t’or the contrast and a i mmp l i tud e  cr i teria a mmd least tor
pa tt ermm 1 3. 4— 4 .~ I. It nlav be noted tlm a t the “percep t ib i l i t y  ( i f s i g u m i f i c a n t  patterm i f ea tu r e s ”
is’ the same en teriomm used in I-xp er inm ent 3 to determ imine the  thres h old oI pa t t e rm m pe r ce pt i hi l i t ~
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fo r  grey-scale and color. Titus , t ime results are consis tcm m t wi th  t h ose of l ’ \ p e n i l i l e i i t  3 . keep-
ing in nmi mm d t l ma t  t ime lowest SNR level used in Expe r i i m me n t  4 (—6.0  dB I was consi derahi ~
above t ime  aver a g e  threshold obtained 1mm E xpe r im im en t  3 (M .3 dB I.

l :igure 22 indicates  tha t  there is l i t t le  change in the  overall rammk immg as a lu n c t i o n  of
S\R level from +5 .8/ + 2 . l  dli to —9.3 dB. From figure  23 it is seen tha t  difference im i r ank ing
is least b r  t ime 8-level codi m m g scheme and greatest for t ime 1 6-level scheme.

Figure 24 (a) , (b) .  and ( c )  brea k time n ammki m m g data down in ter m s of both the criteria
used ammd the three cod iimg schemes. Time re la t ive ly  som ali d i ub ~- remice in t ime ease ob the pa t t e rn
cri ter io n imoted for figure 2 1  ms carried over iii f igu re 24. The di f f t ~r emmce is immost proimou nmced
for the 16-level scheme. The di ft~remic es for time other cri teria are also time most ext reme for
the 1 6-level schem n e.  Not e also that  t i m e smallest d i f ferences  are found for  the  8-level sclmem e .
pa r t icu lar l y for the ed ge ammd pattern cr iteria.

Detailed sta t i s t ica l  amma lysis (ANOVA) for these data  comm li rm i ms t imaf  t ime dif i ëre m mc e s
noted are true e ffects wi th  a .00 1 comm fidei mce level or be t te r .  Si gni l icaimt di fferem ice s between
m mmeamms immc l ude the basic color /grey—sca le conmp arisom m. time i n te rac t iomi  of time cri teria wi th  the
coior/gre y ( figure 2 I ). time i i i te ract m o m m of coding sche im me wi t l m  eo ior;gr ev (figure 23 ) .  am i d time
it mt e r a c t iom i of codim mg scheme , cr i ter ia , am i d color / grey ( figure 2 4 ( a ) .  ( b). ari d (c )

CONCLUSIONS

SUMMARY OF RESULTS

In su m m im ary .  the major results and conclusiom is from the experiments  conducted
t inder  this program are presented in the  fol lowing paragraphs.

L X P E R I M L N T  1

l’he ram iking of the overall perceptibil i ty of six candidate coding schemes was

I .  (H ighest)  6 bands . 5 or 10 steps per band (30-60 discr iminah le levels )
2. ( M e d i u m )  8 bands. I step per ba u d ( 8 levels ) :  S bands . 4 or 8 steps

(32 to 64 levels )
3. ( Lowest ) 16 bamid s , 1 step per hand I 1 6 levels )

With color coding, t imis r a nk im mg order was the same when measured against four
dif ferent per ce p t ib i l i ty  cri teria.  With gre y -scale  coding . a s i m ilar ranking was t’ound for
edge and contrast cr iteria. However , time percept ibi l i ty  of signif icant  p a tter u m features ammd
eq u ivalent  amp li tudes produced l i t t le  d ib fe rence  in ram i k i r m g as a func t ion  of th e  codim ig
sc i ie rne  -
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1-X PI R I M I . NT 2

Ih e  preferred manual  se t t immg s ob thr e shoid and ga imm approximately  m m mat cl med the i u l i
th na in ic  range of the ou tpu t  to time ac tua l  range ob the  i n p u t  data , ex cept  that  the  threshold
was raised to exclude time lowest 1( 1 perce nt ob the inpu t  data  am mi p l i tude range.

