
-AlE5 835 THE EFFECT OF SPECTRALLY SELECTIVE FILTERS ON VISUAL 1f
SEARCH PERFORNANCE(U) NAVAL AIR DEVELOPHENT CENTER
NARNINSTER PA RIRCRAFT AND CREW S.. G T CHISUN ET AL.

UNCLASSIFIED 8 AUG 85 NADC-85115-68 F/G 6116 M

Eu..... lll



4 1.5 14 .

MfCRCOP RESLUTON TST HAR

N,..N~ Rr,, OF -NN.Ml~



4,

REPORT NO. NADC-85115-60

.4.

-. I-(0 9
* ITHE EFFECT OF SPECTRALLY SELECTIVE

FILTERS ON VISUAL SEARCH PERFORMANCE

G. T. Chisum, J. B. Sheehy, P. E. Morway
and G. K. Askew

Aircraft and Crew Systems Technology Directorate (Code 60B1)
NAVAL AIR DEVELOPMENT CENTER

Warminster, PA 18974-5000D DTIC
ELECTE

8 AUGUST 1985 218 J'
FINAL REPORT

AIRTASK NO. A320/320R/OO1A/4WR04101001
Work Unit No. DG147

Approved tor Public Rle.. Dktfbulon is Unlimitd

Prepared for '*-
NAVAL AIR SYSTEMS COMMAND (AIR-320R)

Department of the Navy
Washington, OC 20361

4f
-. 7)1 -



NOTICES

REPORT NUMBERING SYSTEM - The numbering of technical project reports issued by the Naval
Air Development Center is arranged for specific identification purposes. Each number consists of
the Center acronym, the calendar year in which the number was assigned, the sequence number of
the report within the specific calendar year, and the official 2-digit correspondence code of the
Command Office or the Functional Directorate responsible for the report. For example: Report
No. NADC-78015-20 indicates the fifteenth Center report for the year 1978, and prepared by the
Systems Directorate. The numerical codes are as follows:

CODE OFFICE OR DIRECTORATE

00 Commander, Naval Air Development Center
01 Technical Director, Naval Air Development Center
02 Comptroller
10 Directorate Command Projects
20 Systems Directorate
30 Sensors & Avionics Technology Directorate
40 Communication & Navigation Technology Directorate
50 Software Computer Directorate
60 Aircraft & Crew Systems Technology Directorate
70 Planning Assessment Resources
80 Engineering Support Group

PRODUCT ENDORSEMENT - The discussion or instructions concerning commercial products
herein do not constitute an endorsement by the Government nor do they convey or imply the
license or right to use such products.

APPROVED B :DATE:, ~,// P

. SC, U.S. NAVY

I-

k.,



UNCLASSIFIED
S CIR'TY CLASSIFICATION OF THIS PAGE A,.hl,,3.

REPORT DOCUMENTATION PAGE
I* REPORT SECURITY CLASSIFiCATION 1b RESTRICTIVE MARKINGS

UNCLASSIFIED N/A
2. SECURITY CLASSiFICATION AUTHORITY 3 DISTRIBUTION:.'AVAILABILITY OF REPORT

N/A Approved for Public Release;
2b DECLASSIFICATION, DOWNGRADING SCHEDULE Distribution is Unlimited.

N/A
PERFORMING ORGANIZATION REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)

NADC-85115-60 N/A

6a NAME OF P RFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION
Aircraft i Crew Systems (if applicable)
Technology Directorate 60B1 N/A

6c ADDRESS (City. State. and ZIPCode) 7b ADDRESS (City, State, and ZIP Code)

Naval Air Development Center N/A
Warminster, PA 18974-5000

Ba NAME OF FUNDING, SPONSORING rBb OFFICE SYMBOL 9PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)

Naval Air Systems Command AIR-320R N/A
Sc ADDRESS(City, State. and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

Department of the Navy PROGRAM PROJECT TASK See WORK UNIT .%
Washington DC 20361 ELEMENT NO NO NOReverse ACCESSION NO

Ws o DN/A N/A Side DG147

11 TITLE (Include Security Classification)

The Effect of Spectrally Selective Filters on Visual Search Performance

12 PERSONAL AUTHOR(S)
G. T. Chisum, J. B. Sheehy, P.E. Morway and G. K. Askew

13a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year, Month, Day) 15 PAGE COUNT
Final I FROM TOIA 1985 August 8 14

