ASC-TR-96-5007

JOINT VISUAL SYSTEM OPERATIONAL EVALUATION (JOINT VIS-EVAL)
(CAE ADVANCED FIBER-OPTIC HELMET MOUNTED DISPLAY)

JAMESE. BROWN, LT COL HARRY DAYE,

LT COL ROBERT STICE, MAJMIKE CARIELLO,
MAJJOHN AYRES, LT LUTHER HOOK,

CAPT CHARLES MIDTHUN, CAPT SCOTT GAST,
LT FRANK T. WALLACE, CAPT MITCH REEVES

16 FEBRUARY 1996

FINAL REPORT

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION ISUNLIMITED.

TRAINING SYSTEMS PRODUCT GROUP
AERONAUTICAL SYSTEMS CENTER

AIR FORCE MATERIEL COMMAND
WRIGHT PATTERSON AFB OH 45433-7126



NOTICE

When government drawings, specifications, or other data are used for any purpose other
than in connection with a definitely Government-related procurement, the United States
Government incurs no responsibility or any obligation whatsoever. The fact that the government
may have formulated or in any way supplied the said drawings, specifications, or other data, is not
to be regarded by implication, or otherwise in any manner construed, as licensing the holder, or
any other person or corporation; or as conveying any rights or permission to manufacture, use, or
sall any patented invention that may in any way be related thereto.

Thisreport is releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the genera public, including foreign nations.

ThIS technical report has been reviewed and is approved for publication.

k| o i
| L Lo
:-_h__.'.-_"".-":l.:::il;;"f"'_. '---I o -y o _.-_'.:q;"_-.:":';_r-'_:-"\-:__-". -""-.-’/Q'l q_-'{:{l"'{ -"'?:.r-l

~AAMES E. BROWN WILLIAM L. CURTICE I
© Chief TSRA and Courseware Chief, Enginsering Division
Training Systems Product Group Training Systems Product Group

il S L s ;u

JAMES CUNNINGHAM, SES CRAIG ESTEIDLE
Product Group Manager Rear l"s.-:llﬂ'lll?i] L5, \ﬂv}
Training Systems Product Group

R.u’\-\-ﬁ FLA_Q ’Lu P
G.P. PHILLIPS
Deputy Commander for Acguisition and
Crperations (NAVAIR 1.0)
Eear Admiral, LS, Navy

If your address has changed, if you wish to be removed from our mailing list, or if the
addressee is no longer employed by your organization please notify ASC/YWE, WPAFB, OH
45433-7111 to help us maintain a current mailing list.

Copies of thisreport should not be returned unless return is required by security considerations,
contractual obligations, or notice on a specific document.



Form Approved
REPORT DOCUMENTATION PAGE 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 or any 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 Highwaz, Suite 1204, Arlington, VA 22202-4302,_and to the Office of Mwemem and Budget, Paperwork Red_uction Project (0704-0188), Washington, DC 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
FEBRUARY 1996 FINAL REPORT
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
PE 64227F

Joint Visual System Operational Evaluation - (SITE 1) -FEBRUARY 1996

(CAE Advanced Fiber-Optic Helmet Mounted Display)

6. AUTHOR(S)

James E. Brown, Lt Col Harry Daye, Lt Col Robert Stice, Maj Mike Cariello, Maj John
Ayres, Lt Luther Hook, Capt Charles Midthun, Capt Scott Gast, Lt Frank Wallace and
Capt Mitch Reeves

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Training Systems Product Group REPORT NUMBER
Aeronautical Systems Center

Air Force Materiel Command

WPAFB OH 45433-7111

POC: Julie A. Sutton, (937) 255-2885, Ext 254
9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING /MONITORING
Training Systems Product Group AGENCY REPORT NUMBER
Aeronautical Systems Center

Air Force Materiel Command

WPAFB OH 45433-7111

POC: Julie A. Sutton, (937) 255-2885, Ext 254
11. SUPPLEMENTARY NOTES

ASC-TR-96-5007

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

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION ISUNLIMITED.

13. ABSTRACT (Maximum 200 words)

The Joint Vis-Eval is a followon effort to evaluate additional visual display devices and a nulti-
service effort including Air Force, Navy and Marine pilots. The objective of the initial Joint Vis-Eval
was to identify the capability and limtations of the | atest generation of Advance Fiber-Optic Hel net
Mount ed Di spl ay (FOHMD) devel oped by CAE El ectronics, Ltd. Purpose: (1) determine trainability of
tactical mssion tasks with avail able visual display technology, (2) denbnstrate current visual

simul ati on technology to users, (3) obtain feedback fromthose users to help define future visual

