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FOREWORD

This document represents the final report under Project 20030322.

Alt hou gh Work Un i t 22 w i l l  close with th i s report , the work effort is con-

tinuing under Work Unit 42. ThIs report therefore covers the progress and

desi gns to th is po in t an d as such is not inten ded to cover the v ideo console

and cockpit completely or in great depth. Detail schematics of all circuitry

are not included since such items will be included in the report of Work Unit

42. AFAL-TR-76-164 covered the video console in detail as built under Work

Unit 10. The final report of Work Unit 42 will update that document as wel l

4 as cover the cockpit desi gn in great detail. This document will only discuss

desi gns and procedures for use. It is hoped that potential system users with

requirements beyond the capabilities described will contact the project

engineer with their needs for possibl e inclusion in the basic design .
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SECTION 1

V I D E O  CONSOLE UPDATE

The v ideo console is modified and updated as new requirements occur. A

continuing effort exists to improve rel iability and flexibility. AFAL TR-76-164

covers the console in some detail. An updated edition of that information will

be published in the future . This section will cover the major changes to the

consol e since the writing of AFAL -TR-76 - l64 .

One addition to the capability is the Datatron tape editor . The Datatron

is interfaced to the two IVC-870’s in the console. The detailed operation is

explained in the Da tatron manual , but the basics are as fol lows. The system

generates and uses a time-code recorded on audio channel one . The keyboa rd

makes reference to three VTR ’ s: A , B and RECORD.

VT1 is the record machine , VT2 is the A machine and the B circuitry Is

not imp l emented . The Datatron keyboard can remotely control the VTR ’s manua l l y.

Howeve r, if time code exists on the tape the Datatron can locate and queue any

specific point on the tape. To edit , the time code of the start and stop points

on both machines are entered . The Datatron will control the transport and put

VT1 in record at the correct time to perform the edit. Addit ionally, an edit

can be previewed by the operator before the actua l performance.

One main feature of this system is that the Datatron will be interfaced

to a computer thus allowing segments of tapes to be sel ected and played by

simulation software. An essential point to be considered when using the system

is that the time code must be on the audio one channel not audio two as might

be expected .

Other new equipment i tems included a portabl e color camera , a porta ble

U—matlc VTR , a chroma keyer and a video titling system.

1
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The color camera is an RCA TK-76 complete with zoom-macro lens and

battery belt. The system is a broadcast quality camera which can easily

be operated from a shoulder position or on a light-duty tripod. This camera

in conjunction with a JVC CR-4400 portable U-matic VTR comprises a totally

independent and battery operated system which can go anywhere . This port-

ability allows greater freedom for shooting documentary or training material.

New capabilities ~or the consol e include a chroma keyer and titler . A

Datavision 0-3000 titling system is available. The 0-3000 can generate letters

and symbols in a standard video format for insertion in other video si gnals.

The 0-3000 also generates a keying si gna l for use in conjunction with the

Mark VII effects generators. The chroma keyer can be used to mix two video

si gnals and switch on the basis of a selected color. As explain ed in TR-76-164

a “chroma key” outputs si gnal A except when a specific color is detected ,at

which time signal B is output. By this method a target may be “keyed” into

a terrain back ground .

The chroma keyer and the titler as well as video tape input/output (I/O)

ports are all available on newly installed patch panels. The final configura-

tion of these points is not yet determined at this writing , hence , no “roa dma p”

will be given at this time . The panel s can be used at present and all jacks

are label ed .

In the interest of improved reliability some replacements have been made.

Since the reliability of the World Video monitors proved to be orders of

magnitude less tha n desired , the units are being replaced with Conrac monitors .

f The picture quality is also much improved . Conrac ’s are g iven to failure also ,

but a given fault usually onl y occurs once. However , with the possibl e excep-

tion of one foreign -made unit , no other monitor equals the picture quality
4 and precic ion of ~i Conrac monitor .
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Other improvements will be made as deemed necessary . Future equ i pment

items to be purchased are a slow motion VTR and a U-matic “playback only ”

machine with 25” moni tor for use i n con ference rooms or for demons tra tions.

