REPORT DOCUMENTATION PAGE Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate only, other
aspect of this collection of information, Including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project {(07804-0188),
Washington, DC 20503.

1. AGENCY USE ONLY (LEAVE BLANK) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
5 March 1996 Abstract
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Situational Awareness: What Is It? Can It Be Improved?

6. AUTHOR(S)

Karen T. Garner

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Commander REPORT NUMBER

Naval Air Warfare Center Aircraft Division
22541 Millstone Road

Patuxent River, Maryland 20670-5304

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

Naval Air Systems Command
Department of the Navy
1421 Jefferson Davis Highway

Arlington, VA 22243 9 9 6 05 06 5 0
11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

Fleet aviators consistently rank situational awareness (SA) as a critical mission concern. SA, although
elusive, must be understood and improved for the sake of mission effectiveness, expansion, survivability,
and safety. The essence of SA is the reception, manipulation, and use of information. SA encompasses
the physical, mental, psychological, social and physiological capabilities of the human operator. The
operator must sense and perceive variables in the environment and then process that information. The
information must be filtered and applied to the specific mission phase to maintain SA. Optimizing
information formatting and presentation speeds, and meaningfully integrating data to display information
elements or “chunks” that are readily useable to the aircrew can have a positive impact on aircrew SA.
Rapidly developing improvements in information processing and transfer technologies, specifically sensor
fusion and automation techniques, can provide even more diverse information to the aircrew. Efficient,
effective presentation of necessary “information” to the aircrew is becoming even more important. By
taking a closer look at sensor data and investigating advanced technologies, we can present a more
comprehensive, focused “picture” of the environment to the aircrew; enhancing SA. This process,
logically, will result in increased threat awareness/avoidance, increased mission effectiveness, improved
survivability, and increased safety.

14. SUBJECT TERMS 15. NUMBER OF PAGES
6
Situational Awareness, 16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19.SECURITY CLASSIFICATION OF | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE ABSTRACT
UNCLASSIFIED UNCLASSIFIED N/A N/A
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std. Z39-18

& nel §)




s PAPER CLEARANCE FORM
T s for
~  41st ANNUAL JOINT ELEQTRONIC WARFARE CONFERENCE - 13-186 May 1996
Naval Postgraduate School, Monterey CA

Attendance at this Government-sponsored meeting will be limited to Government personnel who possess a
personal security clearance of at least SECRET and a need-to-know in the areas of Electronic Wartare.

All papers and presentations' must be released by the cognizant Government releasing official or by the
responsible company official if the work was privately supported.

TITLE OF PAPER: Situational Awareness: What Is It? Can It Be Improved?

Author: __ Karen T. Garmer ORGANIZATION: __ NAWCAD (4.6.1.4)
LOCATION: Patuxent River, MD 20670

SECURITY CLASSIFICATION: Check appropriate box

X UNCLASSIFIED 0 CONFIDENTIAL {1 SECRET

CLASSIFIED BY

DECLASSIFY ON

DiSTRIBUTION STATEMENT: UNCLASSIFIED papers must have one of the seven distribution statements listed on the
reverse side of this form; CLASSIFIED papers may have distribution statements B, C, D, E, or F (but NOT A or X). Type the
complete wording of the distribution statement on the first page of the paper. The distribution statement ingdicated below
must be the same as the distribution statement on the first page of the paper.

Please indicate distribution/availability of paper by marking the appropriate box:

¥ A: Approved for public release; distribution is unlimited.

c Distribution authorized to U.S. Government agencies only; . . .

Distribution authorized to U.S. Government agencies and their contractors; . ..

Distribution authorized to DoD and U.S. DoD contractors enly; . . .

Distribution authorized to DoD Components only; . . .

Further dissemination only as directed by . ..

Distribution authorized to U.S. Govemment agencies and private . . .

if distribution statement 8, C, D, E, F, or X has been checked above, please supply the foliowing information:

aooooa
Xoamoow

(reason) {date)

(Controlling Office)

Authorization is hereby granted for the above paper 1o be presented at the above meeting, to be published in an
appropriately classified bulletin of the proceedings of that meeting.