E X P E R I M E N T  3

No difference \vas f o u n d  in time thres h old of p a t te rn  percept ibi l i ty  for  grey-scale and
color coding t’or t hree representative codimmg sch em es .

i - X P E R I M L N F 4

Overall ,  for above t lmresho ld pat ter ims.  color coding ~ as pre ferred o~er grey-scale when
com npar ed directl y again st tour percept ib i l i t y  criteria. Tim is pre te remmce was greatest t’or time
pe rception of e qu mivalent  ai mmp li t ud e s and least for t u e  perception of ’ sign if i cant pat te rn
t’eat um res.

CONCLUSIONS

For time class of acoustic data images immvesti g ated t ime I’ol i owi u m g conclusions apply .

COLOR VERSUS GREY-SCALE

A co l or disp lay has so mmme adv ammtag e s over I)I ack amid white ,  if t ime objective is t ime
Perceptio n of ’ patte rning, contours , and equivalent amp lit udes. I i’ time oh~ective is solely
discriminating patterns of ’ very weak signals in noise , the color display has li t t le
ad vantage over black and white.

LEVELS OF QUANT IZAT ION

A display system capable of 32 to 64 levels of grey or color quantization has
advantages over an 8- or 1 6-level system t’or overall perceptibility of patterning ,  contours .
and equivalent amplitudes. Note , however , that the advantage of umior e than 8 discriminable
levels lies in the use of band-step coding. In the pre fe rred 6-band scheme with 60 total
discri minab le levels , the 6 color bands divide the amplitude range into 6 levels: the 10
intensi ty  steps produce an intensity gradient within each band t i mat h i glm l ig lmts time contour s
and allows finer amplitude discrimination.

Eig ht  discrin i inab le level displays were ranked very near ly  as Imigh as displa y s  witim
32 to 64 levels. Umiless t imere is an overriding mm e ed for tIme greater dynam imic range . an S-level
d isplay system appears to be quite adequate as a second choice after the 64-level system.
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COL)ING SCIJI ME

It ’ from 32 to 64 levels of o u t p u t  coding are available , band-step coding is strong ly
reco muneumd ed over a simple umiidime mmsiona l  qu am m ti ta t i o m i ramp . No more t l m an 6 bands
with either 5 or 10 imi t ensi ty  steps are required b ’or good p ercept u onm of pat ter u ming and
equivalent a m p litudes.

if from 8 to 16 levels of ou t pu t  coding are available , tIme pre fe rred q u an tizat io n
scheme is 8 easily discrinminab le levels. Sixteen-level coding is not recommmnmended for pattern
perc eptiom i because there are too many  levels for time miecessary discriminat ion at the
critical higher amp litude intensities ‘and too few levels for  eff ’ec tms c  hand-step quant i z a t ion .

INTERACTIVE TII RE S 1IOL I) / GA 1N ADJUS T M I -N ’F

Time capabi l i ty  for interact ive adjust i m me m mt of time threshold and gaimm parameters does
mmot appe ar to im mmprove p erce ptiom i of ’ patter im features and does not appear to be necessary
l’or a bas ic systen m disp laying time types of acoust ic data  imn ages comisidered imm tlmese
experiments.  Quantization that matches the pre t’er red setti m mgs of th reshold and gain
(det ern h in ed in Experiment 2 )  can be approximated t lmrou gi m a simm i ple sof t ware ro u ti n e whi ch
normalizes the i npu t  data so tha t  ti m e foil ou t pu t  dynam imic range is uti l i zed amid whi ch  adjusts
the thres lmo ld to exclude the lowest 10 percent of the input  data ampl i tude  range .
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APPENDIX A
TUE (‘OM T,-~L DISPLAY SYSTEM