requi rements and (4) provide infornmation and data to support future sinmulation acquisition decisions. A
team of highly experienced F-15E, F-16C and FA-18C/ D instructor pilots evaluated the Advanced FOHVD
system using fighter tasks in a mission context. The United States Air Force Formal Training Unit (FTU)
and United States Navy/United States Marine Corps Fleet Replacement Squadron (FRS) training |levels were
used as the benchmark for the evaluation. Each evaluator flew three mssions: a famliarization and two
eval uati on m ssions. At the end of each mission, the pilot conpleted a questionnaire and debriefed the
anal ysis teamto docunent the task training capability of the display system The Advanced FOHMD has
several significant inprovenents over earlier versions of the FOHVD. These inprovenents include: (1)
accept abl e eye tracking, (2) inproved resolution, (3) limted inprovenents in the area of in-cockpit

vi ewi ng of instrunents and controls and (4) a nore effective high resolution inset. The results and

di scussion indicate that the Advanced FOHVD provi des training capability for selected fighter tasks.
Human factors issue needs to be addressed to inprove pilot acceptability.

14. SUBJECT TERMS 15. NUMBER OF PAGES
Joint Visual Evaluations, Flight Simulations, Advance Fiber-Optic Helmet Mounted Display 54
(FOHMD) and Display Technology 16. PRICE CODE

17. SECURITY CLASSIFICATION| 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR

Standard Form 298 (Rev. 2-89) (EG)

Prescribed by ANSI Std. 239.18
20R.102




TABLE OF CONTENTS

FIGURES AND TABLES.......oo ottt sttt ne e v
ACRONYMS....eei ettt e e ee et e et e s s e e be e e steeasseesseeanseeanseenseeanseeanseenns vi
PREFACE ... .ottt sttt st e b e et e asteesseeebeeanteeeseeeneeansaenns viii
EXECUTIVE SUMMARY ...ttt sttt siee et e sstaessae s e snaaessaeenneesnsee e 1
SECTION 1- INTRODUCTION ...oiiiiiiiieiieeiie sttt seesee e sneeenaee e nnee s 3
1.1 BACKGROUND.......cttiitiietieiieesee ettt tee e steesiae et e ssaeessaeesseesnseesseeenseesnseenns 3
1.2 AREASTO BE INVESTIGATED......coiiieiieiie sttt 4
1.3 PURPOSE ...ttt sttt st e et e et eanteesseeebeesnteesseeeseeansaenns 4
1.4 SCOPE AND LIMITING FACTORS ......ccoiiiieeieestieertie et 4
1.4.1 Operational EVAIULTON..........c.ooiiiiiiiiie e s 4
1.4.2 Engineering EVaAlUBLION..........cooiiiiiieiie et 5
1.5 SPECIFIC OBJECTIVES......oo ittt 5
LT R @ o 1= 1 Y RSP RR 5
1.5.2 ODJECHIVE 2.ttt sttt e bt nte e sre e neeensee e 5
SECTION 2- METHOD OF ACCOMPLISHMENT ...ooiiiiiiiiieeiie e 6
2.1 METHOD OF TEST ...ttt ittt esiee st stes sttt staesnessseesnaaessaeenseesnsaensenas 6
2.1.1 Operational EVAIUBLOIS. .......coiiiieiiiie ettt 6
2.1.2 Training for EVAUBLOIS. ........cocuiiiiiiie e 6
2.1.3 Operational ProCEAUIE..........cooiuiieiiiie et 6
2.1.4 ENQINEEIING REVIEW......oiiiiiiiiiiie ettt e e e e e e nne e 7
2.2 METHOD OF EVALUATION ....ociiiiiieiieeitie e siee e seessiee e ssaeenseesnseennee s 7
2.2.1 Operational EVAIUBLION .........cccueiiiiiieiiiie et eee e e sse e 7
2.2.2 ENgiNeering DESCIIPLION .....ccoiiiieiiiie ettt 7
2.3 SYSTEMS ENGINEERING DESCRIPTIONS.........coiiiiiiiiiie e 7
2.3.1 Advanced Fiber Optic Helmet Mounted Display and MAXVUE ™ IG ............... 7
2.3.1.1 Evauation Cockpit and Aircraft SIMUlation ............ccceeeriiiiiinenie e 7
2.3.1.2 IMAGE DISPIAY ... eeeeieieeiiiie ettt ae e 8
2.3.1.3 IMage GENEIBLION ......eeiiieieeiiie ettt ettt et e st e e s nse e e snreeesnneeeenes 8
G B R DT = o7 < = USSP 8

