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FOREWORD 

On 2 August 1974, the U.S. Army Training Device Agency, Orlando, Florida, was directed by the Project Manager, Training Devices (PM-TRADE), to conduct an in-house study of the training needs and flight training simulator re­quirements for Army rotary wing aircraft, The effort wes to result in a comprehensive five-year (FY 76-80) development and managf;ment plan for the Synthetic Flight Training System (SFTS). Inputs were obtained from Army, Air Force, Navy, NASA, and industry personnel involved with traiuing manage­ment. In the course of the effort it was determined that such areas as part task and cockpit procedures trainers were in need of consideration, Con­sequently, discussion of these is included in this plan, 

The organization of this Plan is as follows: 

SECTION I - INTRODUCTION 

The purpose and objectives of the Plan are stated and a brief review of the advancements and potentiLll benefits of flight simulators for training of Army aviators is presente1l , 

SECTION 11 - SYNTHE'..'IC FLIGHT TRAINING SYSTEM PROGRAM 

This section summarizes the activities undertaken by Army aviation to introduce to aviation training the latest state-of-the-art advances in training device design and training technology. The time period covers the development in July 1967, of a Qualitative Materiel Requirement (~)fora Synthetic Flight Training System through the completion of test and evalua­tion in October 1971, of the engineering development unit of the UH-lH instrument flight simulator designated as Device 2B24. 

SECTION Ill - FLIGlIT TRAINING SIMULATION REQUIREMENTS 

This section summarizes the performance requirements for all Army rotary wing aircraft training simulators that are either being procured or for which future procurement is anticipated, 

SECTION IV - COST EFFECTIVENF.SS ANALYSES 

This section presents estimates of the potential cost and fuel savings that may be realized from the introduction of flight simulators, 

SECTION V - RESEARCH AND DEVELOPMENT PLANS 

This section identifies priority exploratory (6.2), advanced (6.3), and engineering (6.4) development efforts needed to support the production of advanced subsystems for the Synthetic Flight Training Systrm (SFTS). De­tails of the problem areas and program approaches are also presented. 

xv 



SECTION VI - PLANNING AND MANAGEMENT CONCEPTS 

A number of planning and management concepts are described in this 
section. Specifically, such concepts as planning for research and develop­
ment, planning for training, planning for facilities, planning for mainte­
nance and support, centralization of simulator management, and validation, 
assessment, and certification of training flight simulators. 

SECTION VII - RECCltMENDATIONS 

Specific reco111Dendations for implementation of priority research and 
development tasks are presented in this section. Specifically, five ex­
ploratory and six advanced development tasks are rec0111Dended for funding 
in fiscal year 1976 and/or fiscal year 1976 transition. 

APPENDIX A - PART-TASK AND COCKPIT PROCEDURES TRAINERS 

A brief discussion of how Army aviation uses part-task trainers and 
cockpit procedures trainers and the potential benefit that may be derived 
from their utliziation is presented. Since approved requirements were not 
available at the time this Plan was developed, they were not included. 
It is anticipated that such requirements will be available for inclusion in 
a revision of this Plan. This revision will be accomplished on or about 
July 1976. 

APPENDIX B - C<JfPUTATIONAL TECHNOLOGY OVERVIEW 

Army aviation flight simulation requirements are analyzed and compared 
with the state-of-the-art in computational technology. The deficiencies in 
computational technology relevant to Army aviation missions are discussed. 

APPENDIX C - RESEARCH AND DEVELOPMENT OVERVIEW 

This appendix presents an overview of on-going and projected research 
and develop~ent within the Department of Defense and NASA that is relevant 
to flight training simulators. The overview was derived from material 
obtained from a survey of a number of organizations within the U.S. Army, 
U.S. Air Force, U.S. Navy, and NASA. 

APPENDIX D - OVERVIEW OF SIMULATOR VISUAL TECHNOLOGY 

The Army aviation flight simulation visual system requirements are 
identified, the state-of-the-art is outlinP.d, and the areas where the 
state-of-the-art is inadequate relevant to visual system development require­
ments are discussed. 

APPENDIX E - PM TRADE CHAllTER 

The initial charter for the PROJECT MANAGEll (PM) of TRAINING DEVICES 
(TRADE) is included as an appendix to the Five Year Plan. The charter 
identifies and discusses PM TRADE'• mission, authority, responsibility, 
assigned efforts, and management controls. 
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APPENDIX F - INFORMATION SOURCES 

A listing of the organizations which were visited and/or from which information was obtained is appended. 

APPENDIX G - SUMMARY BASIS OF ISSUE FLIGHT SIMULATORS 

Under separate cover, 

APPENDIX H - SUMMARY OF FUNDING 

Under separate cover. 

APPENDIX I - BIBLIOGRAPHY 
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PURPOSE AND OBJECTIVES 

SECTION I 

INTRODUCTION 

The importance to the U.S. Army of achieving maximum cost effectiveness 
in flight simulation equipment makes the full accomplishment of the program 
described in this plan essential. In order to take advantage of the valuable 
capability that would be made available by achievement of the prcgram's 
objectives, the U.S. Army must be ready to exploit results produced by re­
search and development efforts. To facilitate such exploitation, maximum 
consideration was given to obtaining inputs and views from Army planners, 
materiel developers and research installations. 

Specific objectives are to establish realistic funding levels to assure 
availability of training simulators concommitant with delivery 0f operational 
aircraft and the integration of state-of-the-art technology relevant to Army 
aviation flight simulation requirements, and the delineation of research and 
development programs that can be effectively and efficiently managed by the 
PM TRADE in coordination with the other services and NASA. Reconnendations 
regarding procurement, utilization, and support of flight training simulators 
and related training devices are also presented. 

The prime example of needed development is for simulation of training for 
nap-of-the-earth (NOE) flight. Presently this NOE flight is defined as fly i ng 
as close to the earth's surface as vegetation or obstacles permit, while 
generally following the contours of the terrain. Airspeed, course and alti­
tude are varied as required by terrain, weather, deployment, and objective. 
In flight, the pilot uses a weaving route within a preplanned corridor while 
remaining oriented along a general axis of movement in order to take maximum 
advantage of the cover and concealment afforded by terrain, vegetation, and 
man-made features. The restrictive nature of this type of flight demands 
almost instantaneous reaction from the flight personnel involved. Theim­
portance of realistic and safe training for NOE flight emphasizes the need 
for flight simulators with wide angle field of view displays and hi~h fidel­
ity motion cues. 

In November 1972, a group of Department of Defense and NASA experts in 
flight simulation (Joint DOD and NASA Aeronautical Research and Development 
Study) conducted a study to ascertain the critical deficiency areas in flight 
simulation technology. Although not all of the proposed research and develop­
ment program recommended by this group concerns efforts that are applicable 
to Army aviation, it is very significant that this group considered research 
into wide angle field-of-view visual systems of the highest priority. Spe­
cifically, the group recommended that analytical and experimental investiga­
tions of a number of competing scene generation and display concepts be 
conducted. The high priority given this technology by the study group is an 
indication of the iaportance and the extent of the effort needed to develop 
suitable NOE simulation aysteu for Army aviation. Only by means of a 
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comprehensive development program aimed di rect lv a t solv i ng t hese problems 
that inhibit the Army's t r aining mission can there be any assurance tha t the 
full capabilities of flight simulators will be obtained. 

BACKGROUND 

Starting in 1964, the U.S. Army began a rapid expansion of its av, ,tio., 
capability to meet the demand of new Army Helicopter programs and the 
requirements of the Vietnam conflict. The huge increase in the cost of 
aviation training which accompanied this expansion led the Secretary of 
Defense in his memorandum t o the Director of Defense Research and Engineering, 
the Assistant Secretary of Defense, Comptroller, and the Assistant Secretary 
of Defense, Manpower, on August 15, 1965, to state: 

After reviewing last year's $3 billion education 
and training program, I am struck by the absence of 
significant research and development activity to im­
prove our effectiveness in this area. I am also aware 
that there is no social service research and develop­
ment directed toward improving our education and 
training capabilities. A greater effort should be 
made to apply recently-developed modern training 
technique and education concepts to existing defense 
training and education programs. 

In response to the above, the U.S. Army in 1967 approved a Qualitative 
Materiel Requirement (QHR) for development of a Synthetic Flight Training 
System (SFTS). The SFTS was developed to meet the need for improving the 
Army's training capabilities in aviation. Potential benefit in simulating 
such maneuvers as practice autorotations is evident from crash statistics. 
Table 1-1 shows the number of accidents, major and minor, fatalities, and 
injuries resulting during practice situation autorotations by active duty, 
reserve, and National Guard personnel. Approximately one-third of the 
accident9 occurred at the Aviation School, Fort Rucker, and two-thirds 
at f i eld units. Ninety-six percent of the accidents occurred when the 
"touchdown" maneuver was practiced, the remaining accidents occurred when 
the "power recovery" maneuver was practiced. 

Table 1-1 also presents estimates of the aircraft damage costs resulting 
from these accidents. For the five year period from 1970 through 1974, th~ 
total is approximately $11 million. This does not include the human invest­
ment cost that is lost to the U.S. Army. The U.S. Army Aeromedical Laboratory 
estimates that this investment cost averages several hundred thousand dollars. 
The loss of pilots due to death and injury is a financial burden that must 
be considered. 

Commercial airlines have reported substantial savings through the use 
of flight simulators. American Airlines has significantly reduced the 
average flying hours for transition training for its Captains through the 
use of aiaulatora. The data are presented in Table 1-2. 
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TABLE 1-1 

PRACTICE SlnJATION AUTOROTATIONS ACCIDENTS 

Fiscal Year Accidents Fatalities Injurtes Cost 

1970 88 1 33 ' $ 4,115,000 
1971 71 1 17 2,963,000 
1972 41 0 13 1,472,000 
1973 15 1 3 816,000 
1974 22 0 3 1,413,000 

237 3 69 $11,179,000 

TABLE 1-2 

AIRLINES COST SAVINGS FRCJf SIMULATION 

Aircraft Year Aircraft Hours Simulated Hours 
Boeing 707 1966 18.3 0 

1970 5.1 22.0 
Boeing 727 1966 20.6 0 

1970 2.5 24.6 

Estimated savings for the Boeing 727 when training is performed in both aircraft and simulator versus aircraft alone, is approximately $4.8 million per year. 

In July 1973, the Office of Management and Budget (0MB) issued · a report entitled "Department of Defense Aviation Programs Savings Possibilities through Increased Emphasis on Flight Training Simulation." The report was directed at the fixed wing programs of the Air Force snd Navy and suggested a flying hour reduction goal of 50 percent for undergraduate pilot training (UPT) and transition training, and 20 percent· for operational training. The <lfB report raised three questions regardi'ag the use oi flight simulators: How much simulation is technically feasible? How much is militarily accept­able? How much is economically mandatory? 

The importance of these questions cannot be minimized. The CltB report shows how military flight training costs can be reduced substantially and the projected shortages of fuel eased with increased use of flight simulators. The Assistant Secretary of Defense (Manpower and Reserve Affairs) has directed in view of the 0MB findings and the reported savings from simula­tors, that the Department of Defense conduct in-depth studies to determine objectively the effectiveness of aiaulator concepts for military training. 
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Congress has also taken an ardent interest in the potential offered 
by flight simulators to minimize flight training costs, In August 1973, 
the General Accounting Office stated that the state-of-the-art in simu­
lation research should be emphasized to exploit potential cost savings. 
These savings would help to offset projected high training costs for the 
complex and sophisticated aircraft systems under development. Specific 
recommendations were: 

That higher priority be placed on developing 
improved simulat•Jrs for the purpose of replacing 
the maximum specified amounts of flight training. 

That the acquisition of flight simulators be 
considered as integral to the acquisition and 
modification o; aircraft, 

That simulators and automatic grading methods 
be used as much as possible. 
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SECTION II 

SYNTHETIC FLIGHT TRAINING SYSTEM PROGRAM 

BACKGROUND 

Significant Army interest in flight simulators was indi cated with the 
development of a Qualitative Materiel Requirement (QMR) for a Synthetic 
Flight Training System (SFTS) in July 1967. The CMR set forth the require­
ment for a family of flight simulators for Army rotary wing aircraft, 
Originally, the QMR called for an instrument trainer subsystem to simulate 
the UH-lH (Device 2B24), and an Operational Flight Trainer (OFT) to simulate 
the CH-47C (Device 2B31), During concept formulation the requirement to 
study the feasibility of an attack helicopter simulator (Device 2B33) was 
added, At present, these three Army rotary wing aircraft are the only ones 
for which simulators are being produced or developed, 

In 1968, the U.S. Army contracted for concept formulation studies for 
the SFTS, The studies determined that the use of the SFTS would allow the 
U.S. Army Aviation Center to realize extensive savings by substituting 
simulator time for in-flight training time, A Systems Development Plan 
(SDP) was subsequently prepared and approved in 1968. 

DEVELOIMENT PROGRAM 

'l'wo key operational concepts guided the SFTS 2B24 design. One, the 
modular concept enables the systems to be assembled from modules, Each of 
these modules performs one of the major functions of a synthetic flight 
trainer. Specific features are: 

The trainee modules are mounted on motion modules 
that provide realistic motion onset cues. 

The trainee modules are capable of independent 
and simultaneous operation by the computation module 
complex. 

The computational modules are capable of real­
time solution of the equations necessary to simulate 
the dynamics of the simulated helicopter. These 
modules also provide performance evaluation analysis 
and record keeping. 

The other operational concept, auto·aated training, is designed to 
maximize use of instructor skills, to enhance the standardization of 
training, and to provide a means for objective performance evaluation. 
The use of digital computers makes it possible to automate routine opera­
tions traditionally performed by the human instructor and to implement 
such techniques as adaptive training, demonstration, and progranned instruc­
tion, thus permitting more efficient use of instructor skills. 
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A feature of the auto~at d tr ining i Lhe pabll lty of automatically 
recording selected param t r s of pilo and s imulat d ircr af t perfo nnances 
and of measuring deviations o su h per f rmance from p c i i d s tand ard s . 
This capability permits the SFTS t be effi iently us d for t he valuation 
of individual lessons and fo r comp let ch ck r ides. Thi s cap c1b ility is 
applic~1le to both aviation school training and to train i o conducted at 
field units. 

This automated training technique i s of conside rable i mport ance. The 
value of self-paced instruc tion for training of Army heli copt r pilots, 
using flight simulators, has been demons trated by th U. S. Army Aviation 
Center, Fort Rucker, Alabama. From an assessment of a nu~ber of tes t and 
evaluation programs using Devi ce 2B24 (UH- lH developm nLa l m del), the 
Aviation Center determined there was a significant r eduction n the number 
of instrument flight hour s required to bring the students to the proficiency 
level required to pass the final instrument checkride. 

The SFTS Device 2B24 can also permit a means of meeting nnua l instru­
ment checkride requirements for A~my rotary wing aviator s . For example, 
the U.S. Coast Guard uses its Var iabl Cock9it Training Sys tem (VCTS) simu­
lator for this purpose. Amendment No. 1, November 1973, R vis i on to Air 
Operation Manual, CG-333, eliminates the requirement for annual in-flight 
instrument checks for aviators who have passed simulated instrument checks 
in the VC:TS. 

SFTS DESCRIPTION (DEVICE 2B24) 

The engineering development model of the UH-lH ins trument f light oimu­
lator, denoted as Device 2B24, construction was completed in l~te calendar 
year 1970. An artist's conception of thi s device is shown in Figure II-1. 
The device consists of a complex off ur s imulated cockpit s driven by a 
single digital computer system. Each co ckpit is mounted on a five degree­
of-freedom motion base. A central instructor station is provided from 
which trainee performance in all fo ur cockpits can be con trolled and 
monitored. 

The interior configuration of each of the four trainee s ta tions is 
a replica of the cockpit portion of the UH-iH helicopter . As is shown in 
Figure 11-2, the cockpit also contains a fo lding seat from wh ich an ob­
server may vi w the training activity . An i ntercom panel containing phone 
jacks and volume control, is located adjacent to the foldings at to provide 
coD111unication with the trainee and/or the instructor station. A doorway 
through the rear bulkhead provides an add i tional means of entry into the 
cockpit. 

There are two panels which contain switches and displays enabling the 
trainee to contact the instructor o r computer directly. The problem control 
panel provides control over automated tra i ning features, fr e zing and re­
setting the simulator, activates and deactivates the motion system, and has 
the capability to call the instructor. The trainee's information display 
panel indicates the operating statue of the trainer systems and provides a 
trainee performance readout for automated adaptive training, 
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A cathode-ray tube (CRT) monitor capable of display ing information from the instructor station graphic CRT display is mounted in each cockpit. The monitor is located behind the copilot (left) seat in a position where it can be seen by the trqinee from his normal position in the pilot (right) seat . 

The cockpit shell is constructed of fiberglass-reinforced plastic and is attached to the welded steLl cockpit frame by means of plates and fittings embedded in or bonded to the plastic shell. The side windows and windshields are of translucent plexiglasi construction and are removable to permit the substitution of clear windows if an external visual display system is Jesired in the future. 

The operational software provided with the U~-lH simulator consists of an executive program and the real-time system prL~rams. The support soft­ware includes computer diagnostics, a daily operational readiness check program, and a Built-In Test Facility (BITF) which provides test diagnostics for verification of the simulator complex operation. 

Each simulated UH-lH cockpit is mounted on a five-degree-of-freedom hydraulic motion system. Each degree of freedom operates completely inde­pendently of the other degrees of freedom, and sufficient overtravel capa­bility exists in all actuators for s&fe termination of motion. The motion of the cockpit takes place along and about the simulated aircraft body axes. The motion system is capable of imparting proprioceptive cues representative of the sensations experienced in helicopter or V/STOL aircraft for all normal and abnormal flight conditions. 

The following simultaneous motion capabilities are provided: 

Pitch +15° 15°/sec 25°/sec 2 

Roll +15° 17°/sec 70°/sec 2 

Yaw +15° 15°/sec 100°/sec 2 

Vertical Translation +12 in. 12 in./sec +o.8g, -1.0g 

Lateral Translation +15 in. 15 in./sec ,:t<>.2g 

SFTS TESTING AND EVALUATION (DEVICE 2B24) 

Device 2B24 underwent a coordinated test program which ran from September 1970 through March 1972. The purposes of this te~t program were to deter­mine the technical performance and safety characteristics of the test item, the degree to which the test item perfor•d the training mission as specified in the QMR, and the suitabi!ity of the test item and its maintenance package for Army use. 

The teat program included both engineering tests and expanded service tests. The engineering teats of Device 2B24 were performed at the coatrac­tor's plant from Sept•ber through December 1970, and at the installation 
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site, Fort Rucker, Alabama, through November 1971. It was de termined that the technical performance, engineering adequacy, and safety characteristics were satisfactory. 

The expanded service tests were initiated in April 1971. The testing was conducted in three phases. Phase I determined the workability of the 2824. Phase II developed a preliminary program of instruction to be used in Phase III. In Phase III, the training program was administered to a group of initial entry flight students. The objective of the Phase III testing was to determine the cost effectiveness of the 2824 for Army undergraduate pilot training. 

The development of the training program in Phase II was necessitated since existing training programs were not applicable for the unique 2824 device. In addition to its uniqueness, the device is significantly more comprehensive in its simulation of the training aircraft than other devices used in undergraduate level pilot training programs. 

Phase II activity also included the training of instructor pilots to administer the new program. In this effort, the instructors conducted mock training using each other as trainees. The instructors were considered to be qualified upon successfully training two students. 

Two studies were conducted to evaluate cost-effectiveness. In one, the effectiveness of training in the 2824 was determined by subsequent trainee performance in a UH-1 helicopter. The second study involved comparison of the costs of training using the 2824 program with the costs of the existing program. 

The effectiveness of training, or trausfer of training, was studied by the Aviation Division of HumRRO at Fort Rucker, Alabama. Sixteen students trained in the 2B24 were able to complete UH-1 transition in less time than regular course students. Whereas regular course students required 60 hours in a TH-13T instrument trainer and 26 hours in the l-CA-1 device, students receiving from 40 to 50 hours training in the 2B24, needed less than 10 hours instruction in a UH-1 instrument trainer in order to meet course proficiency criteria. The examiners conducting the checkrides reported that the 2B24-trained students performed as well as, or better than, the regular course students. 

The costs aasociated with the conduct of flight training using the 1971 program, TH-13T and 1-CA-l trainers, and the 2B24 and UH-1 program are shown in Table 11-1. The figures presented for the TH-13T and 1-CA-l represent actual training hours flown and actual costs associated with Army undergraduate instrument training during October 1971. The figures for the UH-1 represent what the training wo:1ld have cost if undergr&duate instrument training had beeu conducted in the UH-1 instead of the TH-13T for the same period, a mode of training being studied at that time. 

The figures for the 2B24 represent a projected monthly cost for eight of the devices with a total of 32 cockpits. The projections are baaed on the 

11-6 



Co•t It• 

1. Depreci•t ion 

Aircraft/Trainer 

2. l11ildin1• and Fac1lit1u 

Depreciation 
UtiHtiu 
Janitorial Service• 
Maintenance 

3. Salariu: Trn1 Per•onnel 

4. TrainiD& Contractor Fee 

5. Office !quipaent 

6. Aircraft/Trainer Naint. 

Per90nnel 
NainteUDce !quip. 
Spare Parte 

7. Tranaportation 

!quipaent Operation 
Driven' W.1ea 
!quipaent Depreciation 

8. Flipit Clothing • !quipaent 

9. Aircraft Petrol-, Oil, 
Lubricants• Electricity 

10. Aircraft bfuelin1 Service• 

11. levi1ation Facilitiea 

luildinp 
!quipaant • Furniahinp 
Controllera 
Tr anapor ta Uon 

Total 

Trainina lloura 

Co•t per Trainina lloura 

$ 

TABLE ll-1 

TlAINIMG COSTS C<JtPAlllSONS AS OF 
OCTOB!ll 19 71 • 

---
Trainin1 Vehicle -

TH-llT l-CA-1 UH-1 
-

80,465.00 $ 7,623.76 $ 310,827.18 

10,314.12 451.40 11,319.54 
1,917.16 378.84 1,917.16 

748.n 300.68 740.95 
2,712.28 220.55 2,712.28 

369,406.lS 44,751.99 >69,406.15 

3,550.17 619.28 3,55(1 .7 

JJ4.65 17 .60 334 .65 

298,431.96 2,389.00 729,360.54 
3,1S5,09 19.49 12,081.38 

225,731.41 132.46 1,108,248.06 

'14/A 

1,607.07 797. 69 
1,724.41 919.68 

114.57 114.57 

3,982.23 N/A 3,982.23 

41,024.64 41. 31 76,242.84 

5,016.60 N/A 15,577.60 

N/A N/A 

1,573.20 
23,161.19 
68,274.00 

2,943.46 

$1,146,118.38 $56,946.36 $2,648,749.43 

10,899 5,164 10,899 

s 105.16 s 11.02 $ 243.02 

2 
Sing 

$170 

1 

105 

7 

12 

4 

$)0) 

5 

$ 

82 4 2824 
le Shift Double Shift 

,)01.00 

,872.4) 
585.48 
202. 50 
589.62 

,025.39 

N/A 

17.60 

,997.18 
85.00 

,080.00 

N/A 

N/A 

,409.60 

N/A 

N/A 

,165.8() 

,120 

59.21 

$170,301.00 

1,872 . 4) 
1,096.34 

202.50 
589 . 62 

204,120.04 

N/A 

17 .60 

9,967 . 10 
85.0(, 

24,160.00 

N/A 

N/A 

5,785.60 

N/A 

N/A 

$418,197.2) 

10,240 

$ 40.83 

•a.port of the Teat and lvaluatlon of the sns (Device 2124), lluallO '!>raft Technical Report, Nay 1974, 
lluaUO Divialon llo. 61 AviaUoa, Fort luck.er, AL, 
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actual costs encountered in operating the one engineering development device 
during October 1971. The costs reflect the materials and services antici­
pated for the operation of the 32 cockp i t complex at the Aviation School. 

Table 11-2 illustrates the per-student savings which would accrue if 
the eight 2824's were used to prepare undergraduate trainees for a Standa rd 
Instrument Rating. Table 11-3 shows the per-student savings if the 2B24's 
were used for both instrument and proficiency training. The cost analys i s 
based on October 1971 data determined that for approximately 7500 gradua tes 
per year, the yearly cost s~ving would be just under $34 million, 

It should be noted that the cost analysis accounted only for the opera­
tion of training vehicles, supporting personnel, facilities, and activities. 
The data do not account for the potential savings which would result from a 
reductlon in the length of time the trainees would have to be in residence 
at the Aviation Center, Such cost savings would be in ad1ition to those 
shown in Tables 11-2 and 11-3. 

STATUS OF SFTS PROGRAM (DEVICE 2B24) 

The engineering development model of Device 2824 was type classified in 
June 1972. The device is now being used at the Aviation School in the 
Initial Entry Rotary Wing Course, the Rotary Wing Instructor Course, the 
Rotary Wing Qualification Course, and the Instrument Method of Instruction 
Course. Future use is planned for the Rotary Wing Instrument Flight Examiner 
Course and for Combat Readiness Proficiency Training, as well as for 
annual instrument checkrides and for flight instructor standardization at 
the Aviation Center and at aviation field sites. 

Consideration is being given to adding a computer generated imagery (CGI) 
night visual system to the 2824. A major concern is that the visual system 
must be compatible with and not require major modification to the existing 
2824 hardware. Also, the visual system incorporation is not to cause degra­
dation of the 2824's performance, 

It is anticipated that the visual system would consist of cockpit mounted 
display units for the right front window and the right side window. The CCI 
equipment will provide up to 2000 light points updated at a cyclic rate suf­
ficient to assure no noticeable flicker while tracking all aircraft maneuver s . 

Major requirements are that the visual system react to all normal and 
emergency flight procedures programmed into the 2B24, permit hovering and 
ground operations, and provide effective transition from hovering to forward 
flight and vice versa. Other requirements are that the visual system will 
permit night autorotations to touchdown, and night takeoffs from confined 
areas, pinnacles, and stage fields using T-bar lighting. Also, the visual 
system is to have a capability to permit an instrument approach and the 
execution of a landing to an airfield with standard A lighting. 
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TABLE 11-2 

COMPAIISON OF TRAIKING COSTS FOR A ROTARY WING 
STANDARD INSTRUMENT RATING AS OF OCTOBER 1971* 

Trainina Program 
Vehicle Hours 

Training Program Aircraft Device Aircraft Device 

Program 
Cost Per 
Student 

Existing undergraduate training TH-13T l-CA-1 60 26 $6,596.12 

Projected underaraduate training UH-1 2B24 6½ 42½ $3,314.90a 

8 Assumes double shift in 2B24 

TABLE 11-3 

C(l(pARISON OF TRAINING COSTS FOR INSTRUMENTATION 
AND TRANSITION TRAINING AS OP OClOBER 1971* 

Training Program 
Program Hours 
and Vehicle Cost 

Current undergraduate training 60 hours in TH-13T $ 6,309.60 
26 hour• in l-CA-1 286.72 
25 hours in UH-1 6,075.50 

Projected undergraduate training ~2~ hours in 2B24 
6½ hour■ in UH-1 

20 hours in UH-1 

$12,671.62 

$ 1,735.27• 
1,579.63 
4,860.40 

$ 8,175.30 

a Assumes double shift in 2B24 

*Report of the Teat and Evaluation of the SFTS (Device 2B24), HUIIIR.O 
Draft Technical Report, May 1974, HwdRO Division No. 6 (Aviation), 
Fort lucker, AL, 
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SECTION III 

FLIGHT TRAINING SIMULATION REQUIREMENTS 

The purpose of this section is to present Army requirements for rotary wing aircraft training simulators. Specifically addressed are the type and capability of the required hardware. Also presented are estimated delivery schedules and number of units to be procured. The estimates are based upon the anticipated amounts of simulator time that can be substituted for air­craft time. 

CURRENT SlMULATOR DEVELOPMENT PROJECTS 

1. Device 2824. At present, five 2824 devices have been installed at the Aviation Center, Fort Rucker, Alabama. In addition, the engineering development model is located at Fort Rucker. Present estimates of projected use of Device 2824 are eight units for the Aviation School and twenty-four additional units for field iOBtallations. Anticipated locations and avail­ability dates through production Unit No. 17 are noted in Table 111-1. Anticipated aviator densities for potential sites are presented in Table IIl-2. 

2. Device 2831. A requirement for a CH-47 simulator subsystem of the Synthetic Flight Training System (SFTS). Development of this simulator began in FY 1972 and is continuing. A contract for an engineering develop­ment model was awarded in June 1973, and the device is expected to begin suitability testing in June 1976. The simulator will be used in transition, combat readiness proficiency, load operations, and instrument refresher training programs at the Aviation School and will play a major role in the standardization of CH-47 aviator performance. While the design of Device 2B31 is based upon state-of-the-art technology, advanced developments in the area of visual environment simulation and computer-controlled training and performance assessment were required. Figure Jll-1 shows an artist's conception of the completed training device. 

The interior of the pilot-copilot trainee compartment is shown in Figure 111-2. The compartment is identical to the interior configuration of the corresponding portion of the CH-47 with respect to size, arrangement, instruments, seats and otner components. All equipment in this compartment required for ground operation as well as visual and instrument flight operations i~ functional and simulates the operation and function of the corr~sponding equipment in the aircraft. The cockpit also contains the instructor station aft of the trainees and an observer's position. A doorway through the rear bulkhead provides for entry into the cockpit. 

An instructor-pilot/trainee problem control panel is loc~ted at the aft edge of the center pedestal. This panel provides the trainee and instructor­pilot with witches and indicator lights necessary to freeze and reset the trainer. to control the automated training features, to insert malfunctions and to control the CllT displays. 

111-1 



TABLE III-1. 

ANTICIPATED AVAILABILI TY OF 2B24 DEVICES 
- ---

Production 
Model No. Station Ready Date 

6 Fort Campbell Apr 75 

7 USAREUR Jul 75 

8 Fort Lewis June76 

9 Hawaii Aug 76 

10 Alaska Oct 76 

11 Fort Bragg Dec 76 

12 Fort Hood Feb 77 

13 Korea Apr 77 

14 Fort Riley Jun 77 

15 Fort Stewart Oct 77 

16 Pennsylvania National Guard Dec 77 

17 Fort Knox Feb 78 

18 Fort Eustis Not determined as yet 

19 Fort Ord Not determined as yet 

20 Fort Sill Not determined as yet 

21 Fort Belvoir Not determined as yet 

22 Fort Carson Not determined as yet 

23 Fort Benning Not determined as yet 

24 Fort Devens Not determined as yet 

25 California National Guard Not determined as yet 

26 Fort Sam Houston Not determined as yet 

27 Illinois National Guard Not determined as yet 

28 Fort Bliss Not determined as yet 

29 Fort Polk Not dt!termined as yet 

30 Fort Rucker Not determined as yet 

31 Fort Rucker Not determined as yet 
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TABLE IIl-2. 

ANTICIPATED AVIATOR DENSITIES 

Active Authorized Anticipated 
Army USAR ARNG 

Stations Assigned Aviators Aviators Total 

Fort Campbell, KY 1,141 0 115 1,256 

USAREUR 1,200 0 0 1,200 

Hawaii 391 0 60 451 

Alaska 182 0 83 275 

Fort Lewis, WA 546 0 77 623 

Fort Bragg, NC 725 0 112 837 

Fort Hood, TX 962 0 192 1,154 

Korea 506 0 0 506 

Fort Riley, KA 181 2 133 316 

Fort Carson, CO 237 0 25 262 

Fort BeMing, GA 90 0 164 254 

Pennsylvania National Guard 1 0 607 608 

Fort Knox, KY 316 18 127 460 

Fort Devens, MA 90 42 318 252 

Fort Sill, OK 237 0 95 332 

Fort Eustis, VA 353 16 90 459 

Fort Belvoir, VA 247 63 11 321 

Fort Ord, CA 322 27 0 349 

Fort Sam Houston, TX 134 12 62 208 

Fort Polk, VA 95 0 44 139 

Fort Stewart/Port Jackson 312 0 158 470 

Illinois National Guard 0 0 185 185 

California Nntional Guard 0 81 179 260 

Fort Bliss , TX 152 0 0 152 

111-3 



I 
I 

z 
0 
H 

j 
t, 
H 
~ 

~ u 
~ 
t"") 
r::Q 

I 
l N 

. 
~ 
I 

H 
H 
H 

~ c., 
H 
~ 

111-4 



... 