Releasing ofﬁcia’fnékve: F. GREEG HORNE, Jr.
Signature: _ & AdAMAL Aess N7,

Title: Head, Persoﬁﬁei‘, Inddstry and Information Security

Agency: Naval air Systems Chbmmand ' .

Telephone: _{703) 604-2590, X6354

Mailto: Commander, Naval Air Wartare Center Weapons Division
Code 454200E
521 9th Street, Point Mugu CA 93042-5001

Questions regarding this paper clearance form may be directed {0 Ms. Susan Hynds or Ms. Darlene Mata
at (805) 989-1390 or DSN 351-1330.

Enclosure (@)

100100 ' ’ O¥d SIVAYN L6LZ t0g ¢OLD COIPT  988/50.€0




SITUATIONAL AWARENESS: WHAT IS IT? CAN IT BE IMPROVED?

Karen T. Garner
Naval Air Warfare Center Aircraft Division
Thomas J. Assenmacher
ARINC, Inc.

ABSTRACT

Fleet aviators consistently rank situational awareness
(SA) as a critical mission concern. SA, although elusive,
must be understood and improved for the sake of mission ef-
fectiveness, expansion, survivability, and safety. The es-
sence of SA is the reception, manipulation, and use of in-
formation. SA encompasses the physical, mental, psychologi-
cal, social, and physiological capabilities of the human op-
erator. The operator must sense and perceive variables in
the environment and then process that information. The in-
formation must be filtered and applied to the specific mis-
sion phase to maintain SA. Optimizing information formatting
and presentation speeds, and meaningfully integrating data
to display information elements or “chunks” that are readily
useable to the aircrew can have a positive impact on aircrew
SA. Rapidly developing improvements in information process-
ing and transfer technologies, specifically sensor fusion
and automation techniques, can provide even more diverse in-
formation to the aircrew. Efficient, effective presentation
of necessary “information” to the aircrew is becoming even
more important. By taking a closer look at sensor data and
investigating advanced technologies, we can present a more
comprehensive, focused “picture” of the environment to the
aircrew; enhancing SA. This process, logically, will result
in increased threat awareness/avoidance, increased mission
effectiveness, improved survivability, and increased safety.

Seeing the term situational awareness (SA) on lists of
concerns generated by operator advisory groups, aircrew sys-
tem advisory panels, and various working groups prompted us
to explore the meaning of the term SA to better understand
it and do something to improve it. Querying aircrew and con-




ducting research, we discovered more definitions of SA than
are possible to print in the limited space of this paper.
There was, however, one definition that encompassed them

all: “Knowing what’s going on so you can figure out what to
dotn?

Looking at SA from the tactical viewpoint, we should be
aware that three worlds exist: First, the actual physical
environment - unalterable, finite in scope, from which air-
crew, ailrcraft systems, and sensors draw data and informa-
tion. Second, a world model exists within the aircraft - its
systems and displays. This world consists of data gathered
by aircraft systems, transformed into information (correct,
erroneous, or misleading) and presented to the aircrew.
Third, a world model exists in the aircrew’s mind - the sum-
mation of training, experience, motivation, comprehension,
and intelligence. The reconciliation of these three worlds
is at the root of SA.

Improving tactical SA is complicated by advances in
sensor technology (more information is becoming available to
the aircrew) and by the proliferation of sophisticated
threats emerging from nonaligned and third-world countries
(the former Soviet Union sells offensive and defensive weap-
ons systems to the highest bidder). Additionally, third
party modifications to these weapons systems creates insta-
bility in their operating parameters, making accurate and
timely intelligence gathering extremely difficult. These
factors, combined with austere budgets and long lead times
to develop adequate countermeasures, electronic attack and
protection systems require innovative, resourceful, and
timely solutions to the SA dilemma - how to transform avail-
able data into meaningful, accurate, and timely information
for the aircrew.