2.3.1.5 Mini Crew Station CONSOIE ..ot e eee e e e e aeeeans 8



SECTION 3 - RESULTSAND DISCUSSION.....ccuviiiiiiiiieciee e 9

3.1 MISSION AND ENGINEERING PERFORMANCE.........cccccoiiiiieeniieesee e 9
3.1.1 Training Mission PerfOrmanCe..........coocuueeiiiieiiiie et 9
0 I O I 1= S S V= U <o PRSP 9
3.1.1.2. RESUItS @Nd DISCUSSION ....ccoiuiiieiiiieaiieeeiteeesieeeesstee e e snseeesnee e e snseeesnseeesnseeesnseas 9
3.1.2. ENgineering PerfOrManCe. ..........ooiiiieiiiie et 23
3121 ViSUal DISPIAY ....eeeeeieeeeee e 23
3.1.2.2 Visual IMage GENEIELON ..........coiiuiieiiiieeiiee e siiee et seee e e e 23
3.1.2.3 Visual DataBase.......ccoocuiiiiiiiiiiiie e 23
3.1.2.4 Mini Crew Station CONSOIE .....c.eeieiiiieiiie e 23
3.2 GENERAL TECHNICAL OBSERVATIONS.......cccoii it 24
3.2.1 Changes Implemented On Patuxent River FOHMD System...........ccccevceeeiieennne. 24
3.2.2 POSItIVE PHOL FINAINGS ...eoiiiieiiiee et 26
3.2.3 Negative PHOt FINAINGS.......coiiiieiiiie e 26
3.2.4 NonVisua Display PiIlot ODSENVALIONS..........coeiiieiiiieeiiee e 28
3.2.5 Other FINAINGS. ... eeieiiiie ittt e e e e snse e e snneeeenes 29
325,01, AVAIADIHTTY ..o nree s 29
3.2.5.2. Fiber-Optic BUNAIE WA ........ccueieiiiieiee e 29
3.2.5.3. COCKPIT SYSLEIMS......eeiiiiiieiiiie ettt e e enne e 29
3.2.5.4, DaBDASE.......eeiiiiie e e e ne e enes 29
G ST S T I = LU 1 o PRSP 29
3.2.5.6. PhysiologiCal EffECtS........coiiiiiiiiiie e 29
SECTION 4 - CONCLUSIONS..... .ottt 30
SECTION 5- RECOMMENDATIONS......ooiiiieiiie e 31
REFERENCES........oo oottt sttt sste e snee et e snaeesseeenseesneeenseeensee e 32
ANNEX A STATEMENT OF JOINT VISUAL EVALUATION OBJECTIVE........... 33
ANNEX B EVALUATION TASK OQUTLINE.......ccoiiiiiieiiieeiie e 34
ANNEX C JOINT VISUAL EVALUATION SORTIE EVENTS.......ccciiireeeee e, 37
ANNEX D

BACKGROUND OF EVALUATION PILOTS......ccoiiieiieeieeieesee e 40
ANNEX E JOINT VISUAL EVALUATION RATING SCALE......cccooiiiiienieeene 41
ANNEX F SAMPLE DATA COLLECTION FORMS........ccoiiieiieiie et 42
ANNEX G COMPOSITE RATINGS......co ottt 49
ANNEX H DETAILED HARDWARE DESCRIPTION......cccocvsiirienieeieseesieenieeeens 52

iv



FIGURES AND TABLES

List of Figures

3-1 Single Aircraft Task ComPOSItE REINGS......c.uveiiiiieiiie i 17
3-2 Multiple Aircraft Task COMPOSItE RALINGS......ccoivveriiiieaiiieerieeeriee e 18
3-3 MFES FOV DESCIHPLION ....eeiiiiieiiiieeiiee ettt e s e e e e nne e 19
3-8 AFOHMD SYSIEM......oovoeeeeeeeeeeeeeeeeeeeeeeeee e eee e ee e ee s eee s ee e e e s neeseen 20
List of Tables

G-1 Single Aiircraft Tasks and Subtasks Composite Ratings.........cccoevveeeriieeeniieeesienene 48
G-2A Multiple Aircraft Tasks and Subtasks Composite Ratings .........ccooceeerveeeiiennne. 49
G-2B Multiple Aircraft Tasks and Subtasks Composite Ratings..........ccooceveiieeeiieenne. 50



A/A
ACC
ACM
AFB
AFMC
AFOHMD
AGL
AHC
AIM-9
AQI
BFM
CAF
CRT
CT
DB
Deg
DMPI
DTOS
EO
ESIG
FFOR
FOHMD
FOV
FRS
FTU
HAS
HD
HMD
HUD
ID
IFR
1G

