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1.0 IRMODUCTION

The increasing complexities of modern weapon systems and missions are placing

demands on pilots and aircrews that often exceed their ability to perform in the

traditional manner. Advanced avionics and supporting ground systems are capable of

collecting, processing and distributing unprecedented amournts of operating data, much

of which is essential ivr order to cope with current and projected mission requirements

and threat situations. At the same time, the air vehicle, subsystems, and weapons are

themselves becoming more sophisticated in order to support performance goals and

extended operating conditions. As a result, pilots art being faced with vastly more

information to interpret, more complex instructions to give their onboard systems, and

considerably less time to perform these functions. Desired, performance gains

associated with new and iunproved" weapon systems may not be achieved if these

requirement* exceed the aircrews ability to perform.

Historically, pilots have been able to function successfully at an "operator' level,

exercising direct monitoring and control over many of the individual components and

subsystems that comprise the total weapon system. In this capacity, the pilot

effectively performed the integration function In real-time. Using essentially raw

data, he was required to search, monitor, interpret, transform, integrate, and evaluate

multiple readouts in order to arrive at the alternativez, decisions and control actions

needed to manage his aircraft and mission. Raw data for this purpose was most

typically obtained from dedicated electromechanical Instrumentation in alpha-numeric

form. In the current complex environment this approach Is no. longer feasible; It has

become, clear that the information processing capacity of man can severely limit the

overall performance of the system. Modern efforts toward cockpit integration are

dramatically enhancing the role of the crew, allowing him to more effectively exercise

appropriate aircraft and mission control functions at a 'management" level.

Technologies that have resulted in Increased complexity have, at the same time,

created some of the advances needed to solve the problem. Rapid advances in

computing and data processing technology have made It possible to automate many of,
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the raw data functions previously performed manually, thus offering the pilot

processed decision-',-!el information tailored to "management" responsibilities. Mass

storage and high speed processing also provide the potential for more and better

systems and mission information available to the pilot than he could hope to achieve

manually, as well as the means to heip determine what information is needed and

when. Multifunction electro-optical displays and controls have given the crewstation

designer and the pilot vastly increased levels of flexibility in the cockpit. The flexible

programming offered by these devices allows for the true integratio!n of information

and control functions according to the needs of the pilot, and for the rapid

reconfiguration of the, cockpit based on changing mission and system conditions. The

numerous readouts of alpha-numeric raw data once used by the pilot can thus be

replaced by integrated, mission-oriented displays formatted for ease of interpretation,

heightened situational awaz eness, and rapid decision-aiding.

Until recently, the advantages of programmable electro-optical displays and controls,

including the use of color and graphic or pictorial information, have only been partially

exploited. Although the flexibility exists, there has only infrequently been a re-

examination of pilot information needs together with the formats and symbology best

able to convey this information. Instead, there has been a tendency to mimic the

information and formats characteristic of the older electro-mechanical devices. The

goal of the present Pictorial Format Displays program has been to extensively explore

the concept of replacing the alpha-numeric data typically used in the past with

integrated graphic and pictorial display formats. In the phases of the program

reported here, representative electronic pictorial displays were developed, based on

format concepts provided by the Government, and these displays were then evaluated

in a real-time, full-mission piloted, simulation.

Sponsorship of this work was provided by the Crew Systems Development Branch of,

the Air Force Flight Dynamics Laboratory (AFWAL/FIGR), the ECM Advance4

Development Branch of the Air Force Avionics Laboratory (AFWAL/AAWD), the Air

Force Armament Laboratory (AFATL/DL3A), and the Naval Air Development Center.

Both services are conducting a comprehensive Interrelated program to develop the

advanced Integrated crewstation technologies needed for future aircraft. This work

represents a contributing part of these efforts.