An upda te of the total system will be described In a report under Work

Unit 20030342.
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SECTION II

COCKPIT SYSTEM

The cockp it simulator may appear as a very intricate and special purpose

system . In reality the onl y feature which is “ special purpose ” is the mechani-

cal confi guration. Electrically the system is a series of standard video

displays , some analog voltage inputs , and a large number of independent switches

and lamps. When a g iven switch is for the “landing gear ” or a given lamp i~

for “flaps down ” is controlled by the software on the host POP - il. Thus the

system can be totall y reconfigured by software . By use of the DMA- lO ,the

main simulation and aircraft model is resident on the DEC-10 and the PDP -il

is freed for the interpretive software necessary to interface to the cockpit.
• — 

The cockp it control console serves as a control point for the entire

simulation. The main electronics for the cockpit are actually in the console

and contain hardware monitoring and test circuitry . The console also contains

CR1 terminals to the POP -il and DEC-10. Thus a single operator has access to

the tota l system from one location.

The cockpit control system was desi gned with severa l basic criteria in

mind.

The cockpit will have as little resident electronics as possib le. The

main system will reside in the control console. This allows for cockpit change

without rewiring the system . Of course the video monitors and similar devices

must be resident in the cockpit , but all switch and lamp control circuitry Is

in the console.

The system has wide flexibility with minimu m load on the host computer.

The switch and lamp interfaces communicate with the hos~ onl y when a change
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occurs and are otherwise transparent. For examp le , the switch controller

samples all switches and only interrupts the host ~f a switch is activated .

The system is desi gned for quick simulation set-up or cockpit modif ica-

tion. By having uniform connectors for both switches and lamps a given

configuration can be “plugged in. ” The tally li ghts and test circuits on

the console allow for quick check of new confi gurations without using the

host computer. The tally lights and the modular circuit desi gn also facilitate

rapid failure isolation . Details of the component parts follows .

Switch Interface

The requirements of the switch interface are as follows . The system must

have a capacity of at least 500 switches. It must monitor the switches and

communicate to the host computer onl y if a change occurs. Only momentary

switches are actually used ; however , the system can create alternate—action

switches throug h software. (A momentary switch as defined here is one in

which the activator position determin es the state. An alternate -action switch

complements its state upon actuat ion . Thus a conventional toggle switch is

momentary, whereas a push -on push -off button is alternate -action.)

The above requirements suggest a system wherein the switches are scanned

continuously for changes and an interrupt to the host generated if a change

occurs . This implies remembering of the switch states from one scan to the

next. To generate alternate -action switches from software the system must

also determine if the change in state is from open to closed or vice-versa .

Al so, a map must be generated to flag the switch as being momentary or

alternate-action. Other desirabl e features can be considered also . For

examp le , If only 100 of the 500 switch capacity is used in a given simulation

it would not be necessary to scan the other 400. Furthermore , some switch

5
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functions may be more critical than others . For example , the pilot’ s activa-

ting of the landing gear swi tch need not be sensed at the precise millisecond

of occurrence but the tri gger button or target desi gnation button is somewhat

critical. Since scanning a number of switches takes a finite amount of time ,

some functions will not be sensed i mmediatel y on a’~tivatio n . However , if the

system could be told to scan certain switches more often , then the time delay

of sensing those functions would be reduced .

These requirements impl y a level of decision making ability on the part

of the system . For this reason a microprocessor is employed . At the time of

this writing the hardware is not built but the following is a descri ption of

the proposed systdm .

A microprocessor chip operates using a data bus , an address bus, and

severa l command/status bits. The command/status bits signal various processor

states and command I/O or memory operations. The data bus is for input and

output to the CPU of both instructions and data . The address bus is obvious.

When the CPU wishes to read a memory location , the address is placed on the

address bus and the appropriate command line is activated . The CPU then reads

the da ta bus and accepts tha information as having come from the addressed

location . The main point to consider is that the CPU has no way of checking

the validity of the data . That is to say, whatever is on the data bus is

accepted. There is no way of checking if the address is correct or from wha t

sort of storage device the data came from. Similarl y ,  if the CPU does a

memory wr i te operation the address is established and the data to be written is

placed on the data bus. The memory write command is then given . There is no

autom .]tic check to see if the data was accepted by memory or if tha t memory

location even exists.
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The switc h interface uti l izes these character ist ics and treats a g iven

switch as a memory bit. Each switc h corresponds to a specific memory address

and represents one bit of that 8-bit word . Thus , the switches may be scanned

by having the CPU sequentially read what appears to be memory as far as the

busse s are concerned.

With the switch representing one of 8 bits , seven bits remain to use for

the decision making of the system . One bit is used to store the switch state

on the previous scan. Another bit flags the switch as either momentary or

alternate -action. The remaining five are as yet unassi gned .