P

P

IR
JAST
LAB
LALD
LAN
LAS
LAT
LATS
LOD

ACRONYMS

Air-to-Air

Air Combat Command

Air Combat Maneuvering
Air Force Base

Air Force Materidd Command

Advanced Fiber Optic Helmet Mounted Display

Above Ground Level

Aircraft Handling Characteristics
Air Intercept Missile
Area-of-Interest

Basic Fighter Maneuvering
Combat Air Forces

Cathode Ray Tube

Continuation Training

Dive Bomb

Degrees

Desired Munitions Point of |mpact
Dive Toss

Electro-Optic

Evans and Sutherland Image Generator
Full Field Of Regard

Fiber-Optic Helmet Mounted Display
Field of View

Fleet Replacement Squadron
Formal Training Unit

High Angle Strafe

High Angle Dive Bomb

Helmet Mounted Display
Head-Up Display

| dentification

Instrument Flight Rules

Image Generator

Instructor Pilot

Initial Point

Infrared

Joint Advanced Strike Technology
Low Angle Bomb

Low Angle Low Drag

Local AreaNetwork

Low Angle Strafe

Low Altitude Training

Low Altitude Training System
Level of Detail

Vi



MFS
NATC
NAWCAD
NM

NR
OFT
Pix
R&D
RTB
RWR
SA
SAM
SIF
TACAN
Texels
TSRA
USA
USAFE
uTD
VFR
VID
VLD
WFOV
WST

Manned Flight Simulator

Naval Air Test Center

Nava Air Warfare Center Aircraft Division
Nautical Miles

Not Rated

Operational Flight Trainer

Pixels

Research and Devel opment
Return to Base

Radar Warning Receiver

Situation Awareness
Surface-to-Air Missile

Standard Interchange Format
Tactical Air Navigation

Texture Elements

Training System Requirements Analysis
United States of America

United States Air Force in Europe
Unit Training Device

Visud Flight Rules

Visud Identification

Visua Lay Down

Wide Fidd of View

Weapon System Trainer

Vil



PREFACE

This report summarizes the findings of the joint visual system evauation of the CAE
Electronics Advanced Fiber-Optic Helmet Mounted Display (AFOHMD) located at the Manned
Flight Smulator Facility, Naval Air Warfare Center, Aircraft Division, Patuxent River, MD. The
effort was managed by the Training Systems Product Group, Aeronautical Systems Center,
Wright-Patterson AFB, OH and funded jointly by the same and the Joint Strike Fighter Program
Office, formerly Joint Advanced Strike Technology (JAST) Program. Evaluations were provided
through arrangement with the Air Combat Command (ACC), Langley Air Force Base, VA and
the Naval Air Systems Command, Arlington, VA. Lt. Col. Harry Daye was the Evaluation Team
Chief and Mr. Jim Brown of the Training Systems Product Group was the Training Analyst and
Lead Engineer. Support was received from Lt. David Street, Ph.D. of the Nava Air Systems
Command, PMA 205 Training Systems Program Manager. There were eight evauation pilots
including four USAF, two USN, and two USMC. They averaged 2275 flying hours and almost
800 hours as Instructor Pilots (IP's). The Evaluation Team consisted of

LTC Bob Stice, USAF
MAJMike Caridllo, USMC
MAJ John Ayres, USAF

LT Luther Hook, USN

CAPT Charles Midthun, USAF
CAPT Scott Gast, USMC

LT F. T. Wallace, USN

CAPT Mitch Reeves, USAF

The Training Systems Product Group extends specia thanks to the Air Combat Command
and the Naval Air Systems Command for supporting the effort and to the dedicated evaluators
who gave so much of their time and effort to the project.

The authors wish to express their appreciation to the Manned Flight Simulator Facility,
Naval Air Warfare Center, Aircraft Division, (NAWCAD) at Patuxent River, MD. and CAE
Electronics, Ltd. who generously provided their facilities and support personnel for the
evaluation. Special thanks are due to:

Mr. Christopher Y glesias, NAWCAD, Patuxent River, MD

Mr. David Purdue, NAWCAD, Patuxent River, MD

Mr. Bill Jarrott, ISI, NAWCAD, Patuxent River, MD

Mr. Sylvain Lasnier, CAE Electronics Ltd, Saint-Laurent, Quebec, Canada.



EXECUTIVE SUMMARY

The Training Systems Product Group, ASC/YW, initiated a Training Systems
Requirements Analysis (TSRA) in response to a March 1989 request from United States Air
Forces Europe (USAFE) to investigate low altitude training needs for the 1990s.
Recommendations made in 1991 based on that analysis, indicated that modern visua systems have
the potential to significantly enhance available tactical aircraft training and may assist in slowing
down the loss of critical low dtitude flying skills that are not frequently practiced.

The Visual Evauation Program (Vis Eval) was created in 1992 by ASC/YW to evauate
the adequacy of image display technology to support low altitude training. Its purpose wasto (1)
determine trainability of tactical mission tasks with available visual display technology, (2)
demonstrate current visual simulation technology to users, (3) obtain feedback from those users
to help define future visua requirements and (4) provide information and data to support future
simulation acquisition decisions.