-\l I of time exper iments  described h ere were conducted  in the  NO S( - Surve i l l ance
Di splay and Im m ia g e Processing Laboratory . I’he test data used to compare gr e\  -scale ami d color
coding were viewed directl y on time (‘om mi tal 8300 Display Sy stem pictured in t iguu e  A l .
center , back. This display system . wh ic h is t ime c ent ra i  f e a t u r e  of time l abora t or  . p r o v i d e s

t I m e user wi t l m t ime c a p a b i l i t y  to d i sp t a ~ and i n t e r a c t i v e l y  m n a u m i p u i a t e  im ig i m r esolu t ion  color
im mi ages. TIme host comi m pute r  for the laborator y is the  U N I V A C  I lOS . ‘l ime I 108 c o i m m u l e r
and time l) i sp lav and I n iage Proces simm g Lahora t om - y are 1)0th located i n a secure are a and ca n
he used for processing classif i ed data.  The COMTAE . accepts I 0 con m m n a m m ds and data  fro m
the imost 1108 computer  and in te rna l ly  perform ims scami conversiom m and retresim storage
operations on the data to produ ce bright f l icker-fre e disp lays in grey-scale or color. P e r t i h en t
features of time COMT.\ L syste m inc lude :

• 5 1 2  X 5 1 p i c t u r e  e l em m me m mt ( p ixe l )  resolution wi th  a I : 1 aspect ra t io

• Selectable data disp lay modes inc lud ing  grey-scale , pscudoco ior. amid t rue  color

• Tlmree im idepende nt images stored at one time
• Ei ght  bits  of in t e mms ~tv codi mm g stored for each pixel ( s ix  h i t s  d isplay e d )

• Scan conv ersiom m t ’or movi um g (r i s ing  or b ’a l i i n g )  raster prese n ta t ions
• Graphics over la ~ t ’or superimposing outlines.  grids , or a lphanumer ics  o m m displayed

images

• Tra ekba ll positioning of a target po in te r  u s im m g a t rack h al i  i n p u t  control de~ icc.

Other disp lay equ i p memmt  l ) ic tu mred in bigure ..\ I i nc ludes  a d ig i ta l—to—video  i m m ma ~’e
com m versiomm system for color video—tape cassettes ( ex t r eme  left , hack ) :  and .‘\ D’\ l z N l  ideo-
b eamm m s v s t e m m m  ( extreme Ic f ’t . b ’roimt ) w i mic im projects color vide o i n  ages om m to a l o o m — d i a g o n a l
seree im : and a STATOS V e lec t ro sta t i c  p r i m m t e m / p l o t t e r  ( rig h t .  hac k ) .

i :x temm s ive  user-oriented sof tware  has bee mm developed imm support of Displa y am i d
Ima g e Pro ee ssimmg Laboratory act ivi t ie s .  Aim op erat ing sy st em comm ip lete wi th  a l ibrary  of
F0RTR ..~ N cal lable user rout ines  has been wr i t t e m m bor  t ime C om mi tal  ~300 s~ steW . Using t l m i s
s~ ste um m . i mi ghly in terac t ive  operat ions invo l v umm g data re t r i eval  ami d ed i t ing .  al p ha m mu mu e r ic  am i d
g rap h ic overlay gem m erat iomm . track ha il target control ,  an d im m i age m i m a m m i p u l a t i o n  u s ing  f i m n e t i o n
m i me m m mor v modi bica t iom i  cam m he p er l o r mmm e d omm denma mmd i e r m m m i n a l s  located iii  t ime laboratory
are a . ( m m addition . m mm a n v user appl ica t ion  routines exist  inc lud ing  a lgor i lhm m mm for t r a m m s i o r m m i
a nd s ima ti a l don m ain image processing. C omi t i n uo us  s u r f a c e  grap h ics, au tomm m at i c  scoring a mmd
: i mm al ~ sO, of ’ exp e r in m en t s . image form mm at t i n g  f o r  c ommm pu te r  processed and m m a t u r a l  ima ge s .
stereoscopic im agery . and h igh  refr esh rate I t ip  to 4 f r a m e s  second)  loa ding  of im l i . ngL
seq u i e m m c
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APPENDIX B
INSTRUCTIONS TO THE SUBJECTS

EXPERIMENT I :  CODING SCHEMES

“ [his is a test of t Ime relative perceptibi l i ty  of variou s coding schemes. You will
view six schemes i t ime primary variable ) which have been selected to cover the range b ’rom
8 to 64 levels of quantiz at io im. l imese schemes will be prese mmted in both color and grey-scale.
lim addit ion . there wi l l  he two otimer p a r ammmetric  varial m ies. Tlmere wi l l  also be two SNR level s .
a m md codi ng will  he imori m ma l iz ed an md no n i m or i m mal i ted.  Time ex l ) er i m m memmt al  design is 6 I schen m es I
X 2 (color / grey )  X 2 ( S N R )  X 2 ( m m orm m ma l iza t io m m ) for a total  of 48 im m ma g e comiditiom i s. Time six
cod ing sc imenm e s will be presented in a standard sequence on the Co mmmta l for each of ’ t h e  S
coim ibimmations of ’ para nmetric variables (2 X 2 X 2) .

