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'This specification cstablishes the requirements for performance, design, and test of onc
. s s 3 PP P A d Q3 1 -
mission design sevies of equipment identified as the Missicn Development Simulator,

herecinafter referrced to ag the MDS.
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ENTS

The following docuinents of exact issue shown foim a part ot this specification to the

extout specified berein. In the eveni of conflict between documents referenced below and

the contents of Sections 3 and 4 of this specification, the detail requirements of Secetions

3 and 4 shall be considered as superscding requirements. Any conflict between a document

listed in this section and a lower tier referenced document shall be resolved in favor of

the listed document. In the event of conflicts between this specification and other spec~

ifications for the MDS, this specification shall be considerced as the superseding document.

SYSTEM PROGRAM DOCUMENTS

Document Number

TR 00557, Issue No. 1
CG 807A
CEI MOK 802A

CP1460A1

CEI MOX 804A
MIL~H-27894A

MIL-STD-454A
(Req. 1, 3 and 5)

LD [ g2y Fouiy (oo e

Date

9 Sept. 1967

15 August 1968

30 Nov. 1967

15 August 1968

5 Dec. 1967

9 Jan. 1963

5 Jan. 1965

s J (e L7 AV

Douglas Part I, Spec for
PSCS and LPSS Software.

MMSE Computer Programs,

. CEI MOK 807A.

On-Board Computer Program
(Operational).

MMSE System CEI Requirements.

Command and Control Program

(STC).

Human Engincering Requirements
for Aerospace Systems.

Military Standard, General
Requireinents for Electronic
Equipment.

2-3
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Doc ument Nun“)er
MIL-5-38130A (Guide)
MIL-C-45662A

D'N--50249-192-1
MJS-1300--001

SS-MOL-1B
(Section 3. 1.1, 10.3.3)

MIL-T-27474
(as amended by
Section 10 herein)

SATSL Exhibit
34121
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6 June 1666

21 June 1968
21 Junc 1968

29 April 1968

22 Aug. 1960

RIVAYAN

System Safety Engincering
Calibration of Sysierm Reguirements

Product Assurance Plan for MDS

Progiram, Revision D

106 Quality Program Require-
ments,Revision A

System Performance/ Design
Requirements

Training Tquipment, Ground,
General Requirement for

Government Furnished Property
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SECTION 3
REQUIRE MIT}

8.1 PERVORMANCE
The Mission Davelopment Sinulator (MDS shall be capable of performance specificd in

this section.

3.1.1 FUNCTIONAL CHARACTERISTICS

The MDS will provide a simulation system for development and checkout of Mission Payload
System Segment (MPSS) related MOL hardware/ software, é.ud development of procedures to
bz used in the operations of the MPSS. Crew related mission payload functions, as defined

in this document, will be exercised via a display/ control crew interface. Orbital parameters
representing the operational mission profiles will be utilized. The capability to simulate

 representative subgsystem malfunctions and contingency modes will be provided.

The MDS will be used for the following purposes:

a. Develop the mission payload operations procedures reqﬁired to meet MOL
objectives.

b. Provide engineering data on crew/AVE hﬂ,rdwaré and software interfaces.

c. Provide quantitive data on man's performance with the simulated MOL System.
d. Develop and validate AVE Software.

e. Contribute to the development of the MMSE.

f. Provide Flight Crew training.

*

g. Validate and refine operational time-lines, contingency plans, and backup
operating modes.

The basic program requirements for the MDS are specified in SS-MOL-1B, paragraph
3.1.1.10.3.8.

‘“‘“"‘/ DORIAN -
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3.1.1.1 Primary Porfmn’an(" Char )ctc rigtics

MDS design shall be based on a rautually agreed upon AVE baseline established on the
following dates: Phase "O" - = - = = = = 1 May 1968
- (except for SLM panels 2C and 2D, which are 30 June 1968

Phasge 3 « ~ = = — ~ ~ ~ 21 December 1968

EK Hardware - -~ ~ - - 30 June 1968
To meet the requirement of paragiraph 3. 1.1, that the MDS aid in developing the MMSE,
it is a general requirement that MDS system and subsystem design requirements will
conform to the maximum exteut practical to the requirements of the MMSE CEI Spoé. CP1460AI.,
Common design of MDS and MMSE components and programs will be performed wherever
practical. '
3.1.1.1.1 Communication, Command and Instrumehta‘cion
The system performance rcequirements shall be:

—_ a. Command Processing.

b. Sense critical MPSS operating conditions or events and provide signals for
telemetry and/or alarm indication. :

c¢. Provide all functions of the Data Computation Subsystem Group (DCSG) and

its interfaces with the MPSS and LMSS simulated hardware, including the
Computer Subsystem Controller, Laboratory Data Adapter, Mission Data
Adapter, Airborne Digital Computer (ADC), the Printer, Keyboald Display
Unit, and the Auxiliary Memory Unit.

3.1.1.1.1.1 Command Processing

The data associated with the uplink portion of the Command Subsystem (receivers,

encripters, Laboratory Data Adapter Unit (ILDAU) and Laboratory Decoder) will be

provided. The specific hardware implementation will not be included. The simulation

will acecept and transmit command data messages generated by the MOL Command

Gencration Programs. In addition, the simuvlated LDAU will present command data

messages to the Airborne Digital Computer (ADC) in the actual format. The simulation

shall not decript messages but will separate real-time LM commands from stored

" commands and store them. The MPSS real timme commands shall be separated in the ADC

3-4
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for exccution via the simulated MDAU or internal in th: ADC. Osnly malfunctions
seiated with the ADC data interface and MDAU will be simwulated. Switching {o
Printer messag=s from the Command Data Message

$E2ICHS]

ass
redundant devices will ba simulated.

shall be in*ovided to the crew.

3.1.1.1.1.2 Instrumeniation
system to drive the affected simulated

the

Monitor and alarm sigaals shall propagate through the

MP3S controls and displays. The master warning and caution visual indications and aural

alarms shall be provided. Warning functions and caution functions associated with the

MPSS will be simulated. Redundant ch’mnnb will noa be simulated. MAS malfunctions

Where data is not available in the various math models or is not
Of the 128 by 256

will not be simulated.
precomputed, a constant value for the TLM points will be provided.
matrix, a 61 by 256 word mafrix associated with 'chm MPSS will be pro v1ded The data

will be provided in engineering units in the case of real—tlme telemetry. The crew shall

have the eapability to mounitor the present reading on TBD 7 MPSS telemetry point.

3.1.1.1.2 Electrical Power and Signal Distribution o .

Controls and displays associated with the electrical power and signal distribution system

shall be dynamically driven. The following capabilities shall be provided:

a. React to power switching commands.

b. Compute power bus loads based on MPSS component utilization.
c. Compute circuit breaker trip signals.
d. Simulate prime power source.

e. Compute bus voltages based on system loads, source voltages, and effect of
power conditioners.

f. Propagale short circuits, and open circuits through the MPSS portion of the
power system.

3-5
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3.1.1.1.3 LMSS Interiace

The following LMSS functions required for MPSS operation shall be simulateds

h]

a. Attimde Coentrol and Tv ans]fvuon System.
b. Timing Subsysiems
1. GMT Clock
2. Event Timers
3. Mission Time
c. Data Computation Subsystemi Group.
d. Command Subsystcm
e. ‘Monitor and Alarm Subsy 'stem.

f. Data Acquisition Subsystem Group

Malfunctions shall not be included in the simulation of the above subsystems except as

identified below.

3.1.1.1.3.1 Attitude Control and Translation System

A simulation of all ACTS/ SCE controls and displays shall be provided except for the
translation thruster controls, emergency direct mode controls, and the gyro and horizon
sensor power controls. The hardware will be simulated to the fidelity necessary to drive
the displays and to give realistic vehicle rate data to the On-Board Computer and realistic
Jet Firing torques. The systems.shall re.act to Main Optics Mirror slews. Dead¥band
characteristics will be simulated. Certain ACTS malfunctions such as thruster failure

will be simulated.
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3.1.1.1.3.2 Timing Subsystem

The Timing Subsystem consists of four clesks: V. ehicle Clock (1), Event Timers (2),

and a Greenwich Mean Timer (1). These simulated limers shall be synchronized within

the tolerance of the timae gynchronism of the vehicle timers.

3.1.1.1.3.3 Data Computation Subsysicm Group
Refer to paragraph 3.1.1.1.1

3.1.1.1.3.4 Command Subsystemn
Refer to paragraph 3.1.1.1.1

3.1.1.1.3.5 Monitor and Alarm Subsystem
Refer to paragraph 3.1.1.1.1

0 8.1.1.1.3.6 Data Acquisition Subgystem Group
Refer to paragraph 3.1.1.1.1

3.1.1.1.4 Control and Disgplay Subsystem
Controls and displays for MPSS and LMSS functions provided shall be:

1. Reconnaissance Subsystem.

2. Electrical Power and Signal Distribution Subs&stem.
3. Command and Control Subsystem.

4. Navigation and Coutrol.

5. Film Processing.

6. Master .Control Unit Switches.

7. Keyboard Display Unit.

R S
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8. Vehicle Printer.

9 ~ Camera, film statos, focus, and alignment.
10. Primavy Film Handling.

11. Sccondary Iilm Handling.

12. Monitor and Alarm.

13. ACTS/SCE.

14, Structure and Thermal Conirol.
3.1.1.1.5 Navigation and Control

3.1.1.1.5.1 Star Tracker

Inter[éce signals from Star Trackers 1 and 2 to the On-Board Computer will be simulated for -

slew, acquisition, tracking, and scarch modes. Tracker mede displays will be activated as

required when in these modes. M’isaligmncnt and bias errors associated with nominal
dynamic operafion of the Star Tracker will be simulated. Capabilify to simulate catastrophic
Star Tracker failures and output gimbal angle malfuncticns will be included. Either or both
Star Trackers can be completely failed, All displays and controls related to Star Tracker

alignment will be active.

3.1.1.1.5.2 Low-g Accelerometer

Low-g Accelerometer errors, consisting of bias errors and random errors, will be simulated

by Script inputs. The magnitude of the bias errors will be limited according to stimulus
material constraints. However, when stimulus material is not being used, the errors may
be increased in magnitude for software checkout. All controls and displays will be active,

Both the airborne and TLM modes will be commandable.

3-8
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A1l malfunctions to be gsimulated will generate sysicm pointing errors.

3.1.1.1.5.83 Image Vclocily Sensor (IVS)

Interface signals between the TVS and MDAU shall be simulated. IVS errors to be
simulated include random errors aud bias errors. Saturation will be simulated in the
event of clouds (when preseripted), in which-case the saturate light will be turned on and
the IVS oufput will limit. Nominal IVS rate-nulling will be simulated in the range of

. + 540 p rad/sec.

3.1.1.1.5.4 Control Stick

Control stick cffects arc discusscd in paragraph 3.1.1.1, 7. 1. 6. 4.

3.1.1. 1 6 Structure and Thermal Control

The Structural Thermal Control Subsystem consigts of the following:

a. Thermal Door.
b. Envirommental Door.

¢. Tempecrature Display and Controls,

3.1.1.1.6.1 Thermal Door » »

All displays and controls associated with the Thermal Door shall be active including the
manual Hand Crank. Commanded door motion shall be simulated by a constant velocity
drive. In the casc of the ﬁand Crank, the door will be cither fully open or fully closed.
The Eyepiece Display in all modes.shall indicate either a fully opened or fully closed door,

and may be failed in either position.

3.1.1.1.6.2 Environmental Door
The ATS Environmental Door shall be simulated by blanking or unblanking the ATS

eyepiece. Backup controls located on the front panels will be simulated.

3-9
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3.1.1.1.6.3 Temperature Display and Convrolu

The displays and controls associaied with the MPSS Subsystem shall be simulated. The

teroperatiire displays shall vary as a function of Beta angle, heater operations including

failures, ~thermostat failures, com ponent usesge, and thermal door position.

3.1.1.1.7 Acguisition Subsystem -

The MDS shall provide a simulation of the operator inter face with the Acquisition Subsyslem.

This AVE subsystem consists of two steerable telescopes (ATS) and associated controls and

'displa 8. A dynaric simulation of the ground scene, as viewed through the simulated

- telescopes, is also required. The following paragraphs describe the primary performance

characteristics of this simulation. See also paragraph 3.1.1. 2.5 for the secondary perfor-

mance characteristics of the stimulus subsystem of which the acquisition equipment is a part.
3.1.1.1.7.1 AVE ATS Hardware Parameters

3.1.1.1.7.1.1 Magnification and Real Field- of-View

The MDS shall provide magnification equivalent to 15. 88X +8 percent to 31. 76X + 5 porcepl',

and 63.5X + 5 percent to 127X + 5 percent and shall follow operator commands and
reach any commanded value within 0.5 second. The step from 31.706X + 5 percent to

63.5% + 5 percent shall occur in 1.0 second or less. See paragraph 3.1.1.1.7.1.5

for a discussion of presentation rates. The real field-of-view shall be 3.78 degrees
+ 5 percent at 15.88X * 5 percent, and 0.945 degree 1 5 percent at 63.5X 1 5 percent.

The field varies inversely with zoom to the higher powers in each range.

3.1.1.1.7.1.2 Eyepiece Properties
The initial MDS configuration shall include a supplementai eyepiece. The final

MDS configuration shall include an AVE Eyepiece Assembly. : .

3.1.1.1.7.1.2,1 Peripheral Display
With the supplem ental eyepiece, MDS shall provide an eyepiece Peripheral display which

" has sufficient flexibility to simulatie a w1do variety of potential AVE configurations. The
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system shall have the capability of displaying up to 45 lights which may be arrayed anywhere
in the field-of-view. The arca of the field-ol-view from the peripheral location to the edge
will be obscured. The lights will have the capability of beiug switched on singly or in any
combipation or sequence., The color of cach souvce s}mH bz variable by insertion of a
colored filter over the light. The brightness of the display shall be variable over a

50:1 + 5 peréent range, controlled by the operators up to 500 foot lamberts. The display
shall appear to focus at the reticle plane across the entire format. TFor baseline configura-

tion see paragraph 3. 3. 2.

With the AVE Eyepiece Assembly, the peripheral display will be an integral part of the

hardware,

3.1.1.1.7.1.2.2 Reticle

An illuminated reticle shall be employed with the supplélllelltal eyepiece. Ifs b'rightness
—~  shall be manually controllable over a 50:1 + 5 percent range up to 500 foot lamberts. The

center of the ground scene image shall a'ppeal‘ to grow and contract with the ground scene.

The reticle configuration shall have the capability to substitute new. patterns.

3.1.1.1.7.1.2.3 Other Characteristics

The supplemental ATS eyepiece in the MDS shall have an external appearance similar to
that of the AVE. It shall have a 60 + 1 degrce apparent field-of-view. At nadir the exit
pupil shall be approximately circular with a 4mm diameter + 0.2mm at 15, 88X and 63, 5X,
varying inversely with magnification to 2mm + 0.1mm at 31, 76X and 127X, Eye relief shall
be such that the near range is acceptable to the eye and the far rangé is acceptable with
respect to the tasks to be performed outside the ATS. Ménua]. focus adjustment of + 3
diopters shall be provided. Head restraints shall be like those used in the AVE with

'slight modification to accommodate the simulation eye relief.
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3.1.1.1.7.1.3 Oulput Image Qualily

™ A. Resolulion - Using a standavd white on black bar chart of 2:1 contrast as an input, the
device when simulating 127X at nadir from orbil shall provide at lcast 30 LP /mm for 32K
scale stimulus and 67 LP/mm for 72K scale stimulus. This performance shall be provided
on axis as viewed through the s111aiulelnelu,1:ztl eyepiece or the AVE eyepicce by the unaided eye,
with opﬁcal drives operating, the target centered in the ¥. 0. V. and scene drifts nulled by
the computer. The resolution vaviation from the center to the edge of the apparent field

shall not vary by more than a factor of 2 from the on axis performance.

The resolution under the ahove conditions shall not degrade by more than a factor of 2 from
the performance at a simulated 127X where the device is configured to simulate a magnifi-

cation of 63.5X.

B. Field Curvature - The curvature of the apparent field from center to edge under static

conditions at 1:1 anamorph sctting using the supplemental eyepiece shall be 3. 0 diopters

+0. 5 diopters.

3.1.1.1.7.1.4 Light Transmission

3.1.1.1.7.1.4.1 Optical Transmission of ATS

The MDS shall ‘deliver an overall light level to the observer which accounts for the ].ight
~transmission chara’cteristiés of the ATS. Transmission is constant as a function of zoom

(+ 10 percent). The intensily of the image at 5 degrees from the edge shall not be less than

50 percent of the on~axis intensity. No simulation of the vignetting phenomenon is required.

3.1.1.1.7.1.4.2 Mamal Filter Wheel
Manual insertion of fixed filters into the ATS optical path shall be simulated, Thrce ncutral
densily filters having transmittances of 1, 0.5, and 0. 25 shall be simulated with the capabili-

ty to readily change their values. No simulation of color filters is required.

3.1.1.1.7.1.4.3 Other Obscurations

-~ - Simulation of other obscurations, due to the Sun shutter and environmental shroud, shall’

only be accomplished in a f_ul ly obscured or completely unobscured fashion. Total obscuration

[0 ”’BA[}\‘J
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of the scene shall oceur in less than 0.5 sceond wlhion simulating Sun shutter closure, and
in 10 + 1 sceond when sinndating the envivomental shroad.  The same response times
apply for uublanking.

8.1.1,1.7%.1.5 Target Loading and Coordination

&

All functions associated with the targe: sclection logic shall be available for exercising by
the operator. Appropriate action in terms of the particular targets which appear in the ATS,
and the ratc and duration at which they appear, shall be accuratc]y represented in the ATS.
Presentation rates.of up to one HPA target per second shall be possible. A group of five
consecutive targets may be rejected with the sixth tavget in view within three seconds of the
rejeet. This assumes a group consists of six targets in onc ATS, and the operator is viewing
the first one at the time of reject. Switching between HPA and LPA and vice versa shall

occur within onc second. Sec pa mglaph3 1.1.2.5, Secondary Performance Characteristics.