In 1993, ASC/YW, with the support of Air Combat Command (ACC), conducted the first
Vis-Eval. Inthisreport, werefer toit asVis-Eval I. Vis-Eval | included evaluation of three
different types of wide field-of-view visual display systems which had the potential to meet
tactica mission training needs.

Joint Vis-Eval is afollow-on effort to evaluate additional visual display devices. It wasa
collaborative effort between ASC/YW, NAVAIR (PMA-205), and the JAST Program Office. It
was therefore modified to be a multi-service effort and included Air Force, Navy and Marine
Corps pilots. In addition, the evaluation process has been restructured to take advantage of
lessons learned during Vis-Eval I.

The objective of theinitia Joint Vis-Eval was to identify the capability and limitations of
the latest generation of Advanced Fiber Optic Helmet Mounted Display (FOHMD) developed by
CAE Electronics, Ltd. An earlier version of thistype of display was evauated as part of
Vis-Eva | a CAE Electronics GmbH, Stolberg, Germany in 1993. The results of this evaluation
were reported in Visual System Operationa Evaluation, Final Report, Document No. ASC-TR-
94-5030, dated 31 July 1994. Modifications by CAE, prompted by earlier evaluations, are
included in the device at the NAWCAD, Patuxent River, MD.

A team of highly experienced F-15E, F-16C and FA-18C/D instructor pilots evaluated the
Advanced FOHMD display system, using fighter tasks in a mission context. USAF Formal
Training Unit (FTU) and USN/USMC Feet Replacement Squadron (FRS) training levels were
used as the benchmark for the evaluation. Each evauator flew three missions, afamiliarization
and two evaluation missions. At the end of each mission, the pilot completed a questionnaire and
debriefed the analysis team to document the task training capability of the display system.

The results of the AFOHMD Joint Vis-Eval are presented in this report in detail. Maor
conclusions are summarized below:

The AFOHMD has several significant improvements over earlier versions of the FOHMD.
These improvements include: (1) acceptable eye tracking, (2) improved resolution, (3) limited
improvements in the area of in cockpit viewing of instruments and controls and (4) amore
effective high resolution inset. These changes have facilitated performing most single aircraft



tasks and severa important multiple aircraft tasks. Nine of the eleven single aircraft tasks
evaluated by the team were rated trainable (Figure 3-1). Five of the twenty multiple aircraft tasks
evaluated by the team were rated trainable (Figure 3-2).

Human Factors problems with the AFOHMD make it currently unacceptable for USAF
FTU and USN/USMC FRStraining. Problemsincluded: (1) the helmet dlips causing loss of
imagery when attempting to look aft of the 3-9 line, (2) the helmet is heavy and uncomfortable,
(3) fiber-optic bundles catch on the display structure, (4) it is difficult for the pilot to view
instruments and controls in the cockpit due to interference with the pilot’s vision by the helmet
optics and (5) the cockpit is dark during a daylight scene.

The AFOHMD requires significant human factors improvements before it could be
considered acceptable for training.



SECTION 1- INTRODUCTION
1.1 BACKGROUND

1.1.1 Ground-based simulator training for tactical fighter aircrewsis limited by lack of adequate
visua display systems. Effortsto develop visual systems with the capability to provide useful
tactics training have met with limited success. A major requirement of tactical visua systemsis
that the display must have alarge, instantaneous field-of-view (FOV) both horizontally and
verticaly and afield-of-regard (FOR) limited only by the aircraft structure. This requirement has
been difficult for industry to meet while till providing resolution and brightness that is adequate
to redlistically train tactical flying tasks. Other visua system constraints have been evident in the
area of data base size and detail. Fighter aircraft rapidly traverse long ranges in a very short time
gpans. These large distances and high speeds place major burdens on data base development and
image generation. Fighters also operate at altitudes ranging from the surface to 40,000 feet.
Fighter pilots are required to recognize objects such as another F-16 or F-18 at realistic tactical
ranges, assess the range and closure aspect of another aircraft, and fly tactical formation. They
must also accurately identify ground objects such as vehicles, roads and bridges. Thiswide range
of requirements has made it difficult for industry to develop display systems which meet the full
range of fighter training requirements.

1.1.2 Inthe past, the Air Force has conducted operational evaluations to determine if advancesin
visua system technology could provide the capability to train tactical flying tasks. Among these
efforts were Project 2235, Air-to-Ground Visual Simulation Demonstration (1976), Simulator
Systems Comparative Evaluations (1977, 1979) and the F-15 Limited Field of View Visual
System Training Effectiveness Evaluation (1984). The genera findings of these efforts indicated
that existing visual systems could train some, but not all, critical tactical flying tasks.