S2



12 The Two Simulation Studies

The program reported here consisted of two sequential studies. The basic study was a

general evaluation of the concept of pictorial format displays, while the second used

the same basic displays but concentrated on threat warning formats of the sort which

might be employed in future tactical aircraft. Sections 2 through 5 and Appendices A

and B of this report cover the basic study. Sections 6 through 10 and Appendices C

and D cover the threat warning study. Section 1I includes the combined conclusions

and recommended format changes.

1.3 Test Objectives - Basic Study

The basic study had three primary objectives. One of these was to evaluate usability

and pilot acceptance of a 'set of service-provided pictorial format concepts for

electro-optical displays. The second objective was to determine whether the degree of

usability and pilot acceptance of the pictorial formats is a function of three ,basic

display presentation modes: monochromatic, color line, and color fill. The third

objective was to revise the formats based on the data collected.' All pictorial

elements in the monochromatic formats were composed of black and white lines and

surfaces. Pictorial representations in the color line formats were depicted by simple

outlines, but several different colors were used to define elements within the formats.

In the color fill formats, surfaces enclosed by line segments were also colored.

Realistic man-in-the-loop simulation was used to evaluate the display formats. USAF.

and Navy aircrews evaluated pictorial formats for seven basic types of displays: head-

up flight displays, head-down flight displays, navigation/tactical situation, displays,

-system status displays (fuel,-electrica4 hydraulic), 'engine displays, stores management

displays, and emergency procedures displays. Data collected from these studies were

used to refIne the original formats, where appropriate, and the results are documented
In this. report. Figures 1.3-1 and, 1.3-2 show examples, of the formats. Section 3.
discusses each in detail.
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HEAD-UP FORMAT '~ETCAL SITIUhfON FORMAT

HORIZONTAL SITUATION FORNT

Figure 1.3-1. Flight and Navigation/Tactical Situation Format Examples
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STORES MANAGEMENT ENGINE STATUS

HYDRAULIC ADVISORY HYDRAULIC STATUS

ELECTRICAL ADVISORY ELECTRICAL STATUS

STORES STATUS FUEL.STATUS

Figure 1.3-2. 'System Advisory and Status Format Examples



2.0 TEST EQUIPMENT AND FACILITIES - BASIC STUDY

'The simulation hardware configuration which supported the basic Pictorial Format
Display Evaluation study is shown in Figure 2.0-1. For discussion, the equipment can

be divided into four groupsi simulation host computing and bus communication; digital

graphics system; crew station with displays; and supporting elements, including data

recording units.

2.1 Simulation Host Camputers and Bus Communication

An advanced tactical fighter model and a navigation cell with real world coordinates

were used as a baseline for both the manual and autopilot flight modes. Three Varian
V-76 computers and one Floating Point Systems AP-120B array processor provided for
airplane modeling, navigation cells, simulation operating systems, instruction sets and
airplane derivatives for graphics assembly, and on-line data recording. This part of
the simulation was recomputed each 42 milliseconds. All available data (bidirectional)
were transmitted within two computer. frame times of less than 84 milliseconds.

Digital data was passed from V-76 computer No. 3 through a MIL-STD-1553B digital
data bus composed of one bus control interface, unit, two base band fiber optic modem
sets and two bus interface adapter units to the crew station I/O and to the graphics

generators. This was a I Mhz, bidirectional data bus. Programs were written in
FORTRAN and assembly languages. Assembly language (about 20 percent of total

software) was used for the crewstation I/O, special switch routines, recording devices,

and the airplane equations of -motion.---

2.2 Dg0tal Graphics System

The digital graphics system was supported by a dedicated SEL 32/2750 computer which
had a 300 megabyte (MB) memory disc, 800/1600 bpl' 1/2 inch magnetic tape unit, high

speed line printer, and several line terminals. Two high speed devices served as
parallel interfaces between the SEL 32/2750 computer and two graphics generators.

One Megatek 7250 color raster graphics generator provided RGB video outputs for

both the HUD and the VSD displays. Both display channels had 512 by 512 pixels
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