Assume for the moment tha t the switch is bit 1 , bit 2 is the previous

state,and bit 3 flags the switch type . Assume further tha t a l l switches are

normally open contacts and that a zero represents this state and a one repre-

— sents the activated state. Al so a one in bit 3 indicates an alternate-action

switch. With no switches activated, all bits 1 and 2 will be zero. The CPU

reads a location and determines if either bit 1 or 2 is a one; if both are

zero the CPU goes on to the next location . If , however , a one Is detected the

CPU compares bits 1 and 2. If both are one the scan goes on to the next

location since two one ’s indicates no change from previous scan. If bit 2 is

zero and bit 1 is one , the CPU loads the address into a buffer to the host

computer and generates an interrupt. It then loads a one in bit 2 and goes

on. If bit 2 is a one and bit 1 is a zero , the deactivation of the switch is

indicated . For example , a push-button is released . For momentary switches

the deactivation should be acknowl edged , but for alternate -action switches it

should be i gnored .

Therefore , if bit 2 is one and bit 1 is zero the CPU checks bit 3;

— if bit 3 is a one (indicates alternate-action) bit 2 is loaded with a zero

7
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but no interrupt is generated and the scan goes on. If bit 3 is a zero an

interrupt is generated . Bit 2 is loaded with a zero and the scan moves on.

Thus the contents of bit 3 controls how a switch funct ions. Even thoug h the

swi tch is electr ical ly a momentary device it can appear as a latching type

to the host computer.

Fi gure 1 Is a bl ock diagram of the system . A portion of memory will be

made up of some metal oxide semiconductor ( MOS ), random access memory ( RAM),

and the switches . The operational program to impl ement the scanning wil l  be in

read only memory (ROM). Additional RAM is availabl e for scratch pad or to load

special programs .

The PDP— ll interface not only allows for interrupts for switch activation

during norma l operations, but also permits the host to load the system memory .

This allows the switch type flags to be set and also allows special programs

to be down loaded . Similarly, the front panel can take control of the

system .

The use of software control in this system allows for one or more schemes

of switch detection and/or interpretation to be stored in RON . Then by sel ecting

and running the appropriate program the system can be custom “wired” for a

spec i fic simulation. Having RAM and the down load capability allows for very

special programs or for test programs . It is also proposed to interface this

processor system directly to the lamp driver system, thus allowing programs on

the microprocessor to drive the lamps for test or set-up purposes .

The switch hardware is impl emented using TTL logic. Figure 2 shows a

typical installation . All inputs are through Schmitt triggers with pull -down

- resistors. li ght emitting diodes (LED’s) monitor the state of the trigger .

4 . The inputs are cabled to 24 pin connectors in the cockpit. The switch need
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only provide VCC . However , since the input is TTL the switch may In fact be

an elaborate 111 circuit if desired . High speed circuits should be avoided;

however , since the cabling is not tuned in any way and refl ections are likely.

Lamp Interface

The lamp driver system is designed to be independent of other cockpit

systems . To the PDP-11 the lamp system appears as four 16-bit registers.

Three registers represent 48 discrete li ghts on a bit per light basis. The

li ght is on for a “1” and off for a “0. ” The fourth wor d represents the

address of the group of 48 lights to be accessed . Thus the system has the

theoreti cal capacity of 216 groups of 48 or 3 ,145 ,728 li ghts . The address

decode hardware however only uses 12 bits of address , thus the capacity Is

196 ,608 lIghts. The system is used by writing the four words to the reg isters

in a specific order . The last word written generates a strobe which passes the

data to the lamp driver hardware .

The hardware Is desi gned to be modular, allowing easy expansion and severa l

level s of test. Fi gure 3 shows the basic system . The lamp drivers are 75464

peri phera l drivers capabl e of 30 volts and 300 millampers each. The LED’ s are

essentiall y in parallel with the lamps , hence mon i tor the dr iver ou tput di rectl y.

The l amp test directl y activates the 75464 and is bussed Into groups of 16.

Activating the lamp test will illuminate the LED’s an d t he assoc iated lam ps

regardless of other Inputs.

The latches are 74175 quad D—latches . Forty—eig ht latches , drivers, and

LED ’s form each of the 12 driver printed circuit cards. The Inputs to a card

consist of 48 data lines , one strobe , three lamp tests , an d t hree clears . The

three clear lines are connected together on the back plane . The 12 cards

reside in slots 2-13 of the lamp driver cage ( LDC). Slot one conta ins the

11
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address decodes and the data-in cable. The driver cards are identical and

Interchangeable. The position in the cage determines the address. This

facilitates troubleshooting and allows unused cards to be removed to conserve

power . The address card may be jumper sel ected for any of 256 groups of 16.