1.1.3 In March 1989, the United States Air Forces In Europe (USAFE) requested assistance
from Air Force Systems Command (AFSC) in determining ways to meet its low altitude training
needs for the 1990s. USAFE aircrews were limited to training at atitudes of no less than 250 feet
and at airspeeds of no more than 475-550 knots. A training systems requirements analysis
(TSRA) was conducted for the F-16C and F-15E weapon systems. Based on the analysis,
recommendations indicated that modern visual systems had the potential to significantly enhance
available tactical aircraft training and could assist in owing down the loss of critical low altitude
flying skills that are not frequently practiced due to range or safety constraints. To verify
adequacy of image display technology to support low altitude training, an operational evaluation
using aircrews was suggested.

1.1.3.1 Asaresult, ASC/YW, together with the support of Air Combat Command, conducted
what has been referred to and reported as Visual System Operational Evaluation or Vis-Eval. We
refer to thefirst Vis-Eval asVis-Eva | inthisreport. Vis-Eva | included: Site#1, a Two
Channel Area of Interest Dome Display, developed by Evans and Sutherland and conducted at the
manufacturer’s plant in Salt Lake City, UT; Site #2, the Display for Advanced Research and
Training (DART), conducted on site at Armstrong Labs, Williams Gateway Airport, AZ and Site
#3, the Fiber-Optic Helmet Mounted Display (FOHMD), developed by CAE Electronics, Ltd.,



Montreal, Canada, and conducted at CAE Stolberg, Germany. The results of these evaluations
are reported in ASC-TR-94-5030, July 1994.

1.1.4 Display technology has improved since Vis-Eval | and these improvements must be
evaluated for possible application to new visua system requirements. Joint Vis-Eval is afollow-
on effort to evaluate improved and additional devices. Joint Vis-Eva differsfrom Vis-Eval | in
several ways. Itisnow amulti-service effort including Air Force, Navy and Marine pilots and
jointly funded by the Joint Advanced Strike Technology (JAST) Program and ASC/YW. The
evaluation process has also been restructured to take advantage of lessons learned during Vis-
Evdl I.

1.2 AREASTO BE INVESTIGATED: A visud system inits most elementa form, is
comprised of the combination of a data base, an image generator (IG) and visua display system.
This evauation, similar to Vis-Eval |, focused on display systems.

1.3 PURPOSE: The purpose of this effort was to continue to operationally evaluate available
visua image display technology for potential application to operational training of tactical fighter
aircrews.

1.4 SCOPE AND LIMITING FACTORS:. The evaluation was conducted at the Manned
Flight Simulator (MFS) located at NAWCAD, Patuxent River, MD from 24 July through

2 August 1995. This evaluation consisted of two activities. Thefirst activity was the operational
evaluation and second was the engineering review of the system.

1.4.1 Operational Evaluation

1.4.1.1 The operational evaluation used an evaluation team comprised of eight instructor pilots,
(four USAF, two USN and two USMC) with current FA-18, F-16C or F-15E experience.

1.4.1.2 Thefocus of this operational evaluation was to evaluate the training capability of the
AFOHMD to support USAF Formal Training Units (FTU) and USN/USMC Fleet Replacement
Squadrons (FRS). It was not structured as an experimental comparison. Instead aircrews were
asked to rate the training capability of the visual display system under evaluation. Dueto large
differences in weapon system components and performance capability, it is not possible to
compare one visual system to another. Rather, the intent of this evaluation was to rate the
capability of the AFOHMD to support training of tactical mission tasks.

1.4.1.3 Even though visua displays were the focus of the evaluation, it was recognized that
cockpit differences, image generation and data base capabilities impacted training capability
ratings. Only subjective aircrew data was gathered during the operational evaluation. Objective
data such as bombing scores, hits, etc., was not available. Engineering data was furnished by the
Site organization and development contractor and was verified by evaluation team engineering
personnel. Operational reliability and maintainability issues were not evaluated athough genera
availability of systems was noted.



1.4.2 Enginegring Review

1.4.2.1 Anengineering data review for this device configuration was conducted to verify the
current visual systems display and image generator attributes (Annex H).

1.5 SPECIFIC OBJECTIVES

1.5.1 Objective 1. Evauate the capability of selected image display technologies to support
training of the tactical mission tasks (Annex B).

1.5.2 Objective 2. Baseline and document the engineering attributes for the smulator
configuration. Emphasisis placed on the visual display, image generator and database at the time
of the evaluation.