3.1.1.1,7.1.6 Scene Dynamics

TRD 3 ;

NOTE "

The requirements noted by " ¢ ' replace the require-
ments of the draflt copy of this specification, dated

"5 April 1968, GE does not concur that the require-
ments noted " ¢ ' can be met with current design
until completion of a study duc 1 July 1968. (See

AT TWX No. 0990, 14 May 1968 for details

of AF/GE understanding.)

3.1.1.1.7.1.6.1 Line of Slght Dynamics » o '

The MDS shall accurately modcl the dynamic perfo1 mance of the ATS pointing equipment.
The effect of this model shall be to give real world appearance to the simulated ATS scene.
This model will provide an accurate representation of slew time and the settling of the
gimbals at the end of slew. Rates and accelerations within the following limits and to the

accuracics shown, shall be representedby this models

PORIARN 1
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'Tracl:ing Rate - - - = - - -~ 5 + 0. 001 deg/sec roll
0+

- 0.
4, 0. 001 deg/sec pitch

[FEES

1
i
1

2 2~ =17
Tracking Acccleration - +114 deg/scc (accuracy consistent with
’ rate error)
Slew Rate - - - - - = - - 445 40.01 deg/sec

. . 2 . .
Slew Acceleration- - -~ - - - #114 deg/sce (accuracy consistent with
slew rate error)

Tracking precision shall be consistent with the requirement specified in paragraph

3.1.1.1.7.1.6. 3.

P 3.1.1.1.7.1.6.2 Line-of-Sight Perturbations
The MDS shall perturb the visual presentation of the ground scenc to simulate the position
and motion of the line—-of-sight (L.OS) during tracking. The following errors to the LOS,

which are essentially static or producing low rates, shall be simulated,

a. Attilude measurement errors.

b. Servo bias erors, mirror rate measurement errors.
¢. Ephemeris errors (intrack, crosstrack, altitude).

d. Target location errors (longitude, latitude, altitp.de).

e. Misalignment errors.

These perturbations shall generally be distributed in the same statistical fashion as the
corresponding AVE errors. The simulator shall have the capability to represent the
total AVE 2 ¢ pointing error, consistent with the stimulus format size and scale factors

(paragraph 3.1, 1.2, 5).

The MDS shall perturb the visual presentation to simulate the response of the line-of-sight

to the following vehicle structural disturbances which are of an oscillatory nature:

a. Bearing noise.
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b. Main miryor slew and settling.

e. ACTS jet firing.

The above disturbances shall be coordinafed in time with the actual events which produze

thews. These disturbances will be simulated with a resolution equivalent to two arc minutles

per axis apparent at a command rate of 100 commands/sec.
NOTE

Resolution is defined as the smallest servo output
which can be achieved by varying the input.

V 3.1.1.1.7.1.6.3 Overall Line-of-Sight Position Accuracy
The MDS shall have the capability to determine, at any instant of time, the position of
the line-of-sight relative to the target to an accuracy equivalent to + 0. 025 inches at the
plane of the stimulus material. This represents total system error including servo,
computational, stimulus registration, -and location of the target on the stimulus material,
The overall line-of-sight position precision shall be better than two arc minutes per axis
apparent. The purpose of this requirement is to ensure smooth low appareint rate per-

formance.

V3.1.1.1.7.1.6.4 stick Effects

The MDS shall have the capability to change the transfer function between control stick

motions and the resultant line-of-sight motion. The limiting values of stick commands
are: “
LOSrate - - - - - - - - max. 0.5 deg/sec each axis, with a positive
resolution better than two arc minutes per

axis apparent.

2
LOS acceleration - - - -~ =~-~ 0106 deg/sec each axis.

The purpose of the command resolution requirement is to allow smooth low-rate stick

commands,

.f,v LT [5ED AFRG [y A e ta iy TN PRI 3 :
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— In addition, it shall be possible to reversc the polavity of the controlier, independently

on each axis. This change shall be initiated mamally during a normal turn-around cycle.

3.1.1.1.7.1.6.5 Image Derotation
The MDS shall simulate the AVE derotation prism by crecting the in-track line at the end
of cach slew. In addition the cupability shall be provided to orient the image in any direc-

tion. The image shall be rotated during track only to simulate vehicle motion.
3.1.1.1.7.2 Earth Phenomena
3.1.1.1.7.2.1 Lighting

3.1.1.1.7.2.1.1  General

* The light levels (scene and haze) shall be controlled to a tolerance of + 10 percent. The
color temperature of both sources shall be fixed at some value in the range of 3000 to
GOOOOK. As intensity varies, the color temperature shall not vary more than + 25 mireds in

absolute value,

3.1.1.1.7.2.1.2 Scene Lighting

The ground scene brightncess shall be variable over the range of 50:1 to 500 foot lamberts
(open gate) as seen by the operator. This brightness range accounts for the ATS light
transmission per paragraph 3. 1.1.1. 7. 1. 4. Basic scene illumination shall vary from
target as a function of Sun position. The basic scene illumination shall vary due to target

latitude, season, and local time,

3.1.1,1,.7.2,1.3 Haze

The haze brightness (atmospheric luminance) shall be variable over a 50:1 range up to 500
foot lamberts as seen by the operator. This brightness range accounts for the ATS light
transmission per paragraph 3.1.1.1,7.1.4. The haze illumination for any target will be
constant. Haze brighiness shall be cgordinated with scene brightness to give the proper

— " appearance of the overall scenc as secn from orhit,

'/D@mr N
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3.1.1.1.7.2.2 Ground Scene Special Effects
The following characteristics of the ground scenc shall be represented by the stimulus

material:

a. Cloud cover.
b. Cloud shadows.
¢. Shadows of objects on the ground.

d. Specular reflectance.
3.1.1.1.7.2,3 Initial Targct Location

‘When first presented in the ATS eyepiece, a target shall appear to fall anywhere within

‘the follo\’ving envelope:

In-track - - - - = - - - - 45dcgrees forward to 40 degrecs aft

!
!
!
1
!
I

Cross ~irack - 45 dégrees left to 45 degrees right

!

Altitude - - - - - - - 75 to 85 nm

The appearance of the target scene in the simulator shall have geometry presentation
‘based upon the original geometry of the stimulus within the following envelope limitations:
initial in-track positions beyond the above limits shall be possible (up to 60 degrees forward)
for selected stimulus scales (see Secondary Performance Characteristics, paragraph
3.1.1.2.5). Cross-track position shall be a property of the stimulus material with the
simulator providing the capability for + 10 degrec distortion cross-irack beyond the
obliquity of the input material. Allitudes beyond the range stated above shall be possible

if proper stimulus material is provided wiﬂll scale factor proportional to the required

allitude (see Secondary Performance Characteristics.paragréph 3.1.1.2.5).

=/ IDORIAR 317

HANDLE VIA BYEMAN SYSTEM ONLY

o3




HANDLE VI/\ BYEMAN SYSTEM ONLY

LA FIARN

NRO APPROVED FOR
RELEASE 1 JULY 2015

3.1.1.3.7.2.4 Dynamic Target Location

The MDS shall provide the capability to simulate the apparent motion of the target,
in real-time, from its initial in~track position to 40 degrees aft. This motion
shall appear as dynamic perspective and slant range. Fach payload pass shall be
simulated at either conmstaunt altitudc or at a variable altitude within the limits
set forth in paragraph 3.1.1.1.7.2.3. The in-track line on the ground scene
shall have fixed orientation throughout the target pass except during sinulated

attitude excursion. This orientation shall be determined by the script depending

on status of ATS derotation prism, orbit inclination, and target latitude.

3.1.1.1.7.2.5 Scan Areca
The MDS shall allow excursions of the line-of-sight from perfect pointing at the target
“which are limited only by stimulus material format and scale, and the response of the ATS

drive system (see Secondary Performance Characteristics, paragraph 3.1.1.2.5).

3.1.1.1.7.2.6 Scene Streaming _
A simulation of rapid image étreaming which occurs during slew or periods when the
gimbals arc stationary (as during a power failurc) is not requil.“ed, i.e., a real blurred
image need not appear. However, dtn*ing such periods the ground scene shall be blocked

from view and the field-of-view illuminated to an intensity comparable to the scenc intensity.'

3.1.1.1. 7.3 Associated Controls and Displays
Controls and displays used in conjunction with the ATS shall be active and simulate the

same functions as in the AVE.

3.1.1.1.7.4  Control Stick and Magnification Control During Frceze
It shall be possible, at the option of the SCC operator, for the crewmen to scan the stimulus
area and change magnification during the freeze mode. The response of the stick controller ’

shall enable scanning of the stimulus arca but nced not comply with paragraph 3.1.1.1.7.1.6.4.

3-18
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3,1.1.1.8 Main Optics (MO) _

The MDS &hall provide a simulation of the operator interface with the Main Optics. This
interface consists of two Eyepiece Assemblies, Imown as the Visual Optics through which

the crewmen view the image formed by the Primary Mirvor, and associated controls and
displays. Also included as part of this suhsystem are equipment, controls and displays for
aligning the photographic system and the Visual Opties. A simulation of the ground scene as
viewed through these eycpicees is also required. The following parvagraphs describe the
primary performance characteristics of this simulation (see also paragraph 3.1.1.2. 5 for the
secondary performance characteristics of the Stimulus Subsystem of which the Main Optics

equipment is a part).
3.1.1.1.8.1 AVE Visual Optics Hardware Parameters
3.1.1.1.8.1.1 Mdgmﬁcahon and Real 1‘1eld—of—-V1ew

The MDS shall provide step magnifications equlvalcnt to 126X, 250X, 500X and 1000X.

The total range shall be covered using a coinbination of two ranges (namely: 125X, 250X,

 500X; or 250X, 500X, 1000X) cach range having its own characteristic stimulus scale, The

time between consecutive magnification steps shall be 0. 35 +0. 015 second where 1o slide
change is required. If a slide change is required, the time for a magnification step change

shall be no greater than 1 second. The real field-of-view is 0.32 degree at 125X and varies

“inversely with magnification to 1000X,

3.1.1.1.8.1.2 ELyepiece Properties

3.1.1.1.8.1.2.1 Peripheral Display
The MDS shall provide an eyepicce peripheral display consistent with the AVE baseline on
the freeze date specified in paragraph 3.1.1.1. The display shall appear to be in focus at

the reticle planc across the entire format.

3.1.1.1.8.1.2.2 Reticle

An illuminated reticle shall be employed. Its brightness shall be manually controllable

over a 50:1 range up to 10 foot lamberts. The center of the ground scene image shall be
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coplanar with the reticle. As the magnificalion controller is exercised, the reticle shall
appear to grow and contract in diserete steps with the ground scene.  Flexibility is required

in the configuration of the raticle, in the form of a capability to substitule a new pattern,

3.1.1.1.8.1.2,3 Other Characteristics

The VO eyepicce in the MDS shall have the same appearance as that of the AVE. It shall
have 4¢ degrees 4 1 degree apparcnt field-of-view., The exit pupil shall bé circular wl.th
a 6.4 + 0. 3mm diamcter at 125X and 2503, a 3. 5mm + 0. 2mm diameter at 500X, and a

1, 75mm + 0. Imm diamecter at 1000X. Eye relief shall be such that the ncar range is
acceptable {o the eye and the far range is acceplable with respect o the tasks to be per-
formed outside the VO. Manual focus adjustment of + 3 diopters shall be provided. Head
restraints shall be provided with modifications to accommodate the simulation eye relief.

The central obscuration produced by the Nowtonian Fold shall not be simulated.

3.1.1.1.8.1.3 Output Tmage Quality

- A. Resolution - Using a standard white on black bar chart of 2:1 contrast as an S

input, the device when simulating SbOX at nadir from orbit shall provide at least
67 LP/mm for IS.SK scale stimulus. This performance shall be provided on axis

as viewed through the eycpiece by the unaided eye, with optical drives operating,
the target centered in the FOV and scene drifts nulled by the computer. The
resolution variation from the center fo the edge of the apparent field shall not

vary by more than a factor of 2 from the on axis performance.

The resolution under the above conditions shall not degrade by more than a factor
of 2 from the performance at a simulated 500X where the device is configured to

simulate a magnification of 250X.

B. Field Curvature - The curvature of the apparent field from center to edge

under static conditions using the eyepiece shall be no greater than 3.5 diopters.
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3.1.1.1.8.1.4 Light Transmission

The MDS shall deliver an overall light level to the observer which accounts for the light
transmission characteristics of the VO. Overall VO transmission varies inverscly as

a function of magnification. The transmissions at Bay 2 shall be 80 perceut of those at
Bay 8. The intensity of the image at five degrees from the edge shall not be less than

50 pereent of the on~axis intensity., No simulation of vignetting is reguired.

3.1.1.1.8.1.4.1 Light Path Switching
The ground scene image is never divected to both eyepieces simultancously. At least
one cycpicce is blanked at all times; the active one having been sclected by the operator.

The light level in the active eyepiece is dependent on the way the input light is divided

between the active eyepiece and the Image Velocity Sensor. This division is under operator

coatrol and is such that the transmittance of the active eyepiece can be 0, 50, or 100 per-

cent of the available light.

3.1.1.1.8.1.4.2 Other Obscurations

Simulation of obscurations due to Thermal Door shall be accomplished in a fully obscured

or completely unobscured fashion. Total obscuration or unblanking of the scene shall occur

in 4.5 + 1 sccond when the door is being opened or closed by automatic or manual override

devices. When the hand-crank is used the response shall be keyed to the crank travel.

3.1.1.1.8.1.5 Target Coordination and Loading _

The targets selected by the voting logic shall appear in the Visual Optics, provided that
stimulus material is available and i;hese targets have becen prescripted. The targets shall
appear at a time corresponding to the end of slew and remain in view until the commence-
ment of slew to the next target, Capability shall be provided to present in the eyepiece
certain prescripted targets in coordination with the ground mission planning function at

STC provldcd stimulus material is available.
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3.1.1.1.8.1.6 Scone Dynamics

TRD 3

NOTE

The roguivenmients noted by ™ ¥V " replace the require-

mesls of the draft copy of this specificatica, dated

5 April 1888, GE does not concur that the require-

meauts noted M Y ' ean he met with eurrent design
-until completion of a study due 1 July 1968, (See

A¥ TWX No. I 0c0, 14 May 1968 for details

of AT/GE understanding.)

¥3.1.1.1.8.1.6.1 Line-of-Sight Dynamics
The MDS shall accurately model the dynamic perforim ance of the VO pointing equipment.
This model will provide a representation of slew time and the seitling of the gimbals at the
end of slew., Rates and accelerations within the following limits and to the accuracies shown,

shall be represented by this model:

0.5 # 0,001 deg/sec roll

Tracking rate - - - - - - - .5
3.4 + 0. 001 deg/sec pitch

+
+

2
- - -~+6.3deg/sec” (accuracy consistent with
rate crror)

Tracking acceleration- -

Slew rate - = = = - = = ~+15+0.01 deg/scc

. ‘ 2 . .
Slew acceleration - - - - - -16.3deg/sec (accuracy consistent with
slew rate error)

The model shall reflect the AVE characteristics without regard to stimulus characteristics.

Tracking precision shall be consistent with the requirements specified in paragraph

3.1.1.1.8.1.6. 3,
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turhations

V 3.1.1.1.8.1.6.2 ILine-of-Sighi Per

Tie MDS shrll pertarh the visuzrl presentation of thr‘ ground scene to simulaic the pos sition

and motions of the line--of-sight during tracking., The following errors 1o the LOS, which

ave cssonlia }y static or prodncing low rates, shall be C'elcctcd

»

a. Atlitude measurement errors,

b. Servo bias errors.

c. Ephomeris errovs (cross-track, in-track, altitude.)
d. Mirror rale measuremen!l errors,

e. | Target location errors (longitude, latitude, altitude).

f. Misalignment errors.

These perturbations shall generally be distributed in the same statistical fashion as the
corresponding AVE errorsg. The simulator shall have the capability to represent 95,45

percent of all the pointing errors consistent with the stimulus format size and scale

factors (paragraph 3.1.1.2.5), In addition, the MDS shall, in those modes where the
AVE computer does so, transfer operator pointing corrections made in the ATS to the

Visual Optics.

The MDS shall perturb the visual presentation to simulate the response of the line-of-sight

to the following v;ehicle structural disturbances which are of an oscillatory nature:

a. DBearing noise,

b. Main mirror slew, and settling.

c. ACTS jet firing.
The above disturbances shall be coordinated in time with the actual events which
produce them. These disturbances will be simulated with a resolution equivalent

to two arc minutes per axis apparent.
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Resolution =~ «~ - = ~ = = -1.8p rad LOS
Command Rate ~ -~ - -~ -~ = -100 commands/sec
NOTE

Resolution is defined as the smallest servo output
which can be achieved by varying the imput.

V3.1.1.1.8.1.6.3 Overall Line-of-Sight Position Accuracy
The MDS shall have the capability to determine, at any instant of time, the position of the
line-of-'sight relati\ie to the target to an accuracy equivalent to 0. 06 inches at the plane of the
stimulus material. This represents total system error including servo, computational,
stimulus registration, and location of the target on the stimulus material. The overall line-
of-sight position precision shall be better than two arc minutes per axis apparent. The

purpose of this requirement is to ensure smooth low apparent rate performance.

V 3.1.1.1.8.1.6.4 Stick Effecls
" The MMSE shall have the capability of changing the transfer function between control stick

motions and the resultant line-of-sight motion. The limiting values of stick commands are:

LOS rate -~ - - - - - - - max 0.5 deg/sec each axis, with a position
resolution better than two arc minutes per
axis apparent.

LOS acceleration- - - - - - 0to6.3 deg/sec2 each axis
The purpose of the command resolution requirement is to allow smooth low rate stick
commands. In addition, it shall be possible to reverse the polarity of the controller inde-

pendently on each axis. The change shall be initiated manually during a normal stimulus

turn around cycle.
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3.1.1.1.8.1.6.5 Tmage Derotation

The MDS shall simulate the AV devotation prisra by erccting the in-{rack line at the end

of cach slew. In addition the capability shall be provided to orient the image in any dircction.

The image shall be rotated during rack only to simulate vehicle motions.
3.1.1.1.8.2 Earth Phenomena
'3.1.1.1.8.2.1 Lighting

3,1.1.1.8.2.1.1 General
The light levels (scene and hazc) shall be controlled to a tolerance of +10 percent. The color
temperature of both sources shall be fixed at some value in the range of 3000 to 6000°K.