Specific components that should be included in a com-
prehensive definition of SA are: “ (1) extracting information
from the environment; (2) integrating this information with
relevant internal human knowledge to create a mental picture
of the current situation, (3) using this picture to direct
further exploration in a continual perceptual cycle, as well
as to (4) anticipate future events.”’ The following are
some cost effective improvements in information transfer to
the aircrew. We have spent the last year developing guide-
lines for improving SA by simply improving the design of




data-to-information processing and the display of this in-

formation to the crew. Although the improvement of SA is a
complex issue, these advances in hardware and software can

be implemented immediately to improve tactical combat air-

crew performance.

Improved Head-up Display (HUD) and light-weight, multi-
image source Helmet-Mounted Display (HMD) technology, in-
creased resolution and size of color flat panel head-down
displays, and the added dimension of color information cod-
ing will ultimately improve the value of visual information
passed to the crew. More efficient ways of representing in-
formation, including symbols, visual and audio icons, unique
data formats, three dimensional (3D) audio, etc., will im-
prove information transfer. We are exploring ways of infor-
mation formatting, combining/separating, and more logically
integrating information before presenting it to the aircrew.
The intent is to improve the presentation of multiple data
“chunks” in a more natural format.

Individual aircrew receive and use information differ-
ently to achieve and maintain SA. These differences are
significant, both between and within aircrew. Between, due
to the various capabilities and limitations within the popu-
lation; within, due to dynamic state changes constantly oc-
curring within the individual, such as stress, fatigue,
physical and psychological well-being, G forces, etc. These
differences have not been adequately addressed in the data-
to-information flow of current weapon systems. Improving
the information transfer between systems and the aircrew who
must control and use them is a high payoff area for SA im-
provement.

Sensor and processing capabilities are overloading the
aircrew with data. For example, detection of an airborne
emitter, on a bearing, are data. Until the aircrew know
more about the platform carrying the emitter, and its in-
tent, SA is incomplete. To prevent data flow induced degra-
dation of SA, we must transform the enormous stream of data
into crew-useable information. Attempting to fully exploit
a tactical aircraft’s systems can overwhelm the operator’s
ability to convert data-to-information-to-adaptive response.
The job of crew-systems engineers is to convert these data
to information and to present the information to aircrew in
formats and at rates they can handle.




ot

The following are some examples of enhancing SA through
cognitively friendly and intuitive interface design. These
examples hold the promise of passing more tactical and navi-
gation information quickly and intuitively.

- Vector Product Format (VPF) map features are
points, lines, or areas defined by polygons. The map fea-
tures and content are preserved at any magnification and the
map also maintains maximum digitized positional accuracy.
Aircrew can display a vector data file at any scale and se-
lectively suppress designated features. VPF maps can be
customized for mission-specific requirements. While raster
format requires more storage space, vector files take longer
for data access and display. The payoff is in the flexibil-
ity and versatility of VPF.

- Other independent map features include Frame of
Reference, that is, whether the map is presented “north-up”
or “track-up.” The north-up alignment provides a fixed frame
of reference, but tends to require more mental transforma-
tions for the aircrew to remain oriented. The track-up
alignment may require fewer and simpler mental transforma-
tions, but has an unstable frame of reference during air-
craft flight maneuvers. Therefore, for tasks that involve
navigating or maintaining a prescribed flight path, a track-
up alignment supports better performance while tasks that
involve reconnaissance, or orientation with regard to way-
points, a north-up alignment enhances performance. It seems
logical that a pilot-selectable alignment is necessary.’

- 3D perspective view display presentations have re-
ceived a lot of recent attention. Although real time 3D dis-
plays require computer-intensive processing, some research-
ers think that a 3D display will provide a more natural rep-
resentation of the aircrew view than a 2D display. A single
3D display that integrates information from several sources
will reduce the need to mentally integrate these sources of
information during a mission, thereby reducing the cognitive
load imposed on the aircrew. Conversely, some research
shows that the realism of a 3D scene may detract from a mis-
sion because the depth cues may not be accurate, there’s
more clutter, and convergence of various dimensions into one
object may cause distortion, therefore the use of 2D and 3D
presentations may be task dependent. Research indicates




that 3D presentations improve accuracy for conflict avoid-
ance maneuvers, detecting threats, and result in faster re-
sponse times for lateral and altitude tracking judgments.
2D displays can support more accurate flight control.?