16 SUPPLEMENTARY NOTATION

1? COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessry and identifly, by block number)

PIELD GROUP SUB-GROUP Visual Search Fixation
Spectrally Selective Filters
Accommodation

19 ,BSTRACT (Continue or, reverse if necessary and identify by block number)

,The effect of five spectrally selective filters on the performance of an acuity de-
pendent visual search task was evaluated. The filters were: (A) a neutral density filter
(control condition)4(B)a 5200A green interference filter; C) a 3215-250 red filter;
D) a neodymium visor; and (E) a holographic filter. The observers were presented with
five blocks of ten slides per filter. Each slide projected a 6 by 6 deg field of 900
ten mn of arc letter Os which contained a single Landolt C. The observers were
required to search the field and report the orientation of the opening in the C. The
opening in the C, which subtended 2.64 min of arc, required an acuity of 0.39 for detec-
tion. Response time, error rate, accommodative accuracy, and the number of fixations
and their duration were recorded for each slide presentation. The results demonstrate -y
that filter type had no effect on any of the response measures. During the first three
trial blocks the observers appeared to optimize their search strategies, after which

(continued...)''
20,ISTRIBUTION /AVAILABILITY OF ABSTRACT 21 ABSTRA SC ,IFICATION

UNCLASSIFIED/UNLIMITED E3 SAME AS gPT r DTIC USERS UNrLXLP flr
22a NAME Of RE PONSI LE INDIVIDUAL 22b .jlPIjEncu Area Code) 22c

James Sheeny 2bt-441ATd)2 OFFbJYMBOL
DO FORM 1473,84 MAR 83 APR ed,tion may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete NA-FUNCLASSIFIED..

..--.

"'", "" - -''- -.Z'- "'.-'.' ''.'- -,- '- " .- '.,' "-.'.".. . . ..".,-.-.-.-".. . . . .""..".. .'".-".-.. . . .. ".".,-...'. .,'.' ",- '",",;,.'--.



UNCLASSIFIED ,
SECURITY CLASSIFICATION OF THIS PAGEr

Block #10

AIRTASK NO. A320/320R/OO1A/4WR04101000

4[

Block #19 (Continued)

'--they began to revert to their initial performance levels. Although this effect
was not supported statistically, this trend indicates that initially search
proficiency increases with practice after which it is offset by fatigue. L

I..:.,-

F--

SECURITY CLASSIFICATION OF THIS PAGE

UN4CLASSIFIED

Mill

F_
***.% .*.* *.*. '. . . . . . . *...*%:.* -.

-' ~ *.A~.j. . *.. . . .



NADC-851 15-60

TABLE OF CONTENTS

Page

INTRODUCTION.......................................................1

M ETHOD .. ........... ............................................................ I
OBSERVERS ................ ...................................................... 1
APPARATUS ....................................................................... 2
PROCEDURE ...................................................................... 2

RESULTS .. .......... ............................................................ 4

DISCUSSION ................. ......................................................... 4

ACKNOWLEDGEMENTS .............. ................................................. 5

REFERENCES.......................................................................... 5

DTICS ELECTE

MAR 27 W

B.ii. {.

Av. . ;.l

.-. D.. . S..



NADC-85115-60

LIST OF FIGURES

Figure Page

1. Percent Transmittance As A Function Of Wavelength For
The Five Filters ................................................................ 6

2. The Grid Depicting The Locations Of The C's Used To Calibrate
Vertical Eye Movements ........................................................ 7

3. Average Response Time As A Function Of Trial Block For
The Five Filters ................................................................ 8

4. Average Error Rate As A Function Of Trial Block For
The Five Filters ................................................................ 9

5. Average Accommodative Accuracy As A Function Of Trial Block For
The Five Filters ................................................................ 10

6. The Average Number of Fixations As A Function Of Trial Block For
The Five Filters ................................................................ 11

7. Average Fixation Duration As A Function Of Trial Block For
The Five Filters ................................................................ 12

-N-

* * II
1' °

[4

,-* ..