As intensity varies, the color temperature shall nbt vary by more than + 25 mireds.

3.1.1,1.8.2.1.2 Scene Lighting

The ground scene brightness shall be variable over a 50:1 range up to 20 foot-lamberts
open gate as seen by the opcrator. This brightness range accounts for the VO light
transmission per paragraph 3.1.1.1.8.1.4. BaSi.c scene illumination shall vary from
térget to target as a function of atmospheric composition and Sun position. The basic

'~ scene illumination shall vary due to target latitude, season and local time.

3.1.1.1.8.2.1.3 Haze

The hazc brightness (atmospheric luinanince) shall be variable over a 50:1 range up to

10 foot-lamberts as seen by the operator. This brighiness range accounts for the VO

light transmission per paragraph 3.1.1.1.8.1.4. The haze illumination for any target shall

be constant. Haze brighiness shall be coordinated with scene brightness.

3.1.1.1.8.2.2 Ground Scenc Special Effects
- The following characteristics of the ground scene shall be represented by the stimulus
material:
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a. Cloud cover,
b. Cloud shadows.
c. Shadows of objects on the ground.

d. Specular reflectance.

Main optics stimulus matevial containing clouds may be uscd in certain prescripted cases

to simulate IVS saturation due to lock-on to clouds.

3.1.1.1.8.2.3 Target Location Relative to Vehicle

The Visual Optics target shall be anywhere within the following envelope:

In-track - = = = = = = = - 30 degreos forward to 40 degrees aft
Cross-track ~ - = = « = = - 40 degrees left to 40 degrces right
Altitude - - = - - - =~ = =~ 75-85nm

The perscpective and slant range associated with the above:envelope are considered to be
properties of the stimulus material and the MDS will have no capability for altering them.
Altitudes beyond the range stated above shall be possible if proper stimulus material is
provided with scale factor proportional to the required altitude (see Secondary Performance
,Characteristics, paragraph 3.1.1,2.5), The in~track line on the ground scene will be properly
oricnted for cach target and fixed in time. This ovientation shall be determined by the script

depending on the status of the VO derotation prism, orbit inclination, and target latitude.

3.1.1,1.8.2.4 Scan Area
The MDS shall allow excursions of the line-of-sight from perfect pointing at the target which
are limited only by stimulus material format and scale (sec Secondary Performance Charac-

teristics, paragraph 3.1.1.2.5).
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3.1.1.1.8.2.5 Scene Streaming .

A simulation of rapid image streaming which occurs during slew or periods when the

gimhals arc stationary (as during a powey failurc) is not required, i.c., a real, blurred
image need not appear. However, duving such periods the grouitd scene shall be blocked {rom

view and the field-of--view illuminated to an intensity comparable to the scene intensity.
Yy I

3,1.1.1.8.3 Main Optics Alignhmoent

The MDS shall provide the capability to siniulate the verification and improvement of the
Main Optics alignment. The simulation of the three optical aligmment modes of manual,
automatic, and remote will be provided. Simulation of the alignment grids insertion into the

eyepicce will be performed with the thermal door closed.
P p

3.1.1.1.8.4 Associated Controls and Displays
Controls and displays used in conjunction with the VO shall be active and snnu]a’ce the same

functions as in the AVE. The following controls and displays are required:

a. Magnification Control Stick.
b. Control Stock.
c¢. Manual Overrides:

1. Thermal Door
2. Derota.ti_on Prism

3. Power Changer (Turret)
d. Power On/Off Switches.
e. Event Indicators.

f. Focus and Alignment Controls and Displays.
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3.1.1.3.8.5 Control Stick am! Maguification Control During Freezc
It shall be possible, ot the opiion of the SCC operator, for the crewmern to
scan the stimulus arca and chonge wognificaiion during the frecrze mode. Tho

response of the stick controller shall encble scanning of the stisrulus area

but need not comply with the vequiremants of pavagraph 3.1.1.1.8.1.6.4,

3.1.1.1.9 Cue.Subsysten

{ The Cue Subsystem will be presented by rear projectiqm display. Four operating
modes shall be sinulated in the rear projecition display. In the manual mode

the ability to advance, backup, or random access shall be provided. Consecutive
cues. can be accessed in one second. Any one cue in the file shall be accessible
in four seconds. The auto~prépass mﬁde shall provide a manually controlled

— dwell time. The auto-during pass mode shall provide a cowputer controlled

dwell time. The minimum and maximum time to view the cue wiil be as programmecd
in the auto-during pass mode with no limit in the auto-prepass mode. Upon

command, an accessed slide image shall be insertedinto or removed from the

eyepiece in 0.4 + 0.1 second.

3.1.1.1,10 7Photographic Section

A simulation of the film processor, primary and secondary camera assemblies, primary

film handling equipmesit and the controls and displays for focus, alignment, correction,

VO, and filra handling shall be included in the MDS. In ﬁddition, controls ard displays

associated with the photographic equipment and located on the operating panels shall be

dynamically driven to indicate nominal and non-nominal operation of the photogrephic equip-
ment. Eyepicce display simulation of VO "reticle focus control will not be provided. |
Primary and secondary camera controls and displays, which are under ADC control in the

—_ AVE, sha]_l be interfaced with the simulator ADC. Daia hahdlin.g of such items as edge

data, frame count, camera commands and camera responses shall be simulated,

[ iy £ e T ) ﬁ FESAN
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~equipment shall be provic‘xed. Design of these devices shall allow accomplishment of all i

HANDLE VIA BYEMAN SYSTEM ONLY

The simulation cquipment for this subsystem shall provide the capability to develop opera-
tional tasks that are to be performed with this equipment on orbit. Sensors and interlocks
shall be provided and irterface with the Simulation Computer Subsystem. The manual tasks
associated with {ilm processing shall be provided, however, actuzl film processing is not

required. Provision for a later addition of a {ilm viewer will be considered in the design.
An AVE complement of simulated DRC's, cassettes, and tools associated with photographic

manual tasks associated with them. Storage space shall be provided which simulates the
O 'L

AVE interface.

3.1.1.2 Secondary Performance Characteristics

The MDS shall be divided into subsystems as described herein:

a., Hardware

1. Simulated Laboratory Module Subsystcm.
2. Simulator Control Subsystem.
3. Simulation Computer Subsystem.
4. Interface Subsystem.
5. Stimulus Subsystem.
b. Softwarc
1. Executive.
2. Real World Tracking. '
3. Simulation Data Generator.

4, Hardware Simulation.

HANDLE VIA BYEMAN SYSTEM ONLY
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5. Stimulus and Display Drive.
6. Non-Real Time Functions.

7. On-Board Computer Programs,

3.1.1.2.1 Simulated Laboratory Module (SLM)

The SLM shall provide an environment within the SLM lil%e the AVE from the boftom of the
~curved floor {o the top of the "B" panel. Simulation of controls requiring access behind
the operating panels will not be provided. To ensure environmental similarity, the SLLM

shall be designed to provide the following:

a. Ambient Light Level - The cabin level shall be variable from 0 to 50 foot candles.

b. Temperature - The temperature shall be maintained between 60 and 75°F.
Control of the cabin temperature shall be accomphshcd from within the cabin.

c. Panel Lighting. - Functional simulation of AVE EL panel lighting is required on .
all active pancls.

d. Scat Restraints - Scat restraints will be designed for one-g operation. The seat
reference point will be the same as the AVE.

e. Noise Level - The noise level shall be equivalent to that in the EDS.

f. Communications - Voice communications shall be provided between the SLM and
the SCC. Communications will be a standard intercom with no AVE controls and
displays simulated. A recorder will be provided during MPSS operation to record
crew comments.

The prime film handling equipment, fy_n_q1j~1>p>a11y located above Console No. 1, shall be located
external to the SLM. Simulation of sforage locations above the top of the "B'" panel will be

accomplished externally to the SLM.
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3.1.1.2.2 Simulztion Control Console

The SCC.shall provide simulator control and performance monitoring as well as features
which are necessary for the operation and control of the MDS as deflined hereii.
Previsions shall be made to monitor the ima Tagets pruuonbeu to the operators through the
eycpieces. An optical pick-off of each eyepicce display shall be used to drive TV monitors

mounted at the SCC.
Controls shall be provided to record cxperimental data.

An alphanumeric keyboard and display system shall be provided for inserting new data or
‘modifying old data in the computer. This display system shall enable the operator to modify
the script as desired during system operation, and to call up and monitor data in a pre-

defined format.

The SCC shall have controls and displays for applyin power to the subsystems making up
the MDS with the exception of the computier subsystem. In addition to the subsystem control
and monitori ing facilities at the SCC, the Conirol Console shall have the necessary controls
and displays to exercise the simulator to determine its operabﬂity. Additional controls shall
be provided to allow initialization, start, stop, freeze; resume, checkpoint, recycle, inlibit,

‘single step, and single cycle control of the computer.
3.1.1. 2,8 Simulation Computer Subsystem
The complex shall consist of all computational elements, memory data channels, input/output

controlicrs, operating conscles, and peripheral devices required for the simulation function.

The MDS compuler program shall be designed for operation within the capability of the MDS

computer., As a design objective, the MDS computer program shall be limited to a utilization
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of 80 porcent of its operational time and core storage capability of the MDS digital simulator

computers (IBM 360/44 and SIS $30) as follows:

a. The overall operaticnal time utilization should be cqual to or less than average of
0. 8 scconds per second over any mission time line segment during which the On-
Board Computer program mode remains unchanged.

b. The peak operational time utilization used for demand operations (i. e., excluding
non-demand overhead operations) should be equal to or less than 80 milliseconds
for any of the real-time operational prime 100-1mnillisecond time frames.

c. The total core utilization should be equal to ox less than 80 pcrecent of the MDS
computer full cove complement of 49,152 words.

d. Any one digital simulation computer shall have a core utilization of not more than
90 percent of its full core complement.

e. The analog computer shall be loaded to not more than 80 perceunt of its operational
amplifier and input/output capability.

3.1.1.2.3.1 Simulation Control
The Simulation Computer Subsystem shall provide the capability to control and coordinate

the operation of the various subsystems as defined by the operating mode.

"3.1.1.2.3.2 Data Computation
The Simulation Computer Subsystem shall provide for all analog and digital data computa-

tion requirements.

3.1,1.2.3.3 Data Transfer
The Simulation Computer Subsystem shall provide the capability to transfer data to the
Interface Subsystem at a rate which will enable the various components to operate within

their specified tolerances.
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3.1.1.2.3.4 Data Recording and Display
The Simulation Computcr Subsystern shall provids for the on-line recording of dafa, in
pre-defined formats, for cach softwarc iteralion for post-simulation processing and

analysis. It shall also provide for (he on-line digplay of data iu pre~defined formats.

3.1.1.2.3.5 Malfunctions . )

The Computer Subsystem shall provide the capability to simulate malfunctions of the various
“components by means of status changes and parameter valucs. Programmed malfunctions
shall be selected from a library by a pre-defined script statement in real-time as command-

ed from the SCC.

3.1.1.2.3.6 AVE Softwarc Dcvelopment
The Computer Subsystem shall include an IBM 360/44G computer, which is used as a

functional prototype of the AVE computer, for the purpose of ADC software development.

3.1.1.2.3.7 Data Computation Subsystem Group (DCSG) Simulation .
The AVE Data Computation Subsystem Group will be simulated by the inclusion of DCSG
components in the simulator, or by simulation computer software as indicated in the sub-

paragraphs below.

3.1.1.2.3.7.1 Airborne Digital Computer

An engineering prototype of the Airborne Digital Computer (ADC) éha].l be included in

the simulator. It shall contain only on-board software. The on-board software will be
presented with an input/ouiput and signal characteristic interface identical to that which it

will encounter in the vehicle,
3.1.1.2.3.7.2 KDU and Printer

The simulator shall include prototypes of the DCSG KDU and Printer. These two compo-

nents will be physically located in the SLM.
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3.1.1.2.2.7.3 Auxiliavy I\Jcmmy Unit
The Auxiliary Memory Unit (AMIU) shall be simulated with 2 maguetic tape unit of the simu-
lation coinputer and with sofiware. Data content will be identical to AVEE AMU data. The

simulation computer AMU sofiware will provide AMU data to the ADC in AVE format,
3.1.1.2.3. 7.4 LDAU and Compuler Subsystem \,ontro?lol

The LDAU and Computer Subsystem Controller (CSC) shall be simulated with simulation

computer software.

3.1.1.2.3.8 MDAU

The MDAU shall be simulated with simulation computer software and the ADCAS,

3.1.1,2.4 Interface Subsystem
The Interface equipment shall consist of the Digital Interface Unit, 930/360 Adapter, Printer

and Keyboard Adapter (PAKA) and Airborne Digital Computer Adapter Simulator (ADCAS).

3.1.1.2.4.1 Digital Interface Unit .
The Digital Interface Unit (DIU) will provide input/output signal routing from the SDS 930

digital computer to other simulator subsystems.

The DIU shall also provide the necessary timing and control necessary to pass data between
the Simulation Computer Subsystem, Simulation Control Console, ‘and thé Simulated Labora-
tory Module. As a design goal the DIU shall have a 20 percent growth and spare capability.
The spare interface equipment will be provided such that the capabilily can be enlarged by

the addition of logic cards into prewired classes.

3,1.1.2.4.2 930/360 Adapter
The 930/360 Adapter will provide the interface between the hybrid (930/2200) system and the

-~  IBM 360/41 computer system.
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3.1.1.2,4.3 PAKA
The PAL A will provide the ivicrface with thie AVE Printer and KDU in the SL.M and

the 360,/44.

3.1.1.2.4.4 ADCAS

The ADCAS will provide the imerfa,ce‘betwcen the 360/44 and the Aivborne Digital Computer
(ADC). The ADCAS interface with the ADC will be functionally identical to the interfaces
provided to the ADC by the LDAU, MDAV, Printcrs, KDU, and the CSC in the AVE. The
interface between the Beckman 2200 analog computer and the Stimulus Subsystem will be

provided by the Power Conditioning Equipment.

3.1.1.2.5 Stimulus Subsysteim

The Stiraulus Subsyster shall consist of the Acquisition Eyepicces, the Visual Optics
Eyepiéces, and the Cue displays, including the equipment necessary {o provide the images
on these displays. To develop the optical capabilitics of the stimulus subsystem an optical
bench test shall be performed. The following sccondary performance capabilities are

required of this subsystcem.

3.1.1.2.5.1 General
All elements of the Stimulus Subsystem shall be designed to allow a turn around time of
10 minutes or less for rerunning the same active reconnaissance pass and 30 minutes for

initializing a full new target load.

All optical systems shall be designed primarily to prescnt black and white imagery. The
presentation of color imagery is a secondary objective. All optical trade-offs shall be

made in favor of optimizing performance with black and white stimulus material.

3.1.1.2.5.2 Acquisition Displays
The MDS shall be designed to present a-total of up to 70 slides in each slide changer. The

capability for presenting more than one target per slide will be provided. These slides
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cen LP Av anvu HPA Dby the sceripi. The ability to éivitich from
Li.. to KEPA and vice versa in ihe reqﬁired time will be dependeni on the way the
sl;de positions are allocated by the scripi, and the availability of sufficient
duplicate stimulus material. The scale factor of these slides will have any

value within the following two ra ngas:

LPA HP A
128, 600:1 to 160, 000:1 32, 000:1 to 49, 000:1 Scale Range A
286, 000:1 to 364, 600:1 71,500:1 to 91, 000:1 Scale Range B

For any onc simulated target pass only one scale range is applicable. The capability to

These scale factors correspond to

simulations of noininal (75-85 mn) altitudes per paragraph 3.1,1.1.7.2.3. The MDS shall

change scale ranges within 10 minutes shall be provided.

allow the line-of-sight to be scanued over very nearly the entire surface of the slide (+4.06

inches in twp orthogonal directions).

The mechaniem for changing

either of the two elevators mdependenﬂy and in either divection and of bringing any one of

four slides into view in one second or less. Speeds for reverse operation shall be the same
as for forward operation. In addition, it shall have the capability to skip up. to five slides
and present the sixth for viewing in three seconds or less, An automatic res

shall be provided.

The MDS design will'be performed in such a way as Lo allow an actual AVlu Acqmsmon
Eyepicce Assembly to be retrofitted to the display.  All optical trade-oifs shall be made in
favor of the AVE eyepiece rather than the supplemental eyepiece to be supplied initially.
The design of the MDS will be such that it will allow the AVE cyepiece to exhibit its normal

functional characteristics as defined in paragraph 3.1.1.1.7.

3.1.1.2.5.3 Visual Optics Displays
he MD3 shall be designed to present a total of up to 70 main optics slides, The MDS shall
allow the line~of-sight to be scanned over the surface of the frame up to +4.06 inches in two
orthogonal directions.
-3 6 2 ’
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9 in. x 9 in. target slides shall have the capahility of operating -
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~~  7The mechanism for changing 9 in. x 9 in. frames chail have the capability of operating either
of the two elevators independently and in either divection and of bringing any one of four
slides into view in one sccond or less. In addition, it shall have the capability to skip up to
five slides forward or backward in two seconds. An automatic restacking capability shall be

provided.

3.1.1.2.5.4 Cue Displays
The MDS cue system simulation shall provide the capability to present one cue per
acquisition target in the ""during pass'* mode, and one cue of differcent content per acquisition

target in the pre-pass briefing mode. Cues shall have a 35 mm super slide format.

3.1.1.2.6 Simulation Ixecutive Function ‘
In addition to the simulation software requirements specified in paragraphs 3.1.1.2.6 through
3.1.1.2.12, the MDS shall be designed to provide an essentially realistic software develop-

ment and validation environment for the ADC computer programs (CEI MOK 8024).