- Offboard sensors, combined with communications,
cockpit displays, sensor integration techniques, and migsion
support systems will enhance mission effectiveness and sur-
vivability beyond that achievable with onboard sensors
alone. The integration of onboard and offboard sensor in-
formation will either enhance SA and result in improved mis-
sion performance or completely overwhelm the aircrew result-
ing in burdening workload and degraded SA. There are many
avionics issues, and of course, timeliness plays a major
role in data usefulness. But, presenting sensor information
from multiple sources so that aircrew readily understand the
implications of the information and can take immediate ac-
tion as it pertains to their mission is a real challenge.

- Pictorial displays are being explored as a solu-
tion to the complexity of modern aircraft and missions.
Crew-in-the-loop studies were conducted to evaluate the
utility and crew acceptance of pictorial format displays for
two-seat fighter/attack aircraft. The evaluation also ex-
plored whether utility and crew acceptance were affected by
the application of color, and to recommend format changes
based on the results. Crews clearly supported the concept of
pictorial formats and preferred the color version.*

- Under the High-Angle-of-Attack Technology Program
(HATP) , two integrated pictorial displays were developed for
simulation evaluations and flight test onboard the F/A-18
High Alpha Research Vehicle (HARV). The first concept is a
nosepointing display illustrating the range of control the
pilot has over the aircraft nose. The second concept is a
predictive flightpath display that allows the pilot to see
how current control inputs will affect aircraft future posi-
tion and orientation. These display concepts were viewed in
a wide-field-of-view HMD while engaged in an air-combat
simulation.”’

- 3D auditory technology refers to the manipulation
of a sound signal to give the user the illusion that the
sound emanates from a particular location in space. Because
alrcrew operate in an environment where spatial cues are im-




portant, 3D audio has the potential to provide aircrew with
sounds that are either separated in space or allocated to a
specific location. Additionally, the development of verti-
cally localizable auditory cues may be useful for enhancing
the spatial orientation of pilots in aircraft who are visu-
ally loaded and fail to maintain instrument scans.®

Our approach to SA improvement involves systematically
applying viable techniques to our crew-centered approach.
We use an iterative process of research, select, test, mod-
ify, retest, and accept before recommending improvement ini-
tiatives. 1In-house rapid prototyping and simulation at
Patuxent River allows us to quickly evaluate concepts and
record performance.

Using this approach, viable research, and lessons
learned from previous programs, we developed guidelines that
can be included in performance-based specifications during
product acquisition. The guidelines are simple, logical,
and easy for designers to apply in selecting and formatting
information processors and displays. The guidelines carry
forward already validated formats and principles. Bear in
mind that presentation of information to the aircrew is only
one part of improving SA, however, it is a part that is
relatively affordable, can be achieved through evolution,
and can be easily tested to determine performance results.

(1) Adam, Eugene C., Advisory Group for Aerospace Research & Develop-
ment Conference Proceedings, AGARD-CP-575, Apr 95.

(2) Vidulich, Situation Awareness: Papers and Annotated Bibliography,
Al/CF—TR—1994-0085, Jun 94.

(3) Unger, Rebecca A., & Aaron W. Schopper, CSERIAC Review & Analysis,
Digital Moving Map Displays for Fighter and Tactical Aircraft, May
95.

(4) Martin, Robin L., & Way, Thomas C., Proceedings of the Human Fac-
tors Society 31st Annual Meeting, 1987.

(5) Viken, S., & Burley, J.I., SPIE - The International Society for
Optical Engineering - Helmet Mounted Displays III, Vol. 1695,
1992.

(6) Endsley, Mica R., & Rosiles, A. Armida, Proceedings of the Human

Factors and Ergonomics Society 39th Annual Meeting, 1995.