_________ **z~p*-. ~ . . . jUinD.'. i°

_______ -. N:'t..s~:.!*~ *.:-: .- °



NADC-851 15-60

INTRODUCTION

Recent advances In visual displays and eye protection have resulted in an increased exposure
of flight crews to spectrally selective environments. The nearly monochromatic stimuli from a
heads-up display, the laser stimuli from the holographic head-up displays, or spectrally selective
visors provide intermittent monochromatic stimuli of varying duration. These devices necessitate
that the user interact with a spectrally distorted world for the duration of the mission while per-
forming a variety of visual tasks both within and outside the cockpit. The tasks, which include
reading instruments, Identifying controls, switches, weather navigation check points, and detecting
and identifying targets could theoretically be affected by the prevailing chromaticity.

Spectral composition could affect performance by altering the normally expected stimulus
response relationships. The accommodative system relies on both chromatic aberrations and blur
when focusing an object. If accommodative accuracy differed as a function of target wavelength,
resolution would degrade as larger accommodative leads (overaccommodation) and lags (under-
accommodation) are introduced. Charman and Tucker' found that untrained subjects initially made
variable accommodative responses, but after adequate practice equally accurate accommodative
responses were made regardless of the spectral composition of the stimuli. Acuity did begin to

. degrade, but only for wavelengths below 405 nm, otherwise there were no differences in acuity or
accommodative accuracy.

Monochromatic stimuli could possibly alter patterns of search and fixation. However, it has
been demonstrated that pursuit eye movements and fixational quality are not dependent on the
color of the target, but rather on the shape, size, luminance and contrast of the target2,3. These
results again suggest that spectrally selective filters should not affect visual task performance.

In order to evaluate the effect of spectrally selective filters a performance measure which
encompasses many of the aircrew's visual tasks is necessary. One possible measure is a visual
search task which requires the observer to search a large array of elements and report a critical,
resolution dependent aspect of a target. Both accommodative accuracy and proficient search
strategies would be required in order to respond rapidly and accurately. Visual search time depends
primarily on the number and density of background items4 and the number of relevant stimulus
dimensions. Previous visual search research has enhanced the conspicuity of the targets by using
color, texture, and symbology, but none have compared search times using displays which differ
only in chromaticity. Simple response time has been shown to be unaffected as long as target
brightnesaes are equatedO,, which suggests that visual search times should also be unaffected by
the prevailing chromaticity.

The present experiment assesses the effects of spectrally selective environments by requiring
observers to search a field of Os to find a single Landolt C and Indicate the orientation of the C
while wearing one of five spectrally selective filters.

METHOD

OBSERVERS

Seven observers, two female and five males, were chosen from a group of eleven volunteers. A
Titmus Vision Tester, a Snellen Eye Chart, the Famsworth-Munsell 100 Hue Test and the Dvorine
Paeudo-Isochromatic Plates were used to insure that the observers had a minimum visual acuity of
20/25 and normal color vision.

-*.. €¢:-, .- .' -,-,,'. .: ..,.. . ._ '. -.-. -: ,. :: ._ - ' .: .:_.,_.. '_.._.... ... :_ _:.• :..... ,_:,.'_.'. -,_. _: . .. .. '....- .........
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APPARATUS

A Stanford Research Institute (SRI) three-dimensional eyetracker was used to measure
dynamic refractive power and two dimensional eye movements. A DEC PDP-11/23 computer
controlled the calibration and experimental procedure, recorded the output from the eyetracker
and the subject's response.

A Spectra Pritchard model 198-A-P1 photometer was used to measure target and adapting
field luminances. A Varian 2300 spectrophotometer was employed to assess transmittance of the
adapting filters.