The Simulation Executicn Function consists of one module, the Simulation Executive. This
module performs the following functions: ’

1. Responds to operational mode controls.

2., Determines and controls sequence of real time modules,

3. Insures time simulation of all simulator functions.

4. Senses and responds to simulator equipment failures.

5. Controls transfer of data between the various simulation computers and the

simulation hardware.
6. Controls operqtion, mode of the analog computer.
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3.1.1.2.7 Real World Tracking Function

This function block computes the reference tracking data; i.e., the tracking is based on
simulated perfect knowledge of the vehicle, star and tayrget position and velocity as well as
perflect I;"ﬁowlcc’;g;e of veliicle attitude aud ratc of change of altitude. The output of this
function is the line-of-sight vector to two stars and to three ground targets (onc on each
Acquisition and Tracking Scope and one for the Main Optics). The Attitude Control nud

Translation System (ACTS) is also simulated in this function block. This function block

consists of the following modules:

a, Mission Data Exrvor Correction Adder.
b. Ephcemeris and Error Adder;

c. Sun Angle Generator.

d.

Reference Line of Sight Generator.

3.1.1,2,8 Simulation Data Generation Function
This function block provides the simulation with real time, on line, data management

capability. The block inputs script statements and interprets the 1'eq11irec1 function.

Command Data Messages and reference tracking .data are inputted through this function.
This function extracts all necessary data to drive the reference traélcing function from the
mCommand Data Message. All communication with the ADC is handled in this function blocli,
including data from the Auxiliary Memory Unit. This function will respond to and drive all

Controls and displays associated with the Computer Group. This block consists of:

. Mission Data Adapter Unit Simulator,

a

b. Laboratory Decoder Simulator,
c. Bulk Data Handling.

d. Script Interpreter.

e. Laboratory Data Adapter Unit Simulator.
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3.1.1.2.9 Hardy ’aré Simulation

This block is composed of modules which simulate the responses of various drives and
sensors which are part of the MP8S. These consist of the gimbal drive responses for the
Mai: Opuw , Star Tracker and Acquisiticn and Tracking Scope, the derotation prism
rceponser, and the camera responses. The IVS sensor outpuls and the film processor are
also simulated. Both nominal avd non-nominal responses must be included, The dynamic
responses in the prism system are modeled aad thermal responses in this biock., The
Telemetry and Monitor and Alarm Subsystems are simulated fo the extent they reflect the
MPSS.  All displays and controls associated with the simulated hardware will be interfaced

with this function block. This block consists of the following modules:

a. Drive Control Response and Position Simulation,

Payload Simulator and Hardware Controller.,

=2

Electrical Power and Signal Distribution Module.

Mission Module Environmental Simulalor.

P..O

o

Mission Module Variable Alignment Simulator.

Ll

Image Velocity Sensor Simulator.

Derotation Simulator.

o

Star Tracker Simulator.

e
.

Telemetry/Monitor and Alarm Simulator,

Film Processor Simulator,

LIy
.

k. Attitude Reference Generator and ACTS Simulator.

3.1.1.2.10 stimulus Control Fungtidn

This function block contains the simulation modules which generate the simulation hardware
drive signals, In addition, all ;iata received from the simulation hardware i received,
formatted and distributed by this function block. The drive signals are compensated,

formatted and transmitted by this block. This block con51sts of the following modules:

a. Tracking Simulation Controller-

b. Display Position Drive.

HANDLE VIA BYEMAN SYSTEM ONLY
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c. Performance Data Collection.
d. Input.

e. Output.

3.1.1.2.11 Non-Real Time I'unctions

The poa-real time functions cither prepare data for use in the simulation or analyze
performance data collected during a real time simulation run. The presimulation functions
“include Editing and Formating Command Data Messages, preprocessing the eecript, gencrating
ephemerides (including errors), generating target locations errors and generating stellar
veetors, In addition, a hardware checkm cupub;hty will be provided. This block consists

of tlie following modules:

Command Message Editor,

a.
b. Script Preprocessor.
¢. Presimulation Data Generator.
- d. Post Operation Data Reduction and Evaluation.

e. Program Library Generate/Update.
f. Simulation Check.

g. Data Base Present/Update.

3.1.1.2.12 On-Board Computer Programs

Provisions shall be made to operate the MDS with 211 On-Board Computer Programs contained
in CEI-MOK-802A and G. F. P. Software as specified in SAFSL Exhibi_t 34121. Thesc
programs will be unmodified for simulator operation. All simulated malfunctions associated
with the ADC software will be incorporated in the MDAU or LDAU simulation. The on-board
programs exccute all stored commands and real time commands associated with the ADC or
MPSS. These programs providé the drive command to the Main Optics, Acquisition and
Tracking Scope, Camer;'z, Star Tracker and simulated Visual Display Projector as well as
various console controls and displays. In addition the computer collecis data to enable the

ground to access the reconnaissance value of each targot photograph.
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3.1.2 OPERABIVITY

3.1. .1 Reliability

The MiDS shall be designed to give an availahility of 80 percent hased on single shift operation,

scheculed preventive mainlenance and a MTBT of 27.6 hours. The 27.6 hours MTBY figurewillbe

verified by an analysis baged on the assuroption that the:

IBM 860/44 has a MUBT of 87 hours

SDS ¢30 has 2a MTBY of 1500 hours
Beckman 2200 has a MTBYF of 1000 hours
ADC has a MTDI of 1512 hours

ADCAS has an MTIDBF of at least 400 hours
PAKA has an MITBF of at least 400 hours

523_01h'kwmr—l

© 3.1.2.2 Maintainability-

Each assembly and subassembly forming a part of this equipment shall be designed to permit
access to its interior. Such access shall be to an extent that will enable circuit checking and
removal and replacement of parts. All covers, hvinged access doors or removal panels that

must be opened for inspection or maintenancc purposes shall be secured by readily removable

screws or quick-release mechanisms. The maintainability provisions of paragraph 3.5.1,

MIL-T-27474, as amended, apply.

3.1.2.2.1 Maintenance and Repair
Maintenance and repair cycles shall be consistent with the operating requirements‘ specified

in paragraph 3.1,2.1. Hardware and component spares shall be provided.

A, Documentahon - A Maintenance Description Document and an Operations Description

Document shall detail the concepts to he followed in operation and maintenance of the system

after delivery. These plans will be implemented throaigh detailed standard operating

'procedures to-be published separately by the contractor.

3-41

DORIARN

HANDI E VlA BYEMAN SYSTEM ONLY




HANDLE VIA BYFMAN SYSTEM ONLY

NRO APPROVED FOR (i [ o T g -
RELEASE 1JULY 2015 5> § S0 G ro T/ C\ JUART
"\\

B. Software Program Support - A series of software system checkout and diagnostic

programs shall provide a quick health cheek of the simulator and assist in fault isolation

as follows:

1. Internal check of 560 operation (vendor diagnostics)
2. Check of 360 peripheral equipment (vendor diagnostics)

3. Check of ADC/ADCAS/360 interface (vendor diagnostics plus 1/0 tester

capable of fault isolation as provided by IBM as part of maintenance contract).

4, Check of 360/PAKA/Printer and Keyboard (vendor diagnostics plus 1/0
tester capable to the card level as provided by IBM as part of maintenance

contract).
5. Check of 930 internal and peripheral (vendor diagnostics).

- 6. Check of 360/930 interface (diagnostic software capable of fault isolation
to the 1/0 bit level). :

7. Check.of 2200 (Maintenance patch panel with manual proc. capable of
fault isolation to the amplifier level).

8. Check of 930/2200/Iybrid system (vendor diagnostics).

C. Trouble Shooting Prodedurés - Necessary trouble shooting procedures that will permit

tracing the flow and interruption of data through sequential list points in the system will be
provided. This procedure is tobe implemented by a standard card 1i.s'ti11g which will
identify correct signal levels at access points in the circuit. The trouble shooting pro-
cedure will detail the steps required to isolate a fault to the logic card level. Special test

equipiment will be provided to isolate logic card failures to the piece-part level.

D. Preventive Maintenance Routines - A system of preventive maintenance routines and

the frequency of accomplishing each routine shall be established.

EIDORIAN
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E. Software Pl"e_—f:;i._l_‘)._l}ll;?it_ig}}hf}ﬂ{qz'}} ation Programns - Pre-simulation software programs shall

be included 1o assist in automatic gencration of simulation input duta to conforin to a designated

sequence-of-evente in a given simulation excreise.

3.1.2, 2 1.1 Power Interrupt Protection

The MDS shall include self-protective devices to prevent damage in the event of power surges,
failures, or interrupts. The protective devices and checkout routines shall be designed so
that operations which were in progress may be resumed within two hours after the abnormal

power condition is rectified,

3.1.2.2.2 Service and Access

The simulated Laboratory Module shall be coustructed with removable exterior panels to
provide access to the rear of the consoles. The console instrument panels in the Simulated
Laboratory Module and in the Simulator Control Consoles shall be easily removable or hinged
to console structure. Quick disconnect electrical connectors shall be used to facilitate
component removal for test and repair. The MDS shall conform to the Service and Access

provisions of paragraph 3.5.1, MIL-T-27474, as anmended.

3.1.2.3 quful Life

The MDS shall be designed for a useful life in ex Kcess of 8000 operating hours over a period
of three calendar years of intermittent operation when supported by scheduled and periodic
maintenance. Parts and equipment having characteristics of degradation with life shall be

identified.

3.1.2.4 Environmental

The MDS shall be designed for operation in an enclosed laboratory environment specified to
have filtered air, operating temperature of 720F iso and humidity of 45 percent +5 percent..

Its design operaling environment temperature shall be 60 to 77OF.
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3.1.2.5 Transporiabilily

There are no transportability design requireinents for the MDS. However, the design of

components comnion to MMSE shall meet the transportability requirements of CEI 1400 BL

3.1.2.6 Uumﬂm Pm:owimmcb

The design of the system shall be such that all aspects of human performance are considered
to achicve zn optimum man-machine relationship, Appropriate task analyses and design

criteria shall be generated in accordance with MJL-H-27 894A.

3.1.2.7 Safety

3.1.2.7.1 Flight Safety
Not applicable. '

3.1.2.7.2 Ground Safety

Not applicable.

3.1.2.7.3 Nuclear Safety

Not applicable,

3.1.2.7.4 Personnel Safety

a. The MDS shall be designed to assure safe operation to using personnel during
training periods as well as during maintenance operations in accordance with
MIL-STD-454, Requirement 1, All Class IV hazards shall be eliminated and Class
III hazards minimizcd and controlled in accordance with MIL-S-38130.

b. Personnel contact with potential electrical and mechanical hazards shall be
eliminated by safety devices such as covers, shields, guards, warning labels, or

interlocks in accordance with MIL-T-27474 paragraph 3.4.4.1, revised.

¢. Additional personnel safety requirements shall comply with the requirements of
MIL-STD-803, paragraph 13. :
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- d. Matevials which will support combustion or which are capable of causing an

explosion shall not be used as specified in MIL-STD-454, Requirement 3.

e. 'The MDS shall comply with the safcty requirements of paragraphs 3.4.4 and 3.4. 4. 1
of MIY-T-27474, &s amended,

3.1.2.7.5 Fxplosive and/or Ordnance Safely
I

Not appli cable.

3.1.2.8 Ease of Operations

The MDS shall be designed for ease of operations. Operational requirements will be further

specified in SAFSL Exhibit 34004, which will amplify the following typical items:

a. Scripting aids, such as check lists and seripting programs, ‘shall be provided.

b. Target indexing and weighing, command generations and verifications, and ephemeris
generation shall be simplified and automated to the extent practical.

c. The performance data routine shall be capable of displaying, printing, or storing
on tape any of the parameters in the data base as defined in a predetermined parameters
immediately after a data run., It shall be capable of printing out any parameter in the '
data base within 15 minutes after a run as defined in a predetermined format. The
date shall be in predetermined formats (engineering units, octal, PTS, etc,) with
alpha-numeric designators. It should be capable of accepting changes to the display
formats at any time before a run,

3.1.3 DATA BASE REQUIREMENTS
The simulation data base shall provide the data interface for all modules within the simulation

programs. It shall contain the following types of data:

3.1.3.1 All parameters used to mechanize the software representation of the system.
3.1.3.2 Malfunction and error pal~a1110teré, system Status Flags and Flow Flags
3.1.3.3 Constants common to several programs.

3.1.3.4 Simulation Data Mode format definitions. -

3.1.3.5 Predcfined operator messages. |

3.1.3.6 Simulation Display Mode format definitions.
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7T 8.2 SYSTEM DEFINITION

3.2.1 INTERFACE REQUIREMENTS

8.2.1.1 Schematlic Arrengemc 11/1}110“1(1(6 Block Diagram

The block diagram shown in Figure 3-1 shows the subsystem uterfaces.

3.2.1.2 Dclailed Interface Definition

Not applicable.

3.2.1.3 Facilities

Facilities provided for the MDS equipment shall include the following:

AC power.

o o

Air conditioning,

Raised floor for cables.

_Q‘ ]

Maintenance area.

e. Storage arca for spare parts.

bl

Storage area for stimulus material,

'3.2.2 COMPONENT IDENTIFICATION

The following subparagraphs iderdify the components of the sys tzm.

3.2,2.1 Government Turnished Property

G.F.P. is specified in SATSL Exhibit 34121,

3.2.2.2 FEngincering Critical Component List

Not applicable,

3.2.2.3 Logistic Critical Component List

Not applicable.
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3.3 HANDWARE DESIGN AND CONSTRUCTION
3.3.1 GENERAL
The MDS shall provide simulation of all mission related functions to support the perfor-
mance requirements set forth in paragraph 3.1. In addition, the design will conform to
the maximum practical extent the requirements of the MMSE CEI MOL 900Al. Com-
monality of subsystem componcents will be required wherever practical. The eyuipment
will be designed to accommodate periodic inspections, complete optical and mechanical
calibrations, and daily checkout operations.
The MDS shall have the five following subsystems:
1. Simulated Laboratory Module
—_ 2. Simulation Control Console

3. Computer Subsystem
4, Interface Subsystém

5. Stimulus Subsystem

The subsystems, with the exception of the Computer Su.bsystem, the ADCAS, PAKA and 360/
930 Adapter of the Interface Subsystem, and the Slide Viewer System of the stimulus sub-
system shall be designed and fabricated in accordance with MIL-T-27474 as amended.

3.3.2 STIMULUS SUBSYSTEM
.3. 3.2.1 Acquisition
3.3.2.1.1 General Description

— This section of the specification delincales the performance requirements for the Slide

Viewing Subsystem (SVS).
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The cquipment will consist

] E ) 5 - I .
proconsing and relaying sysiem, and the elestrical driving system

3.3.2.1.2 Source lolding and Sclecting Systom
The scurce material is 9 in. x 9 in. diapositive f£ilm plates. Two holdexr and

changer systens are requirad on the bay No. 2 245 and ope on the bay No. 8 AUS.

The bay No. 8§ ATS shall have the capalility to incorporzice the second holder/changer.

Each holder m&st hold 70 ¢ in. x O iﬁ. dispositives. Fach changer system must be
able to change to next slide within one sccond. TYurthoymore, the changers must be
so designed as to be conmanded to any diapositive, forward or reverse of the present
position, and to operaite the two elevators independently. The time response for
access to five positions will be within two scéonds. The changer design shall
provide the capability to recall the preceding'slide within one second if it has

L)

not been rejected. An automatic restacking capability shall be provided:

Table 3-1. Source Holding and Selecting System Requircments
Holder/Changers 3. required
Capacity (ca) 70 9 in. x 9 in. ch positives
Change Speced 1 sec adjaccnf sides

2 sec b adjacent indexes

Direction Forward or reverse

3.3.2.1.3 Optical Processing and Kelaying System

The Optical Processing and Relaying System in the SVS shall perform various optical
functions on an input image and transmit this processed im age to an eyepiece. The pur-
pose of this systemn is to optically process an input image by dypamic change of image

perspective, dynamic change in image orientation and dynamic optics center selection.

3.3.2.1.3.1 hnage Intensitly
The image intensity shall have a variable light level range of 50:1 with the upper level
at 500 foot lamberts when the system is evaluated without diapositives in the chain. The

color balance of the light shall be between 3000 and GOOOOK.
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3.3.2.1.3.2 Image Size

The angular maznification of the objective shall be by a continuous zooi:. techrigue. The
range of change is 7.2:1. This magnificalion chang. shall be presented in an exit pupil
so that the field presented will subtend an apparent 60 degrees + 1 degree field of view.
Further, when the image is al the lowest magnification the oxit pupil shall be 4 mm and

as the magnification inereases the exit pupil will deerease to 2 mm.

3.3.2.1.3.3 Image Pergpectlive

Anamorphic optics will provide image perspective by distorting an input to simulate
various slant angles of view. 7The amount of image perspective provided will be deter-
mined by the initial stimulus gcombetry and sqale. TFor all stimulus provided, it shall be
possible to simulate stereo angles from 45 to -40 degrees, and to change stimulus roll
angle by at least + 10 degrees. These conditions shall be met if the target original

stereo angle is 15 degrees or less.

3.3.2.1.3.4 Optical Center Sclection

The center of the optical axis with respeet to the diapositive shall be continuously variable

to at least 1 4 inches in two ortliogonal directions.
o

3.3.2.1.4 Electrical Drive System
This section discusses the response characteristics required for the various optical com-

ponents to meet the dynamie time and accuracy specification.

3.3.2,1.4.1 Brightness Control
A {ilter modulator drive will cause a brightness change of 16 percent within 1 second.
The drive must be real-time to simulate brightness change caused by Sun angle, slant

angle and ranging.

A fast response capabilily will also be available to set the filter modulator to any com-

mand position within the brightness range within one second.

Control accuracy shall be within + 10 percent of a commanded foot lambert setting,
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3.3.2.1.4.2 Magnification Control
The spherical zoom conirol will cause weagnification change to be continuous over the
opersting range aud will simulate the 2:1 magnification change within 0.5 sccond.

3.3.2.1.4.3 Anamorphic Conlrol
The dynamic pﬂrqpoctivo chansze shall be provided by an anamorphic lens assembly. The
anamorphic d/JI’nudl ghall be continuously varied on command from 0 to 360 degrees

within one second and to an acecuracy of 4 15 arc minutes

0 3.3.2.1.4.4 Image Rotation

Tiie image rotation shall be continuously varied on command from 0 to 360 degrees

within one second and to an accuracy of + 30 arc minutes.