.... .... .... I V
I 

D
 

□
 

D
 

D
 

-
PI

L
O

T
 

SE
A

T 

-11
~:~

LOT
r-E 

LJ
 Jl

l'I
P

 
SE

A
T 

. 
(O

IS
£1

l~
E

l)
 

IN
TU

C
O

N
 

-- •
. 

-• 
. ' \''

 
',

, 
J 

'
,
.
 

, 
',,

 
' 

I
,
,
 

~
 

""
'\.

 
/ 

t 
I
\
 

, 
.... 

: , 

F
IG

U
R

E
 
I
I
I
-
2

. 
T

R
A

IN
E

E
/I

N
S

T
R

U
C

T
O

R
 

C
01

P
A

R
T

M
E

N
T

 

A
ll

 
CO

ND
IT

 I
O

N
U

 

C
O

C
K

PI
T 

IN
TE

RF
AC

E 

I -1
 



The CRT system is used for problem control and display. The two 12-
inch by 16-inch CRT's of the console are mounted side by side, with their 
longer display surface dimension vertical, The CRT display surfaces are 
positioned for optimum viewing. Below each CRT is a sloping contro1 panel. 

The visual scene viewed by the pilots is in reality a closed-circuit 
color television presentation generated from a three-dimensional scale model 
of typical Fort Rucker terrain, The model is mounted vertically to minimize 
floor space requirements, Two different scale factors, 1:400 and 1:1500 
are provided, The 1:400 area simulates the detail needed for taxi work and 
low-altitude hovering (i,e,, below 25 feet off the ground), and confined 
area landing; the 1:1500 area is needed for the more general training tasks 
involving larger geographical areas for such tasks as basic flight maneuvers. 

A special effects generator can introduce sky, cloud, haze, and limited­
visibility effects into the displayed scene under control of the instructor. 
Day, dusk and night light conditions can also be simulated. 

The visual presentation is generated by a system consisting of a 24 by 
56 foot vertically mounted, three-dimensional terrain model viewed by a 
television camera and optical probe mounted on a movable gantry, Servo­
mechanisms on the gantry position the camera and probe in accordance with 
the position and attitude of the simulated aircraft, 

The visual image generated via the scaled terrain model and closed­
circuit television camera is displayed to both pilot and copilot simultane­
ously in their forward window displays, The scene is provided via collimated 
displays, The total field of view visible by movement of the head is 
approximately 48 degrees horizontal and 36 degrees vertical. Additional 
computer generated representation of the terrain can be presented to each 
trainee through the "chin bubbles" of the simulator. 

The simlated CH-47C flight compartm~nt is mounted on a 48-inch-stroke, 
six-degree-of-freedom motion system, the system employed consists of a 
moving platform assembly driven and supported from below by six identical 
hydraulic actuators. The m>tion system is capable of providing pitch, roll, 
yaw, lateral, longitudinal, and vertical movement, either independently 
(without simultaneous motion in any other degree of freedom) or in any 
combination desired, All six actuators are driven in concert to produce 
real-time dynamic motion cues in response to computer commands, 

The maximum operational excursion limits and the normal limits of per­
formance of the motion ayat• in each degree of freedom are as follows 
(all values measured at the 110tion platform): 
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Maximum Maximum Maximum 
Excursion Velocity Acceleration 

Pitch +26° , -24° zl5° /sec .±,50° /sec 2 

Roll +22° ±15°/sec .:t,50°/sec2 -
Yaw +29° zl5 °/sec .:t,50°/sec2 -
Vertical Translation +32, -23 in. +24 - in./sec z0.8g 
Lateral Translation +42 in. +24 in./sec .:t,0.6g -
Longitudinal Translation +48 in. +24 in./sec z0.5g - -
The computer system enables the real time simulation of the CH-47 and 

management of all related advanced training, navigation/communication, 
aircraft subsystems, 4nd visual display system programs, and opera tion of 
the simulator's built-in test and maintenance diagnostic programs, The 
computer system has sufficient capacity to absorb changes in s imulation 
requirements resulting from aircraft modifications, new equi pment additions 
to the CH-47, and expansion of advanced training programs, Co~puter peri­
pheral equipment includes that necessary to make computer program changes 
and to produce hard copy records of student performance and maintenance 
checks. Advanced training features of the CH-47 simulator include computer­
assisted performance monitoring, measurement, and recording; performance 
playback; automatically administered flight demonstrations; and vi sual and 
instrument checkrides. 

3. Device 2B33. A requirement exists for an AH-lQ simulator subsystem 
of the Synthetic Flight Training System (SFTS). Development of thi s simu­
lator began in FY 1973 and is continuing, A contract for an engineering 
development model was awarded in January 1974, and the device is scheduled 
to begin suitability tests in June 1976. The simulator will be used in 
transition, weapons systems familiarization and combat readiness proficiency 
at the Army Aviation Center and at aviation field units, and will play a 
major role in the Army-wide standardization of AH-lQ aviator performance, 
It wil l be used to train AH-lQ pilots and gunners independently or as · rews , 

The AH-lQ simulator includes one pilot cockpit and one gunner cockpit, 
both driven by a single digital computer complex, Each cockpit is mounted 
on a separate six-degree-of-freedom motion system, Separate instructor 
stations are mounted on each motion platform directly aft of the trainee 
position. Figure 111-3 shows an artist's sketch of the 2B33 device's con­
figuration. Two camera-model board visual image generation systems are 
used, and each cockpit has its own visual display system. 

The interior of the pilot trainee compartment duplicates that of the 
pilot compartment of the AH-lQ aircraft with respect to siz~, arrangement, 
and appearance of panels, instruments, controls, seats and other components . 
All of the equipment required for ground operation as well as visual and 
instrument flight operations and weapons employment is functional and 
simulates the operation and function of the corresponding equipment in the 
aircraft. The helmet sight unit is siaulated for this cockpit, Figure 111-4 
presents a layout of thi s cockpit. 
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FIGURE 111-3. DEVICE 2B33 CONFIGURATION 
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The interior of the gunner trainee compartment i s ident ical to the copilot-gunner compartment of the AH-lQ aircraft with r es pec t t o size , arrangement and appearance of panels, instruments, controls, and other components. All of the equipment is func tional and simulates the opera ­tion and function of the corresponding equipment in the a i r raft. Both the telescopic sight and helmet sight units are simulated for this cockpit. Figure III-5 shows the gunner cockpit configuration. 

The pilot and gunner problem control panels are located in the respective stations in positions accessible to the trainees when they are seated. The functions of both control panels will be identical, i.e., to provide controls and indicators necessary to freeze and reset the trainer and to control the automated training features. The position of the control panel in the pilot's cockpit is near the bottom of the main instrument pane l and is intentionally obscured by the ~ilot's knee. The position in the gunner's cockpit is on the small horizontal panel below the left air vent. 

The instructor stations are mounted on each of the motion platforms at the right rear of the trainee position. The pilot and gunner instructor stations are almost identical, differing only in the design of a small panel area providing for pilot or gunner inputs by the instructor during independent operation. 

Controls are provided at each instructor's console to permit him to communicate with either trainee, the other instructor, the maintenance stations, and the system computer and its data printout devices. He may communicate orally either over the intercom or through the simulated air­craft radio equipment. Although only a minimum of control activity is needed in normal system operation, flexibility is provided to permit the instructor to modify training conditions as he desires. Hard copy data can be obtained to permit evaluation of performance in either checkride or training modes of operation, adding utility to the system's ba9ic flexibility. 
The visual display system for Device 2B33 consists of two parallel high resolution camera-model systems with identical model boards. They may both be viewed by the pilot (forward and left side views) and one may be viewed by the copil~t-gunner (forward only). During crew training, both trainees will view the same forward scene; during independent training, one system can be assigned to each trainee. Simulation of weapons trajectories and impact signatures is provided. Each display provides a 48 degree horizontal by 36 degree vertical color field of view. 

Each visual image will originate from a closed-circuit color television camera viewing a three-dimensional scaled terrain model. The two identical scale models will afford scenic correlation between the pilot's forward and side displays and will further enable the same established training exercises to be conducted without depending on unique features of a parti­ticular model. The viewing position and the directed lines of sight will be controlled by the •imulation computer to precisely track the simulated aircraft in all six natural degrees of freedom relative to the designated geographic location and orientation of the modeled area. The model bJards 
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and visual simulation displays wil l be utilized as i ndicated blow. Si ne the model boards are ident ical , either beard may be chosen fo r any desi red display based on its availability when required. 

Day, dusk, and night li.ght condit i ons will be s imulated. A s pecial e f fects generator produces the instructor-selected variation of cloud base and reduced visibility wh i ch are added to the terrain video i n order t o create the environmental variations of the outside woLld. 

The pilot trait i~e station includes two through-the-wi ndow vi sual dis­plays. One display is centered upon the cockpit centerl i ne and wi l l provide a horizontal coverage of 23.5 degrees on each side of the centerl i ne . The vertical coverage of the displayed image extends from approxi mately +1 3. 5 degrees to 17.5 degrees relative to the pilot's horizontal line of sight. The second display has the same nominal field of view, but is horizontally centered at about 53.5 degrees left of center (i.e., about 306,5 degrees relative bearing) with not more than a 6.5 degree gap exi sting between displays. 

The gunner trainee station is provided with a forward window visual display which is identical to that of the pilot. In addition t o the wi ndow displays, the gunner station will also be provided with an actively s imulated Telescope Sighting Unit (TSU). The apparent field of view provided by the simulated TSU will be constant for both low (2 X) and high (13 X) magnifica­tions. The TSU image will consist of symbolic target and horizon r epresen­tations with an apparent TSU field of 36 degrees. 

The pilot and gunner st~tions are each mounted on a 48-inch stroke, s ix­degree-of-freedom motion system, The system employed consis ts of a moving platfor,n assembly driven and supported from below by s ix identical hy­draulic actuators, The motion system is capable of providing pitch, roll, yaw, lateral, longi tudinal, and vertical movement, either independently (without simultaneous motion in any other degree of freedom), or in any combination desired, All six actuators are driven in concert to produce real-time dynamic motion cues in response to computer commands. 

The maximum operational excursion limits and the normal limi ts of per­formance of the motion system in each degree of freedom are as follows (all values measured at the motion platform): 

Maximum Maximum Maximum 
Excursion Velocity Acceleration 

Pitch +26° ' -24° ±15°/sec ,:t50°/sec2 
Roll +22° ,±15°/sec ±50° /sec2 
Yaw +29° ±15°/sec ±50°/sec2 -Vertical Translation +32, -23 in, +24 in,/ ~~c +o.Bg -Lateral Translation +42 in, +24 in./sec ±<).6g -Longitudinal Translation +48 in, +24 in,/sec ±<),Sg - -
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t 
The computational system is configured around three central process i ng units. Peripheral equipment includes a teletypewriter, a 20 megaword disc, a card reader, and a printer-plotter. The operational so f tware supplied consists of an executive program and real-time s i mulation programs. The support software includes computer diagnostics, a daily operational read i ­ness check program, and a test exercise program. 

4. Status. Device 2B33 is scheduled to be ready for training at Fort Rucker in August 1976. Contracting for production models of the device is scheduled for FY 1977. Present estimates of projected use of AH-lQ simula­tors indicate that one engineering development model and five product i on models will be required. 

FUTURE SIMULATOR DEVELOPMENT REQUIREMENTS 

During the next decade the Army will introduce three new helicopters: the Utility Tactical Transport Aircraft System (UTTAS), the Advanced Attack Helicopter (AAH), and the Aerial Scout Helicopter (ASH). Based upon the mission of these helicopters, projected operating costs, and the probable numbers of aircrews to be trained, simulators and other training devices will he required for the conduct of cost effective training for each heli­copter. The major components of the three sillula tors are denoted in Table III-3. 

1. UTTAS Simulator Project. The objective of the UTrAS Simulator Project is to develop a training simulator for use in UTrAS training at the Aviati.on Center and at selected aviation field sites. Training t e ._be conducted in these devices will include transition, combat readiness prc51•· ficiency, and visual/instrument refresher training. The simulator will ·, play a major role in the Army-wide standardization of UTrAS aviator per­formance. While the. design of this simulator will be based upon state-of ­the-art technology, advanced developments in the areas of visual simulation and computer-controlled training will be required. 

The project will be initiated in FY 1975 with the conduct of engineering and training design concept studies. Final design will await selection of a UTTi\S aircraft design, but simulator procurement will be expedited by contructing for an engineering development model visual display attachment in FY 1977 and aircraft simulators in FY 1978. 

2. AAH Simulator Project. The objective of the AAH Si~ulator Project is to develop an AAH simulator for use in AAH aircrew training at the Aviation Center and at selected aviator field sites. This device wi ll be used in transition, weapons qualification, combat readiness proficiency, and visual and instrument refresher training programs, and will enhance achieving Army-wide standardization of AAH aircrew training. 

The design of the AAH simulator will be similar to that of Device 2B33, the Attack Hulicopter Simulator which is under development. The data generated during the suitability testing of the 2B33 device will be used 
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TABLE 111-3. 

MAJOR CCJ,IPONENTS OF FUTURE SIMULATORS 

• Pilot and Copilot Trainee Compartment 

Identical in size, arrangement, panels, instruments , 
controls, seats, and other components to the opera­
tional aircraft. 

• Flight Instructor Station 

Contains complete set of controls and displays. 

Capability to monitor trainees and their visual 
displays. 

• Visual Display System 

Capability for performing visual and instrm!lent 
maneuvers. 

Employs state-of-the-art optics and electronics. 

Provides a full color field of view display for nap­
of-the-earth (NOE) eye heights. 

Scene content provides stagefield-type training and 
tactical training. 

Provides for night operations. 

• Motion System 

Six-axis system for pilot and copilot. 

• Computer System 

Enable• real time aimulation. 

Capable of absorbing changes in design of aircraft 
and aircraft subsystems. 

Print out of student performance and maintenance 
checks. 
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in the design of the MH Simul ator . The simulator will b apabl o providing training for AAH pilots and gunners separat el y or as a crew. It will have two separate trainee compa rtments. one ach for th pi lo t and for the gunner. Each compartment will be modeled after th corre sponding portion of the airc raft. Each trainee compartment/ instructor sta tion will have its own visual display and will be mounted on a six-axis mot i on s y t ern. The device will be driven by a digital computer programm d to perfo rm, in add i tion to computations necessary for air craft and weapons sytems and envitonmental simulation . all operations associated with advanced training and maintenance troubleshooting features of the simulator. 

Engineering and training design concept s tudies will be initiated i n FY 1976 and will overlap Device 2B33 testing. A cont ract for an nglnee r­ing development model will be awarded i n late FY 1977. It ls anticipa ted that the device will be delivered to the Aviation Center in FY 1979 or FY 1980 for suitability testing. It will be used in transition, comba t readiness proficiency training (CRPT) and instrument refreshe r training . and in the Army-wide standardization program for ASH qualified aviat ors. Advanced developments will be required to provide acceptable visual simulatinn of nap-of-the-earth (NOE) and night operations and computer-controlled training and performance assessment. 

3. ASH Simulator Project. This training device will be a s tate-of- the­art operational flight trainer for the ASH aircraf t and will include a visual system to simulate the ASH operational environment. The simulator will be used in conjunction with the operational aircraft and other tra ining devices to provide training for ASH aircrews at t he Army Avi tion Center and at selected aviation field units. It will be used in t r ansit ion. combat readiness proficiency training (CRPT) and instrumen t re f resher training, and in the Army-wide standardization program for ASH quali fied aviators. Advanced developments will be required to provide acceptable visual simulation of nap-of-the-earth (NOE) and night operations and computer-controlled training and performance assessment. 

Development of an ASH simulator was recommended to DA by the ASH Pro ject Office in August 1974. Following final definition of the ASH, documentation for a simulator will be prepared by TRADOC if a simula tor ls de termined t o be justifiable. Development of the simulator would be initiated with an engineering and training concept study beginning in FY 1976. Procurement of this device will be time-dependent upon the select ion of an ASH design. Present projections indicate delivery of an engineering development model for suitability testing in FY 1979 and ultimately for use in ASH aircrew training. 
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SECTION IV 

COST EFFECTIVENESS ANALYSES 

The purpose of this section is to present the potential cost and fuel 
savings that might be realized from the introduction of the Synthetic Flight 
Training System into training programs. 

Although the exact amounts of the savings to the U.S. Army cannot be 
ascertained due to non-availability of adequate data, the estimates do in­
dicate significant potential. Also, an analysis of U.S. Navy and Air Force 
simulators indicates that large savings would occur from greater utilization. 
The results of the analysis which was conducted by the General Accounting 
Office (GAO) in March 1973, are shown in Tables IV-1 and IV-2. 

TABLE IV-1 

GAO COMPARISON OF SIMULATOR AND AIRPLANE 
OPERATING COSTS8 

Hourly Operating Cost Hourly 
Savings with 

Airplane Type Airplane Simulator Simulators 

Military: 

A-7 attack and 
F-4 fighter 
(average) $ 853 $ 80 $ 773 

P-3 patrol 
airpl ane 450 60 390 

FB-111 and 
B-52 bombers 
(average) 1,473 90 1,383 

Airline A: 

Various commer-
cial airplanes 400-1,500 60 340-1,440 

Airline B: 

a 

Boeing 727 420 90 330 
Boeing 747 970 140 830 

Baaed on Navy, Air Force, and c01111Dercial airline cost 
data for fuel, spare parts, maintenance salaries and 
overhead, and simulator operator pay. Development and 
procurement costs for aircraft or simulators are not 
included. 
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TABLE IV-2 

GAO ESTIMATES OF LOWER TRAINING cosrsa 

Estimated savings 
by replacing 

flying hours with 

Savings simulator hoursc 

Per Hour 25 Percent 50 Percent 
Flying Using Replacement Replacement 
Hoursb Simulators (millions) (millions) 

Navyd 

Fighterse 619,089 $ 773 $119.6 $239.3 
Patrol 276,949 390 27.0 54.0 

Air Forcef 

Fighters 1,077,775 773 208.3 416.6 
Bombers 294,426 1,383 101.8 203.6 

Total $456. 7 $913.5 

aExcludes costs of airplane crashes during training. 
hTotal hours shown are for all operational aircraft in the 
categories shown. 

cooes not include ccsts of developing and producing simulators. 
dflying hours during fiscal year 1972. 
eExcludes flying t imt· while ai,signed to aircraft carriers. 
frlying hours during calendar year 1971. 

Table IV-1 shows the data presented by the GAO regarding hourly simulator 
and a i rplane operating costs for certain military and commercial aircraf ~. 
Table IV-2 presents the GAO estimates of training costs for the U.S. Navy 
and U.S. Air Force if simulators replaced 25 and 50 percent of the hours 
currently flown in aircraft for training purposes. The GAO data show that 
for a 25 percent r eplacement, an annual saving of $455 million would occur. 
If 50 percent of the flight training were conducted in simulators, the 
aMual saving would approach $910 million, 

'l'he GAO cost analysis models are based upon substitutin~ one hour of 
flight simulator time for one hour of aircraft flight time. This ratio of 
substitution assumes that the transfer of training from aircraft to simu­
lators may be made on a one-to-one basis, At present, data on transfer of 
training is inadequat() to permit ac;curate specification. Thus, the data of 
Tables IV-1 and IV-2 should be viewed only as indicative of the potential 
cost savings. 

The data, assumptions, and results of the analysis for the SFTS are 
shown in Table IV-3 and Figures IV-1 through IV-5. Table IV-3 liats the cost 
data and assumption■ used in the analyaia. The cost effectiveness model 
used in generating the data assumed the tran■fer of training wa■ one-to-one. 
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TABLE VI-3 

COST EFFECTIVENESS ANALYSES DATA AND ASSUMPTIONS 

Simulator Operating Cost Per 
Cockpit Hour, Dollars 

Number of Cockpits per 
Simulator 

Aircraft Operating Cost 
Per Hour, Dollars 

UH-1 
CH-47 
AH-1 
UTl'AS 
AAH 

Aircraft Fuel Uuage, Gallons 
Per Hour 

UH-1 
CH-47 
AH-1 
UTTAS 
AAH 

Yearly Siaulator Hours Per 
Pilot or Gunner 

Simulator Availability, 
Calendar Days 

Procurement Coat of Siaulator 
and Building, Mil Uorh, of 
Dollars 

8 Baaed on FY75 usage of devices. 
bprojected HQDA eatimate. 
CffQDA cc,at figur ea. 
d0ne pil ot and one gunner. 

2B24 2B31 2833 2838 

38.208 94.88b 69.J3b 215.oob 

4 l 2d l 

238.ooc 
858.ooc 

285.ooc 
748.oob 

90c 
497c 

103c 
138b 

15 15 15 20 

225 225 225 225 

J.ob 5.ob 7 ,ob 7,5b 

2840 

1eo.oob 

2d 

847.oob• 

138b 

20 

225 

4,5b 

*Subject to upward adjuat•nt due to in.flation being experienced in labor 
and aaterial costs. 
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Figure IV-2 presents the results for the UH-1 instrument simulator. The 
ase ratio line was calculated from the following expression: 

(Number of Aviators) (Yearly Simulator Hours per Pilot) 
(Number of Cockpits) (Simulator Availability, Calendar Days) 

• Simulator Cockpit Hours Per Day. 

The cost and fuel savings were computed from the following: 

(Number of Aviators) (Yearly Simulator Hours Per Pilot) 
(Aircraft Operating Cost - Simulator Cockpit Operating Cost) 
• Cost Savings Per Year, and 

(Number of Aviators) (Yearly Simulator Hours Per Pilot) 
(Aircraft Fuel Usage)• Fuel Savings Per Year. 

The example shown in Figure IV-1 is for 750 aviators. For this number 
of aviators, each of the four identical cockpits of the 2824 would be 
operated 12.5 hours per day. Cost savings, assuming a one-to-one transfer 
of training are $2,247,750.00 per year. Fuel savings are 1,012,500 gallons 
per year. 

Figure IV-2 presents the results for the CH-47 simulator. For ~uO 
aviators, the single cockpit would be used 13.3 hours per day. The cost 
savings for this usage rate amount to about $2.3 million per year. Fuel 
savings are about 1.5 million gallons per year. 

Figure IV-3 presents the results for the AH-1 simulator. This simulator 
has two cockpits, which are not identical (one pilot and one gunner), and 
were thus counted separately. The example of Figure IV-3 shows that for 
either 150 pilots of 150 gunners, the appropriate cockpit would be used ten 
l,ours per day. This use rate, asauming that an instructor pilot would be 
f lying the aircraft and only one trainee would be aboard, would produce a 
cost savings of approximately $485 thousand per year. The fuel savings in 
this case would be about 232 thousand gallons per year. Thus, to train 150 
crews for the AH-1, use of a simulator would produce total cost and fuel 
saving~ of $970 thousand and 464 thousand gallons per year. Also, since the 
AH-1 device simulates the firing of the TOW missile, th~re is an additional 
potential cost savings of approximately $2500.00 per missile. 

For integrated cr ew training, the potential cost saving9 are less than 
that shown in Figure IV-3. For a crew of 300 trainees, both cockpits would 
be integrated, and the coat difference between the simulator and inflight 
tr~·ir.ing would be $146. 34 per hour (see Table IV-3). The cost savings in 
the mission role, assuming no firing of TOW missiles would be about $300 
thousand per year. The fuel savings for the mission case is 232 thousand 
gallona per year. 
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The larger cost and fuel savings resulting from independent training of 
the trainees are typical for the Aviation Center. Field sites would produce 
lower cost and fuel savings as much of the training done in the field would 
be of the integrated crew type. 

Figures IV-4 and IV-5 show the calculated results for the 2B38 (UTTAS) 
and 2B40 (AAH) simulators respectively. As noted in Table IV-3, the cost 
and fuel savings are based upon projected estimates for both the aircraft 
and simulator. Although large potential savings are indicated, the results 
should be ~onsidered as very approximate. 
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SECTION V 

RESEARCH AND DEVELOPMENT PLANS 

At present, the Army's major efforts are the development of advanced 
subsystems of the Synthetic Flight Training System. The programs are 
oriented to producing cost-effective training simulators for such mis s ions 
as air-to-ground weapons delivery, formation flight, and low-level naviga­
tion. Key programs are aimed at devel~~f~g technology in such areas as 
wide field of view with high resolutior, , color, and data storage to 
describe large geographical areas in great detail and in color. The major 
effort is directed at component research which will lead to high fidelity 
flight simulator training systems with motion platforms, computerized in­
struction, and keyed to nap-of-the-earth fligh:, both d~y and night. The 
objective of this section is to identify specific exploratory (6.2), ad­
vanced (6.3), and engineering (6.4) development efforts of priority to the 
accomplishment of technology needed to support the production of advanced 
subsystems for the SFTS. Details of these programs are presented in the 
following paragraphs. 

EXPLORATORY DEVELOPMENT PROGRAM (6.2) 

1. Visual Simulation Analysis. The rising cost of operations and re­
duced supplies of fuel have restricted the use of operational equipment for 
Army training. Many visual simulation techniques are available today with 
the potential to reduce Army training costs and fuel consumption. An 
analysis of these vhual simulation techniques is needed to determine how 
they can be used to provide cost-effective training. A survey of visual 
simulation techniques will be conducted to define those visual subsystems 
in use and those planned that require technology development to insure 
successful engineering development for ArTfl'/ applications. Special con­
sideration will be given to those systems that may he candidates for Product 
Improvement Programn (PIP's) as well as such advanced technology areas as 
holography. 

During the first fiscal year, a survey of state-of-the-art visual simu­
lation techniques will be conducted. Visual systems having potential for 
Army applications will be identified and recommendations for further visual 
technology development will be made. The visual systems survey will be up­
dated annually to include all new visual teclmiques and development recom­
mP.ndations. 

2. 360 Degrees Annular Visual System. This research is directed 
towards determining the feasibility of using annular optics and charge 
coupled devices to provide a 360 degree color visual presentation of dynamic 
real-world tactical scenes for Army training applications. There is a need 
for a non-programmed real-time, wide-angle dynamic display that can present 
the maximum degree of realism for the SFTS. Presently, film presentations 
are used extensively by c0111111ercial airlines as visuals but they present a 
"canned" real-time capability. Closed circuit TV systems are capable of 
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real-time non-programmed presentations, but the viewin g angles a r t! small. 
Recent advances i n optics, elect ronics , and laser technology make possibl e 
a new visual ystem that has the potential for meeting train j_ng r equire­
ments for wide-angle, high resolution, real-time and full color presenta­
tions. 

The research will involve the s tudy and analysis of a recently designed 
annular optical lens capable of taking and projecting a 360 degree by 42 
degree picture. The l ens is composed of both refractive and reflecting 
elements. By using such lenses for both the probe and projector a 360 
degree non-progranrned, high resolution visual presentation may possibly be 
realized. An image transfe r system between the two optical units would be 
assembled by using arrays of electronic charge coupled devices (CCD's) in 
contact with the probes image. This presentation of the s cene i s then 
transferred, electronically, to a series of laser modulators. The modu­
lated light from each is then deflected, either by rotating multi-faceted 
mirrors or through beam steerers, into an image rotator. The 1image rotator 
sweeps the image across the rear of the projection lens and t4-e visual is 
presented on a spherical screen. 

3. Wide-Angle Laser - Scan Visual System. This effort would be 
directed at developing a cost-effective wide-angle visual system with the 
capability to present dynamic real world scenes in color for helicopt ~r 
flight simulation. Such a system is needed to train such Army visual flight 
tasks as nap-of -the-earth (NOE) flight, navigation, and target acquisition. 
The laser scan technique has the potential to provide efficient and rela­
tively inexpensive wide-angle visual simulation for the SFTS. 

The primary thrusts of the research will be: (1) to analyze the 
critical component and signal processing requirements for a l aser-scan 
visual system; (2) to study the safct; requirements for such a system, and 
(3) to demonstrate the feasibility of a synchronized laser-scan with a 
100 MHz video chain. The demonstr.ition will be oriented toward showing the 
capability of the system for the S'F'TS. 

4. Improvement of Training Programs Through Incorporation of Accident 
Research Results. This proposed research effort is designed to incorporate 
the results of on-going accident research into training programs. Simu­
lators will be used to enhance the development of remedial measures and to 
train against the causes of accident errors. The goals of the research will 
be to determine which factors or procedures may be conducive to training by 
simulation and incorporate these into existing and proposed systems of the 
SFTS. 

The effort will involve identification of the factors amenable to 
simulation and dev lopment of a simulation program with input into three 
levels of training; initial entry, transition, and proficiency. The effort 
will include analysis of factors to identify flight task errors and critical 
situational aspects which may become the training content of a simulator 
program for all three levels of training. Simulators will be used in these 
analyses enabling precise control of conditions. 
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S. Aviator Target Identification and Acquisition Training Research. 
This research involves the development of training programs and related 
training techniques to enhance the aviator's ability to detect and identify 
enemy targets, both camouflaged and uncamouflaged. The program will 
support various weapons sighting systems including helmet m~unted, rocket, 
and gun systems, the TOW missile, and HELLFIRE. Development uf the train­
ing r esearch program will be concurrent with development and acquisition 
of the required equipment. 

The training programs in addition to providing realistic practice with 
the unaided eye, will also be used to promote optimal use of variable magni­
f ication monocular and binocular viewing devices. Depending upon whether 
the aviator is expecting camouflaged or uncamouflaged targets, and whether, 
at a given moment, he is attempting to detect or identify a target, there i s 
a magnification - area of coverage trade-off which can be optimized through 
training. 

6. Computer Animated Visual System. Current visual simulation systems 
have objectionable characteristics that may be overcome through the use of 
computer animated image generation techniques. Camera-model visual systems 
require large expensive model boards which require much power for lighting 
and large buildings for housing. Film visual systems are less costly and 
require less power and space, but they limit the excursions of the simulated 
vehicle path. Computer animated visual techniques will be developed to 
provide a simulated visual scene with flexibility and realism of a camera­
model system but without the use of a model board and without the vehicle 
path constraints of a film system. Existing hardware will be updated and 
modified to investigate the computer controlled animation of multiple still 
visual scenes to simulate non-programmed visual flight, Efforts will be 
directed toward nap-of-the-earth (NOE) flight and the insertion of tactical 
targets. 

During the first fiscal year, a systems design analysis will be conducted 
to i nvestigate computer animation techniques to simulate nonprogrammed visual 
flight. Alternate techniques for the aimulation of NOE flight and insertion 
of tactical targets will be analyzed. The techniques with the pot~ntial to 
be moat cost-effective will be developed and integrated with existing hard­
ware for test and evaluation. During the second fiscal year, the breadboard 
system will be updated to simulate high speed NOE flight with tactical targets . 
A performance specification for a computer animated visual system will be 
prepared based on the perf ormance of the breadboard model. 