The apparatus used for calibration of the eyetracker consisted of targets at specified locations
and distances. The accommodation targets were black and white 7.27 cy/deg horizontally oriented
squarewave gratings (0.14 ft L). The area of the grating subtended 1.10 degs of arc at distances of
1, 1.5, 5, and 13 m. Seven red light emitting diodes (LED's), each of which subtended 13.75 min of
arc, were used to calibrate horizontal eye position. The LED's (mean luminance = 1.58 cd/m) were
positioned 2.5. 5, and 10 deg to the left and right of the center LED on an arc located 1 m from the
observer. Vertical eye calibration was accomplished using twenty 35 mm slides projected onto a
screen 13 m away. Each slide contained one white "C" which subtended 10 min of arc on a black
background (mean luminance = 24.19 cd/m). The C could be positioned in any one of 36 locations '. -

of a 6 by 6 grid.
An American Optotype Company Projecto-Chart with an Ilex shutter was used to project a

10 min of arc fixation cross onto the screen. Slide presentation and duration was controlled by a
Kodak Carousel projector and an Ilex shutter. The target slides were back-projected onto the
screen located 13 m from the subject. Each slide (total of 50) contained 900 - 10 min of arc black
letters, 899 letter O's and one Landolt C, on a white background (mean luminance = 24.19 cd/m)
arranged in a 30 by 30 matrix (6 by 6 deg). The gap in the C subtended 2.64 min of arc which
required an acuity of 0.39 for detection. Inter letter spacing at the closest point was 1.85 min of arc.

The five adapting filters used were: 1) A neutral density filter of 3.8% transmittance
(Condition A); 2) The 5200A interference filter which simulated the wavelength of the phosphor
found in many cockpit displays (Condition B); 3) A 3215-250 filter to simulate the red cockpit
lighting (Condition C); 4) A neodymium laser protective visor which rejects 1064 nm wavelengths
(Condition D); and 5) A holographic filter which rejects 532 nm wavelengths (Condition E). Figure 1
presents percent transmittance as a function of wavelength for the five adapting filters.

PROCEDURE

Each observer participated in a total of eight one hour sessions. After the Initial screening the
experimental and calibration procedures were explained to the observer who then indicated
consent to participate by signature. Next the observer was fitted with a dental impression bite plate.
The entire first session, the first and last part of the experimental sessions, and the entire final
session was devoted to calibration of accommodative response and eye movements.

Prior to the start of each session the observer dark adapted for 25 minutes. Two observers,
who experienced pupillary contractions with stimulus onset, were administered two drops of
2.5% Neo-synephrine in each eye prior to each session. Preliminary trials with and without the

2
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application of the Neo-synephrine confirmed that the amplitude of the accommodative responsepwas not measurably reduced by the use of this mild mydriatic.

After the adaptation period the observer's horizontal eye movements were calibrated. At a
signal from the experimenter, the observer positioned on the bite board, saccaded to the illumi-
nated LED, fixated the LED for four seconds, and then saccaded to the next LED as it was
illuminated. The sequence started at the center LED (0 degs) and proceeded 2.5, 5, and 10 degs to
the left, and then reversed sequence and returned to the center. Rightward movements were then
calibrated using the same LED progression (i.e., 2.5, 5, and 10 degs to the right and then back to
center). Six full swings encompassing all seven LEDs were completed before continuing.

After a short rest period, the observer continued with the vertical eye movement calibration
procedure. Figure 2 presents the grid used for calibration. The observer was instructed to look at
the white letter "C" on a black background and saccade to each new position as t appeared.
Beginning in the center position, the "C" moved diagonally to the lower right position (#1) and then
sequentially across to the left most position (#7). The C then moved diagonally up to position 8 and
began the sequential progression across to position 15. This progression continued until 20 eye
positions had been recorded. The C remained in each position for four sec.

The four accommodation targets (1, 1.5, 5, and 13 m) were presented one at a time for four
seconds each beginning with the 1 m target, progressing to the 13 m target and then returning to
the I m target. This sequence was repeated seven times with a one minute rest period between runs.

The next six experimental sessions, the first of which was considered practice, were devoted *.

to data collection. The observer was Informed that when the buzzer sounded to position on the bite
-" board and fixate the red cross located in the center of the screen. Once the experimenter was

satisfied that the eyetracker was operating properly a target slide was presented. The observer was
instructed to rapidly search the background of O's to find the C and using the four key response
pad indicate the position of the break in the C. If there was not a response within 55 sec the
Instruction was to guess the C's orientation.