V 3.3.2.1.4.5 Position Selection
The drive to place the diapositives on an optics scanner to a selected portion of the ob-
jective shall have the following performance characteristics:
a. The center of the optics chain shall have a position accuracy of 4+ 0. 00590 inch
with a repentability of position to + 0.00040 inch.
b. The minimum position change is 0. 00040 inch.
c. Position change shall be capable of position change at a rate from 0 to 4.61
inches per second. Simultaneously, positioning commands will contain acceler-

ations from 0 to 38 inches per second square.

d. Overall system position precision shall meet the lequlrexnelm specified in
paraoraph 3.1.1.1.8.1.6.3.

3.3.2.1.4.6 Acquisition Peripheral Display

The initial configuration is described below:

a. All lights will be displayed against a dark background in the outer three degrees
in the periphery of a 60 degreefield of view,

b. All lights will subtend onc-half degree in the field of view (FOV).
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- c. All lights will have the capability of being switched on singly in any combination ‘

or seguence.
~d. There will be a total of 35 lights in the wipeout.

1. -Twenty-five lights equally spaced within a 120 degree arc in the left hand
FOV 60 degrees above and 60 degrees below the horizontal centerline.

2. Two grouws of five lights cach in the right half of the FOV.
(a) One group of lights equally spaced and centered in a 30 degree arc

centered in the upper right quadrant.

(b) The second group of lights also equally spaced and centered in a 30 :

degree arc centered in the lower right quadrant. i

e. The ability to provide a means for color lighting will be provided.

~ - 3.3.2.2 Main Optics

3.3.2.2.1 General Description
This portion of the specification delineates the performance 'requirements for a version
of the SVS described in paragraph 3.3.2.1. The configuration of the unit to be used for

Main Optics simulation is described herein.

3.3.2. 2.2 Source Holding and Selecting System

The source material is 9 in. x 9 in. diapositive film plates. One holder and changer
system is required and must hold 70 9 in. x 9 in. diapositives. The changer system must
be able to change to the next shde within one see. Furthermore, the changer must be so
designed as to be commanded to any diapositive, forward or reverse of the present position,
and to operate the two elevators independently. The time response for éccess to five
positions will be within two seconds. The system shall have the capahility of operating

in either a forward or reverse mode with equal speeds.

3.3.2.2.3 Optical Processing and Relaying System

The optical processing and relaying system in the SVS shall perform various optical
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cge toan eyepiece. The pub-
posc of this sys stem i Lo optically pr ocess an image by change of image intensity, change

of image size, cliange in image oricatation, and optics cenier sclection.

3.3.2. 92.9.1 Image Intens ity

The image intensity shall have a vaviable light level range of 50:1 with the upper level at
20 {oot lamberts when the sys stem is evaluated without a diapositive in the chain. The
color balance of the light shall be between 3000 and 6000° K, remaining constant + 25

mireds with changing intcnsity.

3.3.2.2.3.2 Image Size

The angular magnification of the ou]cctwe shall be a continuous z0OOmM technigque. The
range of change available is 7.2:1. Two ranges of st jmulug material can be used to

cover 111e full magnification rangc, the required scalé ranges are shown below:

Mag Range Stimulus Scale Rango
125X, 250X, 500X 10240:1 to 18500:1
250%, 500X, 1000X 5120:1 to 9250:1

This magnification change shall be presented in an exit pupil so that the field presentedA "
wﬂl subtend an apparent 40 degrees + 1 degree field of view. I‘urther, when the image

magnified the exit pupil dimension will decreasc as desceribed below:

125X . 6.4min

250X : ' . : 6.4mm

500X 3. 5mm
1000X ' 1.75mm

3.3.2.2.3.3 Image Pérspective

Image perspective shall be static.

3.3.2.2.3.4 Optical Center Sclection

The center of the optical axis as to its or ientation to the diapositives shall be continuously
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variable in two orthogonal divections to at least & 4. 06 inches {from the center of the
diapositive objective.

-

3.8.2.2.4 ‘Electrical Drive Syster
This portion discusscs the response characteristics requirved for the various optical

components to meet the dynamic tiine and accuracy specification.

3.3.2.2.4.1 Drightness Control

A filter modulator drive will cause a brightness change of 16 percent within one second.
The drive must be real-time to simulate brightness change caused by Sun angle,slant

ande and ranging.

" A fast response capability will also be available to set the filter modulator to any com-

o~ mane position within the brightness range within one sccond.
Control accuracy shall be within + 10 percent of a commanded foot lambert setting.

3.3.2.2.4.2 Magnification Control
The spherical zoom control will simulate AVE magnification step change over the

operating range.

3.3.2,2.4.3 Image Rotation
The image rotation shall be continuously varied on command from 0 to 360 optical degrees

within one second and to an accuracy of +£ 30 arc minutes.

A 3.3.2.2.4.4 Position Selcction
The drive to place the diapositives on an optics scanner to a selected portion of the ob-

jective shall have the following performance characteristics:
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a. The center of the optics chain sholl have a position accuracy of + 0. 000590
inches with a repatability of position to + 0.00040 irch.

b.. The minimum position change is 0. 0004 inch.

¢. Theoptical center shall be capable o[ position change at a rate from 0 to 4.61
inches per second. Simuliancously, positioning commands will contain acceler-

ations from 0 to 36 inches per sccond square.

3.8.2.2.5 Main Optics Alignment ‘
The simulation of optical alignment will be accomplished by inserting the alignment grid
patterns.into the Stimulus Subsystem on 9 in. x 9 in. diapositives. Simulation of tilt
and decenter corrections will be provided using the simulator X-Y positioner. The

vehicle control stick will be inhibited during this exercise.

. 3.3.2.2,6 Main Optics Tihmer Wipeout

The initial configuration is as follows:

a. Eyepiece will subtend a 40 degrece apparent field of view.
b. The peripheral display will consist of 35 lights remotely controlled.
c. Each light will subtend one-half degree in the FOV.

d. All lights will be displayed against a dark background in the outer three degrees
in the periphery of the FOV.

e. All lights will be as near white as possible in color, but no correction for color
temperature will be necessary.

f. There is a requirement for changing the light colors for coding purposes.
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g. The lights will be located as follows:
1. 32 lights at the bottom of the OV
(2). Ome light in the bettom ceiter or zero pogition

(b). 13 lights placed at four degree inlervals from zero to 52 degrees to ihe
left of center light

(¢). 18 lights placed at four degree intervals from zevo to 72 degrees to the
right of center light

2. ‘Three lights equally spaced in the upper right quadrant at 10 20, 75° points.

h. The wipeout display will be neither magnified nor totaled in the eyepiece.

—~ 3.3.2.3 (Cue Presentation
A rear screen cue presentation will be driven at .each console. A maximum of 80

cues will be required for each console cue system.

3.38.3 SIMULATED LABORATORY MODULE

The simulated Laboratory Module shall contain all boperating consoles associated with the
MPSS and certain LMSS devices. Non-operating panels will be blank. Operating panels
shall be designed to reflect the configuration of Lhe AVE pancl as of the date Spc~>01f1ed
below, Al gpe.ratmg components shall be flush mounted on the panels. “Recessed
controls will be simulated by flush mounted controls with attached quards. They will be
designed to provide a comfortable feel to the crewman. All controls shall be designed

for maximum flexibility and easc of change.
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The SCC shall consist of an assembly of consoles designed for scated operation.

Each console shall consist of an upper panel which slopes downward 20 degrees toward
the ope;;‘e{tor, and a lower panel which sloves 20 degrees vpward toward the cperator.
The upper pﬁnel shall be designated GXA and the lower panel GXB. A writing surface
shall be provided with each console which can be lifted for access to a storage tray.
The panels shall be fastened to chassis slidos; and may be maintained at the console by

sliding them forward.

3.3.4.2 Controls and Displays

Functional controls and displays in the SLM shall be monitored on the SCC, however, the

following itcms need not be monitored:

a. Audio Volume Conirols.

- b. Tocus and Inicnsity Controls.

Displays on the SCC used to monitor controls and displays in the SLM shall be grouped
according to the arrangements which represent, where practical, the layout of their

counterparts in the SLM.

Legends used on the SLM panels to group together related control/display devices,
identify device functions and identify control positions, shall be rer-)eated. on the SCC,
either on the panel or, where appropriate, on the legend face of the related display.
Legends on status displays in the SLM shall be repeated on the legend faces of the related

displays on the SCC.

3.3.4.2.1 Toggle Switch Monitoring
Toggle switches, except as noted in paragraph 3. 3.4. 2.1 e. 3 shall be represented on the
SCC by legend indicators with white diffusers, functionally grouped to represent AVE

‘subsystems. The lights representing a switch shall be grouped together in a vertical
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gimulation of the monitor and alarm aural tones shall be provided by two separate tones;

one for warning and one for caution.
An m‘rorcom communication system will be previded betyeen the SLM and the SCC.

The following panels shall be provided as part of the SLM and shall reflect the AVE design

as of the date indicated:

AVE Dwg. No. Dated
Panel 2C 71103063 2 July 1968
Panel 2D 711-03064 2 July 1968

The primary film handling equipment located above the !"B' panels will be located outside
the SLM. The arca provided for storage of the secondary cassettes will be in bay 6 in
~the Simulator to avoid the SLM access door. The other photographic equipment will be

located in the SLM in the same location it has in the Laboratory Module.
The bath tub depth will be simulated down to the camera interface with the Ross Plane.
3.8.4 Simulation Control Console (SCC)

3.3.4.1 General
The functions of the SCC are to provide the capability to control and monitor the MDS,

The SCC shall include the following:

a. Controls and Displays for simulated oi)erations.
b. Displays of status for SLM controls and displays.
c. Simulation equipment status di§pla)'s.

d. Controls for rccording of simulation test df;lta.

e. Display for monitoring test data.
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column, each lisht representing a single positicn of the switch. Legends on the SLM pancls
identifying switch positions shall be repested on the associated lights on the SCC. Each
display shall conform to Case 1, 2, or 3 illustrated in Figure 3-2, depending on the type
and function of the switch being monitored. The following criteria shall govern the
selection of the display to be used:

a. In general, maintained toggle C'\Fii‘ch positi_ous marked OFT", NORMAJY., aud
CLOSED shall not be shown by lights. "These missing positions shall be shown
by black bordered, rectangular areas containing the appropriate legends as
shown in Figure 8-2, Case 1. The background within the rectangles shall be
the standard grey panel color.

b. The center null position of momentary switches shall be shown by means of
black bordered rectanguler avea with a white background containing, where ap-
plicable, the appropriate legend as shown in Figure 3-2, Case 3.

c. Switches not applicable to either a. or b. above shall be represented on the SCC

shown in Figure 3-2, Cese 2, with all positions shown by lights
—_

d. Except as noted in 3.3.4.2. e, the indicator light representing a toggle switch
position shall illuminate white upon reccipt of a signal, indicating thai the switch
contacts are closed. Upon removal of this signal, the indicator light shall
extinguish. ’

e. In cases where toggle switches have momentary positions whose actuation nor-
mally causes the related function to be latched in, these momentary positions
shall be represented on the SCC by means of illuminated, pushbutton indicators
with momentary switches attached. Two lamps in each indicator shall be fitted
with blue boots. The display shall function as follows:

1. Upon receipt of a signal indicating the closure of the momentary contacts
of the switch being monitored, the white and blue hmps in the associated
light on the SCC shall illuminate.

2. Upon removal of this signal the white lamps shall extinguish, the blue lamps
remaining on.

3. The light shall continue to display the blue color until cancelled by one of the
following methods:
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(a) Mamnally by the Instructor/ Operstor depressing the face of the light.
(b) Automatically upon receipt of a signal indicating that the switeh being
mouitored has been moved to other posiiioas.
3.3.4.2.2 Yushbatton Switch Monitoring |
1
Pushbution switches in the SLM which do not contain integral status lights shall be
represented on the SCC by legend indicators with black bezels and black lens holders as
shown in Figure 3-2, Case 4. "he lights shall contain white diffusers and black legends
identifying the switch function. The displays shall funciion as follows:
a. Lights on the SCC monitoring pushbutton switches whose functions are active
only during switch contact closure shall illuminate white upon receipt of a signal
indicating closure of the contacts and shall extinguish 0.75 +.20 second after
removsal of this signal.
b.  Lights on the SCC monitoring pushbutton qwuches whose functions are latched in
_ upon swifch contact closure shall be illuminated pushbutton types fitted ‘with

momentary switches. Two lamps in each indicator shall be fitted with blue
boots. The display shall function as follows:

1. Upon receipt of a signal indicating closure of the contacts of the switch being
monitored, the white and b1u° lamps in the associated light on the SCC shall
illuminate.

2. Upon removal of this signal the white lamps shall extinguish and the blue
lamps shall remain on.

3. The light on the SCC shall continue to display the blue coler until cancelled |
manually by the Jnstructor/ Operator depressing the face of the light. |

Those pushbutton switches in the SLM which contain integral status lights shall be
represcnted on the SCC by means of a pair of indicator lights, mounted one above the
other, as shown in Fldm e 3-2, Case 5. Both lights shall have black bezels and black

lens holders. The button indicator shall function as described in a. and b. above. The

being monitored.
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3.3.4.2.5 Status Light Monitoring

Statugs lights in the SLM sghall be functionally duplic aiod on the SCC by means of legend
indicators. The indicators shall contain white diffuse The white diffuser plate shall
be visible through the clear areas. The legends o these lights shall match those of the

related lights in the SLMM.

3.3.4.2.4 Rotary Switeh Mouitoring

The position of rotary switches in the SLM shall be displayed oa the SCC by means of
round indicator lights; one for each switch position including OFF. The lights shall be
arranged in a circular pattern corresponding to the arrangement of the panoi legends
used in the SLM to identify the switch positions. Similar legends on the SCC panel shall
identify each light. A switch position shall be provided for the purpose of making a lamp

test for the indicator lights.

— 3.3.4.2.5 Thumbwheel Switch Monitoring
The position of thumbwheel switches in the SLM shall be displayed on the SCC by means

of digital type readout.

3.3.4.2.6 Data Computation Subsystem Group (DCSG) Monitoring

The alph-numeric readouts pertaining to the DCSG can be di splayed at the SCC on the
face of the CRT. The outputs of the DCSG Line Printer in the SLM can be displayed on
the CRT. All other controls and displays associated with the DCSG shall be monitored

at the SCC as outlined in the other applicable sub-paragraphs of 3.3.4.2.

3.3.4.2.7 Analog Displays

Analog type meters in the SLM shall be represented on the SCC by similar meters.

Where rotary switches are uscd in the SLM to select analog functions for display on a
common mecter (meter lime-gharing), the switch positions shall be represented ou the SCC
as described in paragraph 3.3.4.2.4 with the addition of a dummy rotary switch at the
center of the light pattern.
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3.3.4.2.8 Circuit Protection Device Monitoring

The status of circuit protection devices shiall be disnlayed on the SCC by means of a hori-

zoutally sulit lepend plate.
‘) (&)

3.3.4.2.9 Chavacter Displays

Character displays in the SLM shall be funce icnally duplicated at the SCC.

3.3.4.2.10 CRT Digplay Usit and Keyboard

The CRT Display Umt and Keybezrd of the SCC shall be peripheral devices of the IBM
360/ 44 computer system. Required features and components are listed in paragrapi
3.3.6. The Display Uxnit shall be capable of continuous data displays on the CRT by the
360/ 44 with a simultanecus display of operator Leyboard inputs. The CRT shall be
capable of displaying a minimum of 1024 characters on 32 lines. The top thirty~one lines
will be used-for 360/44 data display, 'anvd the thirty-second (last) line for displaying key-
board inputs. The Keyboard shall contain, as a nﬁnimum, a complete set of alphabelic
characters and decimal b.umorals, and the special characters found on standard {ypewriler

keyboards

3.3.4.2.11 Simulation and Mode Controls ‘
. The SCC shall provide the controls necessary to establish the mode of operation of a

training cxercise. Computer controls shall include the followings

a. Start

b. Freecze

c. Resume

d. Checkpoint
e¢. Reeycle

f. Siop -
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g.. Inhibit
h. Single Siep

i.  Sinzle Cycle

3.3.5 INTERFACE SUBSYSTEM
The Interface Subsystem shall include the DIU, ADCAS, PAKA, 366/ 930 Adapter, and

power conversion and distribution.

3.3.5.1 Digital Iutorface Unit
The DIU shall be of modular construction and shall be designed to provide flexibility by

means of addressable input and ouiput registers and signal patching.

TOGGLE SWITCH bMON ITORING ‘
Case 1 OFF, CLOSED, and NORMAL positions shown by black bordered rectangular arca
with grey background. Indicators to have silver bezels and white lens holders.
Case 2 Al active switch bosif;ions shown by lights. o
Case 3  Three position momentary switch, center null position shown by black bordered
rectangular area with whitc background.
PUSHBUTTON SWITCH MONITORING
Case 4  Pushbuiton swiich without integral status light shown by light with black bezel
and black lens holder.
Case 5 Pushbutton switch with integral status light shown by two lights with black bezels
and black lens holders '
Figure 3-2. Toggle and Pushbutton Switch Monitoring
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3.3.5.1.1 TFunctional Characieristics
The DIU shall interface and provide for dsia travsfer in either divection between the SDS
930 digital computer and the SCC, the SI.M, and the Stimulug Subsystem. The DIU shall
provide patching of digital signals, and signal coaditioning required to ensure correct
interfaces hatween subsystens.
3.3.5.1.2 Performonce Characleristics
The DIU shall interface with the SDS 930 and the other simulator subsystems.
3.3.5.1.2.1 Data Transfer
Digital data shall be transferred between the DIU and the SDS 930 in 24-bit words at a
rate commanded by the SDS 930.
Data from the SCC, the SLM and the Stimulus Subsystem to the DIU arereceived on a

—~ random basis as discrete inpuls and stored in the input registers for later transfer to

the computer as commanded by the SDS 930. Data to the SCC, the SLM and the Stimulus

Subsystem are transferred at the same rate as the SDS 930 to DIU data rate.

3.3.5.1.2.2 Decode Matrix
. Register addresses received from the computer are decoded by a matrix within the DIU.
A total of 127 addresses are available. The instruction word shall be decoded in a matrix

which enables selection of the addressed output or input register.

3.3.5.1.2.3 Output Register
The output registers store the digital data received from the SDS 930. Each register con-
tains 24-bits and may be used for storing any of the data transferred by selecting the

appropriate address.