7. Special Purpose Algorithms for Computer Generated Imagery (CGI). 
There is a need for such training applications as aerial weapons delivery, 
nap-of-the-earth (NOE) flight, and general aerial maneuvers. The objective 
of this research is to develop the needed algorithms for application to the 
above training needs. 

The effort includes a study of the feasibility of achieving real-time 
generation of portions of display■ that may be appended to a general scene 
to provide a complete complex real-time dynamic scene for sensor displays, 
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imulat d operational displays , and tactical display s . Th effort will 
det rmine what g neral purpose scene displays or portions of displays could 
be get>rat d by spe ific algorithms in real-time, and an analysis of the 
advantt.ge and disadvantages of using such means fo r generating portions 
of the d'splay, that i s , trees, wooded areas, buildings, and vehicles . The 

f asibility s tudy would be conducted during FY 77 and the development of 
th cos t ,ffec tive algorithms would be started in FY 78. 

8. Instructor Station Design Research. There is not adequate data to 
nable assessing the efficiency of instructor station designs and hardware . 

As a consequence, there does not exist any criteria by which there may be 
determined the usage ef fi ciency of presently available features or capa­
bilities of training devices. Also, the lack of criteria constrain the 
identification of redundant and other unwarranted feature s or capabilities 
and/or what features are needed and should be added. 

The effort will i nclude: (a) A review of research and development 
relevant to the design and use of instructor consoles with emphasis on in­
s tructor stations for mission simulators; (b) The conduct of a ser.ies of 
experiments in existing simulator facilities; and (c) The validatfon of 
design criteria for instructor consoles. In FY 77, a study will be made of 
instructor pilot usage of consoles. This effort will require nine man­
months. The follow-on efforts will be programned for FY 78. It is antici­
pated that efforts will be continued beyond FY 78 to ascertain criteria for 
advanced flight training simulators for the UTTAS, AAH, and ASH aircraft. 

9. Nap-of-the-Earth (NOE) Technology Study. The perception of dis­
tance and depth is vital in the judgement of terrain contours during NOE 
flight. Conventional two-dimensional display systems do not permit the 
human operator to make full use of a highly refined sense of depth. With 
depth added to the di splay, the operator will be able to perform more 
efficiently by taking advantage of depth perception capabilities. 

Recently conducted r esearch indicAtes that the use of stereo television 
displays permit mor efficient low-altitude terrain-following flight. 
Whether s tereo display would permit improved operator performance during 
NOE flight is a question, as yet, not fully answered. Also, not certain is 
whether flight training simulators could be adapted for stereo display if 
such were found to provide an advantage in NOE flight. The NOE technology 
study would bed rected toward ob,aining data applicable to answering both 
of these questions. 

Starting in fiscal year 1977, an effort will be conducted to include: 
(a) a survey of the stereo-display systems in use and those rlanned to 
ascertain the applirability of these for NOE display systems; (b) the de­
lineation of design criteria for incorporating such equipment into flight 
training simulators; and (c) the conduct of a series of experiments in 
existing simulator facilities. The experiments will be designed to ascertain 
the feasibility of using stereo displays for NOE flight training. 
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ADVANCED DEVELOPMENT PROGRAMS (6.3) 

The obj ective of this program i s to conduct research that wil l lead to 
high fidel ity simulator training systems with motion platfot111s, computerized 
instruction, and keyed to nap-of-the-earth flight both day and night. 

1. Visual Systems Research. In the future, the Army must continue to 
r ely heavily upon the use of simulators for pilot training. Present tech­
nology permits generally adequate simulation of present and planned Army 
ai rcraft in an instrument flight environment, but the bulk of Army f lying 
takes place in a visual flight environment. Existing visual display s ystem 
technology was developed primarily f or high performance fixed wing aircraft 
s imulators and is limited in the extent that the visual environment of Army 
rotary wing aircraft can be simulated. 

Particular de fic iencies exist with respect to the environment needed for 
nap-of-the-earth, night, and helicopter-to-helicopter engagement training. 
Based upon present technology, an NOE visual display would have to consist 
of a large scale model board that is expensive to fabricate and house, and, 
i n order to provide adequate protection to the optical probe, requires ex­
tensive progranuning to locate surface obstructions in computer memory. 
Areas where technology advances are needed include the following: 

a. Present terrain model construction does not permit the simulation 
of scene content tt the level of detail required for low airspeed flight near 
natural or man-made objects at economical scale sizes. Large amounts of 
energy are required to provide adequate lighting of the models, 

b. Existing optical probes are bulky, fragile, and limi.ted in 
field-of-view and depth-of-field. Because they are easily damaged or mis­
aligned if contact is made with the model board, training at tasks such as 
nap-of-the-earth navigation involves equipment risk. The angular field-of­
view coverage of existing probes (and display optics) is far less than that 
which the Army aviator is believed to need. 

c. Techniques do not exist at present to simulate the environment 
as viewed through night and limited visibility viewing devices such as 
infra-red goggles and forward looking infra-red. 

d. Techniques for simulating the "other" helicopter in an NOE day 
or night environment as it seeka cover among the features of the simulated 
terrain, do not now exist. 

During the first fiscal year, criteria for a visual systems research 
tool will be defined, The effort will include an evaluation of color versus 
black and white presentation effectiveness. The initial demonstration of a 
visual research tool involving a laser scan concept will be conducted during 
this first fiscal year. 
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During t he n xt fi scal year, i n conjunct i on wi th the development o f 
visual r es a rch sy t ms f i eld-of -view studies wil l be conducted. The devel­
opment effort will cul mi nate in a visual display system designed for use in 
conjunction wi th tra ining s imulators i n use during the period 980-85 
(e . g ., MH, ASH, and beyond). Research wi ll be co~duc t ed to expand the 
da t a base in NOE, night, and a i r-to-ai r tactics (e.g., the s cene content, 
f i eld-of-view, etc., r equired to conduct a specific aircraft maneuver), 
concept defin i tion studies , development of laboratory and breadboard devices 
to test engineering concepts, fabrication of an advanced development model. 
modification of one or more then-existing simulators for use with it, and 
tes t s to det ermi ne the value of the system in an operational training sys t em. 

2. Train i ng Research Conducted with Simulators. This effort involves 
r esearch that would be conducted in such simulators as Devices 2B24, 2B31, 
and 2B33. Blocks of time on each of these types of the aircraft s imulators 
locat ed at the Aviation Center, Fort Rucker would be set aside for research 
purposes. The t ime , arranged so not to interfere with traini ng schedules, 
would permi t the us e of these high fidelity devices in research that requ i res 
c lose duplication of the aircraft environments. This use of existing simu­
lators could result in less dollars having to be spent for pure research 
simulators. Specific projects recommended for this effort are: 

a . Development of Automated Training Techniques. The purpose of 
this proposed research is to develop training programs for valldating and 
exploiting the automated training features of the 2B24, 2B31, and 2B33 
devices and to develop an adequate data base, using that equipment, to 
al low the design of a second generation of automated training features in 
future simulators to be based on validated, empirical data. The experi­
mentation should furnish suf f icient information to facilitate the effective 
use of the automation capabilities of present Army simulators. 

The initial phase of this program will be an analysis of first generation 
aut~mat ed training programs, i.e., use and problem areas. For example, how 
do instructors use automated training '? How is automated training used in 
con.Junction with traditional training? What should be the characteristics 
of an overall training program in which automated training programs are used? 
Are all of the automated features desirable at different stages of training? 

The final phase will be experimentation us i ng the simulators. The 
results of the experimentation will answer the questions concerning the use 
of automated training. The results will provide sufficient information to 
allow the automation capabilities of Army simulators to be developed and 
utilized ef fectively, and provide information on which to design automated 
training features for future simulators. 

b, Development of Automated Performance Measurement Techniques. 
The purpose of this proposed research is to develop automated performance 
measurement techniques to provide meaningful and valid assessment of trainee 
capabilities. Research is needed to define aviator performance requirements 
and the parameters which best define optimum perforaance. The utilization 
of performance recording in training program design needs to be defined to 
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permit effect iv standardization of trainee evaluations. Where adaptive 
variation of training difficulty is desired, the evaluation of trainee 
performance must be based on accurate and significant performance criteria. 
l'he deviation and validation of standdrds of performance will be a signifi­
cant part of this effort. 

The primary thrust of the research will be to derive specific tech­
niques for the generation and use of automated performance measures in 
Devices 2B24, 2B31, and 2B33. As part of this initial phase a number of 
representative measures will be generated. These measures will be drawn 
from the on-going UH-1, CH-47, and AH-lQ training programs. 

The selected automated performance measures will be incorporated in the 
simulators and the programs will be tested for reliability and validation. 
The evaluation will include instruLcor's analyses of th e automated measures 
for interpretability and usefulness. Since the goal of this research is to 
devise valid and meaningful methods of automatically measuring pilot per­
fomance in the aircraft, the evaluation will be conducted within a frame­
work of actual training. 

3. Device Management and Application Studies. The effectiveness of 
simulation in Army aircrew training can be enhanced through research yield­
ing in format ion related to the dt:·sign and procurement of training devices. 
The research would be in the form of multiple, low level of effort studies 
addressing the major Army sim11lator training problem areas. 

a. Part-Task Trainers Studies. This research will be directed at 
analyzing Army aviation part-task training device designs. These devices 
are widely used for both air and ground crew training by all aviation train­
ing establishments. Many of these device$ are often quite expensive to 
procure and operate. Unfortunately, thes~ devices are not subjected to the 
level. of sys:.ematic design that is re4uired to assure optimal utilization 
of the devices. 

fhe effort will include an analysis of existing Army part-task training 
devices, their design, utility, and employment practices. A prime objective 
will be the determination of the extent to which these devices could be 
improved by use of relevant engineering and training technologies. 

b. Simulator PrograDllling Language. This study is directed towards 
the development of a higher level language for simulators that would pennit 
increasing the efficiency and effectiveness of existing programming tech­
niques. Use of higher level languages has increased in order to ~educe pro­
gra111Ding costs and time by shifting the burden of programming details onto 
the computer hardware thus taking advantage of the faster, lower cost third 
generation machines. Development of these languages is important due to 
the much reduced time required for programming. Other advantages are that 
a problem written in a higher level language is ~horter in length and 
easier to debug, standard programs can be executed on different machines 
with only minor revisions, a reduced level of p1·ogrammer experience is 
needed, and programs are in uaer-oriented lang\•Age so maintenance costs are 
reduced. 
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The approach w uld involve i denti fying the key problem areas as regard 
applying a hi gh r 1 v l language to the Synthetic Flight Training System. 
An assessment of th appli ability of apply i ng a higher l eve l language 
would be made and would i nclud the i mpact of such app.licati n upon the cost of comput r hardware . 1ne study would also consider such alternatives as 
r s tructuring the high r level language to the full or broad program or to only a specifi s gm nt of the full program. 

c. Simula tor Procurement Practices Studies. At present, data 
purchased in conjunction with a simulator may account for as much as 
tw nty p rcent of the cost of the engineering development model. This cost is incurred du~ to th legal requirement that a data package be submitted in support of comp titiv procurem nt of production models of the simulators, 
and to assure Army maintenance of these simulators at remote locations. In view of the limited quantity of any given flight simulator likely to be 
procured, and th option of the use of contract maintenance for these simu­
lators, it is highly possible that systematic study of procurement practices would yield indications of s ignificant dollar savings for the Army. 

The approach would involve analysis of the procurement methods of the 
commercial airlines to determine whether such practices could suffice for 
the Army. Also, present Army simulator use, maintenance, and management 
practices would be reviewed for the purpose of identifying areas of potential cost savings. The approach would also consider the poter.tial '-'f developing 
and adapting a design-to-cost model for simulator procurement. 

4. Special Purpose Hardware. The objective of this task is the develop­
ment of hardware that may be appended to existing visual systems for the 
purpose of providing real-time displays of such items as trees, wooded areas, 
buildings, vehicles in order to enable a complete complex dynamic real-time scene. 

Starting Fiscal Year 1979, specific computer generated imagery (CGI) algorithms would be realized into software and hardware. In Fiscal Year 1980, the effort would involve installation of the special purpose hardware. Such facilities as the Naval Trainir1g Equipment Center's AWAC CGI simulator would be used for the demonstration. 

ENGINEEPING DEVELOPMENT PROGRAM (6.4) 

The objective of this program is to develop high fidelity, flight simu­
lators with computerized, programmed instruction and six degree of freedom motion platforms. 

1. Device 2831 (CH-47C) Simulator. This effort is direct ed at develop­ing a CH-47 simulator. This simulator includes a CH-47 cockpit, a terrain 
board visual system, a lower quadrant digital visual system, and a six degree of freedom motion system. Automated training features briefing, demonstra­
tion, playbar~, check rides, and grading capabilities. Problem capabilities include instrument takeoff and flight, VFR takeoff, approach autorotation, 
confined area approaches and pinacle approaches. Special effects include 
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s ky, cloud, haze, ~nd limited visibillty effects as well as day, dusk, and 
night training. ThlR training simulator will be used in transition, combat 
readiness proficiency, load operations, and instrument refresher training 
programs at the Avintion Center and will contribute towards standardization 
of CH-47 aviator performance. 

An engineering development model of the 2B31 device including fro1t 
and lower quadrant visual systems permitting hov~r and s ling load oper.,tions 
simulation will be ready for training at Fort Rucker in August 1976. ~ gi­

neering development is being done on contract. 

2. Device 2833 (AH-lQ) Simulator. This simulator includes one pilot 
cockpit and one gunner cockpit, both driven by a single digital computer 
complex. Each cockpit is '.nounted on a six degree-of-freedom mot ion systems 
with separate instructor stations mounted on each platform directly aft of 
the trainee position. Two camera-terrain board visual systems (front and 
left side) are capable of independent or integrated operation. Automated 
briefing, demonstration, record, playback, checkride, and grading are in­
corporated. Full VFR flight includes hover, takeoff, approaches, landings, 
autorotation, dives from Oto 40 degrees, and nap-of-the-earth flight. 
Gunnery capability includes machine gun, grenade launches, free rockets, 
20 mm cannon and TOW missiles by use of helmet and telescopic sights. This 
device will be used in transition, weapons systems familiarization and 
combat ready proficiency progrums at the Army Aviation Center and at 
selected field sites. The device permits the training of AH-lQ pilots and 
co-pilot gunners independently or as crews. 

An engineering development model that includes both front and left side 
visual systems, permits training on TOW missiles and 20 mm cannons will be 
delivered to Fort Rucker in June 1976, for second phase operational testing. 
Development effort is being conducted under contract. 

3. Device 2838 (UTTAS) Simulator. The objective of this simulator is 
to provide UTIAS training at the Aviation Center and at selected aviation 
field sites. The training to be conducted in these cevices will include 
transition, combat readiness proficiency, and instrument r ef resher training. 

The project will be initiated in FY 1975 with the conduct of engineering 
and training design concept studies. Final design will await selection of 
a lITTAS aircraft design, but simulator procurement will be expedited by con­
tracting for an engineering development model visual display attachment in 
FY 1976 and aircraft simulators in FY 1977. The initial device will be 
delivered to the Aviation Center for suitability testing in FY 1979. 

4. Device 2B39 (ASH) Simulator. This training device will be a state­
of-the-art operational flight trainer for the ASH aircraft and will include 
a visual system to simulate the ASH operational environment. The simu-
lator will be used in conjunction with the operational aircraft and other 
training devices to provide training for ASH aircrews at the Army Aviation 
School and at selected aviation field units. It will be used in transition, 
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combat readi n ~s s proficiency training (CRPT) and instrument refresher t raining, ~nd in the Army-wide standardization program for ASH qualified aviAtors . 

Developme ,t of an ASH s imulator was reconunended to DA by the ASH Project Office in August 1974. I f approved, development of the s imulator will be initiated with an engineering and training design concept study beginning in FY 1976. Procurement of this device will be time-dependent upon the s election vf an ASH design. Present projections indicate delivery of an engineering development model for suitability testing in FY 1979 and ulti­mately for use in aircrew training. 

S. Device 2B40 {AAH) Simulator. The objective of the AAH Simulator Project is to develop an AAH simulator for use in AAH aircrew training at t he Aviation Center and at selected aviator field unit~. This device will be used in transit i on, weapons qualification, combat readiness proficiency, and vi sual and instrument refresher training programs, and will enhance achi eving Army-wide standardizP.tion of AAH aircrew training. 

The AAH simulator will be capable of providing training for AAH pilots and gunners separately or as a crew. It will have two separate trainee compartments, one each for the pilot and for the co-pilot gunner. Each compartment will be modeled after the corresponding portion of the aircraft. There will be an instructor station with the controls and displays necessary to administ e r and monitor training. Each trainee compartment/instructor s tation will have its own visual display and will be mounted on a six degree-of-freedom motion system. The OFT will be driven by a digital computer prograD1Ded to perform, in addition to computations necessary for aircraft and weapons systems and environmental simulation, all operations associated with advanced training and maintenance troubleshooting features of the simulator. 

The basic configuration of the AAll simulator is expected to be similar t o that of Device 2R33. The MH simulator design will make use of data generated during suitability testing of Device 2B33. The concept studies will be initiated i n FY 1976 and will overlap Device 2B33 testing. A con­tract for an engineering development model will be awarded in late FY 1977. It is anticipated that the Device will be delivered to the Aviation Center in FY 1979 or FY 1980 for suitability testing, 
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SECTION VI 

PLANNING AND MANAGEMENT CONCEPTS 

INTRODUCTION 

The purpose of this section is to present planning and management ~on­
cepts that will insure an effective program for present and planned pro­
curement, utilization, and support of Army flight training simulators and 
other aircrew training devices. 

Development of training simulators is a lengthy process. Training 
r equirements reflecting both the characteristics of the aircraft concerned 
and operational mission factors must be carefully specified. There must 
be a constant interaction between the aircraft developer and the simulator 
developer. The process itself consists of five distinct steps. 

1. Step 1 - Training System Concept Design. The first step is to 
design a training system responsive to the training requirements associated 
with the aircraft. This involves the specification of training goals to be 
assigned to training simulators, part task trainers, and supporting devices; 
the definition of each simulator's configuration, its interface with other 
trai ni~g and maintenance equipment, and design features which will assure 
that the intended training can be accomplished and that the simulator in­
corporates the latest state-of-the-art in relevant training and engineering 
tec.hnologies. The products of Step 1 are (1) comprehensive performance 
specifications for the full-task trainer and other related devices; and (2) 
a _raining plan defining how this equipment will be employed, in conjunction 
with the aircraft, in future aircrew training. 

Experience, to date, is that a period of six to seven months is needed 
to assure a thorough study of relevant engineering and training technologies, 
review of the training mission of the proposed device, and investigation 
of the vehicle being simulated. It should be noted that Step 1 does not 
involve the development of justification for the procurement of a training 
simulator. Step 1 can be initiated only after the Army has already approved 
the requirement for a particular training system. 

2. Step 2 - Contract Award. This step involves preparation of a 
solicitation package, obtaining proposals from potential training simulator 
developers, evaluating these proposals, and negotiating and awarding an 
engineering development contract. Based upon recent Army experience, a 
period of approximately six to nine months is required for this activity 
because of the sequential nature of the steps required to award the contract. 
The bulk of the activities associated with Step 2 cannot be initiated until 
the performance specification developed during Step 1 is completed. 

3. Step 3 - Development of ~n Engineering Development Model. This 
step consist& of development and delivery of an engineering development 
model or prototype training simulator and associated training devices 
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meeting the design requirements identified in Step 1. The time required for 
Step 3 depends mainly on the amount of new design required by the system. 
If 11 ttle new design is required, delivery may be -: n as little as 18 to 24 
months. Since the pr~sent state-of-the-art may not be fully developed with 
r espec t to the simulation of certain important aspects of the Army's unique 
mission environment, it is more likely that the delivery time requirement 
for each engineering development model will be 24 to 36 months. 

Step 3 concludes when the new training simulator has complete final 
acceptance testing by the Army at the delivery site. 

4. Step 4 - OperatioMl Test. The purpose of the fourth step is to 
assess the training simulator's suitability for its intended role in Army 
training as defined during Step 1, to evaluate the effectiveness of its 
associated training program and to identify any deficiencies in its design 
which should be corrected prior to further procurement. The amount of time 
required to accomplish Step 4 has historically been from six to twelve 
months. At the end of Step 4, the initial device is available for training 
activities on a limited basis while undergoing any design changes resulting 
from findings of the operational test (OT II). In addition, a revised pro­
curement package will have be~n prepared to enable the Army to obtain pro­
duction models of the device which reflect the findings of these tests. 

5. Step 5 - Production Procurement. Step 5 is the procurement of pro­
duction models of the training simulator, If the suitability test results 
confirm the basic device design, initial deliveries may be obtained within 
15 to 24 months. Meeting this schedule requires expeditious Army approval 
of the procurement plan and contract award. Should it be necessary to 
procure production models of the device on a competitive basis, Steps 2, 3, 
and 4 would probably have to be repeated, extending the time requirement 
by approximately 36 to 57 months. 

Table Vl-1 summarizes the approximate tillle required, following the above 
five-step procedure, for the development of a new Army flight training 
simulator. It can be seen that a minimum of 42 months should be allotted, 
following an Army decision to procure a particular helicopter simulator, 
before the initial simulator will be available for training, At least an 
additional 15 months will be required before production models will be 
available. Meeting this minimum procurement schedule requires careful 
management. 

The importance of planning for training simulators early in the develop­
ment program of the aircraft is apparent if flight training simulators are 
to play an effective part in flight training. Postponing initiation of 
the process and subsequent attempts to "catch up" have historically result~d 
in excess costs, overlooked training requirements and a less than optim&l 
training system. Planning and management concepts which offer opportunities 
to reduce the development time while still resulting in a cost and training 
effective system are presented herein for conaide.:ation. 
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TABLE VI-1 

SIMULATOR DEVELOPMENTAL STEPS AND TIME REQUIREMENTS 

PLANNING CONCEPTS 

Estimated AcctDDulated 
Step Months Required Months Required 

1 6 - 7 6 - 7 

2 6 - 9 12 - 16 
3 24 - 36 36 - 52 
4 6 - 12 40 - 64 
5 15 - 24* 55 - 88 

*Months to delivery of the first production 
unit on production prototype 

A list of planning concepts is presented covering the full time span from initiation of the aircraft requirement through field support and utili­zation of production flight trainers. 

1. Planning for New Aircraft Development. The development of the flight training simulator requirement is as important and should receive as much attention as any unit of maintenance or support equipment during new aircraft development. Development of flight training simulators and their potential utility during prototype aircraft operational testing dictates a coordinated development program between the aircraft Project Manager, the Project Manager for Training Devices, and the TRADOC user organization. A flight training simulator offers unique opportunities for test pilot familiarization pre-test exploration of the prototype aircraft test configuration and development of emergency and safety procedures. The availability of a flight training simulator and part task trainers identified for beth aviator training and enlisted maintenance training at this stage offers the Army valuable insurance during the relatively risky development and operational testing of new aircraft prototypes, and at a relatively low coat. Furthermore, training simulation readily lends itself to tactics and misaion development which ,!ould be accomplished prior to training mission start up. 

Optimum efficiency can be achieved by tasking and funding PM TRADE for the development of the flight training simulator simultaneously with the go ahead for the prototype aircraft. This will separate the simulator develop­ment frca any aircraft problems which do not directly affect its design and will add the expertise of the PM TRADE simulation personnel to the atr~raft development team. A similar rec0111Dendation has been made in the USAF Five­Year Plan for Air Crew Training and is based on USAF experience with si11a1-lator funding channeled through the individual aircraft System Program 
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Offices (SPO' s ). Their recommendation is that simulator fundi ng be di­rectly channel d to che Simula tor System Program Office (SPO). 

Effective implem ntation of this concept will also require the simul­taneous early development of the training task analysis by t he TRADOC user to achieve the total development of an effective training system at a date that wi ll prov i de maxi mum effectiveness. 

2. Planning fo r Research and Development. Plann~ng for research and development is currently hampered by a lack of central ,;untrol and direc­tion. Centralization of management of all R&D on training simulation is required t o determine what areas are under study and what areas need future work. A multi-year plan presenting the total training simulation research program woul~ provide the depth of planning required to insure maximum effective dol~ar ut il ization and assignment of priorities. The training simulation expertise present at PM TRADE suggest this organization as a focal point for monitoring, forecasting and planning the simulation re­search eff ort. 

As is pointed out in Appendix D, there are visual simulation require­ments and areas of flight training simulator development which are beyond the current state-of-the-art. To depend on the state-of-the-art to advance without directed research increases the risk to successful incorporation of new training features. This also leads to increased development time for the simulator. Only by means of a vigorous R&D program aimed directly at solving outstanding problems can the Army assure that the full capabil i ties of flight training simulators will be realized. Both the state-of-the-art and the particular areas needing research are high-lighted in this study. 
AJiJ the chartered proponent of training devices and the main focal point of training simulation expertise, PM TRADE should be funded not only for specific programs, but also with block funding for projects and studies which offer substantial advantages or improvements in training capabilities when implemented illlnediately. 

An additional planning concept for R&D involves the use of existing flight training simulators for training research, safety investigation, instructional program development and other tasks for which the existing simulators are exceptionally well suited. Based on availability and utilization, blocks of time designated for rese&rch, arranged on a not-to­interfere-with-training schedule, should be set aside on each of the air­craft type training simulators at Fort Rucker for use in research programs. Utilization of simulator time could be made available to all laboratories whose programs affect flight simulation and who could use the simulator as a research vehicle. Proper coordination of this valuable asset could result in substantial savings of R&D dollars spent for pure research simu­lators. For example, a benefit of the current level of high flight fidelity being procured in training simulators is that aircraft condition during emergency conditions can be duplicated exactly. Flight training simulators could be used in accident investigations to determine what actually occurre1 prior to an accident. Such data could lead to the development and testin~ of new emergency procedures and to training programs incorporating these procedures. 
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3. Planning for Training. Effective preparation for and utilization of flight training simulator~ requires a coordinated plan for the develop­ment of a complete training program and the preparation and training of the instructors who will use the equipment. Far too often a flight training simulator has been developed and then a training program designed to use it. The lack of specific training objectives existing during the design of the simulator has resulted in d~signs for maximum fidelity and training capa­bilities with the hope that the user can make effec t ive use of them. In­stead, an orderly development of a training system beginning with analysis of the training tasks and the training objectives is required, From these tasks and objectives a trade off analysis can determine such factors as the costs of various training media, studer.t populations, instructor skill and availability, and a cost effective mix of training aids and devices. The determination of training tasks to be accomplished for each type of training device then guides the simulation designer in producing the most cost effective method of presenting the required simulation. 
Figure VI-1 describes an order and hierarchy of training simulators and training devices. An understanding of the nature, characteristics and capabilities of each of the tiers of this structure is necessary to develop the most cost effective training program. 

a. Aircraft, At the top of the order is the actual aircraft. Except for emergency procedures and maneuvers in unsafe flight regimes, virtually all training can be done using the aircraft as a training device. Of all the hierarchy, it is by far the most expensive to operate and mAin­tain. Use for training removes availability and life expectancy for mission use. Aircraft should be used for training only wnen it is not practical, possible, or cost effective to use a lesser member of the order. 
b. Mission Simulators. Mission training simulators are designed to provide full flight characteristics and weapons delivery training with out-the-window visual displays. Whil~ not true missio1, simulators, instru­ment flight ·trainers such as Device 2B2:4 are generally ranked in this category. 

Within the limits of the simulation capabilities, all actions required to operate the aircraft may be trained for in the simulator. While complex and expensive, the simulator offers training economy with operating ex­penses one fifth or less that of the actual aircraft. Emergency procedures and high risk oper~tions are ideal training subjects. 

c. Cockpit Procedures Trainers. About one tenth as expensive as a simulator, a cockpit procedure trainer (CPT) typically provides training in start up, shut down, and emergency procedures for the simulated aircraft. The simulation characteristics are limited to tho•e providing a feedback for training task. No visual or motion simulation are presented and auto­•ted in•truction i• rudimentary. CPT's offer coat effective means of partially reducing the training load on mi••ion a:l.a&latora. 
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MISSION SIMULATOR 

PART TASK 
TRAINERS 

COCKPIT 
PROCEDURES 

TRAINERS 

SLIDE PROJECTORS, VIDEO MONITORS, CARRELS, 
AUDIO TAPES, FILMS, CARDBOARD MOCKUPS, 

AUDIO/VIDEO TAPES, ETC. 

FIGURE V! - 1, THE ORDER AND HIERARCHY OF SIKJLATOllS AND TRAINING DEVICES 

d. Part Task Trainers. Part Task Trainers ate incomplete simula­tors in that they ,ffer capability for only part of the training task. They may range from co~plex weapons delivery trainers to simple cockpit familiar­ization trainers and their prices and operating costs range accordingly. A cockpit familiarization (FAM) trainer, for example, may coat only one tenth the price of a CPT, but can be used for training in many of the cockpit pro­cedures in addition to familiarization. 

e. Training Media. At the bottom of the order are a family of 
training media designed to support, enhance, or aubatitute for classroom ground school. Offering the most economic form of training, these media assist or relieve instructors, reinforce text •terials, and provide capa­bility for a self paced proficiency progreasion pro11:am. 
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The hierarchy of training operates on the principle that the maximum 
poss ible effective training is conducted at the lowest level of the diagram 
which also coincides with the most cost effective level. Close cooperation 
between the user organization, the aircraft developer and the t r aining 
device developer is required to produce the training system design. The 
TRADE-TRADER interf ace of fers a unique capability for preparation and co­
ordinated of a tota l aircraft training progratt based on the system's 
approach to training and structured by the principle illustrated in 
Figure VI-1. 

PM-TRADE assistance to the TRADOC training system developers will be 
required to achieve effective utilization of simulation technology in 
training. Sophisticated automated training features and instructor assis­
tance programs are of little value if they are not understood or do not 
reflect current aircraft training philosophy. 

Ideally this training system definition precedes Step 1 of the previous 
five steps of simulator procurement. It is estimated that 6 to 12 months 
may be requi•ed for task analyses, objectives determination and program 
of instruction concept design before TDR's can be adequately defined and 
Step 1 can begin. 

Of equal importance to the development of the basic training program 
is the training program for instructional personnel that will make the 
training system operate, Only knowledgeable, well-trained instructors will 
have the ability, insight, and motivation to operate the training system 
at maximum effectiveness. 

4. Planning for Flight Training Simulator Facilities·. One of the 
characteristics of flight training simulators is the requirement that they 
be housed in a controlled environment. Control of both temperature and 
humidity within specified limits is required for stable operation of the 
digital computer system upon which simulators are based. Conversely, the 
requirement for controlled environment relieves the equipment designer of 
the need for expensive ruggedization normally required for Army equipment. 
Historically, flight simulators have been housed in permanent type facili­
ties provided through base MILCON, and, historically, poor coordination 
of facility funding, construction, and preparation with simulator delivery 
has r esulted in substantial expense and delay to the government when the 
facility was not ready for simulator delivery. 

During the 1950's and 60's, attempts were made by the Navy to circumvent 
the problem by housing their flight trainers in mobile trailers, but subse­
quent studies indicated that this resulted in reduced maintainability, greater 
simulator expense (over 10 percent increase), prohibition of substantial 
motion simulation, and less than satisfactory operating conditions. In addi­
tion, the mbile feature has never been uaed without the requirement for 
complete refurbishment of the simulator. 

VI-7 



Coordination of facility planning can best be achieved by delegation of responsibility to PM TRADE. By developing standard facility designs and making maximum use of multiple device facilities for sites where future requirements for additional flight tralning simulators are known to exist, maximum economy and efficiency may be achieved. 