SECTION 2- METHOD OF ACCOMPLISHMENT
21 METHOD OF TEST

2.1.1 Operational Evaluators. Eight pilots were selected for this evaluation including four Air
Force, two Navy and two Marine pilots. All pilots had extensive fighter and fighter instructor
pilot experience in the F-15, F-16 or FA-18 with one of the pilots having combat experience.
Both Marine pilots were Top Gun graduates and one is currently an instructor at the school. The
average flying time for the pilots was 2275 hours; average instructor time was 788 hours.

2.1.2 Traning for Evaluators. Training for the team was provided in visual system technology
and the evaluation process at the Flight Dynamics Laboratory Simulation Facility at Wright
Patterson AFB, OH. Classroom instruction and demonstration training on visua system
technology were given to evaluation pilots for recognition of visual features related to visual
displays, visual image generation and databases. This training enabled the evaluators to better
converse during the debrief on technical issues, to assess the inter-relationship of visual system
components and to focus on visual displays for training capability ratings.

2.1.3 Operationa Procedure. The evaluation was conducted over atwo week period. A
familiarization mission and two generic tactical evaluation missions were devel oped to permit the
pilot to evaluate each of 11 single aircraft and 20 multiple aircraft tasks. Most tasks were further
divided into a series of subtasks. The tasks, sub tasks, missions and mission events were
developed by the Joint Vis-Eval Pilot Team during an initial meeting six weeks prior to the
evaluation and were approved by the Evaluation Team Chief. A complete list of tasks and
subtasks is located in Annex B. Not all tasks and subtasks were flown on each mission, but the
missions were structured to cover each task and subtask at least once during the evaluation. The
Familiarization Mission was structured to orient pilots to the FA-18 and the visua system as well
asto overcome “first impressions’. Each evaluation mission consisted of a set of events (air to
surface, air to air, formation, threat reaction, etc.) to evaluate the tasks in a mission context.
Mission events increased in complexity from single aircraft events in the beginning of Mission 1 to
complex multi aircraft events later in Mission 1 and in Mission 2. The multiple aircraft events
were flown as atwo aircraft element against various air and ground threats.

2.1.3.1 Before the evaluation, two of the evaluation team pilots developed four low level routes
to be used during the evaluation. The day before the arrival of the first pilot team, the Team Chief
and supporting personnel evaluated the systems at the Manned Flight Simulator to finalize the
conduct of the evaluation.

2.1.3.2 Upon arrival, each pilot had a helmet liner poured and fitted to a helmet so that the
AFOHMD would not dlip on the pilot’s head. This process required approximately two hours.
Prior to first flight, an additional period of approximately 30 minutes was required for initial
mounting of the display to the pilot’s helmet and adjusting the optical display for each pilot. Each
pilot team was then in-briefed on facilities, procedures and schedule of events. Pilots were
organized into four teams, each with one USAF and one USN or USMC pilot. The multi-service
teams were devised to better integrate the results of the evaluation.



2.1.3.3 Team members briefed and flew each mission as atwo aircraft flight, one pilot in the
cockpit wearing the AFOHMD and one at the Mini Crew Station (see para 2.3.1.5) flying the
second aircraft. They then reversed roles to repeat the mission. After each mission, pilots
individually rated each task and subtask using the rating scale shown in Annex E and filled out the
guestionnaire shown in Annex F. Additionally, an individual debriefing was conducted to discuss
the ratings and comments. All debriefings were recorded on tape for additional reference.

2.1.4 Engineering Review. Engineering data were requested and discussions held with both site
personnel and the visual system contractor. Observations of system performance were made and
noted for further discussion. During the evaluation, available data were analyzed and any
requirements for additional dataidentified. A detailed hardware description is presented in
Annex H.

2.2 METHOD OF EVALUATION

2.2.1 Operational Evaluation. Two criteria were used to evaluate the AFOHMD. The measures
of effectiveness were the evaluation pilot subjective ratings in accordance with Annex E criteria
and the evaluation team’ s assessment of the capability of each system to train pilotsin an
operational training environment. The criteriawere that at least eighty per cent of the ratings for
the task must receive a score of three or higher (first criterion) or the task must receive an overall
acceptable assessment by the evaluation team (second criterion).

2.2.2 Engineering Description. The intent of the engineering evaluation was to document visual
system performance as it existed at the time of the operational evaluation. Many problems which
existed with the system were reviewed and potential improvements to the system are discussed in
this report.

2.3 SYSTEMSENGINEERING DESCRIPTIONS

2.3.1 Advanced Fiber-Optic Helmet Mounted Display (AFOHMD) and MAXVUE ™ Image
Generator. A detailed description of the visual system performance characteristicsis presented in
Annex H.