“ Your task is to coimmpare time perceptibil i ty of ’ the six schemes aga in st crite r ia listed
belo w and to decide upom i a ram m kin g f’rom I (highest percep t ibi l i ty ) to 6 (lowest percep-
tibi l i ty ) .  A response sheet has been provided for recording your rankings. The six images
will appear on the Comtal iii a standard order as explained below, and you are free to
exam nine each image as long as you wish. When you press the space bar you will advance to
tIme next  image in the sequence. You may do this at any time durim ig the test. After your
init ial  examination of all six schemes , you will  be able to recall any one of the imm mages as
many times as you wish t’or more carefu l examination amid comparison hy pressing one of ti m e
corresponding keys from ‘a ’ to ‘f’. This direct commmparison procedure should be the basis
t’or your final ranking judgments . Wh en you h ave recorded your rankings , you can advance
to tim e next  condition by pressing the Return ’ bar.

“A set of photos for the six coding schemnes for color and grey-scale nmounted in the
order of presentation ( i .e. ,  A to F )  is provided to aid you iii recording your  rankings . Refe r
to t im e photos for orientatio n only. Note fron m time scales that time sequence is in the follow-
ing order: 8 bands . 1 step: 16 bands , 1 step : 6 ba n ds , S amid 10 steps: and 8 bands. 4 and S
steps.

“This is primm iarily a test of time relative perceptibilit y of time six coding schemes.
The other variables are included to test for a possible ch ange in rankings as a function of the
para meter values. i.e.. interaction e ffects. To aid in the interpretation of ’ any immteraction
ef ’f’ects you will m m make independent sets of rankings against the following four criteria:

a. Sharpness of the edge between successive contour s
b. Ove rall con t rast betwee n adjace n t con to urs

c. Perceptibility of significant pat tern  features
d. Perceptibil i ty of equivalent  ammmp l i tu des  imi widely separated areas t h roug h out

ti me ilmmage.

“It  is qu ii t e  l ikely tha t  the rankings  will be d i f t ’erent f ’or diffe rent criteri a , part icular l y
for time 8-. 16- . and 60-level sc ime imm es in comm ibination wi th  diff erent  SNR levels. Im idepcndent
rankings f ’or each criteria will provide impor tant  inf ’orm mm at ion  f’or design trade-offs between
number of ’ levels of quant izat ion and perceptibi l i ty factors . The greater the care taken in
your rankings by considering differences as a funct ion of ’ eac lm criteria , the immore valid and
use fu l the results can be. ”
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EXPERIMENT 2: THRESHOLD AND GAIN

“ lh i s  is a test of ’ yo ur use of ’ the t imresho ld and gain adjustments a~ ai labl e on
time (‘o m m m ta l .

“You will view two patterns each at live SNR levels pres eimled imm scramnbl ed order.
[his seque mmce of ’ t e mm images will be repeated t Imree ti mmies. Wimen an image first appears it will
he coded in the normal 6-band , 10-step color code. An amp litude of 1.0 would be white .
an am plitude of 0.5 would be yellow.

“Your task is to adjust the threshold and gain wi t h  the track b a ll  to immmprov e time
col or codi n g ove r the codin g as the i m age is f irst p resen ted , if you can. Your objective
sh ould be to make si gn iticant pattern features of the inmage as distinctive as possible , relative
to the low-level background. Timis is a subjective judgmmment whicim mna v be dif ’ficult to mnake.
particularly on low-SNR images.