5. Planning for Maintenance and Support. The life cycle for the SFTS devices is estimated at fifteen years. A wide variety of simulation equip­ment is projected for the program, including state-of-the-art digital and visual technology. To realize optimum performance and return on investment, life cycle support planning must be flexible to meet the initial technical requirements, as well as the long range stable operational period. 

Substantial savings can be achieved in the procurement of flight train­ing simulators by taking advantage of maintenance and support capabilities that already exist. The current and projected policy for flight simulator maintenance and support is through the use of contract personnel. By plan­ning for a life cycle of contractor support from the beginning of the program, costs incurred or planned for parts and maintenance data items may be avoided or greatly reduced since these data are required to adhere to strict government formats which are not used under the contract or sup­port concept. 

During the initial years of operation, for each device in the SFTS inventory, a history of required maintenance tasks, associated costs, and spares usage will be maintained. Thie data will aid in continuing the most cost effective life cycle support philosophy and will be used during sub­sequent years contract negotiations. 

Planning considerations for maintenance and support can only achieve maximum effectiveness when integrated into the life cycle plans for the training system. An effective system for life cycle planning and manage­ment is proposed in the following sections. 

MANAGEMENT CONCEPTS 

Of prime importance to the management of flight ' training simulators is the acceptance of the concept that a flight training simulator is a unique type of equipment, substantially unlike other Army CODDIIOdities. It, therefore, requires treatment different from normal Army commodity manage­ment if it is to be developed, procured, supported and maintained in an efficient and cost effective 11&Dner. Creation of a separate Project Manager for Training Devices is official recognition of the uniqueness of training devices. 

Characteristics of flight simulators which highlight their uniqueness are: (1) relatively few copiea of each device type with high dollar value; 
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(2) extreme device complexity with maintenance requirements beyond the capabilities ot the standard Army maintenance technician abilities; (3) operation in controlled environment for training missions only and normally not in combat areas; and (4) susceptibility to a substantial number of changes during their lifetime to accoD100date aircraft modifications or variations in training program methodology. Continuity of management philosophy throughout the life cycle of a flight simulator is necessary to achieve maximum cost and training effectiveness. The management concepts presented herein can lead to maximum training effectiveness. 
1. Centralization of Training Simulator Management. A study of Device 2B24, based on a 15 hour annual training requirement per aviator, has shown decentralization of training simulator locations to be cost effective. Increasing the number of hours through the creation of additional training capabilities for this device would swing the cost figures more in favor of simulator dispersion. Future mission training simulators such as Devices 2B31 and 2B33 are designed to present continuous training opportunities for maintenance of proficiency and therefore gain increased utilization through location at the highest concentration of aviator populations. Recognizing that the required support for the SFI'S program will cover many military installations throughout the world under various commands, it is important to establish a policy of centralized management and decentralized execution both for Army flight training program and contractor support services. 

Since it is presently planned that at least one unit of each type of aircraft training simulator procured by the Army will be located at Fort Rucker, that site should coordinate training on simulators, develop stand­ardized training programs for use with all SFI'S subsystems, and conduct device validation, assessment and certification. 

2. Utilization and Training Management Concepts. If one thinks of "simulators for research" instead of research simulators, a quick apprecia­tion for the value of the unused training time is gained, Many of the research proj ects described can be performed on the existing SFTS flight training simulators as well or better than they could on specially designed research simulators. As examples of possible uses, all training program research or flight training research could use these devices without any requirement f or modification. Indeed, research on the automatic perform­ance assessment and training features of a given simulator would probably require the use of that simulator only. Most of the research projected could be conducted on Devices 2B24, 2B31, and 2B33 if adequate access to them could be assured, The visual systems on Devicee 2B31 and 2833 And the existence of flight training simulators with full motion and computational capacity offer opportunities to accomplish this needed research with significant cost reductions. In addition, the Army Agency for Aviation Safety and Aeromedical Research Laboratory of Fort Rucker have proposed programs which could efficiently use existing simulators. The full mission training simulators also offer opportunities for development of aircraft tactics for areas such as weapons delivery, air to air combat and terrain avoidance training and use of new aircraft weapons and avionics. 
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Proper management of training simula tor t i me will develop blocks of 
available time for this research in such a manner as not t o impact priority 
training programs but st i ll significantly improve simulator utilization. 

Further increases in training utilization could also be obtained by 
shi fting all non-miss i on assigned aviator training to simulators. That i s, 
all qualif ied aviators whose present assignment is of a non-flying nature 
could maintain their r a ting and meet annual qualification requirements using 
flight simulators only. The Cc•pability of training simulators under develop­
ment such as Devices 2B31 and ~li33 and a potential configuration of Device 
2B24 with a visual attachment tor maintenance of flying proficiency should 
be demonstrated by means of a carefully structur ~d research program. 

3. Val i dation, Assessment, and Certification. Present practice is to 
type classify all flight training simulators as standard (STD). This 
practice is not only costly and inefficient, but under effective imple­
mentation of life cycle contract maintenance, a flight simulator will 
never meet the criterion of AR 71-6 paragraph 1-ld. This criterion states 
that " ... the elements of integrated logistics support will be used as the 
basis for assessing the readiness of the system for type classification 
STD" cannot be met since the support data package need not be procured to 
Army standards. The intent of type classification is to insure that the 
product is operable, maintainable and meets all the specification and train­
ing requirements. Thie re1uirement must be met. However, other means of 
achieving this goal result l n more meaningful data at a lower cost and in 
less time. 

The most meaningful operational test for a flight training simulator 
is the operational suitabi lity assessment in which the training value and 
transfer of training are assessed using the training program developed for 
the new training system. An efficient method of determining and report ◄.ng 
this information would consist of assembling a team of PM TRADE and 
USAAVNC people. PM TRADE can prepare the final results report simultaneous­
ly wi.th the prepar ation of the data package for the Development Acceptance 
IPR. All personnel would be familiar with the operation of the training 
simulator and the results could be obtained in a time frame which would 
shorten the interval before initiation of limited production. At the same 
time, experience in the characteristics of the new device would be gained 
by the USAAVNC personnel who would be responsible for future re-validation 
and certification of the flight characteristics of the training simulator. 

Another factor mit i gating against a standard (STD) type classification 
designation for flight training simulators is the amount of change normal 
to such a device over its lifetime. Changes resulting from aircraft 
modification, weapons system addition, avionic improvements or training 
program modifications sometimes affect flight trainers to the extent that 
substantial changes to such modules as the device computer may be required. 
This procedure for type classified equipment is complicated, costly, and 
unwarranted for the limited number of simulators. 
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Testing efficiency can be improved with accompanying cost savings if 
flight simulators are recognized as a special category deserving of a 
limited production (LP) classification. In addition to the test procedure 
detailed above. a special team consisting of qualified test pilots would 
perform operational tests of the flight characteristics of the simulator 
and certify each device as to its acceptability relevant to the design 
basis aircraft. Furthermore. a special inspection and validation team 
from the USAAVNC would travel to all flight simulator sites to perform an 
inspection of the configuration. utilization and availability of the simu­
lator and revalidate its certification status. Through this method the 
configuration. performance. and training capabilities of the equipment can 
be maintained at a high level and confidence in the training effectiveness 
of each simulator will be e:,hanced for both instructor personnel and 
trainees. 

The Navy has developed a certification concept which has brought 
about substantial improvements in the flying qualities of flight simulators 
and greatly enhanced their user acceptability. A team was formed consisting 
of aircraft fleet pilots, test pilots, flight engineers, computer special­
ists and simulator specialists. Conventional flight test methods were used 
to obtain flying qualities data from instrumented aircraft. After the 
flight data is collected, the training simulator is similarly instrumented 
and the tests repeated. After the data are reduced, the simulation soft­
ware program can be corrected to match the aircraft data and the revised 
program verified by the test pilots. The fidelity improvement concept was 
applied to two simulatots, Devices 2Fl01 and 2F90 and in both cases sub­
stantial improvement in fidelity was obtained1followed by an immediate 
increase in simulator acceptance by the user. 

Implementation of this concept would allow Army certification of the 
flight fidelity of its simulators, establish a data base for annual re­
validation checks and provide a plan for incorporation of flight test data 
in simulators of aircraft still under development. This J~tter is especial­
ly important since the requirement schedules for the UTTAS, AAH, and other 
new aircraft make it likely that the training simulator will be fabricated 
before the actual flight test data is fully developed. 

4. Procurement Management Concepts. The limited quantity of each 
type of flight training simulator procured and the technical complexity 
involved in the simulation program virtually mandate a single contractor 
for the total procurement of each device. The Army may still obtain the 
benefits of competitive environment by requiring competition on the engi­
neering development model and including design to cost criteria with purchase 
options for the total basis of issue in the initial contract. Using a 

1cDR M.D. Hewett, CDR J.C. Murray, and Mr. R.T. Galloway "On Improving 
the Flight Fidelity of Operational Flight/Weapons Systems Trainers." 
Paper presented at the 7th NTEC/lndustry Conference, Orlando, Florida, 
19-21 Nov 1974. 
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contractor support arrangement for the life cycle of the simulators i data 
requirements can be substantially reduced and data can be procured in 
contractor formats in compliance with DoD Data Management Guidelines. 
The close management scrutiny of PM TRADE will further insure that the 
Army's simulator dollars r esult in the most cost effective training system. 

Although the training simulator development steps and time requirements 
previously s hown in Table VI-1 show a minimum of 42 months to make a first 
unit available for training, options are available to reduce the time cyc le 
provided that the need is suf fic ient to balance the risks and costs incurred. 
On option could utilize a sole source contract for the total procurement 
of a single device based on the superior capabilities of a single contrac-
tor to meet the Army's requirements. This option may reduce Steps 2 and 3 
by three t o six months, but could result in increased cost s because of lac k 
of competition. Another option involves contracting for the total system 
development, including Step 1. If the development model and its conttact 
definition a~e contracted for using a cost type contract with production 
based on a d.~sign to cost basis. the contractors ability to participate in 
the program development from the onset and to advance-order long lead items 
as they are defined could lead to reductions of as much as 12 months from 
the 42 month cycle. 

Reductions in the time to procure production models can be obtained by 
authorizing the contractor to proceed wi.th ordering long lead items prior 
to completion of Step 4. Based on preliminary evaluation of the engineering 
development model during Step 3, determination can be made of the amount of 
hardware redesign which may be required by the operational assessment. If 
hardware changes are minimal. the contractor may be permitted substantial 
head start in production with only slight risk of costs incurred because of 
further changes. 

5. Maintenance and Support Concepts. The maintenance support of the 
2B24 subsystems at USAAVNC has been performed by the Support Operations 
group of the present contractor. Currently. there are six devices at the 
site. This support contract is managed by the USAAVNC at Fort Rucker. 
During this time, device utilization requirements have increased from an 
initial eight hours per day to the current 15 hours per day for three 
cockpits and 12 hours per day for the fourth cockpit on each device. 
Although contracted to delivt at minimum 90 percent availability fo·c these 
utilization schedules, Table Vl-2 shows that over 95 percent has been 
achieved while the contract support cost for each hour of cockpit avail­
ability has been continually reduced. This support base offers the optimum 
means for expansion to include the field sites of Device 2B24 and future 
SFTS subsystems. 

In developing the management and contractual control of the "Contract 
Support Service" a single contract approach should be employed. This 
allows the contractor to reduce the admini.strative and management burden 
within the support operation. It also allows the cost efficiencies of 
centralized spares procurement, personnel acquisition, and training within 
the program, without c nflict between several separate support contracts. 
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In this approach, a single contract would be issued for support of all the units of a particular subsystem such as Device 2B24 including those at field sites as well as those at Fort Rucker. Further consolidation can be made where the same contractor has developed more than one subsystem, While all subsystems of the SFTS, to date, have been procured from a single source, this approach does not preclude maintenance contracts to more than one contractor should the competitive market result in another manufacturer building a subsystem for one of the current development helicopters. All units of that subsystem would still be covered by a single support service contract with that contractor, administered by the USAAVSCOM. 
The contractor base operation for the 2B24 support is shown in Figure VI-2. This would have to be expanded as required to meet the overall SFTS requirements and to supply those support functions which are more efficiently performed at a central location rather than disseminated throughout the program. 

TABLE VI-2 

2B24 AVAILABILITY AND SUPPORT COSTS 

Contractor Period Devices Availability Cost/Cockpit Hr 
2/71-3/72 Dev. Unit 97% (Approx) $32.00 
3/72-10/72 Dev. Unit 97% (Approx) 29.45 
10/72-1/73 Dev. Unit 97% (Approx) 19.85 
1/73-6/73 Dev. Unit 97.88% * 19.85 
7 /73-6/74 Dev. Unit 97.93% * 18.57 Prod. Unit 1 (3/15/74) 

Prod. Unit 2 (5/15/74) 
7 /74-10/74 Dev. Unit 97.24% * 12.50 Prod. Units 1 & 2 

Prod. Unit 3 (7/15/74) 
Prod. Unit 4 (9/1/74) 
Prod. Unit 5 (10/15/74) 

*Actual availability data 

Some specialized repair which requires specific skills and test equip­ment should continue to be handled within the base operation for all field units, the primary category being instrumentation. 

By handling moat spares acquisition through the base support facility, experience gained concerning qualified vendors, cost, and availability 

Vl-13 



<
 .... I .... ~ 

I 
SF

TS
 

F
IE

LD
 

LO
C

AT
IO

N
S 

~ 
t(J

l)U
T

E
R

 
SY

ST
EM

S 
IIM

IN
TE

NA
NC

E 

~
 

SI
M

UL
AT

OR
 S

YS
TE

M
S 

IIM
IN

TE
NM

CE
 

SO
FT

W
AR

E 
~
 

O
PE

RA
TI

O
NS

 

._
 

LO
G

IS
TI

C
S

 
AD

M
IN

IS
TR

AT
IO

N 

~
U

E
 

I 
I 

EN
G

IN
EE

R
IN

G
 

t SO
FT

W
AR

E 
DE

SI
G

N 

EL
EC

TR
O

N
IC

S 
D

ES
IG

N
 

SU
PP

O
RT

 
O

PE
R

AT
IO

N
S 

D
IR

EC
TO

R
 

I 

SF
TS

 
PR

OG
RA

M
 

M
AN

AG
ER

 

BA
SE

 
SU

PP
O

RT
 

O
PE

R
AT

IO
N

S 

C
<l

'P
U

TE
R

 
I 

I 
SY

ST
EM

S 
SI

M
U

LA
TO

R
 

SY
ST

EM
S 

~ 
VA

RI
AN

 
C<

JII
PU

TE
R 

~ 
IN

TE
R

FA
C

E 
EL

EC
TR

O
N

IC
S 

t HO
NE

YW
EL

L 
51

6 
PE

R
IP

H
ER

AL
 

EQ
UI

PM
EN

T 

SA
ND

ER
S 

IN
ST

R
IJ

illE
N

T 
D

IS
P

LA
Y

 
RA

PA
IR

 

._
 S

O
F

r~
R

E
 

H
YD

R
AU

LI
C

 
O

PE
R

AT
IO

N
S 

SY
ST

EM
S 

I 
SF

TS
 

PE
R

SO
N

N
EL

/ 
F

A
M

IL
IA

R
IZ

A
T

IO
N

 

PR
IM

AR
Y 

~
 

IN
S

TR
U

C
TI

O
N

 

CR
O

SS
 

~
 T

RA
IN

IN
G

 

._
 P

RO
GR

AM
 

S
TA

FF
IN

G
 

FI
G

U
llE

 V
l-

2
. 

CO
N

TR
A

CT
O

R 
SU

PP
O

RT
 

O
PE

R
A

TI
O

N
S 

FO
R 

D
EV

IC
E 

2B
24

 
(E

xa
m

pl
e)

 

l --
-..

.. , 
SF

TS
 

LO
G

IS
TI

C
S

 
A

D
M

IN
IS

TR
A

TI
O

N
 

1
-

PR
O

PE
RT

Y 
CO

NT
RO

L 

~
 

D
O

C
U

M
EN

TA
TI

O
N

 

~
 

A
D

M
IN

IS
TR

A
TI

O
N

 

'-
C

LE
R

IC
A

L 

I 



I I 

'I 
I 

.. 

~long with the fficiencies of quantity purchase for a large program will ~ the most cost-effective and responsive spares procurement. During the initial y ars of device support, continuing consideration should be giv n to spare~-~meters, availability of vendors, and possible procurement of special or unique items for long range needs. This area should be monitored closely by the USMVSCOM to insure a flexible posture towards completing the service contract or developing an in-house capability. 

All support manpower acquisition and maintenance training for the SFTS program should be handled through the contractor base support operation. This will allow the flexibility to establish and replace, if required, the necessary technical skills at each SFTS location. A formal and on-the-job training activity, established at Fort Rucker for the 2B24 program should be expanded to cover the additional devices as they are developed within the SFTS program. 

This single contract principle and the associated base support opera­tion provides an inherent configuration management point and a capability to minimize program engineering change proposal (ECP) costs. Within the base operation, the contractor must supply highly competent technical personnel to handle several functions: 

1) Stand-by coverage for the operational shifts at the USAAVNC. 

2) Primary familiarization instruction and cross-training for field engineers assigned to the program, for both Fort Rucker and the field sites. 

3) On call emergency assistance for field locations. This level of technical capability, \Jithin the program, is required to meet the contncted availability parameters. Since the productive man hours associated with the above mentioned tasks are flexible, there will be some time which can be applied to the design and checkout of ECP requirements. 

Handli.ng ECP activity through the support contract not only economizes on available manpower but also takes advantage of the lower overhead and administrative burdens and procurement costs within the support activity. All required ECP action can be directed to the contractor support group for investigation and evaluation as to make or buy recommendations. The Configuration Managen1ent activity at USAAVSCClt will then provide the direction for implementation. Some ECP's may be subcontracted to the appropriate vendors for completion but many may be handled within the contractor support program at a significant savings to the Government. 

By using the contractor base operation for this activity and applying the appropriate Government surveillance and approval, configuration management of the SFTS program can be maintained. 

While the actual administration of the support and maintenance contract would be through USAAVSC<lf, guidance and support from PM TRADE through ATDA will allow maximum continuity for support from the beginning of the planning cycle and take maximum advantage of the cost savings that can be obtained 
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by recognizing the implication of the contractor support system and 
incorporating the many cost saving opportunities in contracts through 
the life cycle of the project. 
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EXPLORATORY DEVELOPMENT PROGRAM 

SECTION VII 

RECOMMENDATIONS 

At present there is no approved exploratory development (6.2) program 

pertaining to the Synthetic Flight Training System (SFTS). The initiation 

of such a program is considered to be of highest priority. Section V of 

this Plan describes ei~ht tasks which were determined, from the survey con­

ducted, to be of fundamental need to further advances desired for the SFTS. 

The tasks are as follows: 

1. Visual Simulation Analysis. The goal of this research is to 

detPrmine whether new developments in visual simulation techniques have 

cost-effective potential for Army aviation training. It is recommended 

that this effort be implemented in fiscal year 1977 and updated in following 

years. The majority of this effort will be performed by in-house personnel 

at the Army Training Device Agency. 

2. 360 Degree Annular Visual System. The goal of this research is to 

enable the eventual production of a non-programned, real-time, wide-angle 

dynamic visual display for systems of the SF'l'S. It is recommended that a 

feasibility study be undertaken for a new type of lens developed by the U.S. 

Naval Training Equipment Center (NTEC). This effort, funded by the Army, 

would be conducted by NTEC under contract. 

3. Wide-Angle, Laser-Scan Visual System. This effort is an alternate 

approach to the goal of achieving a non-programmed, real-time, wide-angle, 

dynamic visual display. It is recotllllended that in view of the importance 

of such achievement this and the preceding approach be carrie.~ through 

technical f ea ibility demonstration. Upon completion of thiR both methods 

will be evaluated to determine that which has the most cost-effective 

potential. The technical feasibility effort would be conducted under 

contract. 

4. Improvement of Training Programs Through Incorporation of Accident 

Research Results. The goals of this research are to determine which of the 

factors underlying accidents may be minimized through training, equipment, 

and procedures and to incorporate these changes into existing and proposed 

systems of the SFTS. Since the research effort requires the use of simu­

lators with visual displays as well as without visual displays, the major 

portion of this research cannot be done until the mission type simulators, 

the 2831, and 2833, and a visual equipped 2B24 are made available. Since 

these would not be available until late calendar year 1976, it is recom­

mended that the initial efforts of this task consist of developing detailed 

task statements and performing preliminary checkout testing in available 

2B24 devices. This effort will be coordinated with the U.S. Army Agency 

for Aviation Safety. 
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5. Aviat or Tar g t Identi f ication, Acquisi tion, and Tra ining Research. 
Th e goal of this res a r ch i s to nhan ce th e capabilitie s of the SFTS for 
trainin g ind t ection and id nti f i ca tion of targe t s , both camouflaged and 
un camouflaged. It i s recomm nded that th is ef fort be coordinated with the 
U. S. Anny (Ae romedi cal R sea r ch) Laboratory. 

6. Compute r An i ma t d Visual R search. Computer animat ed vi sual tech­
niques wi ll be developed to provid a s imula ted vi sual scene with the f lexi­
bilit y and r ea lism of a came ra-model sys t m but without the use of a model 
board and without th e vehicl e path cons tra ints of a film sys t em. Existing 
hardware wi ll be updated and mod ified to investigate the computer controlled 
animation of multiple s till vis ual scenes to simulate non-programmed visual 
fli ght. Efforts will b directed toward nap-of-the-earth (NOE) flight and 
the insertion of tactical targets. During the fiscal year 1979 a systems 
design analys is will be conducted to i nvestigate computer animation tech­
niques to s imulate non-programmed visual f light. Alternate techniques for 
the simulat i on of NOE flight and insertion of tactical targets will be 
analyzed. The techniques with the potential to be most cost-effective will 
be developed and integrated with existing hardware for test and evaluation. 
During fiscal year 1980 the breadboard system will be updated to simulate 
high speed NOE flight with tactical targets. 

7. Spec ial Purpose Algori t hms for Computer Generated Imagery. The 
effort includes a study of the feasibility of achieving real-time generation 
of portions of displays that may be appended to a general scene to provide 
a complete complex real-time dynamic scene for sensor displays, simulated 
operational displays, and tactical displays. The effort will determine 
what general purpose scene displays or portions of displays could be gene­
rated by specific algorithms in real-time, and an analysis of the advan­
tages and disadvantages of using such means for generating portions of the 
display, that is, trees, wooded areas, buildings, and vehicles. The 
feasibility study would be conducted during fiscal year 77 and the develop­
ment of th2 cost effective algorithms would be started in fiscal year 78. 

8. Instructor Station Design Research. The effort will include: 
(a) A review of research and development relevant to the design and use of 
instructor consoles with emphasis on instructor stations for mission simu­
lators; (b) The conduct of a series of experiments in existing simulator 
facilities; and (c) The validation of design criteria for instructor con­
soles. In FY 77, a study will be made of instructor pilot usage of consoles. 
This effort will require nine man-months. The follow-on efforts will be 
prograD111ed for FY 78. It is anticipated that efforts will be continued 
beyond FY 78 to ascertain criteria for advanced flight training simulators 
for the U'CTAS, AAH, and ASH aircraft. 

ADVANCED DEVELOPMENT PROGRAM 

At present the approved advanced development program includes the 
following three projects: 
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• Visual Systems Res arch 
• Resea r ch Conduct d with Simulators 
• Device Management and Application Studies 

For fiscal ye ars 1976 and 1976T. it is recommended that five tasks be im­
plemented under these three projects. 

Under the Visual Sys tems Research project. the following two tasks are 
recommended: 

1. Definition of Visual Systems Criteria. The goals of this effort 
are to deve lop design specifications for a visual systems research tool. 
In conjunction with the development of these criteria. fields-of-view re­
quirements relevant to Army rotary wing aircraft will be defined. This 
effort would be performed on contract and would be initiated in fiscal year 
1976. 

2. Fea&ibility Demonstration of Wide Angle Visual Systems. This 
effort would be the "breadboarding" phase for the follow-on to the wide­

angle visual exploratory development effort. The effort would be conducted 
on contract and would be initiated during fiscal year 1976T. 

Under the Research Conducted with Simulators project, the following two 
tasks are recommended. 

3. Development of Automated Training Techniques. The goal of this task 
is to develop training programs for validating and exploiting the automated 
training features of present and future subsystems of the SFTS. This effort 
would be conducted under contract and would be initiated in fiscal year 1976. 

4. Development of Automated Performance Measurement Techniques. The 
goal of this effort is to develop automated performance measurement tech­
niques that will provide meaningful and valid assessment of trainee capa­
bilities. This effort would be conducted under contract starting in fiscal 
year 1976. 

Since these two efforts must be closely coordinated, it is recommended 
that both tasks be considered as a single contractual effort. During 
fiscal years 1976 and 1976T, the effort would uot require the use of simu­
lators. Starting in fiscal year 1977 sufficient data will have been 
developed to allow the validation of the data and programs which does re­
quire the use of simulators to be initiated. 

Under the Device Management and Application Studies project, the follow­
ing three tasks are recommended. 

5. Part-Task Trainers Study. An analysis of existing part-task trainers 
is required to ascertain whether the designs are compatible with the desired 
training objectives. It is recommended that a study be initiated in fiscal 
year 1976 under contract to determine the extent to which these devices 
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re f lect the state-of-the-art i n relevant engineering and training technolo­
gies. The results of the study will furnish criteria for developing cost 
effective des igns fo r general type aviation training devices. 

6. Progranuning Language Study. Development of a higher level program-
. min g language will pe rmit a reduction of programming costs. Development is 

al so important due to the much reduced time for progranuning enabled by use 
of such a language. The r esults of the study would include identif icatior1 
of critical problem areas in progranuning the advanced systems of the Synthetic 
Flight Training System, and would include the impact of s uch application 
upon the cost of computer hardware. 

7. Procurement Practices Study. It is anticipated that this systematic 
study~ ~ ?rocurement practices will yield indications of significant dollar 
savinga for the U.S. Army. The effort will include analysis of the pro­
curement methods of cot1111ercial airlines to determine whether such practices 
arc applicable for the U.S. Army. Also, present Army simulator use, manage­
ment, and maintenance practices would be reviewed to ascertain the areas of 
potential cost savings. The s tudy would also consider the potential of 
having a design-to-cost model for simulator procurement. 

In addition to the above de ]cribed seven projects which are approved, 
it i s recoD111ended that the following project be implemented starting in 
fiscal year 1979. 

8. Special Purpose Hardware for Computer Generated Imagery (CGI). 
In fiscal year 1979, specific computer generated imagery (CCI) algorithms 
would be realized into software and hardware. In fiscal year 1980, the 
effort would involve demonstration of the special purpose hardware and 
software. 

ENGINEERING DEVELOPMENT PROGRAM 

It i s r ecommended that one minor change be made to the approved engi­
nee r i ng development program denoted in Section V. It is plann~d that the 
AAH Simulator design wi ll make use of data generated during the suitability 
testing of Device 2B33. This testing is now anticipated as starting on or 
about October 1976. Thus, the funds programmed for AAH concept studies in 
f iscal year 1976 should be reprogrammed to fiscal year 1977 thus permitting 
advantageous use of the 2B33 data. 

PLANNING AND MANAGEMENT 

The most important planning recot1m1endation is that detailed coordina­
tion procedu n,!s be formalized to assure that simulators are considered at 
an early stage in the development programs of new aircraft. This planning 
must also include consideration of part-task and cockpit procedures 
trainers in order to develop an optimal training system. So that maximum 
utilization may be made of the expertise of PM TRADE, that office should 
be the focal point for planning the simulation development effort. In 
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order to facilitate such planning. PM-TRADE should be funded for the 
specific programs under consideration. PM-TRADE should also have a block 
funding in order to expedite the implementation of needed studies and/or 
projects, the results of which offer substantial potential improvement to 
the Army's training capabilities. 

In Section VI, it was indicated how substantial savings may be achieved 
by making use of contract personnel for simulator maintenance and support. 
It is strongly recommended that this policy be projected for the five year 
period FY 1976 through FY 1980. By planning for a life cycle of contract 
support, costs incurred or planned for a number of maintenance data items 
may be reduced or eliminated. 
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APPENDIX A 

COCKPIT PROCEDURES AND PART-TASK TRAINERS 

COCKPIT PROCEDURES TRAINERS 

The Army presently uses Cockpit Procedures Trainers (CPT's), as do the 
other military services and the conunercial airlines, toqualifyand transition 
aviators in the operation of transitorial and new aircraft. These devices 
have generally provided effective training at reduced costs. 

Prior to flight training in a new aircraft or a sophisticated flight 
simulator, student pilots should receive cockpit familiarization and operat­
ing procedures instructions. In addition to learning the locations of in­
struments and controls, the students will develop proficiency on various 
procedures including engine startup and runup, inflight emergency actions 
and aircraft shutdown procedures. In the past, procedures training was 
accomplished using actual aircraft on the ground and in flight. This was 
expensive and made the aircraft unavailable for other flight training. 
With the introduction of CPT's, the required skills are taught economically 
and safely, with r educed loss of aircraft flight training time. A repre­
sentative listing of skills to be acquired through use of CPT's is at 
Table A-1. 

In the past, training of each student using the OV-1 and U-21 aircraft 
involved a total of 25 hours. This was comprised of 2½ hours of procedures 
and configuration familiarization training and 22½ hours of actual flight 
instruction . Through the use of CPT's and 2½ hours of procedures and 
configuration familiarization training is accomplished at a considerable 
cost savings and in a more efficient manner. This allows the entire 25 
hours in the OV-1 and U-21 to be devoted to flight instruction which in­
creases the effective utilization of the aircraft training by 2½ hours or 
10 percent. 

At the Aviation Center, Fort Rucker, the UH-lH CPT Device 2C35, has 
been introduced recently in the first phase of instrument training. Follow­
ing completion of primary flight training and preceding the 20 hours of in­
strument training he receives in the 2B24 simulator, each initial entry 
student is given an eight hour introduction to the UH-lH helicopter in the 
CPT. There are eight of these devices used in conjunction with the 2B24 at 
Fort Rucker. 

Actual dollar savings realized through effective use of CPT's by the 
Army is not firmly established. However, as an example, training in the 
2C35 CPT costs approximately $6.00 to $8.00 per hour excluding instructor 
cost ~. The costs per training hour for the 2B24 and UH-1B are approxi­
mately $38 and $238 respec ; ively. Use of the 2C35 for eight hours at a net 
savings of $30 per hour results in savings of approximately $240 per student. 
An even greater saving is realized by making more hours available in the 
2B24 for its primary purpose, instrument training. 
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TABLE A-1 

SKILLS ACQUIRED DURING CPT INSTRUCTION 

1. Cockpit orientation and familiarization 

Location and function of all instruments, indi­
cators, controls, and other cockpit furnishings. 

2. Normal procedures 

A. Check seat and pedal adjustments, belts and 
harness 

B. Perform all prestart checks 

C. Perform engine start procedures 

D. Perform engine runup 

E. Establish engine settings for takeoff, climb, 
cruise, descent, go arounds, and landings. 

F. Control and monitor flight instruments 
through takeoff, climb, level flight, pitch, 
roll, and bank maneuvers, descent, and 
landing. 

G, Perform engine shutdown 

H. Operate auxiliary systems 

a, Electrical 
b, Engine and pilot anti-ice 
c. Flight 
d. Fuel 
e. CODDDUnications (radio, intercom) 

3, Emergency Procedures 

A. Execute procedures for aircraft fire on the 
ground and in the air. 

B. Execute emergency exit procedures, 

C. Execute emergency/malfunction procedures, 

a, Engine failures, before takeoff, during 
takeoff in the air 

b. Engine airstart 
c. Fuel system failure 
d. Electrical system failure 
e. COD111Unication failure 
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Ideally, CPT's should be developed and procured jointly with flight 
simulators and the corresponding aircraft so that all three can be inte­
grated into the flight training program. When this can not be accomplished, 
it is important to procure additional funds for the required CPT's to 
insure training and cost effectiveness. It is clear that CPT's will con­
tinue to play an increasingly important role in the Army's aviation training 
program. 