2.3.1.1 Evaluation Cockpit and Aircraft Simulation. The evaluation cockpit was a fixed base
F/A-18A cockpit and HUD modified to represent an FA-18C for use in systems development and
engineering flight test for the NAWCAD and the Naval Air Test Center (NATC). The displays
and controls, except for the HUD optics, replicated the controls and displays of the FA-18C.
Radar and weapons delivery system simulations were limited and did not simulate weapon release,
weapon flyout or weapon impact. Flight performance of the ssmulated aircraft was representative
of the FA-18C. The*“rall in/roll out” cockpit was shared with other visua display systems and
was moved into a dome display when not used for this evaluation. When used for this evauation,
the cockpit was rolled into place under the frame supporting the AFOHMD projectors, fiber
optics, displays and helmet position sensor.




2.3.1.2 Image Display. The AFOHMD isanew generation FOHMD display which includes
modifications over earlier generations. Modifications include (1) an occulometer which improves
eyetracking, (2) more eye relief in the display optics which permits the pilot to better see in the
cockpit to locate instruments and controls and (3) a high resolution inset which is amost
unnoticeable to the viewer. Also, the display uses two high resolution CRT projectors in place of
four light valve projectors used in earlier models.

2.3.1.3 Image Generation. A CAE Electronics MAXVUE ™ provided image generation for the
evaluation. This|G hasfour channels and a post processor which combines a background channel
with a high resolution inset channel for each eye.

2.3.1.4 Database. The database used in the evaluation was a subset of the AV-8B West Coast
Database.

2.3.1.5 Mini Crew Station Console. The Mini Crew Station consisted of a console with a CRT
displaying ssmulated aircraft instruments, two throttles, a side stick controller, a keyboard and a
three monitor display above the instrument CRT providing an out-the-window visual display. For
the first two pilot teams, an ESIG 2000 1G provided a database, for horizon reference only, that
was not correlated in location or altitude with the database seen in the evaluation cockpit. On
Saturday of the first week, the Mini Crew Station |G was changed to a CompuScene [V/A with
an AV-8B database fully correlated with that seen in the evaluation cockpit. Thiswas the only
system change made during the evaluation. Above the console was an additional monitor
displaying the evaluation cockpit HUD display. An additional blackboard sized display provided a
dynamic plan view of the selected low level route and all aircraft involved. Accurate range to the
other aircraft was available only from a separate visua system control console. The Mini Crew
Station console provided an FA-18A flight ssmulation but was designed to be used to control a
flyable target, not to control another aircraft in aformation or to provide training. For this
evaluation, one of the team pilots used this console to provide the other aircraft for all multiple
aircraft tasks including tactical and close formation (both lead and wing) as well as Basic Fighter
Maneuvering (BFM) and Air Combat Maneuvering (ACM).




SECTION 3 - RESULTSAND DISCUSSION
3.1 MISSION AND ENGINEERING PERFORMANCE
3.1.1 TRAINING MISSION PERFORMANCE
The first objective of this evaluation was to determine the capability of the AFOHMD visual
display to support training of the evaluation tasks described in Annex B. The operational

evaluation was conducted as discussed in para2.2.1. The evaluation criteria are presented in
Annex E. Results and discussion follow:

3.1.1.1 Tasks Evaluated. All of the 12 single aircraft and 20 multiple aircraft tasks originally
identified in Annex B, except 1.4.2, Night Landing, were evauated during the missions flown.
Night Landing could not be evaluated because the MAXVUE’s ™ night scene was not
integrated at the MFS.

3.1.1.2 Results and Discussion. The AFOHMD was evauated as being able to support
FTU/FRStraining for 9 of the remaining 11 single aircraft and 5 of 20 multiple aircraft tasks.
The composite ratings for al single and multiple aircraft tasks are shown in Figures 3-1 and 3-
2. Annex G lists the ratings for each task and subtask by pilot team as well as the composite
rating by the full evaluation team. Significant pilot comments for each task, and sub task
where appropriate, are addressed below.

3.1.1.2.1 A sgnificant improvement in acceptable ratings for multiple aircraft tasks and
subtasks occurred between Teams 1 & 2 and Teams 3 & 4. Asdiscussed in paragraph
2.3.1.5, achange was made to the Mini Crew Station between the evaluation by the first two
pilot teams and the evaluation by the second two teams. Initially, the Mini Crew Station out-
the-window visual display displayed a database uncorrelated in position and atitude with the
database displayed in the evaluation cockpit. After the change, the Mini Crew Station
database, in position and dtitude, was fully correlated with the evaluation cockpit. No
changes were made to the AFOHMD, the evaluation cockpit, or evaluation cockpit
simulation. To contrast the results, Teams 1 & 2 rated 4 multiple aircraft tasks as acceptable
while Teams 3 & 4 rated 16 multiple aircraft tasks as acceptable. Annex G lists the ratings for
each task and subtask by pilot team as well as the composite rating by the full evaluation team.
The improvement in the multiple aircraft task ratings may be the result