“If you press ‘K’ oim time key boa rd, you will return to the coding of time imimage as first
presented. You are urged to use this feature freely, part icularl y omm time low-SNR images.
Remember , your objective is to bring out time signif ’ica nt  p attern features as dis t inct ly  as
yo u can.

“A reminder on the use of the tra ekba ll to vary tim resho ld and gain: spinning to the
let ’t lowers the threshold: to the ri ght raises it .  Spinning toward you reduces time gain (spread )
of the color scale : spinning away fro mmm you imm ereases it .

“When you are satisfied with your tim res imold and gain adjustmen ts , press the keyboa rd
space bar. This will record your adjustments and advance you to the m iext inma ge.

“You are urged to take at least five practice trials or nmore on the image sequence
unt i l  you sense that your adjustn ments wou ld be reasonably consistent f’rom one repetition
to another. ”

EXPERIMENT 3: GREY-SCALE VERSUS COLOR AT THE PATTERN THRESHOL I)

“This is a test to determine the relative perceptibility of grey-scale versus color
coding of ’ acoustic data i m ages. You will view two different  patterns on time Comtal . Eac h of
time two will he shown in a test sequence iii w l mici m the signal strength var ies in 11 steps from
a maximmmu i mm of+5.8/2. I dB ( m mo added mmoi s e  I t o  a n i i m mi mu mmm of —30.0 dB ( mmoise only ) .  The
I I  images are labeled ‘A’ timro ugi m ‘K. ’ TIme imm i ages wil l  appear 0mm t ime (‘ommmta I four at a timmme

irm order of ’ desc endimmg sig im a l s tr e rmgt lm f r ommm upper left to lower rig lmt.  TIme quadrants  are
mmum m mhered I ‘ to ‘4. ’ W lmen a given target pa lter im fi rs t appears. tIme immma g e wi t h  tIme Imig imest
signal strengt lm in the sequence of 11 i m ages will always appear in time upper left quadrant .
so you will be able to note time sigmm al pat tern f ’eatu re s  in time origi mma l image. By mm means of
keyboard entries you will be able to ‘page ’ th e i m age seque n ce , one frammm e at a tim u e . forward
toward the  —30.0 dB image or backward towar d origimma l image . Time ‘F’ key will  mmmove time
seq u en ce f’orward one fr am mme f ’or eacim press . The ‘B’ key will re~crse t h e  process. The im mmagc s
will shif ’t in position f’rom upper left to upper rig lmt am id then to lower left and f immal ly  lower
right .  If you press the ‘K’ key you will re turn to the ori g imma l conb i gu rat i omm. Pressing time
‘N ’ key will advance ~ ou directl y to t im e en d of t im e seq u en ce. l o  ime lp ‘~ou keep track of
these shi fts time let ters  iii parentheses stay with time ima ge.

_ _  
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‘ Your task in this test will he to judge wimere in time sequence of I I i m mm a ge s you are
at tIme ‘th reshold of p attern percept ib i l i ty . ’ You wil l  disc ov er that  timis is a d i f f icu l t  subjec ti ~c
judg m mm e nt .  Your thres h old i mmay vary depending upon time pat tern viewed , ti me t~ pe of coding ,
and time a m noummt of ’ experience you have had. We also expect  v a r i a b i h i t ~ b ’roimm omme subject to
anot im er.  The mmmore we can reduce tIme v a r ia b i l i t y  f r o mmm time patterns and sui bjective factors
t ime immore l ikel y we will  be able to establish the t rue d i f f e r e m m c e  betweemm time gre~ -sca le
and color coding, if any .

‘‘Perhaps time mmmost dib ’ficii lt aspect of the thresimold judg imment is dis t in guishim i g signal
pea ks from mmoise Peaks when t i me s are ap prox immmate l y  equal in stren gti m. To aid y ou  iii t lmis
j udg imment , a four-part ‘pea k l ocato r ’ cursor has bee mm implemented  on time Conmt al for this test.
U si n g ti m e trac kba l l . yo u caim position this cursor over any peak desired imm a imy omw of time
four i m ages an d then replicate the cur sor by pressin g the ‘C’ on the keyboard. Time replicated
cursors will auto mmm at ica l ly  be positioned at identical coordinate s in time other three inmages.
Use this feature to tra ck citimer sigmmal peaks or noise peaks as yo l m converge on the i m mma g c iii

~vimich the sign i ficant pattern f’eat ures are just  perceptible . Several other controls are prov ided
for rapid cursor placemen t. If you cannot locate the cursor press ‘M. ’ Timis will position
time cursor in the middle of time screen. If you wish to immo ve the cursor rap idly frommm one
quadrant to another , press time space bar.