Cockpit procedures trainers consist of three major interdependent com­
ponents: The trainee's station, the instructor's station, and the control 
equipment. The training effectiveness of the configuration depends heavily 
on the simulation fidelity of the trainee station, and the flexibility with 
which the instructor can monitor and control the training situation. 

The trainee station is so designed that the interior appearance and lay­
out conform to the aircraft simulated. All instruments, indicators, gages, 
controls, lights, panels, consoles, circuit breakers, switches, marking, 
seats, cockpit shell, and other furnishings of the aircraft cockpit for the 
pilot and co-pilot are included in the trainer cockpit either as actual air­
craft parts or replicas. Dimensional relationships are maintained with all 
components located in corresponding positions. Mechanical, electrical, and 
other controls respond to trainee manipulation with the counter forces or 
"feel" of the aircraft. Flight and other controls, the actions of which 
vary with operating conditions, respond like the aircraft. The indicators 
in the trainer respond realistically to control settings and reflect the 
status of the various systems being simulated. 

The instructor station provides a means of monitoring, controlling, and 
assessing trainee performance, by the instructor, for each of the skill areas 
described in Table A-1. The station includes duplicate instruments, override 
controls, and provides for the introduction of malfunctions or emergencies 
in the student cockpit. 

The estimated unit costs of developing a cockpit procedures trainer (CPT) 
for each of the aircraft under consideration in this report are indicated in 
Table A-2. Estimates are provided separately for the trainer and for the 
documentation typically procured with such equipment. The costs indicated 
for the trainer include a complete, full-scale representation of the simu­
lated aircraft's cockpit to include all panels, instruments, controls, seats 
and other components; a computer programmed to provide full aircraft and 
engine siniulation of non-flight dependent procedural tasks (including 
approximately 30 abnormal or emergency conditions); and a simplified control 
loading system. No MCA funding requirements exist specifically for these 
devices since they usually will be housed in facilities constructed for the 
simulators they support. 

PART-TASK TRAINERS 

Part-task training is defined as, practice on any asp~ct, phase or dimen­
sion of a task, procedure or work cycle which is independent of the rest of 
the work content inputs or work content outputs. Total task training can 
occur in the operational situation or in a complete simulator. 
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TABLE A-2 

1974 COST OF CPT PROCUREMENT 
(Thousands of Dollars) 

Aircraft Trainer Documents 

UTTAS 240 75 

AAH 260 80 

HLH 350 90 

ASH 220 60 

CH-47 340 80 

AH-lQ 240 70 

Total 

315 

340 

440 

280 

420 

310 

Much of the research in part-task training and whole task training has 
been related to flight training. Considerable research is needed in 
determining requirements for training devices to teach maintenance skills 
for different types of aircraft. Maintenance training devices such as 
electrical systems, trainer hydraulic systems trainers are fabricated and 
procured in much the same fashion as they were in WW II. Progranmed in­
struction techniques have not been developed to where they are acceptable 
at most of the service schools for maintenance training. It is the excep­
tion rather than the rule to attempt the development of a new concept for 
maintenance training. In general, maintenance trainers are procured on the 
basis of prime system contractor recot1111endations with little or no regard 
to job analysis or the system's approach to training. 

There are new concepts in learnin~ diagnostic procedures for maintenance 
training. A general purpose maintenance trainer with a mini-computer has 
recently been tested at the transportation school. The evaluation of this 
trainer which was use<l in the OV-1 Airframe Repair Course 67H20 concluded 
that those students who were trained with the simulator obtained higher 
scores than those whQ were trained using conventional methods (Ref. USA 
TRANS School Research Memorandum 3-75). 

Maintenance trainers for the AHlG cost $3.6M in FY 68. It is a 
reasonable assumption ,hat trainers for the UTTAS and AAH will nearly 
double if they are procured in the same fashion as the AHlG. It appears 
that for a relatively modest investment of R&D funds, the potential exists 
to save several millions of dollars in the procurement of maintenance 
trainers. 
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TABLE A-3 

CURRENT MAINTENANCE TRAINERS 
COST SUMMARY 

Number of 
Different Total 

System Devices Cost 

OV-1 9 1,103,163 

UH-lA/B/D/ld 11 2,042,828 

AH-lG 7 3,604,325 

CH-47 10 2,476,690 

OH-6A 6 456,504 

OH-58A 7 933,344 

CH-54A/B 11 2,395,016 
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INTRODUCTION 

APPENDIX B 

COMPUTATIONAL TECHNOLOGY OVERVIEW 

Simulation for training has several very important aspects that differ­
entiate it fro~ design simulation and/or simulation for operations research. 
In simulation for design or operations research it is possible to concen­
trate on a very special or particular aspect of the total simulation problem 
and perform simulation in non-real-time, i.e. , one second of wing flutter 
may be calculated in several hours or vice versa several hours of space 
flight may be simulated in seconds. The purpose of the simulation is to 
obtain many and accurate answers under varying conditions. In simulation 
for training, with the trainee in the loop, the calculations generally 
cover the complete flight regime or the total simulation problem including 
errors, malfunctions, emergencies, and so forth rather than any narrow 
aspect, and the solution must be completed in real time, i.e., twenty 
seconds of flight must be completed in no more and no leas than twenty 
seconds, also the answer, need be only accurate enough to provide adequate 
simulation for training. 

This real-time restriction impoaes severe conditions on training simu­
lation. Aircraf~ simulators particularly, and many others as well require 
extensive computation to accurately simulate the training situation. As 
had been indicated earlier, numerical methods are employed to solve the 
continuous equations of motion. In order to solve them in real-time and to 
provide adequate simulation, the solution rate muat be fast enough to pro­
vide matheMtical accuracy and al10 provide for 11100th output indications 
on instruments and controls. Complex or exten1ive numerical methods, which 
provide very accurate answers, may be inappropriate because of these re­
st,ictions of calculation time. Therefore a choice must be made of a 
numerical method which can be calculated rapidly yet which will provide 
adequate accuracy. Another complication of the solution rate r~striction 
is that the utmost efficiency of progra1111ing and uchine instruction 
utilization must be effected to complete the calculations in one cycle time. 
This often precludes using sophisticated languages which are leas efficient 
and calculated in several hours or vice versa several hours of space flight 
may be simulated in seconds. The purpo1e of the aiaulation is to obtain 
many and accurate answers under varying conditions. In aiaulation for 
training, with the trainee in the loop, the calculations generally cover 
the complete flight regi• or the total aiaulation problem including errors, 
malfunctions, emergencies, and ao forth rather than any narrow aspect, and 
the solution aaat be completed in real ti.lie, i.e. twenty seconds of flight 
llllSt be completed in no mre and no leas than twenty seconds, also the 
answers need be only accurate enouah to provide adequate 1imulation for 
training. 

Thia real-ti• restriction iaposes severe conditions oD training simu­
lation. Aircraft siaulators particularly, and •DJ other,•• well require 
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extensive computation to accurately simulate the training situation. As 
had been indicated earlier, numerical methods are employed to solve the 
continuous equations of motion. In order to solve them in real-time and to 
provide adequate simulation, the solution rate must be fast enough to pro­
vide mathematical accuracy and also provide for smooth output indications 
on instruments and controls. Complex or extensive numerical methods, which 
provide very accurate answers, may be inappropriate because of these re­
strictions of calculation time. Therefore a choice must be made of a 
numerical method which can be calculated rapidly yet which will provide 
adequate accuracy. Another compliation of the solution rate restriction is 
that the utmost efficiency of programing and machine instruction utiliza­
tion must be effected to complete the calculations in one cycle tu11e. This 
often precludes using sophisticated languages which are less efficient and 
requires assembly language programing. Finally there is an economic re­
striction in the cost of the computer to be used in the simulation. In 
order to provide the most economical computer that will accomplish the task, 
the numerical method and the programming method may have to be tailored to 
the specific application and the limitations of the most economical computer. 

The remainder of this report will provide more complete descript1,ons of 
the problems associated with digital computers in simulation for training. 
The report will describe the computer requirements in simulation, a brief 
explanation of computer system architecture, the computer hardware and 
software, and some of the problems of standardization. 

COMPUTER REQUIREMENTS IN SIMULATION 

1. Range of Simulation Probleu. System simulation has long been used 
as a tool for engineering analysis and design. Electronic analog coaputers, 
for example, can simulate the behavior of many systema described mathemat­
ically by sets of differential eqw,ationa. These include electrical, hydrau­
lic, chemical and physical systema of interest in engineering and teclmology. 
With the introduction of the digital computer, the range of problems amenable 
to analysis through simulation has been greatly extended. Systems whose 
mathematical description is beyond the capability of the analog computer may 
be simulated using digital technique■. Digital aimulation of many types of 
systema baa been accomplished to asaiat in the design and evaluation of such 
systems. 

System simulation is by no Mana limited to the deMign of systems. 
Indeed, such activities u marketing, the scheduling of work in manufactur­
ing plants, the management of a busineaa, the elective process and war 
gaming (e.g., the Army's new combined Arma Tactical Training System, CATTS) 
for which no precise mathematical foraulation is known, can be simulated by 
using statistical and empirical aodels on a digital computer. Such simula­
tions are performed ~o ~~t,mine the probable effect of a proposed course 
of action or to develop a plan or strategy 110■t likely to achieve desired 
objectives. !or example, the opt:ill\.m location for new retail stores can be 
estimated by simulation of local and regional con■uaer pattern■ • 
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A significant simulation application is that used to train personnel in 
the performance of hazardous and stress-inducing activities using digital 
computer activated training devices. Such training simulators make it 
possible, without risk to life or property, for trainees to become proficient 
in skills upon which their survival and well-being may some day depend. In 
this category are aircraft trainers of all types, submarine trainers and 
space-mission trainers used by both military and civilian activities. Such 
trainers enable both the military and major civilian airlines, for example, 
to famili.arize their pilots with the routine and emerge cy operation of new 
aircraft even before the new planes are put into service. 

The growing use of the digital computer and the entire field of digital 
computer technology for system simulation for training has led to the 
development of specialized techniques, especially of computer progranuning, 
that are not common to other simulation or processing methods. Real-time 
simulation, especially, poses problems of timing, numerical techniques and 
program organization that are not encountered in general scientific or 
business computing. In real-time simulation the computing of simulated 
system responses must be accomplished as rapidly as the a~tual system 
would itself respond. For example operational flight trainers, which must 
realistically reproduce the performance of a modern aircraft in response 
to a trainee who is manipulating the controls are typical of modern real­
time computer controlled simulators. 

2. Mathematical Models. Since the major capability of the digital 
computer in a simulator is to evaluate arithmetic and logical expressions, 
the problem to be solved must be translated into a form that can be solved 
by arithmetic and logical operations. A military vehicle or a physical 
situation to be simulated must be reduced to a set of mathematical relations 
between the operator inputs to the system and the desired response. The 
complexity of these relations ranges from turning on an indicator when a 
switch is thrown to representing the motion of an aircraft as a function of 
both pilot inputs and environmental conditions. 

Development of a mathematical model requires analysis of the function 
of each switch, knob or lever operated by the trainee. The designer must 
decide which of the controls in the actual system must be simulated and 
the degree of simulation required for each. For vehicle simulation, the 
time-dependent equations describing the vehicle motion must be derived. 
This requires dynamic test data for the vehicle for the entire range of 
operation to be simulated. 

The complexity of the mathematical model used in vehicle simulation 
depends upon the completeneas and fidelity of aimulation needed for the 
particular training application. In weapon systems simulation where 
vehicle motion is not under control of the trainee, essentially steady­
state motion with realistic transitiona to changes in speed, course and 
altitude may be sufficient. On the other hand, simulation of an aircraft 
for pilot training require■ a set of equation■ that relate the throttle, 
stick, and rudder control input ■ to aircraft motion for each different 
flight regime and configuration that will be uaed in the training exercises. 
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3. Solution Techniques. The solution of equations in a real-time simulation imposes requirements that are different from those present in the non-real-time scientific computation. In real-time simulation, the computer must respond to non-predictable external inputs and must solve these equations fast enough and often enough that the man recognizes them as occuring in real time. Numerical methods used to solve the differential equations representing vehicle motion require step-by-step solution of the equations at fixed time intervals. It is not possible to vary the time interval to retain a given accuracy as is possible in non-real-time solu­tions. The designer must preselect an interval that will give the desired accuracy for all conditions. This does not mean that all equations in a simulation be solved at the same rate. However, it does require that the equations be classified by solution sets and that each class of equations be solved at its appropriate rate. For example, the solution of aircraft motion might be performed 20 times per second, whereas the engine response might be handled only 10 times per second. In a simulator that includes a visual display, solution rates as high as 30 times per second have been found necessary. 

4. External Interfaces. The external interfaces required to connect a digital computer to a simulator system can be divided into three types: 
(1) the normal input-output (1/0) interface used to perform data transfers between the computer and the usual peripheral devices (e.g., card reader and line printer); (2) a special 1/0 interface to allow transfer of dis­crete (e.g., switch closure information) and analog (e.g., control stick position) signals between the simulator and the computer; and (3) a direct access to the computer's main memory by special peripheral devices that require a high data rate. Figure B-1 shows a block diagraa of a computer with all these types of interfaces. 

In the 1110dern digital computer, all three types of interfaces work on a cycle-stealing basis. That is, a transfer via the 1/0 interface, once initiated, proceeds at a rate fixed by the external device without any further intervention by the digital computer. Thus, transfers require computer time only for initiation and for the time delay encountered by conflicting requirements between computer and 1/0 devices for access to storage. 

5. System Architecture. The system architecture for a simulator en­compasses the configuration of the digital computer itself, the arrange­ment of 1/0 interfaces to c0111DUDicate with devices external to its . omputer itself, and structuring of a simulator system to include sharing of the computation load between computer■ or using one computer to drive several simulators. 

GENERAL-PURPOSE DIGITAL COMPUTERS 

The general-purpose digital computer can be divided into four major parts: (1) arithmetic element, (2) control logic, (3) storage, and (4) 1/0 interface. A block diagraa of a typical digital computer is shown in Figure B-2. The arithmetic element is the coaputational unit - it perforas the required 
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operations and holds the result. The storage is used to hold both data 
used in performing computations and the list of instructions the computer 
is to perform. The Control Unit provides the signals needed to retrieve 
instructions from storage and cause them to be executed. The interface 
allows co11111unication between the computer's storage and external devices. 

Instructions in the digital computer can be divided into three major 
classes: (1) computation (including storage and retrieval of data); 
(2) initiation and monitoring of I/0 operations; and (3) changes in control 
sequence. The ability of a digital computer to store the instructions to 
be performed and to alter the sequence and choose which sets of instructions 
are performed is the key to the computer's flexibility. It is thin de­
cision process that makes it possible for the computer to solve coi.nplex 
problems. 

1. Computer Parameters. The important parameters in choosing a com­
puter to solve a real-time simulation problem are related to the ability to 
solve its problem within the allowed time period and to communicate with 
the rest of the simulator. A major parameter is storage size - the storage 
must be large enough to hold the instructions needed for the simulation, 
the data necessary, and any working apace needed during the problem 
~olution. The parameters associated with storage are word length, access 
time, and number of words. 

The major parameters associated with the arithmetic unit are word length, 
instruction repertoire, and instruction execution time. These determine how 
fast the computer can solve a given problem. The word length required in a 
simulator is typically 16 bits (equivalent to 4 or 5 digit accuracy). Some 
operations require more accuracy, but these can be handled by using double 
precision computation (using two cmputer worda to represent a value). The 
penalty paid for this is additional time needed to compute a double pre­
cision v·alue. In those cues where use of a 16-bit word makes a large 
number of double-preciaion operative necessary, it may be better to use a 
32 bit machine. 

The instruction repertoire has a major effect upon the time required 
to solve a problem. For example, multiply and divide instructions are not 
essential to the problem solution, because either can be programmed by 
using add, subtract, and compare instructions. However, these instructions 
are essential in most real-time simulators, because the time required for 
programmed multiply an,t divide a prohibitive. Real-time simulation puts a 
premium ul>')n an instruction repertoire that performs the arithmetic and 
logical operations required by hardware. 

The instruction execution time for a computer is determined by its 
internal hardware - circuit capability and •mry cycle time. A figure of 
merit is the "average" inatruction execution ti■e. This must be baaed upon 
an appropriate mixture of instruct.ion types (e.g., 40 percent add/subtract, 
20 percent multiply, 40 percent logic) selected to repreaent the problem 
to be solved. Since the mixture can be choaen to reflect the need for 
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double-precision operations, it gives a valid means of comparing machines 
having different word lengths as well as different instruction repertoires 
and execution times. 

The I/0 capability of a computer can be measured by the number of I/0 
channels available and the maximum data transfer rate over each channel. 
The designer must select a computer that provides a data transfer rate high 
enough for its particular application. In addition, the designer must 
insure that the required transfer rate can be met while executing the 
computer program at the required rate. Since the instruction execution time 
and the I/0 channel transfer rates do not account for waits caused by con­
flicting requirements for access to the same storage, the designer must 
weigh the effect of the interaction. 

2. Microprogramming. Microprograming is a technique by which a com­
puter is programmed in terms of steps more basic than the usual instruction 
level. For example, a normal add instruction requires several steps such 
as: retrieve operand from storage, add operand to contents of arithmetic 
register, access next instruction, etc. Microprograming allows the pro­
gramer to generate a particular instruction repertoire tailored to the 
problem to be solved. 

Microprogramming adds a dimension to programing between that of normal 
hardware and software. It is implemented by "firmware" in the form of a 
replaceable control modul~ inserted in the computer hardware. Thus, the 
alteration of the llicroprogram is more complex then changing the instruc­
tions in a program, but it is lus complex than redesigning the hardware. 
Microprograllllling provides a capability particularly useful in real-time 
simulation for tailoring the computer to the application. 

3. Processor Configurations. The basic system configuration for a 
computer in a simulator was described earlier (see Figure B-1). It consists 
of a digital computer with interfaces to both standard computer peripherals 
and special equipment needed for real-time simulation. The system illus­
trated uses one computer to solve one simulation problem. 

4. Multiprogra1111ing and multiprocessing. When mre than one problem 
is to be solved (e.g., two separate aircraft simulations) one computer can 
be used to solve the entire problem. However, the designer must take into 
consideration the additional conflicts in storage access created by such a 
use. 

Another altemative in configuring a computer system is to use multiple 
computers to solve a single simulation problem. Such an arrangement is made 
attractive by the small, low-coat minicomputers available. In a multi­
processor system, the storage is usually arranged so that each computer has 
its own private storage and also shares a bank of co-,n storage with the 
othP.r computers. The common storage provides a convenient way for the 
computers to exchange information and allows the external interfaces to be 
connected to a co11110D storage unit. 
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Multipr,:igranning and multiprocessing can be combined in a single simu­
lator. For example, a system can be configured to use two computers to 
drive four separate cockpits for aircraft simulation. The designer must 
make the choice, remembering the major restrictions imposed: (1) multi­
prograD1Ding increases the possible conflicts in access to storage, and 
(2) multiple processors add a burden in control and synchronization of the 
problem solution. 

HARDWARE 

1. Logic Circuits. Logic circuits perform the many two-state functions 
required to implement the logical organization of a digital computer. As the 
development of the transistor progreased, so have the switch-type circuits 
which have been termed logic circuits. Basically, the elementary logic 
circuit is a high speed solid state switch. Its operation manifests itself 
in one of two conditions, either fully off or fully on (for saturating 
switches). These two mutually excluaive states can be used to represent 
either a "0" or "l" in the implementation of compute'l logic. 

Early development■ provided packages of tranaiators which were extern­
ally connected to discrete components (i.e., resistor■ , diodes, cap&citore) 
to define the several logic circuit type■. The next step in logic circuit 
development was to create the equivalent diacrete component function as an 
integral part of the device and theae were termed aicrocircuita. 

Proceasing (or coaputer) requirement■ dictated the developaent of logic 
circuits whose switching speeds increased dramatically. For example, 
microcircuits of the older DTL (Diode Tranaiator Logic) configuration had 
the ability to change states (fully on to fully off or vice veraa) in about 
1 microsecond or leas. When the Tl'L (Tranaistor-Tranaistor Logic) config­
uration was developed in llicrocircuit fona, it provided two orders of magni­
tude improvement in switching speed (approximately 10 to 50 nanoaeconds). 
Microcircuits in the ECL (Emitter-Coupled Logic) configuration can switch 
at speeda of less than 5 nanoseconds. 

The rapid advance■ in computer hardware technology (particularly in 
microcircuit technology) permitted several independent microcircuits to be 
grown on a single silicon wafer or chip. In the 1tandard 16 pin DIP package 
(Duel In-Line Package) it is cuatomary to provide various coabinationa of 
logic circuits (e.g., 4 - two input gate,, or 2 - four input gate,, or two 
J-K type flip-flops, or 6-single input inverters and the like). This added 
a new dimension to the physical packaging problea in that it required fewer 
external interconnection, for power and ground. The next obvioua 1tep was 
to "grow" large nuabera of logic circuits on a single silicon chip and to 
define varioua fundamental logic function■ for a aingle chip by providing 
the interconnections directly on the chip. Such logic function■ a■ sums of 
products and product of ■WDB, decoding matrices, atorsge registers, etc. are 
typical of this type. These array■ are teraed Mediua Scale Integration (MSI). 
A computer deaiped around MSI ■till require■ external interconnections to 
fora the overall arithmetic logic, control logic, and in ■oae inatancea the 
various registers and data path■. 
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Probably the most significant advancement in microcircuit technology in the past three years has been that of Large Scale Integration (LSI). With this technique the logic of an entire processor, or of a complete arithmetic­logic unit, etc., is provided on a single chip. 

The advent of MSI and LSI has radically changed the design approaches of digital computers. A dramatic decrease in physical size is now feasible. The cost of such units in quantities has been significantly decreased to a point where it now becomes cost-effective to implement in logic hardware special arithmetic and logic functions which formerly were accomplished in software. The entire field of portable and hand-held commercial electronic calculators is a direct fall-out of the development of LSI. 

There is a definite design trend in the computer industry t.oward appli­cation of LSI. The so-called mkroprocessor is implemented with LSI and in some instances 151 is also ut:1.lhed where special functional requirements are needed. 

Use of MSI and LSI is revolutionizing computer designs, since they provide a solution to one of the moat aignificant design problems and technical risks of the past - that of high speed switching noise. The problems of transient• and cross-coupling on and between interconnecting leads is eliminated or reduced to manageable proportions since a majority of the external interconnecting wiring is eliminated with LSI. 'lbe reli­ability of computers will be increased and their maintainability improved since an entire function can be defined as the basic replaceable element. 
2. Microprogra11111ing. A significant trend in computer technology and design in recent years ha• been the replacement of the conventional wired logic control section of a digital computer with "stored logic" or micro­programmed control, stored in a very high-speed, non-destructive read-only storage or memory (R(J{). A main reason for this shift in computer design and implementation technique is the superior cost effectiveneas of microprogra11111ing over convential logic control (e.g., a control unit im­plemented with hard-wired logic elements). Microprogramming has made it economically feasible, for example, to build the same comprehensive in­struction repertoire into an entire family of new computers, even the smaller ones. This results in having a f aaily of coaputers that are architecturally and software compatible; yet their internal hardware (gates, flip-flops, ~tc.), logical organization and system architecture are radically different. 

The flexibility of microprogrU1Nd control peraita architectural ex­tensions and modifications that will •b a given ccaputer ayatea perform certain data processing, computing and control functions with •xillWI efficiency. 

A digital computer in it• aillpliat teraa can be described as an elaborate array of logic el ... nta fol'11ing networks and called data paths. These data paths conaiat of such it•• u adders, shifters, indicators, registers, parity circuits, priority circuits, decoders, Boolean functions 
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and the like. The interconnections of the data paths contain many control 
gates that permit the information to flow between these functional units. 
All these data paths are static in nature and can be activated by logic 
control signals originating in the computer control section. It is the 
sequencing, timing and synchronizing of the timing and control signals 
(pulses) as modified by the control section which directly controls the 
computer. In the conventional general purpose digital computer, these 
functions (as microsteps) are implemented in wired logic hardware for each 
instruction. The ~equence of the micro-operations can be defined in terms 
of computer states, that ia, the suboperations on each data and control 
path that are carried out during each machine cycle during each instruction execution. 

In a microprogr8111Ded computer, the various machine states or control of 
the various states to execute the desired function is vesteJ in binary "data" 
stored in a ROM (read only me1DDry) and not in hard-wired gates, flip-flops, 
inverters, etc. The prescribed sequence of ,uch stored "states" controls the 
machine states and thereby synthesizes the various instructions to be ex­
ecuted. 

Primary advantages of microprogra•ing are the simplicity of computer 
hardware (leas components) and the inherent ability to synthesize almost 
any instruction and thus emlate another computer. 

The R<lf storage unit of a microprogrania.d coaputer can be implemented 
in several ways. Moat frequently, the infol'1111tion stored has been per­
manently fixed in a ROM, and a change require■ that a new ROM IIWlt be made. 
The use of Random Access Memory (RAM) permits the change of micro-code by 
rewriting the contents of the RAM. 

3. Storage Techniques. Storage technology &11~ techniques for modern 
high speed digital computers encompasses a wide spectrum of types and 
devices. Types of high speed storage (memory) include magnetic cores, 
metal oxide semiconductor (MOS), and solid state devices. Although the 
MOS and solid state me1DDries provide higher speed■, both are volatile 
(i.e., the stored information i■ lost when power i ■ turned off). The 
magnetic core provide■ non-destructive storage. Information stored is not 
lost when power is turned off. Because it is non-volatile and also more 
re.liable, magnetic core storage i■ prefered over solid-state storage in 
training simulator■. 

Bulk (or mass) storage devices for computera conaist of punched tape, 
magnetic tape, fixed head ugnetic disc' ■ and moving head disc-pack 
systems. In a number of application■ several of theae devices also serve 
the function of input-output •dia. 

For training device application■ where program storage requirement• do 
not exceed 20,000 instruction■, punched tape is completely adequate in pro­
viding prograa read-in capability in a reuonable tiae. Magnetic tape ia 
preferred for trainers with more than 20,000 inatructiona, becauae of ita 
faster transfer rate. 
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Disc storage is available in fixed-head or moving-head units. The moving head disc provides greater storage density and a lower cost per 
bit than fixed-head discs. The price paid is slower access to data, lower reliability, and higher maintenance for the moving-head units. For these reasons, use of moving-head discs is often limited to storage of data bases so large that use of fixed-head discs is impractical. 

Storage capacities of fixed head discs units range up to 5 or 6 mega­bytes (miliion bytes), whereas moving head disc pack units can store up to 45 megabytes on a single unit. 

Magnetic tape is an excellent medium for library type storage for 
1/0 functions. Federal Information Proceasing Stanclards presently cover plug-compatible tape units with a bit packing density of 800 ppi, NRZI (non­return to zero inverted) with minimum tape speeds of 45 inches per second. A single 2400 foot 10 inch real of tape can store 23,000,000 USASCII characters. 

4. Peripheral Devices. In a computer system peripheral devices 
provide the input-output capability. The present day peripheral devices in coDDOn usage are; the paper tape reader, the paper tape punch, the magnetic tape unit, the high speed line printer, the low-speed teletype device which has not only a low speed printing capability but alao a 1181lual key­board. 

Depending upon the particular system require•nts a CRT display system and other devices such as plotter■, etc. are also special I/0 peripherals. Frequently, the digital information outputted from the computer 11118t be converted to analog form or to a form for driving a synchro unit. The digital-to-analog, analog-to-digital, digital-to-synchro and synchro-to­
digital converters are also special peripheral equipment. 

There are two addition peripheral devices which are becoming available. They are a tape cassette and the flexible disc (called the floppy disc). Because of the relative newness of these two devices, the1·e is a lack of performance and interfacing standards when c011pared to other peripheral units. The cassette tape is a low speed high density recording-playback medium which more than likely will replace punched tape in many applications. The floppy disc ha■ the physical appearance of a smooth phonograph record. The information ia stored in minute magnetic groups on the surface of the disc. The floppy disc has a reasonable 1torage capacity but the access time is long since the disc rotational ■peed is not as high as that of a fixed head disc or a moving head disc pack. Physical and electrical 
tolerances must be wider and thi1 also contribute■ to th .. lower data storage capacity. 

Both the magnetic tape ca■sette and the floppy disc require some test­ing, evaluation and standardization of characteristics before they should receive universal application to trainers and si.aulators as I/0 (peripheral) devices. 
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SOITWARE 

The programming of a computer to perform its role in a simulator system 
is usually more complex and more costly than configuring the system and 
purchasing the computer. In procuring a simulator, great emphasis must be 
placed upon defining the problem and the software support required to solve 
the initial problem and to allow future modifications to the program. 

1. Software Definition. Software design begins with a definition of 
the problem and the operating environment. The functions to be performed 
by the computer must be specified in a mathematical model. The inputs 
available and the outputs required -t be specific in terms of sampling 
rate, scaling, and form in which the data is available. 

The size of the program needed in a simulator makes it necessary to 
divide the total program into sections, with each part specified in terms 
of its own inputs and outputs. These parts are usually represented by 
flow charts indicating the major steps in perfondng the COlllJ'Utation 
needed to solve the problem. 

Once the program has been flow charted, the ateps indicated in the flow 
charts must be translated into the individual machine instructions to be 
executed by the computer. Teat and checkout of the software 1• done in 
several steps: (1) individual modules, (2) groups of program modules, (3) 
the entire program with s:lJDulated inputs, and (4) the entire program operat­
ing with the actual hardware. The complexity of the program testing 
needed is indicated by the software costs involved. In many cases, more 
than SO percent of the total software coat is incurred during integration 
of the software into the actual simulator. 

2. Progr&11111ing Languages. Prograllllling languages have been developed 
to allow the progrumer to specify the instructions to be executed by the 
computer in a more convenient form than the instructions recognized by the 
computer hardware. If the programmer had to specify each step in the 
program in terms of binary operation code and operand address used by the 
machine, it would be impractical to solve many of the problems now solved 
by digital computers. 

a. Assembly Language. The first step in the development of pro­
gr811111ing languages was the introduction of the assembly language. This 
allows the progr&11111er to use me110Dic code■ to represent the instruction 
and alphanuaeric symbol■ to represent the operand address. The symbolic 
address is particularly useful, because any proaru change that inserts an 
instruction in a sequence alters the address of each subsequent instruction. 
Without symbolic addressing, a trivial proaram chanae can make a massive 
alteration of the prograaling code necessary. 

The assembler relieve■ the prograaer of auch of the clerical work 
associated with coding,but it still requires a lmowledae of the machine 
language of the computer beina proar-d. The need for a knowledge of the 
machine code is inconvenient, but an even greater proble■ is that assembly 
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language precludes use of program written for one computer on some other computer. 

b. High-Level Languages. The machine dep~ndence of assembly languages have led to a variety of programning languages that are machine independent. These are characterized by design for a specific application. Each different language has a notation closer to the problem to be solved than to the repertoire of a computer executing the program. It allows portability between computers as long u the programmer follow~ the syntax of the standard language and there are no discrepancies in data configura­tions in the various machines, Another factor affecting portability for real-time progra11111ing is the execution time for a program. Since execution time is not a part of the language definition, there is no way to guarantee that execution times on various computers will even be the same order of magnitude. 