The next six experimental sessions, the first of which was considered practice, were devoted to
data collection. The observer was informed that when the buzzer sounded to position themself on the
bite board and fixate the red cross located in the center of the screen. Once the experimenter was sat-
isfied that the eyetracker was operating properly a target slide was presented. The observer was
instructed to rapidly search the background of O's to find the C and using the four key response pad
indicate the position of the break in the C. If there was not a response within 55 sec the instruction was
to guess the C's orientation.

The observer performed 50 trials of the search task using one filter in any given session. In
order to equate the percentage of light transmittance among filters a neutral density filter of 43.3%
transmittance was placed over the projector lens for conditions B, C, D, and E. The resulting
average transmittance for all filters was 3.8%. Filter order was counterbalanced among observers. .

The final session consisted of a complete recalibration and debriefing. All questions were
answered at this time.

3.
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RESULTS

The data from two observers were eliminated prior to analysis because of excessive error rates
(>60%). Figure 3 presents response time as a function of trial block for the five filters. Average
response time was undifferentiated by filter type. Although response time appeared to reach a ,*-

minimum during the third trial block, a two factor ANOVA (filter type by trial block) failed to reveal
any significant main effects or interaction (p>.20).

Error rate as a function of trial block for the five filters is presented in figure 4. Subjects
committed on the average 2.5 errors per experimental session (50 trials) regardless of filter type.
Average error rate reached a minimum during the third trial block after which it began to increase.
A two factor ANOVA failed to reveal a significant main effect of filter type or trial block (p>.20). The
interaction between filters and trial blocks also failed to reach to significance (p>.20).

Accommodative accuracy as a function of filter type is presented in figure 5. On the average
"+ subjects had an accommodative lead (overaccommodation) of 0.43 diopters, however, as shown in

figure 5, there was a large amount of variability across trial blocks for all filters. A two factor ANOVA
failed to reveal any significant main effects or interaction (p>.20).

The average number of fixations as a function of trial block for the five filters are shown in
figure 6. Subjects made approximately 15% more fixations with the neutral density and red filter
than with the green, neodymium, and holographic filters. There also appears to be a practice effect
with the minimum number of fixations occurring during the third trial block. This reduction
suggests that the subjects became progressively more efficient in their search strategies during
blocks one, two and three, after which they started to fatigue. However, both of these trends and
their interaction failed to reach significance (p>.20).

Fixation duration as a function of trial block for the five filters Is presented in figure 7. As
would be expected the number and duration of fixations are inversely related, that is, there are
fewer fixations in blocks of trials where fixations were correspondingly longer. A two factor ANOVA
failed to demonstrate a significant main effect of filter type, trial block or their interaction (p>.20).

DISCUSSION

The results indicate that skilled visual performance is unaffected by prevailing chromaticity.
There was evidence of a progressive improvement in search strategy for all response measures
reaching a minimum in the third trial block, however, all main effects of trial blocks failed to reach
significance. As found previously ' ,, average accommodative accuracy was unaffected by the nearly
monochromatic filters of the present study. Also, similar to previous research, the elimination of
chromatic aberration as an accommodative cue did result in considerably more variability than was
observed during calibration runs without the filters.

The differences observed In the number and duration of fixations as a function of trial block
were accompanied by a corresponding decrease in response time. It appears that the variations
might be indicative of a fine tuning of the observers' search strategies in order to optimize the
speed and accuracy of the response. After some time on task the observers learn to make fewer
fixations of longer duration In order to decrease response time. However, as the observers begin to
fatigue they revert to previous patterns of fixation associated with longer response times.

*0
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In the present study transmittance of the different filters was carefully controlled to insure thesame average luminance for all filters. As shown previously6 ,, response time was unaffected as

long as the brightness of the targets was equated. This suggests that in addition to the obvious
need for high quality optics the critical design parameter for effective eye protection is the overall
transmittance in the visible portion of the spectrum.

The observed changes associated with increasing trial block reinforces the need to further
explore the effects of practice and fatigue, and the interaction of fatigue with practice and task - -

difficulty. It is well known that fatigue related performance decrements can be temporarily offset by
compromising another aspect of task performance such as a speed accuracy tradeoff. Also the
user should be exposed to the different filters in order to facilitate effective user strategies. Search
strategies will vary from user to user, however, exposure to representative visual tasks while
wearing spectrally selective devices will enhance the fine tuning of search strategies.
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