The DIU shall initially bave 48 output registers. The total capability of the DIU is 54

~— .output registers.
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3.3.5.1.2.4 Inputl Registers
The DIU shall deliver data 1o the SD3 930 through the input registess. Thesc registers
are sampled by the computer on a predetermined basis. . All registers may be reset by

computer command. The DIU shall have 30 addressable input registers of 24-bits each.

3.3.5.2 Airborne Digital Computer Adapter Simulator (ADCAS)

The ADCAS shall have the capability to transfer data between the Data Computation Sub-
system Group (DCET), Airborne Digital Computer (ADC), and an IBM 360/ 44 digital
computer for the purpose of loading the ADC and operating the ADC during "real-time"

simulations.

3.3.5.2.1 Performance Characteristics

The ADCAS shall interface with the ADC and the IBM 360/44.

"7 3.3.5.2.1.1 Data Transfer
The ADCAS shall provide the necessary control, buffering, signal c‘onditi.oning, and
power supplies to permit data transfer between the two digital computers. The data
transfer shall be as described in paragraphs 3.3.5.2.1.1.1 and 3.3.5.2.1.1, 2.
3.3.5.2.1.1.1 ADC to IBM 360/44
Transfer of data from the ADC to the IBM 360/ 44 shall be under the control of the ADC
executive program with the Input/Output I/ O) routines residing in the ADC.
3.3.5.2.1.1.2 IBM 360/44 to ADC
The transfer of data from the IBM 360/44 to the ADC shall be controlled by programs in
the IBM 360/ 44.
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3.3.5.2.1.2 Operational Modoes

The ADCAS shall opsrate in the burst and muliiplex modes

3.3.5.2.1.3 Interrups
The ADCAS shall be capable of accepting data from the IBHM 1360/44 to generate six
priority and six external interrupts to the ADC. Provisions shall bs made on the ADCAS

for connecting to onc set of external and one set of priority interrupts lines on the ADC.

3.8.5.2.1.4 IBM 360/44 Interlace ,
The ADCAS shall he connected to the IBM 360/44 by mcans of the standard IBM 360/44

I/ O interface.

3.3.5.2.1.5 ADC Interface ,
The ADCAS shall conncct {o the ADC threugh standard DCSG interface without modiﬁoaﬁion.
~.  The ADCAS shall present an interface to the ADC indistinguishable from the interface

presented by the DCSG.

3.3.5.2.1.6 ADC Softwarc

Only on board programs shall reside on the ADC.

3.3.5.2.1.7 IBM 360/44 Subchanncls

One control position on each of two suhchannels of the IBM 860/ 44 High Speed Mulfiplexer
channel shall be utilized. Other conirol units may occupy the iwo remaining control unit
positions; however, ADCAS shall have exclusive use of both subchanné]s during real-time

system operation.

3.3.5.2.1.8 Elecirical Power

Electirical power shall be provided from a facility power source.
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3.2.5.2.1.9 Timing Signals .

The ADCAS shall provide the timing inlerlace requived for operation of the ADC software.
Timing gsignals, consisting of 1,10,100, and 1 , 000 pulses per scecond (pps) signals, shall
be provided to ADCAS by the DIUJ. This timing sball be addressable by the ADC soltware.
In addition, the ADCAS shall provide to the IBM 360/44, the capability of inhibiting or

restoring the timing.

3.3.5.2.1.10 DCSG Controls and Displays
The ADCAS shall provide the interface for the DCSG controls and displays. The following

control data shall be routed via the ADCAS fl‘OHl the IBM 360/ 44 to the ADC:

a. ADC ON/OFT (power)
b. Core Dump

c. Stop

d. Compulie

e. Load P3W

(=

Load Memory

The following indicator data shall be routed via the ADCAS from the ADC to the IBM
360/ 44:

ADC Malfuncﬁ on

T

Manual Mode (Stop)

Compute

o, O

LDA Malfunction
e. Load Memory

ADC Power ON/ OFF

oty

g. Core Dump

S Sy R AR

HANDLE VIA BYEMAN SYSTEM ONLY




NRO APPROVED FOR : . PAND E \/I/\ PY&M/\N SYS TEM O\l LY
RELEASE 1JULY 2015 - oy g
2.7 \ 11 =y L\.l

The oparation & the remainder of the DCEC controls and displays shall be handled cuntirely
by the IB#M 360/44. Simulation of redundant DCSG comp sonents will be provided by simu-
lation soitware. The ADCAS shall provide sufficient termination for the remzinder of the

coatrols and digplays to assurc proper operation of the ADC.

3.8.5.2.1.11 ADC Initial Seleciion Sswuence
The ADCAS shall provide the capability of completing the ADC initiated Initial Selection
Sequence within the ADC 99 micro-second time out consiraint. The ADCAS shal provide

zero siatus for each DCSG device address to complete the ADC Tuitial Selection Sequence.

3.3.5.2.1.12 simulated Malfunctions ‘

The ADCAS shall provide the capfxblhty to the IBM 360/ 44 to allow s iinuhted malfunctions .
.of DCSG and Mission Data Adapter (MDA) units and interfaces. The IBM 360/4/t shall
provide, and keep current, malfunction information to the ADCAS via the standard I/ O
interface. The ADCAS shall store the mallunction information and perform the mal-
function in response to the ADC during an Initial Selection Sequence. No more than four
device or control unit malfunctions shall be handled at any one time. The malfunction

required shall include, but not be limited to the following:

a. Unit diagnosed malfunctions:
1. Unit check
2. Unit exception

b. Noun-diagnosed malfunctions:

1. Address recognition
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3.3.5.3.1 Coneral Characteristics

PAKA shall interface with oue or two Block I Printzrs, Keyboard and Display Unit (XDU),
and an IBM 260/ 44. DPAKA sball provide the necessary controla, signal coaditioning,

crror defoation, and power to permiit operation of the printer(s) end KDJ. Dala transicr
shall be wader program contrel of the IBM 360/44, The devices will be presented with an
operaticnal interface by PAKA including Master Control Console (MCC) signals associated

with the Printors and KDU.

3.3.5.3.2 Interfaces

The PAKA shall interface with the 36.0/ 44 via a standard 360/44 multiplexer channel.
PAKA shall appear to the 360/44 as a standard control unit utilzing four subchannels
(four device addresses for the two Printers, Keyboard Assembly and Display Assembly).
PAKA shall connect to the Printers and KDU through their standard DCSG interfaces
without modification. Status, sense command, and control information will be provided

for cach device.

3.3.5.3.3 Malfunctions
Simulated malfunctions of the Printers and KDU shall be performed by the 360/44 and
ADCAS (responses to the ADC).

3.8.5.3.4 Electrical Power

PAKA shall be provided with 25 vde and 208 v rms power from a facility power source.
It will, in turn, provide the KDU and Printer with their réquired 28 vde operating power.
The +5 vde lamp test power and two 0-115v, 400 Hz electroluminescence power sources

rcequired by the KDU shall be provided dircetly from the Crew Station.
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3.3.5.4 360~ /(’ 30 Adapter

2.3.5.4:1 Funclione! Charscteristics

The 260/ 930 Adapter shall operate and interface with the TBM F 360/44 and SDS 930 central
processors. It shall be capable of responding to initial selections from the TBM 360/44
computer and of transferring data in cither dircction.

3.3.5.4.2 YPerformance Characteristics

The adapter shall provide the necessary control buffering and signal conditioning to permit
either computer to transfer data to the other.

3.3.5.4.2.1 Data Transicy

The data transfer shall be controlled by the 360/ 14 computer. To cnsure the specified
data transfer rate and provide nimims) data transfor initiation times, the data shall be

—_

transferred in block cach iteration. The two computers will operate synchronously. The
simulation control interrupts shall be addressed to the 360/ 44 through the 930 computer.
3.3.5.5 Junction Box

A system Junction Box shall be designed to provide patching flexibility of digital signals.
The Junction Box shall be designed to patch any output register bit to any signal load

(up to 45 output registers) and any signal source to any input register bit (up to 30 input
registers).

The Junction Box shall be designed to allow patching of any signal for recording purposes.
3.3.6 COMPUTER SUBSYSTEM

The MDS Computer Subsystem shall consist of the Simulation Computer and its associated
peripheral equipment, and exchange hardware DCSG components.
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8.8.6.1 Simulation Computer

The Simulation Compuicr shaell consist of su IBIM System 360/ Mode) 44 commercial compuien

system, and an SDS 93 30/ Backman 2200 cornmercinl hybrid computer system as described

in paragraph 3.3.6.1.1 and 3.3.6.1.2.

3.3.6.1.1 IDM 3860/44

The YBM 360/ 44 of the Simulation Computer shall congist of the {following components:

P/N ” Nawe Quantity
2044G Processing Unit, Mod:l G 1
4427 Floating Poiut /rithmetic 1
4583 High Speed General Registers i
4455 ' High Resolution Timer 1
6415 2nd Tnternal Disk 1
-~ 2315 Disk Certridge 3
7531 . Store and Fetch Protection 1
7532 Store and Fetch Protection 1
7533 Store and Fetch Protection 1
5248 Multiplexer Channel 1
4598 ‘High. Speed Multiplexer Channel 1
4560 High Speed Multiplexer Subchannel, Add'l 1
4599 High Speed Multiplexer Channel A .1
4565 " High Speed Multiplexer Subchannel, Add'l 1
2803-1 ‘Magnetic Tape Controller 1
2401-~3 Magnetic Tape Unit (9 track) 3
2401-3 . Magnetic Tape Unit (7 track) 1
7125 _ Seven Track Compatibility 1
2821-1 Control Unit 1
2540-1 Card Read Punch 1
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P/N. Name Quantity I |
1403 -2 Printer 1 ’
1052-9 Printer Keyhboard 1

5841 ~1 Storage Control 1

231r-1 Disk Storage Drive 1

1316-1 Disk Pack ) 3

1990 Column Binary Feature 1

3228 ata Conversion 1

The 360/44 will algo contain the following 360-compatible SANDERS Associates display

system:

. Model No.

Teature Code Name Q_qgg}gy
T22A-3 Keyboard 1
708B-1H Display Unit 1
MQR 091 Split Screen Features 1
701B-1 Control Unit 1
FC1703 Edit Module 1
FC1705 Memory Module 1
FC1712 1/ O Module 1
713D-1 Equipment Rack 1
731 Mod O Display Communications Buffer 1
FC1731 Transmission Conirol Module 1
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3.3.6.1.2 SDS 930/ Beckman 2200
The SDS 930/ Beckman ?200 hyhrid computer (provided by ' GE) of the Simulation Computer

System shall consist of thc {following componcnts:
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Modol No. Quantity
930 General Purpose Digital Computer 1
92160 16, 384 words Core Meiscry (24-bit words) 1
93220 Additional Time-Multiplexed Comm. Channcl 1
91210 Memory Interlace Control Unit (oue for 2
each TMCC)
93280 Interrupt Control System 1
93290 Priority Interrupt (two levels) 7
9152 Card Reader and Coupler 400 CPM 1
9372 Unbuffered Line Printer 140-600 LPM 1
92481 Magnetic Tape Control Unit 1
92461 Magnetic Tape Trangport 3
9234 Keyboard/ Printer and Coupler 1
9239 Keyboard Printer 1
- 9230 Photoclectric Paper-Tape Reader 1
9134 Paper Tape Spooler 1
Beckman 2200 Analog Cénfig_uraﬁon
Quantity Name
72 IntegratorVSummer Simplifiers
48 Summing Amplifiers
1 Interative Controller
40 Quarter-Square Mulﬁpli‘ers
5 Positional Resolvers
32 ‘Dual Feedhack Limiters
200 Servo Set Pots
24 3-Terminal Pots
24 Elcctronic-Capacitors
24 Electronic Switches
o 32 Form "C" Function Relays
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20 Elzven Segment Diode Tunction Generators
1 Patchebls Lozic Comaler
4 Presct Decade Comnters
200 Trunk Lines
1 Control Interface

1 Noisce Generator (Md. 52.5)

Hybrid Interface,
1 Parallel Tnput/ Qutput Units with:

40 sample and hold A/ D units
40 Registers (double buffered) with
D/ A units

—~ 3.3.6.1.3 DCSG Components
The DCSG components of the computer Subsystem shall consist of the exchange hardware
Airborne Digital Computer (ADC), Keyboard and Display Unit (KDU) and Printer (PR)
listed in paragraph 3.2.2.4. The ADC shall interface the MDS via the ADCAS of the Inter-
face Subsystem. It shall interface with the KDU and PR via the ADCAS, 360/44, and the
PAKA of the Interface Subsystem. The KDU and PR are physically located in the SLM.

3.3.7 FACILITIES
GE will provide a facility which will have sufficient floor space, air conditioning, power

and communication required by the MDS.
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3.4 SIMULATIIN SOFTWARD DESIGN

3.4.1 OPT“‘{AT]\)I\AI REQUIREMENTS

The computer program systera for the MDS will be designed to be a scli-contained package
capable of complete sunpport of MDS operations. TIigure 3-8 shows the relationships between
the function blocks in the system, and Figore 3-4 shows the software module relationships.
The flow charts included within this specification ave intended to indicatle functional flow
and shall not he cousirued as constraining the design of the subsystems. Two categories

of programs are defined:

a. Non-real time programe shall be used fof:
1. Script, ephemeris, and command di’l message preparatum
2. Post-simulation analysis. |
— 3. Simulation check and calibration.
4. Program library and data base servicing.

5. Diagnostic software shall be provided to meet the requirements of paragraph
3.1.2.2. ’

b. Real time programs shall be capable of actual qwmula tor operation. They shall
provide four distinct capabilities:

1. Creation of an operational environment for the Airborne Digital Computer
(ADC). The ADC software for the simulator will be the operational software;
there will not be special simulation software developed for the ADC. Software
required to re-initialize the ADC software for non~flight (simulation unique)
operations such as "Freeze'", "Skip" aud "Re- cycle” shall be accomplished
by means of simulation software.

2. Simulation of those subsystems which interface with the simulated AVE con-
trols and displays

3. Creation of drive signals for the Stimulus, Simulation Contrcel Console, and
Interface Subsystems of the simulator; and gathering output data from thesc
subsystems. - :
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- 4. Conirol of the simulation and dais trensfer between the various hardware and

o~

software system componcuis,

The softsvare shall be designed for consistency among the following:

a.

o

.

d.

C.

f.

The Command Liessagen to be used.

The simulation data gencrzztcd by the Pre-simulation Date Generation Module.
The Stimulus Material to be used.

The requirements and goals of the simulation.

.The Script.

The evaluation of the simulation wlich must be made after its completion.

Checkout philosophy for the system will include the active Operator participation to verify

and report eguipment status in the SLM and SCC.

The simulation software takes into account the five major sources to image pointing and

velocity error.

A combination of thie above shall not initially drive the line-of-sight off the stimulus material.

3-78
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1. Ephemeris uncertainties.

2. Target location uncertainties.

3. Attitude measurement uncertainties.
4, System misalignments.

5. Drive system inaccuracies,
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Simulation of the payload operations is accomplished via two parallel computations. Tie
Airborne Digital Computer computations of ghubal drive position and rates are based on the

following:

a. Ephenerig frosa the comrosnd message.
b, Target locations from the command message.
¢. Vehicle attitude as measured using the simulated Star Tracker.

d. System alignments as measured during test.

Reference computations in the simulation coraputer are bascd on:

£

a. Reference ephemeris obtained by correcting the ephemeris in the command
message (Reference Ephemeris Generator)*

b. Relerence target locations obtained by correcting the locations specified by the
command mesgage (Reference Target Generator)* '

c. Reference attitude as simulated by the Attitude Reference Generator and ACTS
Simulator*.

d. Reference system alignments computed by the Mission Module Variable Alignment
Simulation*

The result of these reference computations is the line-of-sight vector from the Tracking

Mirror in the vehicle to the reference target (Reference LOS Generator)*,

The ADC gimbal drive rate data feeds a simulation of the main optics drive or acquisition
scope drive systems (Drive Conirol Response and Position Simulator)*. The output of this
simulation are the actual Tracking Mirror gimbal rates and angles corresponding to the

actual aim point.

- *¥Software System Module Components
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The reference line-of-sight vector (pointing to the veference target) and the actual Tracking
Mirror gimbal angles (corvesponding to the actual aim point) are then trausformed to the

proper drvive signals for the Stimulvs Subsystero (Display Position Driver)*.

In cddition to the program modules mentioned above, there are other functions reguired for
the tracking simulation. The Tracking Simvlation Controller® provides scgusncing, control,
and general managenment of the ceutire tracking simuwlation. I reacts to man's actions and
the command mesgsage data to determine the targets being tracked, slew timos, cue regquire-
ments, cte. M controls the projectors, haxe gencrators, cte., of the stimulus subsystems,

and in general performs the housekeeping tunctions for the tracking simulation.

A Sun Angle Generator® and a Mission Module Environment Simulator* are provided to

generate system temperatures and the current Sun Angle.

The Star Tracker input to the ADC is obtained from the Star Tracker Simulation* which
bases its computations on reference attitude data, reference alignment data, a star vector,

and commands from the ADC.

The TLM/MAS Simulator generates the MPSS portion of the Telemetry Master Frame Data
Matrix in engineering units whenever the real-time telemetry is operating, and generates

the Monitor and Alarm status associated with the MPSS.

The Derotation Simulation Module simulates the rotation of the image in the AVE image

plane.

The Iimage Velocity Sensor Simulator facilities simulation of image motion attributable to

errors in tracking rates of the Main Optics tracking mirror.

*Software System Module Components
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The MDAU* and LDAU Simula’aioﬁ nModules® provide the interface for all data to and from

the ADC. Command decoder and clock comparator functions are provided, as well as
interface bandling for AVE line printers, simuluted auxiliavy meomory unit, uplink messages,
etc. S]:‘Y}CG! the ADC will not contain any simulation software, the MDAU and LDAU simula-
tors musi also provide the nocessary interrupt signaling to the ADC and must respond to

interrupts generated in the interface hardware by data eminating from the ADC.

The Lahoratory Decoder Module* decodes those commands which the MDS requires for

proper functioning.