In spite of these shortcomings, high-level languages have a place in simulation. 'nlese ease in learning the language, coding and understanding, debugging, and maintaining and documenting programs make high-level languages useful in coding programs for real-time simulation. The re­strictions in high-level languages presently available make it necessary to use assembly language in conjunction with a high-level language to create an efficient real-time program. 'nle result is a computer program for the target computer - one that is not useable on a computer of another type. However, it is generally leas expensive than one written entirely in assembly language. 

3. Operating Systems. Execution of a complex computer problem re­quires a program structure that is controlled by an executive program. In non-real-time systems, this executive handles the scheduling of different jobs and performB utility services such as initiating and controlling input and output operations. Real-time si111Ulators require the same functions, though to a lesser extent. 'nle availability of utility programs is a major consideration in hardware selection, since it has an impact on programming cost and schedule. 

In particular, use of peripherals that allow interaction with the real­time program and the display of selected data about the student performance (e.g., keyboard entry devices with CRT displays) requires support software. Unless such utility software is available, the addition of peripheral devices to a computer system is both expensive and time consuming. 

4. Documentation. Adequacy and standardization of software documen­tation has long been a proble■ area. Traditionally progr .... rs do not adequately document their work in forms which can be readily understood even by other prograaaers. 

A significant step toward defining, standardizing, and requiring adequate digital ccaputer program documentation is apecification of the way that a contractor IIU8t organise, •nage, and execute the work. Current trainer procureaenta are requirina the contractor to deaign aoftvare in 
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well-defined steps from basic system analysis through programming and coding 
and finally to syste111& integration and acceptance. Requiring documentation, 
with customer approval at each step, provides a complete software picture 
for design review and customer control of the software design process. 

STANDARDIZATION 

1. Hardware. There have been many attempts to standardize computer 
hardware. The military departments (notably the Navy) have to a certain 
extent standardized computers (main frames, memory, etc.) and some peripheral 
devices. The most recent examples are the AN/UYK-7 and the AN/UYK-20 com­
puters built by Univac for the Naval Tactical Data System (NTDS). 

Comercial standardization has been limited predominantly to the so­
called plug-compatible peripheral devices such as magnetic tape units, disc 
drives, line printers, ASR and KSR 33 and 35's, coaunication line modem 
interfaces, and the like. Some companies offer 11B110ry IIOdules which are 
also plug-compatible with various main frame (CPU) models. ~viously, 
standardizat ion of main frame characteristics woald not be acceptable com­
mercially because of competitive factors. A basic problem even with the 
military standardizati4n efforts is the fact that the development and the 
tendency to extend operational use to benefit from standardization increases 
the life time cycle to a point where obsolescence bec011es a problea. In 
addition there are many training si111lator requireaents that the military­
standard computer cannot meet - particularly in real-time processing 
capabilities. 

The microprograating approach derived f roa coaaercial computer tech­
nology developments offer a means of achieving standardization. Micro­
prograaling allows different computers to be prograaaed in the saae way 
to produce the same result. The near-term objectives of current research 
in this area are to reduce the nUllber and types of coaputers in the train­
ing device inventory and reduce life cycle and loaistic costs by co.aon­
ality of spares, docu•ntation, uintenance and operat~r training. 

2. Software. Standardization of computer languages in the computer 
industry bas been limited to a few compilers such as FORTRAN. Standard­
ization of assembly level languages (and machine codes) bas been limited 
to a particular manufacturer's faaily of siailar comput .. rs (e.g. Xerox Data 
Systems Sigaa Series, IBM 360-370 series, etc.). There bas been no attempt 
to standardize machine codes for this would be tantaaount to standard-
izing computer uin frame hardware. 

The American National Standards Institute bu undertaken to standardize 
informa t ion interchange alphanumeric codes (the f•iliar USASCII codes) in 
order that peripheral code formats and coaunicationa terainal equip•nt 
codes interfaced with coaputers would be standard. Even so. the entire 
computer industry has not fully accepted the USASCII standard. 

Each computer manufacturer has his own operatina systea desip which 
will handle his computer languages and proar .... Altbouah software operat­
ing syst ... are siailar in functional organisation and capabilities, their 
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specific implementation is peculiar to a given line of computers. There is 
no transportab~lity between computers of different manufacturers. 

Even though the higher level languages, e.g., FORTRAN, COBOL and ALGOL 
have been standardized in their syntax, the exact implementation is differ­
ent not only in terms of the computer hardware required for their operation, 
but the implementation is also different depending upon who designed the 
compilers and did the detailed coding. For such reasons, transportability 
of programs coded in those languages from machine type to machine type is 
almost impossible to achieve without some modifications. The run time of 
programs compiled from these high level languages is quite a variable because 
their exact coding is a variable. Therefore, it is not possible in many 
instances to program software for real-time execution on one machine and 
expect to achieve the same run time by compiling it for a different machine. 
It is for these reasons that standardization of computer languages for either 
comercial or simulator applications has not been entirely successful. 

SPECIAL-PURPOSE C<ltPUTERS 

Special-purpose computers are used in simulators to solve problema 
where the solution rate exceeds the capability of general-purpose computers. 
Applications such as voice generation, speech recognition, and radar and 
visual simulation require such special hardware. 

1. Voice Systems. Some training systems require voice cOIIIIIIUllication 
with the trainee that i~ simple enough to be done by a computer. For ex­
ample, in training a pilot to make a ground-controlled approach (GCA) for 
landing, the function of its ground controller can be replaced by a computer­
controlled voice generator. In training a ground controller to give instruc­
tions to an approaching aircraft, a voice recognition system can be uaed with 
a computer to simulate the aircraft response to the trainees instructions. 

The above applications of voice generation and recognition are within 
the state-of-the-art becaW1e the GCA controller uses simple phrases from a 
standard vocabulary. Application of voice devices to less restrictive 
training application requires further research into some basic properties 
of speech and general pattern recognition. 

2. Sensor Simulation. Realistic portrayal of radar, intra-red (IR), 
and low-light-level television (LLLTV) displays available in aircraft is a 
major problem in simulating we~pons delivery vehicles. Such Mimulation 
requires: (1) a data base d~scribing the characteristics of the aaming area 
for the training problem, (2) a data retrieval method for insuring that the 
part of the data needed for the computation is i-.ediately available, (3) a 
computation system to transform the r~w data into the fora needed to drive 
a suitable display, and (4) the display unit. The block diagr• for a sensor 
aimulation system is shown in Figure B-3. 
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FIGURE B-3. ~ENSOR SIMULATOR SYSTEM BLOCK DIAGRAM 

The primary require•nts in implementing a sensor simulation system are: 
(1) a mathematical modeJ of the physical phenomena, and (2) a data base con­taining the information needed to apply the mathematical model. As in most 
simulator applications, the mathematical model and data base used are chosen with consideration of the degree of realis■ required for a particular train­
ing application and the system cost. 

Because radar has been available longer than IR or LLLTV and is simpler 
to model, radar simulation technology is much farther advanced than IR or 
LLLTV. Radar simulators are part of several training sy■teu; whereaa, IR 
and LLLTV sillulation is still in research and developaent. 

a. Radar Si11Ulation. The mathematical aodel for radar ■ iaulation 
is well-known. The radar return from an object in tel'll8 of its radar re­
flectance properties can be calculated. Systaa using tri-color or black­
and-white photographic tranaparencie■ to represent land-■• (data on 
terrain elevation and reflectivity at points on the earth'• surface) have 
been in use for more than a decade. In these systeu, information read 
from the transparency is processed by analog c011putation to provide the 
signals to drive a siaulated radar display. Thue syat ... have been 
generally satisfactory fur radar training at hiah altitudes. 

Simulators using tranaparencies do not provide the radar training 
capabilities required for newer weapona syst .... A particular probl• is 
the simulation of radar effects at low altitudes. Major defects are in­
adequate presentation of cultural features, unrealistic simulation of 
terrain-following radar, and difficulty in updating the data base. 

Digital radar land mass aiaulation (DILMS) teclmiques offer a way to 
correct these deficiencies. Digital Mthod■ allow input data to be stored 
with various degrees of resolution and in an easily updated fora. Specific 
low-altitude effects can be inserted in the data and tailored to match the 
true picture. The DRLMS systeu already developed have deaonstrated an 
i11prov8Jlel\t over siaulator■ usina tranaparenci .. , and it is expected that 
all future RLMS will be digital. However, there are still technical 
problema in developin1 a DllLMS that universally duplicates all radar 
system capabilitiu. Major probl ... are low-altitude effects that are 
dependent upon charactari■tica of aan-..de objects and adequate data to 
satisfy the capability of storaae for flialit-reaolution radar. 
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b, Infra-Red (IR) Simulation. IR simulation is more difficult than 
radar simulation to achieve, because the information content in an IR picture 
is greater. Targets not apparent on a radar display produce specific 
"signat1 res" in IR. Since local temperature and the moisture contt!nt of an 
object have a pronounced effect on its IR emission, IR simulation is de­
pendent upon weather and time-of-day. 

Further research in IR simulation is needed to develop techniques suit­
able for training. Work to be done includes mathematical modeling and 
derivation of a data base. Since IR has greater information content and 
higher resolution capability, the computation techniques used in radar must 
be improved before they can he applied to IR. 

c, Low-Light-Level Television Simulation. U.LTV simulation may be 
even more complicated than IR simulation. In addition to being more de­
pendent on aspect angle and environment than IR, it relies on an illumina­
tion source dependent upon reflections in the surrounding environment. 

3. Visual Simulation. Visual simulation is one of the moat difficult 
problems in the design of trainers. The sensor system described above are 
limited in both field-of-view available and information content compared to 
that which a human operator can perceive. The visual ~roblem requir8s a 
substantially larger data base and means of retrieving and processing more 
information than is necessary for the sensors using electronics. For the 
purpose of describing computation requirement■, it is convenient to divide 
visual simulation systems into those using computer-generated illagry (CGI) 
and those using other •thods of providing inforution about the visual 
scene. 

a. Computer r~erated Imagery. CGI systems present a more 
complex data processing problem than sensor simulators, because of the 
greater amount of date to be handled. The •thematical model is well 
known - individual elements in a visual scene can be described in terms of 
planar surfaces specified by location of vertices and color of surface. If 
the size of individual eleaent■ is •de small enough, a picture representing 
an actual view of a s,·:~ne can be generated. However, generation of such a 
aequence of picture~ , ,ithin the time conatraint iaposed by siailation for 
training is beyond tlh.' state-of-the-art. 

The CGI systems use~ in present-day simulators provide much leas detail 
than a real scene. Thia gives a cartoon-like presentation, adequate for 
some training situations but not satisfactory for others. A typical result 
of the lack of picture detail is that the velocity and position cues that 
would be available in a real picture are not present. Aa a result, the 
trainee IIU8t rely on other inforaation (e.g., aircraft inatruaenta) and 
therefore operates a simulator differently from the way he would operate 
the real vehicle. 

b. Other Methods of Visual Simulation. Other Mthods of visual 
simulation (e.g., model boards, holography) can provide 110re detail than 
CGI. Theae •thoda are described in Appendix D. The coaputation problea 
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associated with these systems ia e11atially that of providing position, 
heading, and velocity information to a separate device. Where character­
iatics of the device are known, additional c011putationa uy be required to 
co11penaate soae abort comings in the viaual device. However, this does not 
add a significant computation load for a general-purpose computer. In 
general, visual simulation other than CGI i■ not con■trained by lillita in 
the computer atate-of-the-art. 

4. Synchronization of Stimuli. A aimulator auppliea stimuli to the 
student by varioua meana. In a flight aimulator, the pilot uy have air­
craft inatrumenta, motion cura, vi■ual ar.ene, radar, etc. Each of theae 
stimuli is incorrect to aome extent, but each one i• within an accuracy 
deemed .lldequate for training. However, unleaa apecial care is taken, the 
varioua ay1tem1 uy give conflicting cuaa. For exaaple, a visual aiaulator 
and a radar simulation may each be adequate when uaed alone. Since the two 
uae different input data, the 1cene1 portrayed by the tvo ayat ... uy give 
conflicting inforution. 
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APPENDIX C 

RESEARCH AND DEVELOPMENT OVERVIEW 

INl'RODUCTION 

This appendix presents sU111Daries of relevant flight training simulation 
research and development efforts in progress or proposed by DoD and NASA. 

The general direction of on-going DoD programs i q to make use of ad­
vanced simulation technology to support new weapon systems by the use of 
engineering simulation, and to provide the capabilities for training in 
simulators. The servicf'•.s have been aggressive in utilizing computer tech­
nology for sensor simulation, visual displays, motion systems, and as 
instructor aids. In adHtion to the programs related to weapon systems, 
the services are building advanced simulators to develop and evaluate the 
newest technology. 

The Air Force is conducting research and development in support of 
simulator procurements in two major areas. The first is R&D into improved 
methods of simulation and the second is aimed at improving the fundamental 
understanding of the training process as influenced by simulator capabilities 
and instructional strategies. Exploratory and advanced development programs 
for training equipment are conducted by the USAF Human Resources Laboratory 
(AFHRL). AFHllL/AS at Wright Patterson AFB is responsible for simulation 
equipment research while AFHRL/FT at Willi8Jl8 AFB is responsible for flight 
training research. 

Navy programs •phasize the development of real image visual display 
systems and deal with a complete range of Navy pilot training tasks in­
cluding aircraft carrier takeoff and landing, field takeoff and landing, 
formation flying and weapons delivery. On-going development programs ~ary 
from refinement of conventional visual simulation subsystems such as 
camera-model board probea, zoom lenses and wide-angle projection lenses 
to new concept• such as laser holographic displays, crossed-scan 'IV 
rasters, insetted high resolution 'IV raster■, and panoramic 'IV projectors. 

The Navy's advanced development program places emphasis upon developing 
synthetic target■ for u■e with operational radar, sonar, and electronic 
warfare equipment, the development of a tactical simulation technology for 
the conduct of wide-■cale fleet exercises, the providing of experimen~al 
model investigations of visual presentations suitable for flight training 
and the development of a Mthodology for a generalized maintenance trainer. 

The Navy'• engineering development program places emph~sis on supporting 
identified requir ... nts for large traiotng syat .... The program includes 
generalized maintenance prototypes, training prototypes, operational train­
ing equipment in radar, electronic warfare and aonar, and damage control. 
The effort• repreaent a maturing of t~chnology to the point of engineering 
development. 
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The Army's programs are oriented to producing cost-effective training 
simulators for such missions as air-to-ground weapons delivery, air-to-air 
gunnery, nap-of-the-earth flight, and low level navigation. Key programs 
are aimed at developing technology in such areas as wide field of view with 
high resolution in color, and data storage to describe large geographical 
areas in great detail and in color. The major effort is directed at com­
ponent research which will lead to high fidelity flight simulator training 
systems with motion platfou,;a, computerized instruction, and keyed to nap­
of-the-earth flight, both day and night. 

The general direction of NASA's on-going simulator programs has been 
to use advanced simulators for aeronautical research activities. The 
effort directed to development of simulation technology per se has been 
small. Some analytical and basic experimental programs to develop the 
techniques for modeling the response of the pilots have been supported, 
which could ultimately have an applicati.on to simulator design. These 
latter activities have a broad range of application, however, and as 
currently focused and supported, cannot be expected to contribute directly 
to simulator design for many years. 

With respect to simulation technology, emphasis is being placed within 
NASA on the development and uae of advanced simulators for aer.onautical 
research (viz., Flight Simulator for Advanced Aircraft and the Differential 
Maneuvering Simulator), and the development of improved visual scene gen­
eration and dieplay concepta. 

Overviews of the research and development programs for each of the 
three Department of Defenae departments and NASA are presented in the 
following sections. 

U.S. AIR FORCE FLIGHT SIMULATION RESEARCH 

The major effort of the Air Force R&D program is in three advanced 
development prograu of which two are in the final phaees of hardware inte­
gration and acceptance. Theee are the Advanced Simulator for Undergraduate 
Pilot Training (ASUPT) which i• now in operation, the P-4! Weapon Systems 
Trainer N\aaber 18, and the Siaulator for Air-to-Air Combat (SAAC). 

1. ASUPT Program. The ASUPT Program is deaigned to develop a data 
base for procure•nt of the next generation flight ei.llulators for under­
graduate pilot training. The program objective• •Y be stated broadly a~ 
optimization of simulator aesociated software/hardware eysteu, and 
advanced inetruct1onal •thodology. For example, the progra■ will study 
motion requir ... nte and drive Mthodologies, vieual acene requireaente for 
various flight taeke (viz., aarobatica, landing), design and usage of 
instructo~ etatione (i.e., conventional inetruaented station• and advanced 
computer CRT dieplay etatione), and will derive advanced inetructional 
technologiee for optimizing the eillulator training curricula. The ASUPT 
syetea will eiaulate the uneuvere eignificant to undergraduate pilot 
training, uny of which could not be eimulated in the paet, (viz., poet 
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stall spin, aerobatics, formation flying). The data base developed from this program is expected to impact the entire flight and simulator train­ing curriculum. 

The ASUPT is a highly sophisticated two-cockpit simulator for the T-37B training aircraft. Motion simulation is provided for each cockpit by a six-degree-of-freedom synergistic motion system supplemented by a "G-seat" gravity force simulator integrated into the pilots seat. A seven-window CRT mosaic encloses the cockpit providing a visual field of view of +120 degrees horizontal by +100 degrees and -40 degrees vertical. The visual scene is computer generated with 2000 edges for one cockpit or shared by the two cockpits. The instructor area design includes conven­tional stations with repeater instruments, controls, and indicators for each cockpit plus an advanced all CRT station without the customary controls and indicators. 

The ASUPT facility is pl4nned to be used for a program of basic research in training and simulation to be conducted on four levels: 1) the study of the basic components of simulation; 2) the examination of the interactions of those components; 3) the experimental investigation of candidate simu­lator devices and the determination of the extent that they can be substi­tuted for aircraft training; and lastly, 4) the development of pilot training prograas which make maximum effective use of the training equipment. 

a. Level I. These studies form the foundation ot the research and will include ex•inatinn of each major independent variable of simulation. The objective of Level I is to garf-,er knowl edge on the basis components of simulation. For research purposes, these compor.ents have been divided into two major claaaea: hardware desi.gn and training methods. Hardware compo­nents consist of the motion, visual, aural, and computer systems which make up the physical parts of the simulator. Training methods such as automatic demonstration, variations in task difficulty and sequencing, enhancement of feedback, and malfunction insertion are the intangible aspects of simulation which govern its use. Each of these areas will be studied separately in this first level and then in combination in a later level. 

b. Hardware Research. The general approach to hardware research will be a two-step proceas. The first part will be directed at establish­ing the kinda of component configurations to be examined, and the second part will conaiat of the aystematic investigation of those component con­figurations in training. The preaent USAF coaaittment to six-degree-of­freedom motion systems suggests an advantageous first use of ASUPT to asseaa alternative primary 110tion cueing ayateu - three, five, and six degrees of freedom - with and without the newly developed g-seat and with and without visual. Such a ayateaatically developed data base would either support continued procurement of these large six degrees of freedom devices or identify the substantial coat reductions achievable with simpler aechanizationa. 

c. Trainina Methods laaearch. Here research will be concerned with evaluating the application of individual training methods to the 
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simulator; for example, automatic demonstrations, variations in task diffi­
culty, task sequencing, student feedback, instructor feedback, and mal­
function insertion. These training methods will be examined individually 
to determine the qualities of each which contribute to or interfere with 
training. 

d. Level II. These studies will examine the interactive effects 
of the components of simulation. More specifically, how motion, vision, 
mathematical modeling, etc., interact to impact device training effective­
ness will be examined. Another purpose of this stage will be to study the 
way in which training methods where feedback and computer aided instruction 
interact to influence training effectiveness. The specific interactions 
chosen for examination will be determined based upon data obtained during 
the first phase of the program, considerations of the combination, and the 
length of time required to collect the needed data. 

e. Level Ill. These studies will involve investigation of candi­
date simulator configurations and their interaction with training methods. 
These candidate configurations will consist of the combinations of hard­
ware components found in Level II research to have the highest probability 
of being cost effective in the UPT program. One of the primary concerns 
of this stage of the research program will be the relationship between 
simulator configuration and training value as a Hutction of time in the 
simulator. Interacting with this relationship is the training method 
employed during the time the student is in the simulator. Hence, the 
"simulator" configurations studies at this time will be examined in a three 
way interaction of device configuration, training method, and time. The 
results of this stage of the effort will provide information as to the most 
likely coat effective simulator or family of devices for implementation in 
UPT. Thia also will involve the study of substitutability which is the 
first step in determining the most productive utilization of that hardware 
within the operational training environment. The results of this stage 
will provide information on the effectiv"eneH of simlation within the 
major phases of T-37 pilot training. 

f. Level IV. Level IV training syllabus development has as its 
purpose, study of the complex interrelationahips b~tween amount, content, 
and sequence of simulator/aircraft training. The procedure to be employed 
will require the examination of the utilization of the previously identified 
simulator system within the entire primary jet training phase of the UPT 
program and follow-on studies to monitor the progress of simulator trained 
students through advanced jet training and combat crew training. The out­
put of thae syllabus development studies will be recoaaendations for the 
effective utilization of the complete simulator hardware syat• defined 
during the preceding four stages of research. 

The capabilities of the ASUPT facility will permit the full detailed 
program to be conducted at AFHIU./PT. 

2. F-41 WST Nuaber 18. The F-41 Weapon Systea Trainer No. 18 is a 
research simulator designed to study siaulator configurations in the ground 
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attack mode and incorporating the developl'Dent of a new high resolution 
visual system. The simulator consists of an F-4E cockpit m0unted on a s ix 
degree of freedom synergistic motion sys t em with a six channel high r esolu­
tion visual system providing a field-of-view of 108 degrees (+54 degrees) 
horizontally by 48 degrees (-25 to +23 degrees) vertically. The visual 
scene is provided through a camera-model board system us i ng a 1500:1 scale 
model and a 120 degree field-of-view Scheimpflug-corrected probe. An auto­
mated adaptive training capability is included in the eimulator sof tware. 
The research effort will start with an assessment of the simu~dtor (a,,d 
especially the visual system) acceptability for training pilots in takeoff 
and landing and air-to-ground weapons delivery. A second study will evalu­
ate simulator effectiveness in reducing aircraft time r equired in transition 
training for airwork and traffic patterns. Evaluation of the eff ectiveness 
of the use of adaptive training in the development of training syllabi will 
be a continuing effort. 

3. Simulator for Air-to-Air Combat (SAAC). The SAAC is designed to 
provide the total cue environment for air combat maneuvering training. 
A number of advanced visual simulation concepts have been included. The 
visual display consists of eight surfaces of a dodecahedron solid. Each 
surface is an optical/video display device. The background terrain and sky 
information is time-shared with the target image, making it possible to 
make the target a high resolution image. The terrain image provides veloc­
ity, attitude and altitude cues. 

The SAAC has two cockpits simulating F-4E aircraft. Each cockpit is 
mounted on a six degree-of-freedom synergistic motion system. Sustained 
acceleration effects are provided by g-seats and g-suits in each cockpit. 
Scoring ar.,1 ~valuation systems are incorporated in the software to permit 
determination of pilot air-to-air combat competenc. 

The research program utilizing the SAAC will begin with a systematic 
assessment of its utility in developing basic fighter and air combat skills. 
A second phase will investigate the maintenance of skills of non-flying 
pilots. Additional programs involve the evaluation of other fighter air­
craft and tactical weapons used in air-to-air combat. 

The technology is capable of expanding beyond one on one combat 
training into the highly important tactics in multiple aircraft situations. 
Trainers developed from the SAAC technology base will move beyond were 
substitution of simulators for aircraft for training. It will enable 
students to integrate advanced concepts such as energy maneuverability into 
flight practice with benefits in both student performance and development 
of new tactics. 

4. Large Amplitude Multi-Mode Aerospace Research Simulator (LAMARS). 
The LAMARS is being developed as an engineering tool for coordinated 
studies encompassing pilot/vehicle analysis and ground-based simulation 
as applied to flight dynamics research. The LAMAR.S provides a combination 
of visual cues and motion cues to the pilot which will evoke proper pilot 
response for a larae number of controlled and variable mission conditions 
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and pilotage tasks. The motion system consists of a 30-foot long horizontal 
beam, which is gimballed and driven by hydraulic actuators at the rear end 
of the beam to provide ±10 feet of vertical motion and ±10 feet of lateral 
motion to the cockpit and to the simulator pilot. An additional structure, 
the cockpit gimbal system, is mounted on the fotward end of the beam, and 
provides three-directional ro ~ation (±25 degrees in pitch, yaw and roll 
motion) to the cockpit and pilot. The visual display system consists of a 
20-foot diameter, spherical shaped screen - also mounted on the cockpit 
gimbal system - which moves with the cockpit, and two projectors similarly 
mounted. One projector, mounted above and behind the pilot, projects the 
image of a target, which can be either another aircraft (used in air-to-air 
canbat mission simulation) or a ground-based target or terrain image (used 
in air-to-ground mission simulation). The target aircraft image is gener­
ated by an aircraft model viewed by a television camera or by CGI. The 
terrain image is generated by a large model board viewed by a telev1 si nn 
camera through an optical probe. The other projector, mounted abJve and 
slightly behind the target projector, is known as the sky-earth projector, 
and projects a clear blue sky with occasional clouds, featureless brown 
earth, and well-defined horizon on the inner wall of the spherical display 
screen. 

U.S. NAVY FLIGHT SIMULATION RESEARCH 

The Navy's exploratory development programs related to flight simulation 
may be logically categorized into five major task areas. These are: 

• Optical Technologies 

• Electronic Techniques 

• Projected Visual Simulation 

• General Simulation Modeling 

• Human Factors in the Design and Use of 
Naval Training Systems 

Research into optical technology is aimed at advancing technology in 
the field of optics and associated disciplines with the goal of obtaining 
better visual simulation in Navy training devices. A major objective is 
the development of wide angle visual systems with high resolution target 
imagery for use in operational flight trainers. Other objectives include 
the development of a system consisting of multiple television cameras and 
television projectors for the purpose of displaying a 360 degree panoramic 
scene, and the developaent of a film image generation system that would have 
multiple applications in aviation training. 

Holography, laser and infrared applications are among a mJDber of 
development• pursued by the Navy. Additional effort is aimed at providing 
a 360 degree hologram for use in a number of training applications. Another 
effort involve• the development and application of holographic inform.'!tion 
storage techniques for training devices. An objective of the research in 
holography i■ the development of a heads-up data display using holographii::ally 
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produced Fresnel zone plate elements. These elements permit multiple i nput 
channels to combine da ta received f rom more than one source . 

Among the many laser applications studied by the Navy is the development 
of a universal trainer that will simula te sighting and firing of standard 
weaponry under combat conditions. These will include automatic rifle, 
machine gun, grenade launcher, and light anti-tank weapon. The devi ce will 
be used for advanced gunner and refresher training. A major effort is the 
devebpment of an eye-sde laser for training pilots in air-to-ground 
gunnery. 

A major program involving infrared i s the development of a method of 
simulation of airborne forward looking infrared (FLIR) systems for tra i n­
ing of operators. 

Electronics research is aimed at solving simulation problems with 
modern electronic techniques, A major ef fort is the investigation of 
techniques for generating and controlling an area-of-interest (AOI) display 
into a large background scene. An ~n-going research effort involves deter­
mination of the technical parameters and approaches for simulation of 
remotely piloted vehicles. 

The primary intent of the visual simulation program is to develop 
means for providing necessary visual cues from the outside-the-vehicle 
operational environment to the trainee. An objective it to develop a 
method which will permit precise numerical and mathematical definition of 
the scene content within a specified field of view based on color, orienta­
tio.1, shading, and range of cue objects. Research is also being performed 
on advanced training devices such as the air cushion vehicle and other new 
conventional types of vehicles. Objectives of this research are to develop 
visual simulation and vehicle motion simulation subsystem to represent the 
visual and terrain :.mvironment as presented to operators of such vehicles. 

Research efforts in the general simulation modeling program are directed 
to the development of computational techniques. An objective of this pro­
gram is to develop a high level visual display descriptor language and a 
tr.anslator or compiler that will accept this language as an input and pro­
duce output on media compatible with state-of-the-art displays. A major 
effort is the investigation of performance capabilities, system interface 
characteristics, data error rates, storage capacity, hardware reliability, 
and maintainability of new mass data storage elements and technology for 
application to the design of more cost-effective computer systems for 
training devices. Also under study is the identification of technical and 
economical benefits to be derived from microprogranaed emulation techniques. 
Such techniques as computer generated displays, computer controlled voice 
output, voice input to the computer, and physiological input to computers 
are being investigated for potential means to provide more efficient and 
effective co1111unication between instructor, trainee, and the training device, 

Human factor■ research is directed at accelerating individual and team 
skill acquisition by improving training device design and use patterns. 
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The effort includes exploring methods for training in decis ion-making 
skills for threat evaluation and weapons selection and employment, and 
ensuring that individuals are skil l ed i n their owu 1obs when they ente r 
team training. A major effort i s the development of a data base for, and 
generalized approach to the design, of avionics maintenance trainers. 
Another effort is studying the interaction between visual and motion cues 
in simulation and the effect on trai ning device design. An objective is t o 
develop procedures and models that will permit systematic planning of new 
aircraft instructional programs. 

The Navy's Aviation Wide-Angle Visual advanced development program is 
designed to demonstrate the feasibility, capability, and training effective­
ness of a wide-angle real-image vi sual system with a high resolution 
target image and all types of currently available television image genera­
tion techniques. Secondly, this program will provide a flexible cockpit 
motion visual system which will provide an experimental basis for the devel­
opment of future Navy advanced flight simulators. 

The Intermediate Hands-On Maintenance Trainer for Avionic Systems ad­
vanced development program is designed to improve application of personnel 
to productive maintenance, improve trainer configuration management, and 
increase self-paced instructional capabilities. 

The Navy's Device 2F90 Visual System is intended to be used in investi­
gating variations in the elements of a visual display, such as scenic 
content, color versus monochrome and extent of field of view. This program 
is designed to determine the extent to which substitution of simulator time 
for aircraft time can be increased with addition of the visual display and 
to provide a data base for the development of a production model visual sys­
tem that will be integrated into the Navy's undergraduate pilot training 
program. 

In the area of engineering simulation, the Navy is conducting an on­
going air-to-air combat simulation effort using television projection of 
computer-generated target and terrain, a small dee~ landing simulation pro­
gram in support of the Light Airborne Multi-Purpose System (LAMPS), and a 
spin simulation program using the human centrifuge. 

U.S. ARMY FLIGHT SIMULATION RESEARCH 

At present, the Army's major efforts are the development of advanced 
subsystems of the SFTS. These efforts include developing a weapon systems 
simulator with a front and left side visual system to accommodate TOW 
missiles and 20 aa guns at nine foot skid height and sixteen foot eye height 
in a nap-of-the-earth environment, developing a cargo simulator with a 
visual syatem capable of VFR end/or IFR operations for an aircrew of three, 
and a simulator with a full vi~ual system capable of training pilot and 
observer in technique■ of employtaent and specialized target acquisition 
equipment. 
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In addition to the concent~ation on developing advanced hardware, the Army is giving consideration t o research in such areas as training program development and design, utilization of training devices, maintenance support concepts for flight simulators, and other areas with the objective of imple­menting modern training technology, A number of these programs are described in the following paragraphs: 

1, Development of Training Techniques, This research i ncludes a broad and exhaustive compilation of traini ng techniques intended for pi lot training with simulators, Sources include the literature, training research labora­tories, and the educational technology f i eld, Following careful analysis, a few candidate training techniques with good expected cost-effectiveness will be compared experimentally using aircraft, simulators, and specially trained instructors, 

2. Content of Simulator Training Programs. Methods will be developed to determine the types of training objectives that can be taught most efficiently using a simulator with given characteristics, Inferences will be made about the simulator design factors which allow or preclude training on certain tasks, The research will include a review of the literature and on-going training programs, the use of analytic techniques, and empirical evaluation, 
3, Visual Fidelity Requirements. This research is intended to determine the degree of visual simulation fidelity required for various aviation opera­tional tasks, Variables such as resolution contrast, color, scene content, and field of view will be examlned, An assessment of the state of the art in visual simulation technology will be undertaken, and areas requiring improvement will be identified, The cost-effectiveness of alternative visual simulation methods will be evaluated. 