“Note that the most important aspect of the defini t ion of the t imre simo id is time
consistency of your criteria when comparing grey-scale with color. Your consistenc\ in
rep licating this judgment for the same conditions is also important .  Time comisistency between
subjects and between the different patterns is of ’ sonmewhat lesser import ance. To help
achieve the desired comisistency note that the threshold is defin ed as timat  image iii whicim time
significant pattern features are still but just barely perceptible. We are arbi t rar i ly  dL ’fi n m m m g
a threshold which is slightly above the ‘true ’ th res h old because time dB dif f ’erence het w eem m
the images is fim irl y great.

“As a further aid to achi eving consist ency . the test allows you to s w I t L h  b etween time
grey-scale and color coding I’or any set of f ’our imm i ages. lo mmmak e t h i s  swi tc h , press time ‘S’
key. You will find timis feature particularly valuable for comn paring time grey -scal e and color
afte r you have decided on the approximate threshold. Note timat any cursor place imment on
make is retained as you switcim back amid f’orth. This will  aid von in deciding if t im e r e is a
dif’feren ee in perceptibilit y ot’ specifi c signal features under the two codes. Your judgnment
of any threshold difference by means of ’ this direct commm p arison procedure is the esscm mt ial
task in this test. Youi should think of ’ this tas k as a uni ta r y  cormiparative judg nm e m mt.  Is t h ere
aml y difference in tim e perce ptibil i ty of the two coding sc imemm me s ? If so. record time direct ion
and a immount of the differen ce by your responses.

“When you have made your decision , record the timres h olds by pressing ‘ I . ’ ‘2 .’ ‘3 .’
or ‘4’ on the keyboard wimen the thres h old image is in one of time four quadrants.  You must
record a thr esimold for bot lm the grey-scale and the color codes. Fhe order is miot immmportamit .
When you have recorded bot lm thresholds you will advance automatical l y  to tIme nex t  pat tern.

“To ensure that your criteria f’or the t lmres imo l d are as consistent as possible. time test
is conducted in two phases. In the practice phase you will m ake your comparative jud gnment s
on each of time p atter ims using exact ly  time samm ie procedures as in the  test i t se l f . However.
your responses will not be recorded . Following y o u r  prac t ice. time first patte rmi for the immain
test will  appear automati cal ly .  As a result of the judg imments mmmade i i i  t ime Practice phase . time
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test itse lf ’ simould imm ov e rapidly since you are basically conf i r m mmi m m g and recording your  prc-
him m m in a r y judgments. When you Ima v e immade your final threshold de t er immination. y ou will be
seq uenced automatical ly into tIme second part of ’ t ime total  test wh ic h is described below.

“The procedures described above using a 60-level code with six b~i nds and te n
i n te n sity steps con sti tu tes ti m e firs t pa r t o f t Im e total test.

“The second part of time test is a rep etition of time f’i rs t in all respects except t lm a t
now the patterns are coded in lô lc v el s  of ’ grey or color. Again . you i mm u ist  commmp l ete time
prac t ice p im ase bef ’ore your responses are recorded in time test pimase.

“The t h ird and final part of ’ t im e test i s a repet i t i on of’ time first two . imo w using an
8—level code in grey or color. Iii su mm mn m ar y , ti me total  test consists of t imres h mo l d de t e rmmmina t i omms
on two patterns in b otim grey-scale and color for t lmre e di f fe rent  levels of ’ ( l ua i mti zat ion .
This is a total of ’ 2 X 2 X 3 = I 2 threshold det e r imminations.