Certain systems in the AVE are simulated only fo the extend nccessary to provide life like
displays and reactions to the asironauts. The Payload Simulation and Hardware Control
Module* performs this function for the film handling, Main Optics, and Acquisition Scope
systems. The Filin Processor Simulation* handles displays associated with the film pro-
cessing. Flectrical power displays and switching are handled by the Electrical Power
and Signal Distribution Module*. Thermal moni‘uoring handled by the Mission Module

Euvironmental Simulator™.

Control over the program modules is maintained by the Simulation Executive module. It
sets the basic sequencing and cycle time and contains subfunctions responsible for 1/0 to

peripherals, interrupt handling, and program loading.

User cén’crol of the simulation is accomplished hy script input, either on-line or via pre-
determined script sequences. The interpretation of these script statements is accomplished
by the Script Interpreter®. Collection of the results of the simulation for off-line pro-
cessing and on-line display geuneration is performed by the Simulation Performance Data
Collection Module*, Initialization of the MDS at selected times is handled by the Bulk Data

Handling Module*,

*Software System Module Components
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The handling of the various hardware irterfaces is performed hy the Input and Ouiput

modules.
An ivformaiion and conirol flow chart in included us Tignve 3-4,

3.4.1.1 MDS kxce

This module will perform the following funclions:

a. Interprot interrupts from the real time clock
b. Interprot interrupts from the Simulation Control Console.

¢.  Control the mode of the Simulator bascd on Simulator Control Console SCC iunterrupts,
and mode changes generated by real time simulation modules.

d." Control the initializetion (and shut down) of ell simulation hardware and computer
data bascs prior to (and at the termination of) 2 real time run.

e. Provide timing and synchronization of c'nnulahon hardware and software.
f.  Control seguencing of the real time simulation modules.
g. Control the following data interfaces:

1. Simulation Hardware to Simulation Software.

2. Simulation Software to the AVE CompuLL .
3.4.1.1.1 Source and Type of Inputs

a. Hardware interrupts shall be received from the Simulation Control console and the
real-time clock

b. Stimulus subsystem hardware status and malfunction indicators shall be received
from the Stimulus Subsystem through the Input Module.

*Software Systein Module Components™
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¢. Bardware status shall be received from the Tracking Simulation Controller
module and the Bulk Data Handling Medule.,

d. Simvluted Laboratory Module inputs shall be received {from the Keyboard Display

" Uhit via the PAKA.
e. Dota transfer reguest interrupts shall be received from the ADC via ADCAS.
3.4.1.1.2 Destination and Type of Ouipurs

a. Operational status of non--stimulus simulation devices controllable in the Simulated
Laboratory Module shall be sent to the oulput module. ‘

b.  Operational mode of the Simulator shall be sent to the Simulation Control Console
via the output module,

c. Vehicle clapsed time, Simulation Time, and Reference time as required, shall be
sent to the Ephemecris Generate and Payload Controller modules of the ADC via
ADCAS to the Tracking Simulation Controller, the Reference Target Generator,

—_ the Refercnce Ephemeris Generator, the Bulk Data Handling, the Mission Module

Variable Aligament Simulator, and the Script Interpreter Module.

d. Printer messages shall be sent to the Simulated Laboratory Module.

®

Cathode Ray Tube display data shall be sent to the Simulation Control Console.

3.4.1.1.3 Information Processing

The MDS Executive shall use the following routines in the IBM 360/44:
a. The Timer routine will update all simulation times once every 0.1 seconds during
real time operation.
b. The Malfunction routine will check {for simulator hardware failures.

¢. The Sequencer routine will control the sequencing of the real-time (math model)
modules.

d. The New Cycle routine will take appropriate action on mode change requests.
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a e. The Interryupt IandlUng routine will doterinine the type of interrupt and transfer

‘control to the appropriate routine.

f.  The Mode Interyupt routine will validatie mode changes and transier control to
- valid "new mode" routines.

g. The Simulation Mode routines will set up the simulation software for the various
modes of opziation.

oo

h. The executive will handle all data transfor into and out of the I3M 360/44 computer.

3.4.1.2 Performance Data Collection Module

This module shall parform the following functions:
a. Record each set of monitored data base variables on the Simulation Performance
Data File with the current monitor mode for each iteration.

b. Update the Cathode Ray Tube (CRT) display with new message pages -on request,
and with data page variables of specified accuracy.

3.4.1.2.1 Source and Type of Inpuls

a. Monitor modes and digpaly modes shall be received from the Script Interpreter
(paragraph 3.4.1.3). ’

b. Variable valuecs shall be received from the IBM 360/44 or the SDS 930 data base.

c. Calibration limits for display variables shall be reccived from the Disc Siorage
device of the 360/44.

d. Tormat for data display shall be received from the Disc Storage device.

e. TFormat for each monitored variable specifying the location within the Data Bage
the the byte count of the variable shall be received from the Disc Stroage Device.
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3.4.1.2.2 Destination and Ty;e of Outpuis

a.” This module shall output raw daiz on the Simulation Performance Data File of the
IBM 3G0/44.

b. This module will output predetermined messages and limit checked duta base
variahles i predefined formats on the Cathode Ray Tube.

3.4.1.2.3 Imformation Processing
¥igurc 3-5 depicts the information flow within the Module. As shown in Figure 3-5, the

requested data is monitored, pege formated, and then displayed on the CRT.

The monitored variables are raw data values found within the data base and deflincd by
location and length. When monitoring variables, a file test is made to determine if the
start of a new file is necessary. If it is, the simulation data filc header information is

constructed from parameters contained in the data basec.

The date for the display will be in two forms. The first is a data page consisting of varié,bles,
the second is a message page. When processing a data page, each value is checked for a

specified variance from its previous value. If this variance exists, the new variable is

calibrated, limit checked, and then replaces the old value on the CRT. A reguested message

page is displayed on the CRT. If a new page is desired, the Script Interpreter Module

alerts this module which then searches the disk storage device for the requested page.

3.4.1.3 Script Interpreter

This module shall perform the following functions:

a. Execute preprocessed and real~time script statements during a simulation run,

b. Maintain and update a chronological script statement list.
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- NOTE

The seript operators are licted in paragraph 8.4.1.12.

3.4.1.3.1 Source and Type of Inputs

a. Preprocesced script statements shall be reviewed from the preprocessor module.

b. Real-time script statenents shall be received from the SCC switches and key-
beard.

¢. The Vchicle Elapsed Time, Simulation Time, and Reference Time shall be
received from the Executive Module.

3.4.1.3.2 Destination and Type of Qutputs

Modified Data Base values (per script request) shall be sent to other programs in the system.

3.4.1.3.3 Information Processing

—
When called by the executive routine, this module checks the chronological script statement
list for scxipt statements which are to be executed in the current cycle. If a statement to
be executed is located, its operation code is used to transfer control {o the correct trans-
lation subroutine. The translation subroutine uses the remaining portions of the preprocessed
script statement to generate modifications to the Simulation Data Base.

Executed script statements will be flagged on the chronological script statement list and
new statements will be added at certain times during a run. The proper statements shall
be brought into core in time to ensure their execution. The script preprocessor will do
some of this logic off-line (see Figure 3-6).
The script translator subroutine action is summarized as follows:
ENTER - Will place the value of the arguments into the data base.
— GO TO ~ Will cause an unconditional brance in the script.
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. ENTER /
IS T ]IH')RN
e O SCRLPT INPUT
), o FROM THE SCC?
- S~ '
NO MATCH NEXT SCRIPT YES
STATEMENT TIME? v
g || CALL TUE ON-LINE
v o SCRIPT PRE-PROCESSOR
PICK UP SCRIPT STATEMENT a £
OPERATION CODE AND DECODE
-
g -
TRANSFER TO CORRECT .
TRANSLATTON SUBROUTINE: TRANSFER TO READSCRIPT
SUBROUTINE, UNION CIIECKS
- FOR CODE AVAILABILITY
AND READS IF NECESSARY
I
YES
IS THERE
A SCRIPT INPUT
- FROM THE SCC?

Figure 3-6. Script Interpreter
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Will compare the value of the variable in the data base with the
script specified argumant and will modify the chronological
script statcinent list pointer if the comparison is trae. If the
comparicon is false, the uext sequesntiol script statement will
be executed.

Will charge the simulation mode to FREEZE mode and will
modify the date base to indicate which, if any, message will be
displayed.

Will change the date base to indicate the requested digplay
mode and device.

Will change {he data base to indicate that a "'checkpoint" has
been requested.

Will reset the data basce with the information contained under
the desired checkpoint "name'.

Will modify simulation machine time as indicated and shall
estimate and update all time dependent variables.

Will change the data base to iudicate the desired monitor mode.

Will change the data base to indicate that a Command Message
is to be processed and record the message name.

A final "snapghot" of pertinent information will be prepared for

“recording. A flag will be set which indicates to the executive

the termination of the script exercise.

Will place the malfunctioned values into the specified data base
locations and at the same time; will save the values being
replaced.

Will resct to nominal values those data base locations which
were perturbed by a previous INSERT operator.

Will set the specified data base locations (bilevel data) to 0 or
1, depending on whether the ON or the OFF option is used.

Will get the specified data base locations (analog data) to the
specified values. '
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‘ -~ Will flag the specificd seript statements io indicate to the intor-
preter that they will not be execuled. INRIBIT is an on-ling
input only.

Real time soript inputs, if any, will be handled by calling the on-line portion of the script
preproces soz which will process and merge the statemcents. Real-time script statements
will come cither from the SCC keyboard or the Sivulator Control Panel Switches.
3.4.1.4 Post- ration Data Reduction and Evaluation
This module shall process and evaluate data from a simulation exercise.
3.4.1.4.1 Source and Type of Inputs
a.” Raw data tape gencrated on-line shall be received from the Performance Data
Collection module.
—~. b. Calibration reference curves, output format, and Executive control options shall
be received from the ofi-linc calibration software tape.
c. Tormated data tape shall be generated from the raw data tape and the calibration
software tape. :
"d.  On-line changcs or modifications to the functionalized data shall be received from
optional card input.
3.4.1.4.2 Destination and Type of Outputs
a. A formated magnetic tape shall be produced for further processing by this module.
b. A high speed printer listing of the reduced data shall be produced in the requested
formats.
c. A finalized magnetic tape of the reduced data shall be p1 oduced for subsequent
manual analysis.
. -
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3.4.1.4.3 Information Processing

This module shall:

a. Calibrate raw dafa inputl and produce a functional formated tape.

b. Process the functions] formated tope referenced in a. above.

The subroutine programs exccuted during the run shall generate ouiput identificd by

4

“numbers written on the raw data output tape.
The elements of this moedule shall be:

a. Data List ~ Will produce a list of functions with time notation and script statement
corvelation

b. Event - Will identify the time of occurrence of a particualr function(s).
c. Interval Mean-and Standard Deviation - Will compute a mean a and standard deviation
of a fundclon(s) over an interval of ti tlme, or over a number of samples.

d. Sumumary Mean and Standard Deviation - Will compute a mean and standard
deviation of a function(s) over the entire quantity of information. -

e. Limit - Will flag the data when specified time limits are exceeded.

f.  Print Routine - Will generate the final results on a high speed printer (see
Figure 3. 4.1.4.3-1. ) -

3.4.1.5 Simulation Check

This mocdule shall consist of a software program which will determine the operational

readiness of the MDS hardware prior to a Simulation run as follows:

a. Will check proper opzration of the Digital Interface Unit.

b.  Will check proper operation of the Stimulus Subsystem.
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— c. Will check panel contrel functions of the Simulated Laboratory Module.

d. Will check Simulation Conirol Coanscle inlerrupis.

e. . Will check proper operation of all paunel lamps.

NOTE

Comptter diagnostics gh2ll not be included in this checkout procedure.
3.4.1.5.1 Source and Type of Inpuis

a. Interrupt signals will be received from the Simulation Control Console.
b. Input data will be received from the Simulated Laboratory Module and the Stimulug
Subsystem via the Digital Interface Unit. :

3.4.1.5.2 Deslination and Type of Outputs

a. Packed digital data will be ou’up'ut to the Digital Interface Unit.

b. Servo drive voltage functions will be output to the hardware via the Beclman 2200
Analog Computer.

c. Packed digital data will be output to the Stimulus Subsystem.
3.4.1.5.3 Information Processing »
The MDS hardware will be checked out as specified in paragraph 3.4.1.5 and as indicated -

in the Simulation Check flow chart (Figure 3-8).

3.4.1.6 Program Library Generator/Update Program

This off-line module shall add or delete programs from the library and updato the library

directory accordingly.’
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3.4.1.6.1 Sourcc and Type of Inpuis

The following inputs shall be received from either punched cards or magnetic tape:

a. The programs to be added to the libravy.
b. The current library file.
c. The library director.
0 3.4.1,6.2 Destination and Type of Outputs
a. The program to be added shall be placed in the library.
b. The location and the name of the program to be added to the library shall be

placed in the directory.

3.4.1.6.8 Information Processing

The programs received for addition to the 1ibra,rybsha11 be put in absolute form before

being added to the library.

Programs to be deleted shall be deleted from the library prior to condensing the library.
The library directory shall be updated after each addition or deletion from the library (see
Figure 3-9).

3.4.1.7 Data Base Present/Update Program

This off-line utility program shall provide capability for displaying, updating, or gencrating
any part or all of the simulation data base.
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3.4.1.7.1 Source and Type of Inputs
A requirement specification shall be inpulicd via a data card which will define the program

function as display, delete, updaie, or generate.
3.4.1.7.2 Destination and Type of Oulputs

a. Reguested data shall he displayed on an output device.
b. Updated values shall be sent to the data base.

c. Newly generated valucs shall be sent to the data base.

3.4.1.7.3 Inforimation Processing
This module shall use the data base directory to determine the appropriate {ype and scale

of modified data and to locate/update/delete/generate data base items (see Figure 3-10).

’ 3.4.1.8 Input Module
This module, resident in the SDS 930, shall provide data to the Simulation data basc from
the SCC, the SLM and the Stimulus Subsystom via the DIU or the analog interface.
3.4.1.8.1 Source and Type of Inputs
a. Discrete and/or variable packed input words shall be received from the SLM
Panels and the Stimulus Subsystem hardware via the Digital Interface Unit (DIU). .
b. Digital input words (converted from analog signals) shall be received from the
Crew Station panels and the Stimulus Subsystein via the Beckman 2200 analog
computer. :
3.4.1.8.2 Destination and Type of Outputs
a. Packed digital words shall be sent to the IBM 360/44 via the ADCAS.
- © b. Unpacked digital data chall be stored in the 930 data base.
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3.4.1.8.3 Information Processing ‘ !
The Module shzll unpack the registers: and reformat the data (received from the DIU and
the analog computer) for storage in the 930 data base and for ouiput to the IBM 360/44 via

the 930/360 adapter (sce Figurc 3-11).

3.4.1.9 Output Module
This module, resident in the SDS 930, shall transier data from the data hase to the Simula-
tion Control Console, the Simulated Lab Module, and the Stimulus Subsystem via the DIU

or the Beckman analog computer.
3.4.1.9.1 Source and Type of Inputs
a. Discrete and/or variable data shall be received from the IBM 360/44 via the
930/360 adapter.

b. Unpacked digital data received from the 930 data base

.4.1.9.2 Destination and Type of Outputs

o

"a. The reformatted data described in paragraph 3.4.1.9.1 shall be sent to the _
Simulation Control Console, the SLM panels, and the Stimulus Subsystem hardware
via the Digital Interface Unit. ' '

b. Digital words shall be sent to the Beckman analog computer. The Digital to
. Analog converters located in the Beckman computer will convert the digital
words to analog data and transmit the analog data to the external equipment.

3.4.1.9.3 Information Processing

This module shall reformat the input data described in paragraph 3.4.1.9.1 and send it
to the Simulation Control Console, the Simulated Laboratory Module and the Stimulus
Subsystem via the Digﬂ.al Interface Unit and the Beckman 2200 Apalog Computer (see

Figure 3-12).
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T 8.4.1.106 Laborat nit (LDAT) Simulotor
The LDAU Simulator shall be desigrad to be funetionally identical with the LDATU for the
fu_nc-tio;u described below.

a. Inhibit LDAU functions upon receipt of a power-off command from the computer
Subsystem Controller. ’
b. Rocognize addresces of both LDAU's
c. Decode device addressos.
d. Deccode device commands.
e.  Generate device statug information.
f.  Provide simulated vehicle clock.
g.  Simulate all internal and exteriial controllers, acup{m 5, and devices.
ﬁ. Accept and process unlink command data messages.
i. Simulation of Computer Subsysiem Controller.
j.  Provide ADC core dump and printout.
3.4.1.10.1 Source and Type of Inputs
a. Power switching commands from Stored Command Event Timer (SCET) and ADC.
b. Power commands from crew consoles.
c. Device addresses from the ADC via the ADCAS.
d. Device commands from the ADC via the ADCAS.
e. Device data byteé from the ADC via the ADCAS
f. Target location data and stored ADC programs from the Aﬁxiliary Memory Unit
(AMU) from the Bulk Data Handling Module.
— g, Command data messcages from‘ the Bulk Data Handling Module.

3-103

-.I'?.z@L\\F/ N

HANDLE VIA BYEMAN SYSTEM ONLY




HANDLE VIA BYEMAN SYSTEM ONLY

NRO APPROVED FOR

D T Ty [ §TTEE G

RELEASE 1 JULY 2015

B ey
LOW SPELD
ENTRY
FORMAT ATL
DIU DRIVE GIGNALS
OUTPU'Y ALL DIU DRIVE SIGNALS
(EXCEPT POSITIONERS)
V.
FORMAT ANALOG COMPUTER
DRIV SIGNALS
V...
OUTPUT TO ANALOG
COMPUTER

3-104

T lmnte s L\t b jl_.»

\ TK._-," ) F "\ [\ -,

\.;,¢l\.$' 'ul:\

o Pt 3 o R e e A e PR E T e
~,

HIGH SPERD ENTRY
].)\)11\

R A ¢ s SN L AT e T

S, B

INTERTOLATE TO
OBTAIN POSITIONER
]).l'\]_\7}.’1 l)l(‘l'Nl‘\].Jn()

7
!