4, Development of Automated Perf :,rmanc,? Measurement Tecmiques for Use in Pilot Training Simulators, Device 2B24 is a sophisticated instrument flight simulator with automated training and performance measurement features. These capabilities have never been used operationally, however, and may . never be used unless their effectiver.ess is established, Simulators for the CH-47 (Device 2B31) and AH-lQ (Device 2B33) are being manufactured with simi­lar automated features and will require validation, 
The proposed research includes an assessment of the state-of-the-art in automated performance measurement, selection of several automated measures and development of techniques for their generation, determination of methods of automation using the 2B24, 2B31, and 2B33, and the actual implementation of selected measures with complete programming documentation, Finally, the predictive validity and reliability of the automated measures will be assessed using pilot performance in aircraft, 

5, Baseline Proficiency of Aircrews, The Army Research Institute (ARI) has identified ten components of aircrew performance: Aircraft control, navigation and orientation, target acquisition and surveillance, mission planning, rrew coordination, c01munications, systems operation, contingency performance, safety, and tactical employment, The research proposed would initiate a continuing program of performance measurement in each of these 
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component areas to provide "quality control" data for the Army. To ac com­plish this, efficient sampling procedures muJt be deve l oped, optimum measure­ment methods and schedules are needed, and provisions for data collection and analysis must he provided. Although flight testing wi ll be required in various operational environments, it may be possible to subst i tute simulator tests, analyses of operational records, and measurement data obtained in non-test flights. • 

6, Proficiency Loss, This research is intended to supplement the base­line proficiency measurement project (see above) by providing i nformation on decrements and decrement rates as a function of time without fl ight practice, proficiency recovery rates as a function of renewed practice and training, and optimum refresher training strategies. Flight simulators would seem to provide a practical and safe means of acquiring much of the required data, 

7. Performance Assessment Methodology, The proposed research would provide for: the identification of key performance variables to be measured for each of the ten aircrew performance component areas; evaluations of the cost-effectiveness of alternative measurement methods (automated, data extraction from flight records, etc.) for the key performance variables; selection of optimum sets of variables for different applications, The performance variables and measurement methods developed will be evaluated in operational tests of validity and reliability, 

8, Nap-of-the-Earth Flight Training. This research includes an analysis of tasks to define the performance requirements of NOE flight. From this a comprehensive statement of training objectives will be obtained, At this point a determination will be made of the effectiveness of present training programs so that training objectlves which are not being met can be identi­fied. Assessment of a wide range of training methods and technology will follow, with due consideration given to resources and related constraints. Objective evaluation of the training effectiveness of promising methods will be accompanied by a determination of the most cost-effectjve duration, sequence, and scheduling of training. 

9, Development of Automated Training Techniques, Device 2B24, the Army's UH-lH simulator, incorporates automated training features which have not been fully utilized as yet, The proposed research would develop tech­niques for using these features effectively, and provide a data base for the design and utilization of automated training features for new simulators. Questions concerning the instructor's role and the characteristics of the overall training program will be formulated and addressed through experi­mentation. 

10, Aircraft Syatems Maintenance Trainers Studies. These studies are intended to evaluate the design-for-training considerations which have been applied to aircraft ayatems maintenance trainera, and to provide data for the developaent of auch consideration• for use with future trainers. 
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11. Automated Instructional Requirements. This research will explore 
the instructor-machine trade off to maximize training effectiveness and 
develop the potential of existing simulators. The research emphasizes the 
cost effective automation of instructor tasks and the development of design 
concepts amenable to engineering implementation, The program will emphasize 
trade-offs between the overall training program and machine implemented 
training. 

12. Utilization of Synthetic Flight Trainers. The studies will include 
comparisons of present and potential simulator utilization, and the develop­
ment of detailed plans for the optimum integration of simulators into over­
all training programs, Data will be collected concerning all aspects of 
aviation flight training requirements, present methods and programs, equip­
ment, facilities, simulators, and other training devices. The geographic 
distribution of aviators, their availability, and individual training re­
quirements will be considered, Relationships concerning optimum simulator 
distribution and utilization will be developed, 

13, Investigation of the Causes of Pilot Error Accidents through the Use 
of Simulation, The Army Agency for Aviation Safety (USAAAVS), Fort Rucker, 
has found that 80 percent of all aircraft accidents involved pilot error, 
Factor analytic studies have shown that there were nine factors associated 
with these accidents. Further research into these factors in order to 
evaluate their impact on aviator selection, the training program, and the 
design of aircraft systems is under consideration. Using the data already 
available from USAAAVS and related accident data obtaine~ from field units, 
a determination will be made of the feasibility of alterations to selection, 
training, and hardware systems which should lead to accident reduction. 
Experiments validating these findings will be conducted in such simulators 
as the 2B24 device because of their inherent safety And the ease with which 
experimental conditions can be controlled. 

14. Flight Simulation in Medical Research. Variables such as the emo­
tional state, injury induced states, and pharmacological agents used affect 
pilot performance. Training related variables, such as time on task, work 
load, and mission profile, as well as hardware related factors such as cock­
pit environment and anthropometric considerations also affect performance. 
Such variables are being studied at the present time and simulators are 
being installed to facilitate the research. 

15. Maintenance and Support Concepts, Following a review of all regula­
tions, concepts, and practices for device maintenan~e within DoD and FAA 
purview, information concerning the present organizational structure and 
capabilities for performing device maintenance will be collected. Compari­
sons of these data with collateral determinations of maintenance and support 
requirements, e.g., skills, knowledges, and qualifications of maintenance, 
engineering, and logistics personnel, will lead to rec011Dendations concerning 
alternative approaches to obtainin1 total support. 
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NASA FLIGHT SIMULATION RESEARCH 

Nt,sA's programs fall into two categories, facility upgrading and simula­tion requirement research. The facility upgrading is motivated by the need for aircraft reeearch and development simulators of high quality. These engineering simulation programs, many of which are for proposed military aircraft, require the acquisition of state-of-the-art visual systems or new devices in order to upgrade existing systems. Simulation requirement re­search invl1lves formal scientific studies of simulator cue-producing require­ments. Sucli work includes both analytically derived hypotheses from basic physiological and psychological characteristic•, and testing of these hypo­theses by statistical studies of pilots in simulators. To the greatest ex­tent poseible, NASA uses engineering simulators for these efforts. 

1. Facility Upgrading Projects. NASA has three on-going projects in this category. These are the S-19 fixed base cockpit development, the UH-lH­V/STOLAND in-flight simulator development, and the nap-of-the-earth (NOE) terrain IIOdel. The S-19 consiets of a UH-lH cockpit mounted on a fixed base. The cockpit 1• connected to a visual display system having a colli­mated TV image. The UH-lH-V/STOLAND consists of a UH-lH cockpit that has a Sperry V/STOLAND control/display system, These two developments are closely tied to U.S. Army participation and are oriented toward studies of stability and control, and dieplay parameter• during nap-of-the-earth flight, In conjunction with theae two project■, NASA is developing a detailed terrain aodel ao that viaual displays can depict scenes at or below tree-top height. 
In addition to the three on-going facility upgrading projects, NASA is anticipating auch new ■ tarts as the following: 

a. Vertical Motion Simulator (VMS). Thia simulator will conaist of a fully outfitted multi-man cockpit mounted on a six degree of freedom mtion platform with large vertical and lateral motion capabilities. The cockpi.t, with rotational and longitudinal actuator ■, 18 • mounted on a verti­cally aoving platform which is supported by a structure moving laterally on rail■, Anticipat•d 110tion performance characteristics of the simulator are u follow■: 

Mode Dia placement Velocity Acceleration 

Vertical ±30 feet 20 feet per aec l.02G(33 ft/sec 2) 
Lateral +20 feet 10 feet per ••c 0.7SG(24 ft/aec2) -
Loqitudinal ±4 feet 2 feet per ••c ±().SG(l6 ft/sec2) 
loll +22 dear••• ±15 dear••• per aec +50.0°/aec2 

Pitch ±26 dear•••• ±15 dear••• per ••c ±50,0°/aec2 
-24 dear••• 

Yaw ±29 dear••• ±15 dear••• per ••c ;t50.0° /aec2 
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b, V/STOL Integrated Cockpit Research Facility. It is planned to 
procure a six-degree-of-freedom simulator that will be fitted wi th a two-
man V/STOL type cockpit and a synthetic visual display. Objectives are the 
study of pilot's perception and processing of complex visual, motion and 
audi.tory stimuli, and the evaluation and engineering development of computer 
graphic displays, color systems, high contrast CRT's and multi-planar 
displays. 

c. Wide Angle Area of Interest Visual Display. This effort will 
involve the procurement and development of a system that will provide a 
wide field of view, The approach taken involves providing a detailed scene, 
of the usual 48 x 35 size, which can be centered on the "area of interest" 
and mved within a target field of view. The portion of the field of view 
not taken up with the area of interest is provided with some synthetic 
imagery. 

2. Simu l ation Requirement Research. NASA has ten on-going projects in 
this category. The efforts include research to provide information abo~t 
characteristics of the human subject relevant to aircrew performance effi­
ciency, and research on the impact of training device performance on air­
crew performance efficiency, Briefs on these projects are presented in the 
following paragraphs. 

a, Pilot Perception of Aircraft Motion Cues. Whlle a great deal 
is known about human sensitivity to motion cues, and this information has 
been quite useful in the design of washout procedures for aircraft motion 
simulators, information is needed concerning the effects of motion on 
the perception of vi.sual movement, and the rate and course of adaptation 
to 1110tion cues at levels of acceleration similar to those encountered 
in aircraft, Research into these questions will be undertaken using the 
Ames Man-Carrying Rotation Device during FY 75, 

b. Pilot Perception of Complex and Interactive Visual Cues. The 
empirical question addressed by this research concerns wheth~r the simu­
lator pilot perceives and acts upon meaningful complexes of cues in the 
same vay he would in actual flight. By introducing errors, e.g., vertical 
and horizontal displacements into a simulated open-loop landing situation, 
and observing pilot decisions to "land" or "go around," a scaling of pilot 
error sensitivity is obtained, Presumably, it should also be possible to 
assess pilot response bias, i.e., willingness to chance a landing, by 
manipulating the pay off matrix. Similar characterizations of pilol parame­
ters could be obtained in real flights for comparison. 

c, lnvesti:~ation of Spurious Motion Cues. Simulator motion systems 
may introduce spuriouy motions, thus providing the simulator pilot with 
misinformation if they are perceived. This research is intended to identify 
these spurious motion• and develop techniques to remove or compensate for 
them. 

d. i'ledicated Computer Concept. Modern flight simulators have large 
computing requi r,.!lllents imposed by the real time demands of various subsystems, 
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e.g., visual, motion, etc. To handle the se requirements, a s i ngle computer 
must have high performance (speed) and a large memory. However, it is 
possible that dedicated minicomputers driving the subsystems in parallel 
could relieve the central computer of much of this load. The research 
described is an investigation of this approach and requires the acquisition 
and integration of appropriate hardware, interfacing, and software. 

e. Studies of Distance Perception. A determination is being made 
of whether the perception of distance from an observer to a familiar object 
is fundamentally different for an object viewed on a non-collimated CRT 
display, a collimated CRT display, or in a real visual scene. Comparisons 
of perceived and actual distances are used to infer whether or not distance 
perception is mediated by the same cues in all cases. Angular relationships 
will be investigated in a similar fashion. 

f. Electronic Fog Requirements. Research is being conducted in 
collaboration with the Scripps Institute of Oceanography into the perceptual 
and decision making processes involved in simulated aircraft landing scenes 
in which bt>th ceiling and runway visual range are varied using computer 
generated fog, windshield moisture and rain, and reflections due to approach 
patterns over water . 

g. Remote Piloted Vehicle Ground Station Simulation. Using a simu­
lator for the Piper PA-30 aircraft and two visual displ ay systems arr~nged 
in various configurations, this research has identified initial display 
concepts which give very consistent landing performance in the simulator, 
Implementation in the Firebee II landing studies program is being considered, 
Completion of an operational RPRV station will allow comparison of simulated 
and real RPRV pilot performance. 

h. Measurement of Cognitive Skills. Real time data will be acquired 
from a Singer GAT-1 general aviation simulator using a PDP-12 computer. 
While basic aircraft attitude, power and flight ~dth data will be monitored, 
emphasis will be placed on pilot monitoring of the aircraft system status 
information with which he interacts during the course of general aviation 
missions, Pilot interaction will be measu.red by frequency of contact, and 
by message content analysis. These data will then be used to draw conclu­
sions about pilot cognitive skills. Validation studies will be completed 
using aircraft. 

i. Measurement of Pilot Internal State by Voice Stress. Since the 
consequences of errors comitted in flight are more severe than those 
associated with errors during simulator performance, the motivational 
stress states operating under these two conditions may differ and may 
mediate changes in the ways senE•ory information is processed, This re­
search, in collaboration with the University of California at Los Angeles, 
is an exploratory study of the feasibility of applying digital pattern 
recognition in the frequency domain of speech samples to detect stress dif­
ferences in the aaae apeaker. 
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j. Simulation Data Management System. The simulation of modern 
flight vehicles requires that the simulation projec t engineer record, exa­
mine, and collate large amounts of data from the simulated aircraft. Th is 
research would develop a computer-based, conversational mode Simulation Data 
Management System with graphic display output to assi~t the project engineer 
to perform this function efficiently. 

k. Aircrew Performance and Aviation Safety (General Aviation 
Training). Intended for general aviation student pilots, this inexpensive 
radio coanunications skills simulator will consist of ~tandard communica­
tions scenarios incorporating various forms of signal degr.adation, and be 
accompanied by a tracking task to force attentional time shaving. An error 
classificati~n system has been devised which will provid~ a basis for per­
formance assessment. 
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APPENDIX D 

OVERVIEW OF SIMULATOR VISUAL TECHNOLOGY 

INTRODUCTION 

The purpose of this appendix is to identify the Army's flight simulator 
visual system requirements, to outline the state of the art in aviation 
visual simulation and to point out areas where the state of the art falls 
short of meeting the Army's visual simulation requirements. The Army's 
visual system development goals are outlined and the associated hardware 
and training risk are assessed. 

VISUAL SYS'fmt REQUIREMENTS 

Operational flight trainers currently provide cost effective training 
for instrument flight, but the majority of Army flight takes place in a 
visual environment. Visual systems are necessary for any significant in­
crease in the number of tasks that can be taught in flight simulators. 
Table D-1 outlines the visual flight tasks for each of the Army's current 
developmental aircraft, 

Each flight task has a different set of visual system requirements. For 
example, the field of view required for target acquisition is considerably 
larger than that required for confined area operation. MaxilllWD recoaaended 
vision envelopes for each flight ta~k of an attack helicopter are plotted in 
Figure D-1. These were derived from an analytical study recently conducted 
by the U.S. Army Aviation Systems Command. Similar plots for observation, 
utility, and cargo helicopters are provided in Figures D-2 through D-4. The 
minimum acceptable field of view for training each flight task is probably 
less than that recommended in the plots, but the plots are representative of 
maximum field of view requirements for Army flight similator visual systems 
including those for the developmental helicopters. The actual visual system 
capabilities will depend upon flight task analyses and visual technology 
limitations at the time of each flight simulator procurement. 

CURRENT STATE-OF-THE-ART 

l. Introduction. Every visual system possesses two fundamental sub­
systems, an image-generation and processing subsystem, and a visual display 
subsystem. A general breakdown of these subsystems is provided with current 
capabilities and limitations of each element. 'ftle capabilities and limita­
tions of current visual systems are presented first for subsystem ele•nts 
and secondly for overall systems. Each generic type of existing and develop­
mental wide angle visual aystea is described and a table of performance 
characteristic■ for each ayatn type is provided. Seven basic categories 
of wide anale visual ayste• are identified. A systeaa ducription is pro­
vided and perforunce paraaeters are listed for each system. 
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2. Image Generation Subsystems. Image generation subsystems are cate­gorized by the media in which the simulated visual environment is stored. Current image generation subsystems fall into three basic categories: i.e., camera-model subsysteu, computer-generated imagery (CGI) subsystems, and fillll subayste•. Each type of image generation subsystem is described in the following paragraphs and the capabilities of each type of subsystem are listed in Tables D-2, D-3 and D-4. 

In a conventional camera-model aubsystem, a television camera views a 110del board through an optical probe. The ca•ra, optical probe and/or the IIOdel board are driven by aervo mechanism• such that the desired portion of the 110del board is imaged by tne optical probe onto the sensor aurface of the televiaion caaera tube. The television camera converts the desired optical iaage into a video signal that is fed to a television display system. The capabilitiea of current camera-110del subsystems are listed in Table D-2. 
In a CGI subayatea, the coordinates of line or edge intersections that aake up a three-dimensional visual environment are stored in a digital computer. The computer ia progr ... ed to select from the total stored visual environNnt that portion which would be visible from a given viewing posi­tion within the total visual environment. The computer processes this selected three-diaenaional information for display as a two-dimensional scene in proper perspective within the field of view of the television dis­play syst•. CGI diaplays can consist of colored point lights, straight lines, colored aurfacea, or any cOllbination of these. The capabilities of current CGI aubayat ... are given in Table D-3. 

In a fillll illaae generation aubayatem, the viaual acenery may be stored in a motion picture film or a film tranaparency. The motion pictures usually are made with a caara 110unted on a helicopter which traveraes the path to be aillulated. Th~ tranaparenciea usually are made photographi­cally; color may be added with dyea or water colors. 

Motion picture viaual systeu fall into three basic categories, i.e., conventional, annular and variable anamorphic aystema. In a conventional ,lOtion picture ayst•, a reel of conventional motion picture film of real­world 1cenery ia projected onto a viewing screen. In an annular 110tion picture ayat•, a apherical or hyperboloidal mirror is used with a verti­cally oriented lena to iuge a 360-degree acene into an annular film format. In the annular iaaae, the horizon appears aa a circle with aky and terrain on oppoaite aid•• of the horizon circle. The 360-degree scene is projected onto a spherical viewing acreen by a vertically oriented projector with a apberical or hyperboloidal mirror. 

Variable ana110rphic fila aubayateaa fall into two cate~oriea, i.e., variable anamorphic optical aubayat ... and variable ana110r1hic electronic acan aubayat .... In a variable anamorphic optical subayat•, aervo-driven pri ... rotate, tranalate and diatort the image of a conventional 110tion picture filll to aiaulate deviations from the filming flight path. In an electronic acan ayatn, a cathode-ray-tube flying apot scanner and a photo-detector traufora the motion picture into a video signal for 
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Components 

Television Cameras 

Video Chains 
Terrain Models 

Optical Probes 

Gantries 

Components 

- ---

TABLE ~2 

CAMERA-HODEL IMAGE GENERATION SUBSYSTEMS 

Capabilities 

Up to 1365 scan lines per frame, 30 
frames per second, 800 television lines per picture height resolution, color 
4- to SO-MHz video bandwidth 
144:1 to 10,000:1 scales, up to 24 
feet in height and 64 feet in length 
Fixed focal length for terrain model 
boards, up to 140-degree field of view; Scheimphlug correction for focus; roll, pitch, and yaw servos 
Variable focal length for target models, up to 40:1 zoom capability 
Velocities up to 12 inches per second, 
accelerations up to 8 inches per 
second, servo dynamic ranges up to 
2000:1, Z (attitude) travel 2 to 4 
feet 

TABLE D-3 

COMPUTER-GENERATED IMAGERY SUBSYSTEMS 

Capabilities 
General-Purpose Computer Active data base for edges within the 

display field of view, level of scene 
detail selection, up to 131,072 words~ 32 bits pet· word, 600-nanosecond memory cycle time with dual processor 

Special-Purpose Coaputer Coordinate transformation, windowing, 
and three-dimensional perspective for 
two-dimensional display; hidden surface 
removal; signal processing for tele­vision format, up to 3300 edges, color, up to 7 channels 
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TABLE 0-4 

FILM IMAGE GENERATION SUBSYSTEMS 

Components 

Motion Picture Systems: 

Conventional 

Annulat' 

Variable Anamorphic 

Film Transparency Systems: 

Spherical or Cylindrical 

Planar 

Capabilities 

8-, 35- and 70-millimeter color motion 
picture film, 24 frames per second, 
programed visual scene does not respond 
to flight control inputs 

5-inch color motion pir.ture film with 
annular format; with variable-frame­
rate and gimbal-mounted projector, 
semi-programned visual scene responds 
to flight control inputs for changes 
in simulated aircraft speed and 
attitude 

70-millimeter color motion picture film 
with variable anamorphic optics or 35·· 
millimeter color motion picture film 
with variable anamorphic electroni c 
scan, variable frame rates for changes 
in simulated aircraft speed, optical 
elements or electronic film scan pro­
vides semi-prograuaned visual scene with 
trainee controlled changes in simulated 
aircraft attitude and small deviations 
about the filmed flight path 

Blue sky with clouds and mountainous 
horizon for attitude and heading cues 
or terrain patte·i:n for attitude and 
heading cues, no translation cues, sky 
and terrain provided by separate trans­
parencies 

Colored terrain and cultural scenes; 
roll, pitch, yaw and all translational 
cues; 4-foot diameter discs up to 6-foot 
square transparencies; 50:1 up to 
5000:1 scalea; maneuvering area limited 
by size and scale of transparency 
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presentation on a television display. Deviations from the fi lmed flight path are simulated by electronic shift and dis~ortion of the electronic scan pattern. In each type of subsystem, changes in air speed are simula ted by changing the projector frame rate. 

In a film transparency system, a point light source, such as an arc lamp, projects the scenery of a film transparency directly onto a viewing screen. Spherical, cylindrical, and planar transparencies are available. A spheri­cal or cylindrical transparency is mounted at or near the ce nter of a spherical viewing screen with the illuminating point light sour ce near the center of the spherical or cylindrical transparency. A planar transparency is mounted between the point light bOUr ce and a flat or sperical projection screen. A flat projection screen usually is rear illuminated and mounted ver t ically to provide a forward field of view. A spherical projection screen may be illuminated from above with a point light source and a hori­zontal transparency to provide a 360-degree terrain scene. Changes in vehicle heading, attitude and position are simulated by rotating and trans­lating the transparency with respect to the viewing screen and point light. The capabilities of film image generation systems are outlined in Table D-4. 
3. Visual Display Subsystems. Visual display subsystems are categorized by the type of imagery displayed, i.e., real imagery or virtual imagery. A real image is viewed directly on a cathode ray tube (CRT) or projection screen while a virtual image is viewed through an optical window. In a virtual image display, the optical window magnifies a real i mage to make the simulated scenery appear at the real world distance from the observer. The components and capabilities of coDDonly used real image and virtual image display subsystems are listed in Tables D-5 and 0-6 respectively. 
4. Narrow Angle Visual System Capabilities. Film image generation systems with optical display techniques provide the best resolution and scene quality of all present visual systems. Motion picture projectors with variable anamorphic optics currently provide color displays with a resolution of 3 to 4 minutes of arc and a luminance up to 20 foot-Lamberts. However, variable anamorphic film based systems are limited in application because the film is inherently semi-progranaed and the variable anamorphic optics introduce distortions in the scene that are particularly objection­able when vertical objects are displayed. Any simulated flight path that falls outside of the limited flight envelope, recorded on the film, will result in loss of the visual scene. 

Visual systems with computer-generated imagery provide the most flexible imagery for simulating non-prograaaed flight paths and for simulating FLIR, RADAR and LLLTV displays. However, the imagery for a real-world day scene has a symbolic character and lacks realistic detail and texture for day scene simulation. The image quality is limited primarily by the display, and the image content is limited by the computer storage and processing capacity. Computer-generated imagery systems are being developed to provide day scenes in color with 3 to 5 minutes-of-arc resolution over a 40-degree display field of view. Computer-generated imagery systems that provide night scenes with colored point lights are available with 3 minutes of arc resolution over a 36-degree field of view. 
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TABLE D- 5 

REAL IMAGE DISPLAY SUBSYSTEMS 

Conponents 

Television Projectors: 

Cathode Ray Tube (CRT) 
Projectors 

Light Valve Projectors 

Motion Picture Projectors: 
Conventional 

Annular 

Variable Anamorphic 

Screens 

Capabilities 

Up to 1225 scan lines per frame, 30 frames 
per second, up to 1000 television lines per 
picture height resolution, color display with 
up to 2200 lumens light flux output 
Monochrome - Up to 1203 scan lines per frame, 
30 frames per second, up to 1000 television 
lines per picture height horizontal resolution 
and 700 tsl~vieion lines per picture height 
vertical resolution at 945 scan lines per 
frame, 4000 lumens light flux output 
Simultaneous Color - Up to 525 scan lines per 
frame, 30 frames per second, 600 television 
lines per picture height vertical resolution, 
3600 lumuns of light flux output 
Field Sequential Color - Up to 735 scan lines 
per frame, 150 fields per second, 600 tele­
vision lines per picture height vertical re­
solution, 900 lumens of light flux output 

Projection angles up to 160 degrees horizontal 
by 60 degrees vertical 
Projection Angles up to 360 degrees horizontal 
by 92 degrees vertical 
Projection angles up to 58 degrees horizontal 
by 28 degrees vertical 
Flat - Front or rear projected, wide angle 
coverage with side-by-side arrangement, gain 
depends on field of view, and on maximum 
viewing and projection angleR to the screen 
normal 

Spherical - Up to 360 degrees horizontal 
coverage, gain depends on number and s~vara­
tion of viewers and on separation of pro­
jectors from viewers 
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TABLE D-6 

VIRTUAL IMAGE DISPLAY SUBSYSTDtS 

Components 

Mirror-Beamsplitter Optics 

Pancake Window Optics 

Capabilities 

Illuminated by cathode ray tube, typi­
cally up to 48 degrees horizontal by 
33 degrees vert i cal field of view, 
18-percent H g.ht transmission ef fici­
ency, can be arranged in row-column 
matrix for wide an&le coverage 

Illuminated by high-brightness cathode 
ray tube or television projector, up 
to SO-degree diagonal f ield of view, 
one percent light transmission effic­
iency, can be arranged in a dodecahedron 
mosaic pattern for wide angle coverage 

Television display systems with camera-model image generation provides 
for non-prograllllled flight; but the flight path must be within the area 
limits of the model board and the dynamics of the optical probe gantry. 
Display image quality is a function of the optical probe, the television 
camera pickup tube, all the elements of the video processing chain, the 
television projector or display tube, and the display optics. The model 
board provides both the three-dimensional dynamic cues such as motion paral­
lax and interposition, and the sur f ace texture cues which are useful for 
Judging relative velocity and closure rates, Television display systems 
with camera-model image generation have provided color displays with 11 
minutes-of-arc resolution and up to 20 foot-Lamber ts luminance with a 60-
degree horizontal by 40-degree vertical field of view. 

5, Wide Angle Visual System Capabilities. Wide-angle visual systems 
with continuous horizontal fields of view greater than 180 degrees are 
limited currently to film image projecti.on techniques. The point light 
source system uses a two-dimensional film transparency to provide a color 
display with typically 1 foot-Lambert luminance and 10 minutes of arc over 
a 200-degree horizontal by 60-degree vertical field of view. 

Film transparency systems, with an annular image format, can provide a 
color 360-degree horizontal by 42-degree vertical field of view with 3 to 
4 minutes of arc 1·esolution and approximately 3 foot-Lamber ts luminance. 

Spherical transparency systems co111111only are used in conjunction with 
narrow angle television projectors which are servo positioned in the wide 
angle field of view to simulate a target for gunnery or weapons delivery. 
This type of system can provide a target image whose resolution of approxi­
mately 6 minutes of arc at close range improves with range to approxi­
mately 1 minute of arc at maximum range. The luminance of the target 
image is typically 1 to 3 foot-Lamberts. 
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Wide angle television systems have been developed with a combination of two or more narrow angle display segments arranged to extP.nd the field of view. A wide angle computer-generated imagery system with three 60-degree by 60-degree display segments has been developed as an attachment to a fixed-wing operational flight simulator. A visual system for fixed wing aerial combat simulation has been developed using aircra f t target models with television pickup cameras, a computer-generated synthetic back­ground scene, and a mosaic of seven optical display windows . Each display window is illuminated by a cathode ray tube with a monochrome television display. A similar optical mosaic of eight windows has been developed using computer-generated imagery. The optical mos~ic display systems can provide a field of view up to 300 degrees horizontai ~y 220 degrees vertical. 

Most of the aviat i on wide angle visual systems that are operational now or that will be operational by December 1975, fall into seven basic cate­gories. These categories, or system typ_s, are identified in Table D-7 as systems A through G. Performance parameters are listed for what is con­sidered to be the beet overall system of each system type. A brief deo­cription of each of the seven basic wide-angle visual systems is provided below: 

a. System A. This system is comprised of a spherical screen on which two aircraft target images are projected. A window with mirror-beam­splitter virtual image optics is mounted ln front of the cockpit. This window utilizes a CR!' and two target projectors to provide a vertical image display of the background scene and the target images within the forward 60-degree field of view. A total of six target projectors are used, two on each side of the cockpit and two for the forward virtual image window. The target images are derived from two television cameras which view gimb~l mounted three-dimensional aircraft models. Each target image is switched from one projector to another as the target image traverses from one side of the screen to the other or into or out of the forward 60-degree virtual image window. 

The background scene is projected onto the screen by a sky-earth pro­jector comprised of two internally lighted transparent hemispheres. The sky-earth projector is gimbal mounted behind the cockpit near the center of the spherical screen. The sky contains scattertid clouds and the ground has a terrain pattern. The hemispheres are tilted and rotated to create the illusion of aircraft attitude and heading changes in response to flight con­trol inputs. The point light source is moved within the terrain hemisphere to create the illusion of ground growth with altitude chan r a. No trans­lational cues are provided in the background scene. The background scene for the forward virtual image window is derived from a television camera which views a background scene on a ~imbal-mounted sphere. 

Currently, a system of this type is be:i.ng used as a research tool in the design of new aircraft and aircraft systems. The forward 60-degree vir : ual image window is used in the design and develop•nt of operational heads-up di•play systems. This visual system provides visual simulation for two-on­one air-to-air combat. However, the system is limited in application since 
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it lacks a capabil i ty for taxiing, takeof f and landing, and translation over terrain. 

b. System B. This system is comprised of a s pheri cal screen on which a background scene and a target image are projected. A sky-earth pro­jector, comprised of two internally lighted transparent hemispheres, is gimbal - mounted above and behind the cockpit to project a sky and terrain scene. The sky and terrain are without di ~tinctive features except for clouds and a jagged horizon representing distant mountain peaks. The hemispheres are rotated in roll, pitch and yaw to create the illusion of aircraft attitude and heading changes in response to flight control input s . 

A narrow angle CRT projector is gimbal-mounted between the background projector and the cockpit to superimpose a target aircraft i mage on the background scene. The target image is generated by a television camera which views a three-dimensional aircraft model. The model is encapsulated in a transparent ball which is servo driven to present the aircraft model in proper perspective to the camera. 