The decoder generates 16 strobes but only 12 are used at present.

The driver cage operates as a unit with 64 lInes plus a strobe as data

input and 576 open collector l ines as output. For test purposes 12 clear

inputs and 36 lamp test inputs are provided . Details of lamp connec tions w i l l

be discussed later .

Since total control of the driver cage is through the 65 input lines a

66-bit wide bus Is provided (one spare bit). Normally this bus Is driven by

data from the POP-il but other circuitry is provided for manua l contro l and

test (see Figure 3). The bus is implemented on the back p lane  of the Bus

and Control Cage (BCC). The bus switch uses 74365 tn -state buffers as

drivers. Each buffer card conta ins 66 lines , hence one card represents one

data source to the bus . The bus sel ect control merely enables one of the four

buffer cards. The cards are Identical and interchangeable. The bus select

switch can select one of four inputs : PDP-ll , manual switches , scanner , or

aux ili ary (unass igned ) .

All data connections are via 70 pin edge connectors . The pin assignments

‘1 are the same whether used for data output to LED panel s or the LX , or data

Input from switches or POP- il. In this manner maintenance is greatl y eased .

For exampl e , the cable from the manual switch panel normally connected to a

tn -state buffer via the bus and control ca ge, may be used as the data Input

to the driver directly, thus bypassing the control cage . Similarly, the manual

entry coul d be Interchanged with the POP-li data . However the 48 lIne scanner

i s a car d res id en t in the 8CC an d as suc h is not connec ted via a ca ble.
13
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The LED disp lay panels are sepa ratel y powered and have internal drivers

leaving the interface cable for TTL level Inputs and ground reference only.

The strobe LED ’s are driven by one-shots to make short pulses visible. Thu s

the LED display panel can be used to check the 65 lines at any point where

an appropriate connection is available.

The scanner was Installed as a circuit exerciser. The card generates a

4-bit address, one of the 48 data lines and a strobe . Beginning at address

OH the module will sequentially activate the 48 lines , one at a time , generatIng

a strobe each time . After scanning the 48 lines the address is incremented to

1H and the process repeats. As menti oned previously, the lamp driver decoder

card requires 12 bits. The least 4 bIts are from the scanner and the remaining

— 
8 bits are from the manual input panel address word D. The scanner produces 16

addresses (OH to FH) but since the lamp driver cage has onl y 12 cards , four

addresses are i gnored .

Control of the scanner is by two switches and a speed control. The speed

control is for the ~-ate of the scan . The start-stop switch not only stops

the scan but resets the counter to zero . Selecting “scanner ” on the bus switch

engages the tn -state buffers and places the scanner on line .

The output of the LDC is through six 100 pin connectors. These outputs

are cabled to a junction box In the cockpit. The junction box provides several

24 pin connectors . Each connector contains 16 lamp driver lines and 3 voltage

sources. As shown in Fi gure 4, the lamps are wired such tha t one side of the

bu lb is connected to the driver and the other side is connected to the appro-

priate voltage source. With thi s desi gn a mixture of voltage ratings is

possible and only one connector is requ i red for every 16 l amps . Figure 4 also

shows how the LED monitors the driver output stage dir ectly. The diode In

series with the LED Is for reverse voltage pr~tect1on since the LED PlY Is only

20 volts. 14
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SECTION I I I

CONCLUS ION

As discussed ear1ier~~the system is designed for fl exibility. A user

is presented with 24 pin connectors for switches and lamps. His task Is

to physically confi gure his keyboards , readouts , etc., and meet the signal

requirements of the system ; specifically, that switches supp ly +5 volts and

that lamps select the appropriate supply voltage from the connector . For

analog i nputs a set of analog to digita l converters will be interfaced to

the PDP-ll and appropriate input ports made available. The user ’s only

restriction is the signa l compatibility . The characteristi cs of the system

are then controlled by software .

By having the hardware in the console the cockpit per se could be replaced

or even a second cockpit or crew station added by simply plugging in .

It Is assumed that the design is flexible enough for most requirements.

The system does allow .for easy expansion or modific ations,however. For this

reason suggestions are encouraged and welcomed . ~he purpose of the system Is

a simulation tool which changes with needs and does not become obsolete.
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