“As a convenience , the use of each of t ime special keyboard entries and controls is
su immmariz ed below:

F Advances time sequem m ce f’orward toward K. time aI~ noise image.
B - Slmifts time sequence backward toward A. the  or ig im. -i l image.
R - Returns tIme sequence to the original A. B. C. D c~ ,. i i a t io r m.
N -- Advances the sequence to the final 11. 1. i , K com m f ’i guratiomi .
Tr ackba hl - - M oves ti m e cu rsor away from its in i t ia l  position in time mm i idd l e ob
t he display.
C .— Replicates tIme cursor in time ot lmer t h ree qu i a dra m mts.
M — Returns  time cursor to tIme mmiidd i e of ’ tIme display.
Space Bar — Each press advances the cursor to the same position in ti m e
adja cent quadrant .
1. 2. 3. 4. - Uses one of these keys to desi gnate time thres h old image.
S — Switcimes between color and grey-scale. ”

EXPERIMENT 4: OVERALL RANKING OF GREY-SCALE VERSUS COLOR

“This is a test of the relative perceptibili ty of grey-scale amid color coding measure d
against the sa mmme four perceptibility factors used in the coding schenme study. TIme
experi m ental design is as follows: 2 (grey/color) X 3 (coding schenmes ) X 3 SN R )  X 2
(miorma li ze d/nonm iorma lized ) X 2 patterns = 72 combinatioims of variables.

“Your task will be to decide upon rankings upon a scale fromm i I ( im ig lmest ) to 7
(lowest ) for the color relative to the grey-scale and to record your rankimmg s omi time response
simect. These rankings will be m ade against the four criteria im m dep e nde m mt l y.  These criteria
are

a. Sharpness (p erceptibi l i ty )  of contour edge
b. Overall contrast between adjacent contours
c. Perceptibility of sigm i i f icant pattern features
d. Perceptibility ot’ equiva lent anmp li tu de s in widely separated areas.
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“If ’, l’or a given criteri a you cannot perceive a di ff ’e remmce between the color and gre\
codes , gi ve each a rank of ’4 . II ’ t im e dif ’ference is extr eme , give one a rank of ’ I a mmd the other
a 7 . Note that this ranking procedure allows yo u to express four degrees of diff ’erence only:
(0 ,2 ,4,6), iim e i th er directiomm , ro appl y su cl m a scale wit l m coimsis tency you will  Imave to deve lop
a subjective s lammdard of ’ d i fk re m mces , i.e., none (4-4), slig lmt (3 -5 ) .  imm a rked ( 2-6) . ammd
extre m ime ( 1-7 ) .  Remember , you are to record only one oh’ t I me f ’our degrees of di f fe i - emmce
l isted above , f~i v orimm g ei t imer time color or grey.

“Since timis is a direct comnparison of color and grey coding, the test procedure allows
you to switch fromn one to the otimer at any tin m e by pressing time space bar. You simo u m i d con-
sider time f’oiir criteria , one at a time , switching bac k and fort lm betwe en color and grey coding
unt i l  you have decided and recorded tIme degree of difference , if any. Wimen you im a ve recorded
time rankings against time four criteria , press the ‘Return ’ ba r to sequence to time next  test
condition.

“On time basis of ’ tIme ex p er i im m emmt comm iparing codi mm g sc lmemmme s , yo u simould already have
in m i mimmd time ramm g e of ’ d iff ’erenees wim i c l m can arise wheim comm iparimmg grey amid color coding
agaim m st t ime fou r c ri t er ia , partic ularl y wi memi time coding scimenme amid SNR level are varied. It  is
very important in this exp erinment that you take advantage of time entire ranking scale avail-
able to you . ,.e., f’ronm I to 7. Try to develop a subjective scale in which you assign the ranks
of 1-7 to timose conditions which you know from previ ous experience are time nmost extren me
di I ’f ’eremi ce s yo u will emm coun t er.  Do this even i f  time perceived difference does tmot matcim your
co imc e l) tio mm of’ ‘extre imme. ’ With oiie end of you r sca le fix ed iii nmi n d , assign lesse r deg rees
of ’ d i f’f ’ere mmce accordingly, even wlmere time suggested terms ‘mnarked’ and ‘sligim t ’ are not ent irely
app ropnat e fOr you. ”
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