This system can provide a high resolution target image and a continuous background display with no image breakup due to wind~w interfaces, but it is limited in application. It does not provide adequate visual simulation for taxiing, takeoff and landing, or translation over the terrain. Heavy reliance must be placed on cockput instruments particularly when the horizon is not in view because the tet·rain scene lacks any distinctive features. Currently, a system of this type is being used as an engineering develop­ment t~tl in the design of new aircraft. 

c. System C. This system is comprised of a matrix of high re­solution color television monitors and mirror-beamsplitter virtual image optics. The wide angle image is derived from a high resolution color tele­vision camera and a three-dimensional model board. The camera is gantry mounted and is equipped with a wide angle optical probe. 

This system provides visual simulation for taxiing, takeoff and landing and circling approaches; but it lacks the capability to provide high re­solution target imagery for tank target acquisition. Currently, a system of this type is being installed as an el~perimental visual system for re­search in pilot training. 

d. System D, This system is comprised of multiple pentagon shaped display channels which are mosaiced together to form a partial dodecahedron shell surrounding cockput. Each display channel -has a CRT with pancake window virtual image optics. Since the pancake window optics are only one percent efficient, large high-brightness monochrome CRT's are used. Color CRT's with the required brightness are beyond the state of the art. 

A visual environment for taxiing, field takeoff and landing, aerobatics and formation flying is provided by a computer generated imagery system. Currently, a two-cockpit system of this type is being installed for use as an experimental visual system for research in undergraduate pilot training. 
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This system is llmited in application since it lacks the capability to present high resolution target imagery for tank target acquisition. 

e. System E. This system is comprised of multiple pentagon shaped display channels which are mosaiced together to form a partial dodecahedron shell surrounding the cockpit in a manner similar to System D. Each display channel has a CRT with pancake window virtual image optics. Unlike System D, each CRT has a shrunken raster capability to provide high resolution target 
imagery. 

The target imagery is generated by a television camera which views 
a gimbal mounted aircraft model. The background scene of terrain and sky is computer generated. The background and aircraft images are displayed 
in time sequence. The background scene is displayed on each full-size raster while the target image is supertmposed on the background with a 
shrunken raster. The shrunken raster provides high resolution in the target image. 

The display electronics of each window require very high performance subsystems. These include wide bandwidth video amplifiers and linear 
horizontal and vertical deflection systems. The deflection systems must be linear and accurately matched to maintain image continuity as the aircraft 
image moves across window interfaces and to maintain proper image per­
spective as the aircraft raster is changed in size to simulate a change in target range. High-brightness CkT's are used because of the one-percent 
efficiency of the pancake windows. 

Currently, a two-cockpit system of this type is being installed for use as an experimental visual system for research in air combat tactics and in 
air-to-air combat training. This Rystem is limited in application since simulation of takeoff and landing is not provided. 

f. System F. This system is comprised of a single row of flat 
rear projection screens mounted side-by-side around the cockpit. Each 
screen is illuminated by a color light valve television projector. A computer-generated imagery system feeds colored surf ace imagery to each of the television projectors , 

A visua~ environment is provided for taxiing, takeoff and landing, 
formation flying and weapons delivery. Currently, an experimental system 
of this type 1.s being evaluated to determine its potential for undergraduate pilot training. This system is limited in application since it lacks sufficient resolution for air-to-air combat simulation. 

g. System G. This system is comprised of a spherical screen and a point light source with a gimbal-mounted planar transparency. The gimbal system tra~slates and rotates the transparency with respect to the point light source to portray motion of the simulated vehicle. The scale of the scene can be changed in steps by changing the transparency. Some down time is required to change transparencies. 
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The point light source provides a continuous wide angle display wi th 
a translational background which is desirable for simulation of taxiing, 
takeo f f and landing. However, the point light source has the disadvantages 
of relatively poor resolution at close r anges, low brightness, and a very 
limited geographical area. The geographical area is particularly limited 
where low scale factors are used to provide the needed resolution for take­
off, landing and low altitude flight. 

PRESENT TECHNOLOGICAL LIMITATIONS 

1. Narrow Angle Visual System Limitations. Currently, narrow-angle 
visual systems are limited in field of view to about 60 degrees horizontal 
with a resolution of from 4 to 15 minutes of arc. The better resolution of 
4 minutes of arc can be obtained from mot i on picture film at the expense of 
scene flexibility. However, the scene content of a motion picture visual 
system is inherently prograD1Ded or semi-programmed. A conventional motion 
picture is an example of a progra11111ed scene. No provisions are made for the 
scene to change in response to any trainee or instructor control inputs; the 
scene only can be watched. A motion picture system with variable ana­
morphic scene distortion is an example of a semi-programmed scene. Pro­
visions are made for the visual scene to change realistically in re■ponse 
to trainee iaputs through the simulator flight controls. However, the 
simulated flight path is limited to a narrow corridor about the original 
path of the photographing aircraft. If the simulated flight path moves out­
side of a narrow flight envelope, the scene will be lost. 

Non-prograaned visual systems are available with television or computer­
generated imagery. These systems respond to trainee inputs such that the 
simulated flight paths are unrestricted within the geographical and altitude 
limits of the image generation system. The resolution and image quality of 
these systems generally are poorer than that of motion picture systems, but 
the freedom of flight and flexibility of the television and computer gen­
erated imagery systems are preferred for most flight missions. 

2. Wide Angle Visual System Limitations. Currently, wide angle visual 
systems with mosaiced television displays are limited in field of view to 
about 240 degrees horizontal with a resolution of 14 minutes of arc through­
out the total field of view. Horizontal fields of view up to 360 degrees 
are available with a transparency and point light source. A gimbal mounted 
projector may be used to superimpose a small target image on the 360-degree 
background scene. In such systems, the wide-angle background scene is 
limited in resolution to about 15 minutes of arc while the narrow-angla 
target image is limited to about 2 minutes of arc. 

A summary of present and near-term wide angle visual system limitations 
is provided in Table D-8. Upper and lower performance limits are shown 
for each system par•eter. The system or systems that exhibit each upper 
and lower paraatric limit are identified by letter codes. Performance 
parameters for each system type are listed in Table D~7, and a description 
of each system type is provided in Section 3 of this appendix. 
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3. Design Limitations. It would be desirable to design a system with all of the favorable parametric limits of Table D-8, the more favorable value being the upper or lower limit depending upon the parameter. Un­fortunately, this is not possible because many of the parameters involve tradeoffs with other related parameters. Table D-9 indicates some of the parameters that interact in visual systems. In general, improvement of one parameter will result in the degradation of a related parameter. 

For example, a wide field of view is usually accomplished at the ex­pense of image resolution and brightness. Figures D-5 and D-6 illustrate some of the constrai.nts encountered in the tradeoff of resolution and brightness for a greater field of view. The family of curves in Figure D-5 indicate that the limiting resolution of a television display system is degraded as the display field of view is increased. The family of curves in Figure D-6 indicate that the brightness of a projected image on a spherical display screen decreases as the display field of view is in­creased. 

The resolution of a target image can be improved by decreasing the pro­jection angle of a zoom projector lens. This effect is illustrated in the family of curves in Figure D-7. Two desi:able features of a projector zoom lens are apparent in this family of curves. First, the variable image magnification offers a means to simulate changes in target range, and secondly, the compression of the target information improves the resolu­tion of the small target image where high resolution is needed most. The zoom projector technique will be used in a Navy wide angle visual system that is scheduled for delivery in fiscal year 1977. This visual system will provide a small target image resolution that approaches the limit of the human eye (approximately one minute of arc). 

VISUAL SYSTEM DEVELOPMENT GOALS 

1. Near-Term Goals. Near-term goals for the next two to three years are to use and refine existing visual s:;stem technology to mee t the Army's present pilot training requirements. Current efforts are directed toward the development of two prototype visual systems, one for the CH-47 (Device 2B31) and one for the AH-lQ (Device 2B33). These visual systems are scheduled for delivery in fiscal year 1976 as part of the CH-47 and AH-lQ prototype flight simulators. Both of the visual syste&s will employ camera­model board technology with state-of-the-art optics and electronics. Special image generation techniques are being developed for the 2B33 to simulate weapons trajectories and impact signatures. 

The Army's 2B31 and 2B33 visual display systems will provide high resolution color imagery that exceeds the overall performance of any exist­ing visual system. The projected resolution of the 2B33 visual system is compared with that of an existing visual system and that of the real world in Table D-1O. The data for the existing visual system is based on the capability of a typical visual system in use by the ai~lines. The ranges in the table for real world capabilities are based on the assumptions that a tank can be detected as an object when it subtends an angle from 1.5 to 
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TABLE D-8 

RANGE OF WIDE ANGLE VISUAL SYSTEM PERFORMANCE PARAMETERS 

Performance Parameters 

Background Display 
Number of Channels 
Resolution, Center (Arc Hin/OLP) 
Resolution, Edge (Arc Hin/OLP) 
Field-of-View, Total (Deg) 
Field-of-View, Per Channel (Deg) 
Luminance (Ft-L) 
Contrast 
Color 
Refresh Rate (No./Sec) 
Lag (Sec) 
Position Accuracy (Deg) 
Geo•tric Distortion (Percent) 

Target Dilplay 
Resolution, Max FOV (Arc Hin/OLP) 
Field-of-View, Max (Deg) 
Luminance (Ft-L) 
Contrast 
Color 
Refresh Rate (No./Sec) 
Lag (Sec) 
Po ition Accuracy (Deg) 
Geometric Distortion (Percent) 

Aircraft Flight Perfor111ance Envelope 
Altitude Range, Hin/Max (Ft) 
Maneuvering Area (NM X NM) 
Velocity (Knots) 
Acceleration (G'a) 
Pitch Excursions (Deg) 
Pitch Velocity (Deg/Sec2) 
ritch Ac~.,leration (Deg/Sec2) 
R.oll Excurs Lon (Deg) 
Roll Velocity (Deg/Sec) 
Roll Acceleration (Deg/Se c2) 
Headina Excursion (Deg) 
Heading Velo Jty (Deg/Sec) 
Heading Acceleration (Deg/Sec2) 

Co■puter Rates 
Motion Equations (Cyc les/Sec) 
Coimand Signals (Cycles/Sec) 

1 
4 
4 

Lower Limit 

Data 

108 X 48 
36 X 24 
.1 
10:1 
Monochrome 
30 
.05 
. 3 
Less than 1 

1.7 
10 
0.4 
15:1 
Honochronie 
30 
0.1 
1 
Less than 1 

System 
Type* 

B 
G 
G 
C 
C 
A 
D,E 
D,E 
D,F 
C 
8 
8,D,E 

A 
A 
A 
8 
B,E 
A,B 
8,E 
E 
A 

50/10,000 B 
4x4 (X Scale) G 
550 C 
0.09 G 
+20 G 
+40 G 
80 C 
+20 G 
+40 G 
150 C 
Unlimited All 
57.J G 
80 C 

7.5 
15 

D 
D 

Display Size, Width X Length X Ht (Ft) 11 x 8 x 8 C 

8 Display Weight (Lbs) 1000 

*Sec Tab le D- 7. 

D-19 

Upper Limit 

8 
20 
20 

Data 

300 X 142 
360 
8 
20: l 

E 
F 
F 
E 
A 

System 
Type* 

C 
C,F 

Full Color C,F,G 
Continuous ' B 
.1 D,E,F, 
Varies w/ Alt G 
Varies w/Alt G 

6 B 
60 B 
8 E 
20: 1 E 
Full Color A 
60 E 
0.1 B,E 
Less than 1 E 
Lees than 5 8 

0/500,000 
1250 X 1250 
1400 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unlimited 
Unl l111ted 
Unlimited 
Un!imited 
Unlimited 

100 
30 

F 
D 
A 
D,F 
A,C,D,E,F 
D,F 
D,F 
A,B,C,D,E,F 
D,F 
D,F 
All 
D,F 
D,F 

A,G 
8 

25 x 25 x 20 G 

13,000 D 



TABLE 0-9 

VISUAL SYSTEM PARAMETER INTERACTION 

..-4 . 1 cu 
C cu C (J 

"' M .s:: ::, u 0 Ill 
Ul --➔ M cu cu C C p. 
0 >, C .... 

"' "' ~ .J --➔ .s:: cu "' p. u .... .J M Ill > 
~ cu .... ~ I cu C A 0 ~ u .J cu 0 c:: Ill .s:: c., ~ M I "' "' Ill 0 cu "tl c:: M M cu cu i ..-4 ••➔ .J 0 M !JC cu cu g d ..-4 ~ a p. Performance Parameters ::, .... 0 0 l1J t: z i:a. ,-'I u u ~ H 

Number of Channels X X 

Field-of-View per Channel X X 

Resolution X X X X X 

Luminance X X X X X 

Contrast X X X 

Color X X X 

Refresh Rate X X X 

Lag X X X X 

Position Accuracy X X X 

Geometric Distortion X X X 

Maneuvering Area X 

Display Size X X X 

Display Weight X X 
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3 minutes of arc; that it can be recognized as a tank when it subtends an angle from 5 to 10 minutes of arc; and that it can be identified as friend or foe when it subtends an angle from 20 to 40 minutes of arc. 

While the resolution capability of the 2831 and 2833 visual systems will be significantly better than that of existing visual systems , further de­velopment is required to approach the deeired real world capabilities. How­ever, minimum resolution requirements should be determined for each visual task to avoid unnecessary development and procurement costs for resolution that may not be needed. 

Visual System 
Status 

Existing 

Developmental 

Desired (Real 
World unaided 
eye) 

TABLE D-10 

CAPABILITIES OF EXISTING, DEVELOPMENTAL, 
AND DESIRED VISUAL SYSTEMS 

Visual System Display Tank Tank 
Resolution Field of Detection Recogni-

(Minutes of View Range tion Range 
Arc) (degrees) (meters) (meters) 

14 38 X 50 1500-3000 500-1000 
9 36 X 48 2000-4000 700-1200 
1 120 X 270 4300-8700 1300-2600 

Tank 
Identifi-

cation Rang 
(metP.rs) 

100-300 

150-450 

300-600 

2. Mid-T,?rm Goals. Efforts over the next three to five years will be directed toward ~eneral upgrading of nnar term capabilities and determining the most effective mix of visual system techniques. Mid-term goals include the development of wide angle visual systems for the Army's developmental helicopte~s. Particular emphasis will be placed upon the generation of data needed to develop a tactical visual display system with a nap-of-the-earth (NOE) training capability. In pursuit of this goal, the Army Research Institute for the Behavioral and Social Sciences (ARI) has an on-going pro­gram of research in the NOE training area. During fiscal years 1976 and 1977, ARI plans to procure a wide angle NOE visual system as a research facility. The ARI research effort plus developments from other government and industrial research should result in a technically feasible approach to a cost effective NOE visual system. 

3. Long-Term Potentials. The potential for the next five to ten years is to provide full field of view simulation with high resolution imagery over a wide area. It is anticipated that computer-generated imagery (CGI) may have the potential to accomplish this objective for most, if not all, of the Army's pilot training taskd. However, the acceptability of a CCI visual system would depend upon the acceptability of the symbolic imagery of a CGI visual scene. Model boards with wide angle laser scanning systems 
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have the potential to provide high resolution realistic imagery over a 
wide angle (up to 360 degref:S horizontal). The concept for a wide angle 
laser scan visual system ha8 been developed by industry. 

ASSESSMENT OF RISKS 

The definitions of Table D-11 will be used in the assessment of tech­
nological and training risks. Hardware risk is a function of the current 
state-of-the-art while training risk is a function of the sys tem application. 
The distinction between technological and training risks is important because 
a visual technique may have a low hardware development risk with a high train­
ing risk or vice versa. An example of a visual system with low hardware risk 
and high training risk would be one that could be built to a set of hardware 
specifications with little or no difficulty but after completion it may 
provide little or no positive training for a given application. A visual 
system may have a low training risk for one application, but a moderate or 
high risk for a different application. Obviously, it is desirable for a 
vi~ual system to have both low hardware risk and low training risk, 

Possible applications of image generation sources to Army pilot train­
ing tasks are indicated in Table D-12. Hardware and training risks for each 
application are identifieJ individually by letter code. The risk codes are 
definec in Table D-11. Wide angle visual display systems that could be 
applied to Army pilot training tasks are indicated in Table D-13. Again, 
hardware and training risks are indicated by the letter codes defined in 
Table D-11. In each case, the system applications and risk assessments are 
based on engineering judgment. A thorough analysis of specific pilot train­
ing requirements should be conducted before any image generation sources or 
visual display systems are applied to an aircraft-specific visual system 
procurement. It is apparent from Tables D-12 and D-13 that existing image 
generation sources and visual display systems must be improved or new 
techniques developed before all of the Army's visual flight training tasks 
can be accomp l ished with a single simulator. 

Risk Code 

L (Low Risk) 

M (Moderate Risk) 

H (High Risk) 

TABLE D-11 

DEFINITION OF RISK CODES 

TEC (Technological) 

Technology in general use 

Engineering development 
required 

Research and development 
required 

D-25 

TRG (Training) 

Proven effective by 
similar technique 

Unproven but analysis 
endorses 

Unproven without 
significant analysis 



TABLE D-12 

IMAGE GENERATION SOURCES APPLIFJ> TO ARMY FLIGHT TRAINING TASKS 

Image Generation Sources 
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APPENDIX E 

PROJECT MANAGEF. TRAINING DEVICES 
(PM TRADE) CHARTER 

DESIGNATION OF PROJECT MANAGER 
. 

Colonel Leland A. Wilson was designated Department of the Army Project 
Manager for Training Devices effective 9 September 1974. The project 
manager reports to the Commanding General,. U.S. Army Materiel Command (AMC). 
This is the :f.nitial charter for the Proje~t Manager (PM), Training Devices 
(TRADE), and it will be reviewed annually on its anniversary date by the 
project manager to insur~ currency and adequacy. ,, , 

MISSION 

The Project Manager (PM) Training Devices (TRADE) is responsible for 
project management of Army T~aining Devices, except those training devices 
under the cognizance of AMC Major Subordinate CoD111ander r. and other Project/ 
Product Managers, in accordance with DoD Directive 5000 . 1, AR 1000-1, 
AR 70-17, AR 71-7, AMCR 11-16, and other pertinent regJlations. The PM 
TRADE exercises direct control over the U.S. Arrfl'J Tr~ining Device Agency 
(ATDA), Orlando, Florida. 

AUTHORITY AND RESPONSIBILITY 

The project manager has been delegated the ful l line authority of the 
Commanding General, AMC, for the centralized management of the Training 
Devices project, and is responsible for: 

1. Planning, directing, and controlling and allocation and utilization 
of all resources authorized for execution of the approved projects. 

2. The definition, development, product assurance, initial procurement, 
production, distribution, and integrated logistic support to accomplish 
project objectives, 

3. Achieving the technical performance objectives of the projects, as 
stated in the requirements documents, on schedule and at the lowest prac­
ticable cost. Cost parameters shall be established which consider the cost 
of acquisition and ownership; discrete cost elements (e.g., unit production 
cost, operating and support cost) shall be translated into "design to" re­
quirements. Traceability of estimates and costing factors, including those 
for economic escalation, shall be maintained. 

4. Practical trade-offs between training devices capabilities, costs 
and schedulu within the band& of performance of the training device re­
quirements. Trade-off decisions will give full consideration to the effect 
on training devices aupport effectiveness and integrated logistics support 
resource eleaents. 
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5. Assuring that planning is accomplished and that, except as otherwise 
directed, the execution of the projects conform to the plans , including im­
plementation by the organizations responsible for the complementary fanctions 
of integrated logistic support, product assurance and operational testing, 
and activation or deployment of training devices and related equipment. 

6. Assuring that all major decisions are supported by a comprehensive 
Decision Risk Analysis (ORA). 

7. Providing full support and responsiveness to the management authority 
for any training devices under the cognizance of AMC Major Subordinate 
Commanders and other Project/Product Managers. 

8. Appropriate utilization of the AMC corporate and commodity labora­
tories in the solution of project technical problems and insuring that 
project industrial contractors are fully aware of the technical resources 
and expertise available in these laboratories. 

9. Exercises direct control over the U.S. Arfll'/ Training Device Agency 
(ATDA) Orlando, Florida. The Conaanding Officer, ATDA reports to the PM 
TRADE and is responsible for research, development, and engineering of train­
ing devices and selected training aids through the application of selected 
resources of the Naval Training Equipment Center (NTEC) to fulfill Army 
requirements in accordance with the joint Army-Navy agreement of 20 March 
1950. 

Paragraph VIII. B. identifies offices and organizations which are 
responsible for the execution of specifically assigned project tasks, and 
other participating organizations which support the project manager in 
accordance with DoD and DA directives and regulations. 

ASSIGNED ARMY RDTE PROJECTS AND TASKS 

The project manager is responsible for the Army RDTE projects listed in 
Table E-!. 

ASSIGNED PROCUREMENT PROGRAM ELEMENTS 

The project manager is responsible for the procurement program for non­
system training devices and assigned selected training aids and system 
training devices, including product improvement, initial production 
facilities, and other customer procurement, as required. 

OTHER ASSIGNED PROGRAMS AND TASKS 

The project manager is responsible for: 

1. Serving as the principal focal point below 1~ ~t1ciquarters, DA, for 
training devices acquisition and aupport. 
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TABLE E-1 

ASSIGNED ARMY RDTE PROJECTS OR ITF.MS 

Title Element Code DA Project 

Synthetic Flight Training System 6.32.09.A 1X263209DB39 
Synthetic Flight Training System 6.42.04.A 1X264204D275 
Nonsystems Training Devices 6.47.15.A 1X764715D572 
[Includes priority tasks for the 
Codlined Arms Tactical Training 
Simulator (CATTS) and the 
Multiple Integrated Laser 
Engagement System (MILES)] 
ArTll'f Support for Naval Training 6. 47 .15.A 1X764715D573 
Equipment Center 

Other Training Devices RDTE Projects as may be assigned on a 
tasking basis by the applicable program manager. 

2. Insuring optimum comonality, compatibility and interoperability within and between training device components. 

3. Participating in and providing technical support as required in the establishment of intra-ArTll'f and inter-service engineering design standards and test specifications for training devices. 

4. Providing or insuring provision of, technical assistance to Head­quarters, DA, staff agencies and major Army commands in the execution of their responsibilities in the field of training devices and, in particular, participating with U.S. ArTll'f Training and Doctrine Comand (TRADOC) and U.S. Army Forces Command (FORSCOM) in defining explicit requhements which are commensurate with available technology, permissible costs and schedules. 

5. Insuring effective configuration manage•nt to include identification, control and status accounting of training device specifications and component interfaces. 

6, Insuring that an effective product assurance program is established for the materiel life cycle, to include reliability, maintainability, quality assurance, test and assessment. 

CONTRACTOR. PERFORMANCE MEASUREMENT 

The project manager is specifically responsible for establishing and maintaining a system for contractor perforunce meuureaent in the areas of coat, schedule, and technical performance. As part of his manage•nt of the project, he will: 
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1. Continually monitor and analyze the variances between the amount of work planned and that accomplished; and between the amount of work accom­plished and the actual costs. Should the provisions of DoDI 7000.2 (Per­
formance Measurement for Selected Acquisition) be or become applicable to the training devices program, data generated by this requirement and called for on the Contract Data Requirements List (DD Form 1423) will be used for contractor performance measurement. Otherwise he may establish some other techniques which will enable him to perform as effectively as practicable the required variance analysis. As a result of his analysis in contractor performance, the project manager will identify potential or incipient 
problem areas and will develop and define alternatives, and depending upon the authority threshold, he will take or recommend actions to overcome the problems with minimum adverse effect upon the program. 

2. Insure his project meets the performance objectives stated in the requirements documents. He will maintain continued surveillance of tech­nical characteristics to detect and correct sub-standard performance. 

INTERFACE AND PARTICIPATING ORGANIZATIONS 

1, Interface Organizations 

a. Office of the Secretary of Defense 
b, Defense Supply Agency 
c. Department of the Army 
d. Department of the Navy 
e. Department of the Air Force 
f. Other U.S. Military C0111D&nds, 88 applicable 
g. Foreign Governments, as required 

2. Participating Organizations 

a. U.S. Marine Corps 

The Marine Corps Liaison Officer, Naval Training Equipment 
Center, Orlando, Florida coordinates with the project manager and co11111uni­cate1 directly with the Coanandant of the Marine Corps (Director, Training and Education Division, Code Kl'), Headquarters, Marine Corps, concerning Marine Corps participation in Army projects. He assists the project manager in management for timely coordination of all Marine Corps - Army matters within the purview of the program. He is responsible to the Co111181ldant of the Marine Corpe, as his representative for representation in the project, subject to the authorities and responaibilities delineated herein. The Marine Corpe Liaison Officer, Naval Training Equipment Center is delegated authority to speak for the Coaundant of the Marine Corps in matters 
pertinent to the TRADE development, subject to the lillitationa prescribed herein. Reliance is placed on hie ability to refer to the appropriate 
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designated authority those matters requiring decisions by higher echelons. His authority to act independently is limited by referral to the Commandant of the Marine Corps prior to taking actions which: 

1) Require deviation from established Marine Corps policy. 
2) Require Marine Corps funding of the project. 
3) Change delivery schedules for Marine Corps procured material. 

b. U.S. Army Training and Doctrine Command 

Support the project manager as prescribed by Arm'j regulations and DA directives, i.e., operator and maintenance training, training device requirements (TOR), input to qualitative/quantitative personnel requirements information, and basis of issue. 

c. U.S. Army Forces Command 

Support the project manager as prescribed by Army regulations and DA directives, i.e., mit training support requirements. 

d. U.S. AMC C0111DOdity Commands 

Provide design, fabrication, production assurance, integrated logistics support of training devices and plan for and procure GFE equip­ment as required. 

e. U.S. Army Test and Evaluation Command 

Conducts developmental tests and special tests in accordance with current regulations. 

f. U.S. Arflf'j Ballistic Reaearch Laboratories 

Work on a task basis for the project manager to provide data in support of training devices, i.e., (ballistic data). 

g. U.S. Arflf'j Human Engineering Laboratories 

Work on a task basis for the project manager to provide assess­ment of human factors associated with training devices. 

h. Other U.S. AMC Corporate Laboratories 

Aa tasked by the project manager, design and develop or con­tribute to the design and development of particular configuration items of training devices. Perform theoretical and eapirical analyses as required. 

i. U.S. Army Logiatic• Evaluation Agency 

Participate, in review of RDTE efforts for logistical implica­tions and the adequacy of integrated logistic aupport planning. 
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j. U.S. Army Materie l Systems Analysis Agency 

Conduct effectiveness studies and trade-off ana lyses as tasked by the project manager through Director of Plans and Analysis, AMCPA-S, Head­quarters, AMC . 

k. Defense Contract Administration Services 

Contract administration 

1. U.S. Army Operational Test and Evaluation Agency 

Operational test and evaluation. 

m. Fort Benning, Georgia 

Provides administrative support in accordance with a separately negotiated intra-service support agreement. 

n. U.S. Army Research Institute for Behavioral and Social Sciences 

As tasked by the project manager through ODCSPERS assists in assuring training effectiveness of training devices at all stages of re­quirements generation, development, and evaluation. 

CCNMUNICATION CHANNELS 

1. The project manager has a direct channel of communication to the (;omnanding General, AMC, the Chief of Staff, Army, and to the Secretary of the Army should any of the participating organizations fail to respond to project requirements in any of the several management areas. 

2. Direct communication is authorized between all participants in­volved in implementation of the approved project to assure timely and effective direction and interchange of information between participants. 
3. frior to comunicating with the Office of the Secretary of the Army, Offi,;~ of the Chief of Staff, or interface agencies not part of DA, the project manager will apprise the Department of the Army System Coordinator (r,ASC) c,r the appropriate Army staff agency of the communication to insure coordination and assistance. 

RESOURCE CONTROL 

1. Army resources to accomplish the above responsibilities will be provided directly to the project manager by Headquarters, AMC. The project manager will, in turn, provide the necessary monetary resources to the AIDA or appropriate participating organizations for support provided in accordance with applicable regulations and policies. Other departmental resources pertinent to assigned missions will be provided directly to the project manager by Military Interde~•rt11BDtal Purchase Request (MIPR). 
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2. The staf f of the proj ect 1nanager is the source of personnel to perform management f unctions in the areas of personnel and training manage­ment, program ~nnagement, procurement and production, system engineering, configuration management, product assurance and test, human factors en­gineering, producibility engineering and planning, cost estimating and analysis, and integrated logistics support management. 
3. The project manager is responsible for cost control of his projects, and he is specifically responsible to insure that the procurement cost is minimized through cost control, change control, contractual enforcement, and contractor motivation. In the execution of this responsibility he will maintain continual surveillance of the variance between planned cost of the work performed and actual cost for that work to detect and ameliorate incip­ient cost growth, and he will insure that each contract change is analyzed for life cycle cost impact prior to execution. 

4. To insure effective resource control, the project manager will provide system Life Cycle Cost Estimates during the early stages of deve l op­ment which will serve as baseline estimates for total system costs. The baseline estimates will be established as initiating points for cost tracks on each system program. Estimates of acquisition costs should be contin­ually reassessed and reestimated as necessa.;,. Operating costs in the base­line estimates will be reassessed only as required for appropriate decision points, or for managerial control, as the project manager or higher authority may determine. 

LOCATION AND ADMINISTRATIVE SUPPORT 

The Project Manager, Training Devices is located at Fort Benni~g, Georgia, with necessary facilities and administrative support being pro­vided by that organization. Field Offices or liaison teams may be created by the project manager, as required, without change of charter. Necessary facilities and administrative support will be provided by the command/ activity where established. 

TRANSITION 

1. The status of the training devices project precludes the develop­ment of a realistic phase out date, and transition plans have not been addressed. 

2. Six months prior to the transition of an individual training devices project, a transition agreement will be negotiated with the applicable U.S. Army Materiel Command major subordinate command or activity to identify the manager who will assume responaibility for materiel manage­ment and support of the training device. 
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SPECIAL DELEGATION 

The Co11111anding General, AMC, has delegated direct control of the U.S. 
AIDA, Orlando, Florida, to the Project Manager, TRADE. 

• I 

APPROVED HOWARD H. CALLOWAY DATE 23 IEC 1974 

• 
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APPENDIX F 

INFORMATION SOURCES 

1'he following organizations provided information for inclusion in this plan: 

U.S. ARMY 

Aeromedical Research Laboratory, Fort Rucker, AL 
Agency for Aviation Safety, Fort Rucker, AL 
Atr ~ystems Division, HQ, Army Materiel Comand, Alexandria, VA Air Syst ems Division, HQ, Department of the Army, Washington, D.C. Air Mob tlity R&D Laboratory, Ames Research Center, CA 
Aviation Center, Fort Rucker, AL 
Deputy Chief of Staff for Training, Training and Doctrine Command, Fort Monroe, VA 
Ele, , ronics Command, Fort Monmouth, NJ 
Human Engineering Laboratory, Aberdef-.n, MD 
Missile Command, Redstone Arsenal, Huntsville, AL 
National Guard Bureau, Department of the AnJl'f, Washington, D.C. 
Night Vision Laboratory, Fort Belvoir, VA 
Project Management Office, AAH, Aviation Syetems Command, St. Louis, HO Project Management Office, ASH, Aviation Systems Command, St. Louis, MO Project Management Office, UTTAS, Aviation Systems Command, 

St. Louis, MO 
Research Institute for the Behavioral and Social Sciences, Arlington, VA Reserve, HQ, Department of the Army, Washington, D.C. 

U.S. NAVY 

Naval Training Equipment Center, Orlando, n 
Training Analysis and Evaluation Group, Orlando, FL 

U.S. AIR FORCE 
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