R

ovrruT POS. DRIVES TO DIU j

s e s T €51 5 YA ST TR

N

Figure 3-12.

Output

“""'/m@r AN

H/\NDLE VIA BYEMAN SYSTEM ONLY




HANDILE VIA BYEMAN SYSTEM ONLY

NRO APPROVED FOR : sV S
RELEASE 1JULY 2015 .Q bt / RIS VAN [

- h. Deccde commauds chall be reccived fron the Leboratory Deceder Module.
3.4.1.10.2 Destination and Type of Outpuls

a. Device status bytes to the ADC via the ADCAS.

b. Intecrrupts to the ADC via the ADCAS,

c. Telemetry data to the TI.M/MAS simulation module.

d. Data to the printers.

c¢. Commands to the Laboratory Decoder sjmu].ation module.

f.  Command message hlocks to the ADC via the ADCAS.

g. Datato the ACTS simulation module.

h. Targeti location data and stored ADC programs to the ADC via the ADCAS,

- i. Power ON/OTT flags to components of the Computer Subsystem Group and the
MDATU.

j.  AMU data requests to the Bulk Data Handling Module.

3.4.1.10.3 Information Processing
The LDAU simulation module will service certain I/O requests generated by the ADC,
route device data to and from the ADC via the ADCAS, and from the interface between the

"ADC and scveral devices.

3.4.1.10.3.1 AMU-LDAU-ADC Interface _
A tape drive on the IBM 360/44 will serve as the simulating device for the Auxiliary Memory

Unit.

o~
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The ADC generates requests for AMU data and prozvams which are seut to the LDAU
simulator. The LDAU will acguirve the dats and programs from the data base and route it

to the ADC for processing. The Bulk Data Bandling Module will actually read the AMU

iape, p]:"'c}];)er}_y format the data and place it in the data base. This process will be perforimed
in anticipation of ADC requesis {for AWMU Geta in ovder not to inews excessive time delays

in responding to ADC data requests.

3.4.1.10.3.2 CSG~1S8G-ADC Interfoce

Vebicle time update commands will be simulated by calling the LDAU module when the
update funciion is to be perforicd. Either data base parameters involved in the computation
of simulated vehicle time will be.modiﬁed or a time register continually updated by the

simulation executive program will he altercd.

.3.4.1.10,3.3 ADC-LDAU-ACTS Interface
Based on an ADC request for ACTS data, the LDAU simulator will supply the necessary

data by referencing parameters stored in the data hase by the ACTS simulation module.
The ADC will also send an ACTS Inhibil signal to the LDAU via the ADCAS.

The LDAU simulator will place an ACTS Inhibit Flag in the simulation data base for sub-

sequent use by the ACTS simulation module.

Real-time commands to the ACTS are decoded in the Laboratory Command Decoder simula-

tion module.

3.4.1.10.3.4 Uplink Message Processing

Command Data Messages are entered into the simulator by means of the Command Message
Tape. This tape is generated off-line by the Command Message Editor Module. The
message blocks are read into the LDAU simulation module which scans them and routes

real-time commands to the Laboratory-Decoder module.

3-106

£ [ES 7 [ ~:;: r.r=;-= A Ty [T X 2
e e N2 B { EN ;, E_. )\/ (}) 1 F} /Tk L\\q

HANDLE VIA BYEMAN SYSTEM ONLY




HANDLE VIA BYEMAN SYSTEM ONLY

NRO APPROVED FOR : N N Y AN L.
RELEASE 1 JULY 2015 e savepery aal SSRGS TRV (P AN Ch

Printer data for immediate privting will be routed to the printer via the PAKA, Stored

Program Commands (SPC), computer deia, and printer data for later privtivg will be sent
to the ADC via the ADCAS. For each hlock it receives, the ADC will scnd an Accept/

Reject signal to the LDAU which will rouie ths signal to the TLM/MAS module.

3.4.1.10.3.5 ADC-LDAU-Printer Tulerfzce
Vhen the ADC reguests printer service the LDAU will accept the request and ensure that
the printer power flag is "ON" and that the printer has been enabled. The printer data is

tlien accepted by the LDAU input buffer and {ransferred to the printer via the PAKA.

3.4.1.10.3.6 Compuicr Subsygstemn Controller (CSC)
The LDAU module will be responsible for the simulation of the CSC. Power ON/OFF and

switching commands will be received from the ADC, stored command Execute Timer, the

"erew consoles, and the LLDAU itself. These commands will determine the power status of

each device in the Computer Subsystem Group. The appropriate power‘stafus flags will

then be set in the data base for use by the Electrical Power and Signal Distribution Module.

3.4.1.11 MMSE Program Functions

The following functions are specified in the Part I CEI Specification for the Mission Module
Simulation Equipment Programs CEI MOK807A, and they form a part of that end item.

However, since they will be used in the MDS Program System, a short description of each

-module is included here for information purposes.

3.4.1.11.1 Reference Ephcemeris Generator

Provides reference vehicle position and rate for any input time.

3.4.1.11.2 Attitude Reference Generator and ACTS Simulator
Provides reference vehicle attitude and the attitude as measured by the DACO ACTS System.

The module shall be expanded to include the SCE control/display interface.
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3.4.1.11.8 Star Tracker Simulator

Simulates the output of the Star Tracker for input to the ADC.

tribution

3.4.1.11.4 Electrical Power and Signal 152

Provides for realistie operation of the SLM electrical displays and controls.

8.4.1.11.5 Migsion Module Euvironmental Simulator

Provide for the simulation of thermal parameters in MPES,

3.4.1.11.6 Sun Angle Generator

Calcvlates Sun-vehicle unit vector.

3.4.1.11.7 Pre-Simulation Data Generator

Provides both the reference and the command ephemerides, and command star vectors.

3.4.1.11.8 Script Preprocessor

Converts user oriented script statements to 2 more machine compatible form.
3.4.1.11.9 MDAU Simulator
Provides the interface handling for all data between the ADC and the mission oriented

portion of the simulation.

3.4.1.11.10 Drive Control Respounse and Pogition Simulator

Simulates the dynamics of the main optics and the ATS's under drives {rom the ADC,

3.4.1.11.11 Tracking Simulation Controller

Provides scquencing and control for the acquisition and tracking simulation.
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‘ 3.4.1.11.12 Reference Targel Generator r
Produces reference target location based on location used in ADC. ‘
i
H
; ;
v T
3,.4,1,11.13 DReference LOB Generator :
i
Produces tlie reference line- of-sight pogition and velocity vectors for the main optics and L
! |
i |
the ATSi |
l }
3.4.1.11.14 Payload Simulator and Hardware Controls :
|
Provides for simulated reaction of the apyload to commands, etc. |
3.4.1.11.15 Mission Module Variable Alignment Simulator
Provides for injecting alignment cffects in the tracking simulation.
©3.4.1.11.16 Display Position Driver
Provides error drives to the Stimulus Subsystem.
3.4.1.11.17 IVS Simulator
Provides for insertion of IVS capability.
3.4.1,.11.18 Derotation Simulation
Provides the drive for the derotation devices in the main optics and ATS!'sw
3.4.1,11.19 Bulk Data Handling
Provides for distribution of ephemeris, target, and star data within the simulation.
3.4.1.11.20 ¥ilm Processor
Provides the drive signals and recording capability for the film processor.
3-109
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3.4.1.11.21 TLM/MAZ

Provides & simulation of the Telemetry and Monitor an Alarm Subsysiem.

3.4,1.11.22 Labovatory Decoder
Provides a simulation of the DACO Laboratory Daceder.
3.4.1.11.23 Comnand Message LEditor

Provides for the gencration and editing of Command Messages to be used in the MDS.
3.4.1.11.24 Stimulus Data Generator

Generates an unoptimized targe! list which meets vehicle and POSC constraints.

me

3.4.1.12 Tvaining Language Regujremerts

'3.4.1.12.1 Macyo

This Operator shall provide a means to generate a desired sequence of Training Language
Script statements many times in a script program. The macro-definition shall be writien
only once, and a single statement (EXECUTE) will be written each time the user wants

to generate the desired sequence of statements, Every macro--definition shall consist

of the following:

MACRO macro name & dummy name 1, & dummy name 2, etc.,

Any legitimate statements (excluding MACRO and EXECUTE) using the dummy names
enclosed between commas (shown above) and other legitimate labels, operators,
variable names, numbers, or delta times from the first statement.

MEND

All dummy names appear at least once somewhere in the imperative statements
enclosed within the MACRO, MEND delimiters,

Following the header statement will be one or more script statements (excluding MACRO)
forming a model to be generated by the Preprocessor upon each occurrence of the macro's
EXECUTE statement. The optional use of the variable symbol "& dummy name" shall

vary the format of the generated statements.

SEGRETF [HORIARN
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- The variahble symbol "& duramy pame' shall optionally appear following the name of the
macro. Each "& dwaiay name' shall consist of 2 maximwn of cight characters wilh: the
character being an ampersand.  The remaining characters shall consist of A through %
and 0 ﬂﬁ"()'x.(;;h 9. No embedded blarks shall be permitted. Each variable symbol shall be
separated by a corama. The model seript statements "chall have the option of using "&
dummy nexae’ in order to assigi di fferent values to a name, number, or argument. Vari-
able symbols used as part of the model sequence shall be defined by the arguments of the

EXECUTE statement.

3.4.1.12.2 Execute

This operator allows a scrics of statements, previously defined in a MACRO declaration,
to be inserted into the script. The dummy names in the MACRO declaration must agree
in number with the argumenis contained in the EXECUTE statement. Furtbermore, the
type of argument (i. e., number, nam_e; time, operator, label) must be consistent with
the use of the dumimy name in the statements contained in the MACRO declaration. The
arguments in the EXECUTE statement are mappad onto the dunmy names in the MACRO

statement in the order in which they occur hetween commas in both siatements. The form

is:

Label EXECUTTE macro name argument 1, argument 2, . . . .

The macro name used must have previously occurred in a MACRO statement.

3.4.1.12.3 GO TO ,

The form is: label GO TQ’_ljtl)cl This operator is an unconditional transfer and will
direct the execution sequence to the statement defined by the given label. The label shall
exist on a script statement occurring later in timc in the script sequence than the GO TO

staternent.

3-111

(2 ORIARN

HANDLE VIA BYEMAN SYSTEM ONLY




HANDL_E VlA EYLN‘/\N SYSTEM O’\ILY

NRO APPROVED FOR ) F IR AN
S UAS U o

RELEASE 1 JULY 2015

3.4.1.12.4 1%

-~
This operator ghall specify a conditional trancfer to & specific statement of the seripl
progiram. Transfer shall be dependent vpon the conditions specified as follows: if
conditions of the statemond ave met the tranwsfer shall be made; if the condition fails the
pext scquontial statement shall be evecuted. The IF statement shall tect the state of a
specified data base bilevel or variable value. The form for bilevel tests shall be:

o
Jabel I¥ bilevel device pame 15 GO TO label
OFy
The form for the analog test shall be:
label IFF var mblo name is number GO TO label

. LT means "less than", EQ means Vequal to", and GT means "greater than. The label
following GO TO must appear on a training statement occurring later in time in the script
scquence. (The freguency of occurrence and the placement of "GO TO" and "IF" state—
ments within a sor:pt program will be severly limited for MMSE due to core and timing
resirictions).
3.4.1.12.5 Enter
This operator establishes a valus in the specified data base palametm

label ENTER data base name 1 = argument 1, data base name 2 = argument 2, . . . .
3.4.1.12.6 TFreeze
This operator shall halt all time, resulting in a cessatior of math model iteration. Input/
Output processing, keyboard inputs, displays and recording of simulation vesults shall
remain active.
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An optionnl message shall be output on the JOS keyboard CRT if included ag part of the

script statement. The form shall be:
label TREUEZE & yoessage &

3.4.1.12.7 Checkpoint

This operator causes the exccutive to establish a complete record (snapshot) of the status
~of the simulation at this instant. This allows the operator to reset the simulation to this
point if it is desircéd to re-initinte operation at this point sometime later in the session.

The form is:

label CHECKPOINT pame

where name is the checkpoint identifier.

3.4.1.12.8 Recycle
This operator shall reset the simulation system back to some previous script checkpoint.
The simulation shall automatically go into the FREEZE mode of operation upon execution

of RECYCLE. The form shall be:

label RECYCLE checkpoint name

The checkpoint name shall correspond to the identifier given by a prcvious checkpoint

statement.

3.4.1.12.9 Display ‘
This operator causes the digplay subsystem to display the current values in the display
mode format, va:r-iablé name, or literal string on the specified peripheral device. The
displays values are updated as indicated in the display mode format until another DISPLAY

statement is executed.
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— The form is:

fuu'lul name

labc! DISPLAY ON peripheral name

3.4.1.12,10 Insert

This operator causea a malfusction condition to be inscrted into the simulation. The form

is:

label INSERT malfunct;on name, argument name 1 (X percentage),
: (= number )

argument name N (X percentage)
(= mumber )

" Each argument vame shall be followed by "X percentage' or ' = number". The "X"
specifies replacement of the nominal value by the product of the nominal value and the
specified percentage. The "=" gpacifies replacement of the norainal value by the specified

number. The percentage shall be written in decimmal fised point.

Thé "malfunction name" is a pre-defined block of storage, containing the muemonics for

all posgible arguments ever to be associated with thig malfunction.
- 3.4.1.12.11 Remove
This operator shall remove a malfunction condition from the gimulation. The form shall

be:

lahel REMOVE malfunction name

The malfumction name shall appear in a previous INSERT statement. All inserted values

will be restored to nominal.
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3.4.1.12.12 Skip _

This statement shall advance the simulator clocl the prescribed time. The expendables
naintained in the systern shiall be updated to include operation during the skipped period.
The simulation is mplicitly frozen by the h:‘Lm'};;;‘:‘:‘iﬁ:tioﬁ of this operator. The forms shall

be:

label ‘3] IP hlhh HRS puiiy MH\ 88 _"1:9_
nd

label SKi? 0 ORBITS

hhh = 0-999, mm = 0-59, ss = 0~59, 0+ .1-9.0
Skips can only be applicd between non-payload periods of operation.
3.4.1.12.13 Monitor
This operator causes simwlation data points to be monitored and recorded for historical

purposes in accordance with the simulator data mode definitions. The forms are:

label MONITOR data mode name

label MONITOR O

The second form causesg all monitoring to cease.

3.4.1.12,14 Dispatch
This operator shall call for {ransmitial of Command Data Messages (CDM) through the

simulation system. The form shall be:

label DISPATCH (& message )
(message namne)
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- The form of the operaud shall defermine the type of message to be dispatched. g ;
mesgage'" is used, the operand shall consist of a XBCDIC message to be ouiput on the :

Simulated Laboratory Module (SLM) teleprinier. The ampoersand must be present to
distinguish the operand s en EBCDIC maessage. If the opzrand is of the form "message

name'’, a vehicle comand ghall be transmitted thiroug 7 the simulation systein.

3.4.1.12.15 Turn On/Of L
This operator shall stimulate a bilevel device. The state of the device shall be sclected

by use of the words ON or OFF. The form shall be:

label TURN ON device pame 1, device name %, . . . ., device name n

Olw

—reisme e e

'3.4.1.12.16 Apply

This operator shall apply an analog value to a specified device. The form shall be:

AMPS
VOLTS
label APPLY analog number PSI TO device name
OTHER
Other applies to any engineering description.
3.4.1.12.17 Ident
This operator is the first statement of a training program and performs the following
functions: '
a. Identifies the script program.
b. The countrol filed identifies the time reference to be used with all script statements
within the program. :
c. I vehicle time is specified by the control field then the time field must contain
the elapsed time from launch to the star:i of simulation.
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3.4.1.12.18 Stop

Thi ¢ inpul will cause the terwdnation of the eiw uletion operation vuderway. Included in tuo
tornmnimq will be a final snapshot of the shnwator, the termination of training script
interpretation and cleaying of ;Flégs and hulfers vointing to that opcration, the clearing of
{raining resultg, records to clearly indicate the termiuation point and condition, and the
gensral torminstion of ell simulator functions relating to the operation in progress. The
STOP inpur mus’ be uged to clear one trainirﬁg script program hefore a second can be

~called in for execution. The ferm is:
label STQP & message &

The JOS aonuacintor FRELZE switch must be depru: sed before the I0S annunciator STOP
switch is depressed. However, a FREEZE opel‘-ator is not required to preceed a STOP

operator is predefined scripts.

3.4.1.12.19 End .
This operator shall be the final statement of a script prooxam and shall notify the Training ‘
Language Script Preprocessor that all script statcments pertaining to one source program

have been processed. The form shall be:
END

3.4.1.12.20 Inhibit

This operator is an exclusive real-iime keyboard input which is used to operate upon
source statements of the Training Language. It specifies object statements to be removed
from {he execulion scquence or specifies object statements to be NOPED. The foria of the

input is:

INHIBIT seguence number
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4.1.13 Alloweble Irput

e

-

A1l oporators definad in {his specification (excopt IRTAIT) may be used in the script to bo

.

processad by the non-real tiie sevipl reprocessor.

thin spooification exeept ]\Gj,l‘-,.CRO, EXECUTL, DEFINE, END,

All opora

and IDENT raoy be inserted iuto the script in real ime via the Simulator Conirol Congole

(3CC) keyboaid.
The capability also exists to exccute the Training Language operaiors PRENZE, CHECK-
POINT, RECYCLE, INFIBIT, and 80P in rveal tiroe via the annunciator switches on the

SCC.

3.4.2 DESIGN REQUIREMENTS

NOUALCS

3.4.2.1 Programoming I
Program modules shall be coded in cither TFortran IV or Asscmbly lenguage, depending

on the pavticular situation. The program loader will allow mixing of Foriran sud Assembly
coded subroutines. Iowever, in cither case, sufficient comments will be induded in the

code to allow personnel other than the original programmer to work on the program.

3.4.2.2 Planning for Propraia Checkout

Initial coding of the programs for this system will provide readily identifiable output
statements Tor outpulting intermediate results of lengthy logical or mathematical computa~-
tions. These outputs shall be available by input option. The implementing statements

shall be removed after checkout.
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o 3.4.2.3 Subevet

I order to acconmod: to chinnses in the AVE grhaysters being simulated, fo accominoedste
expf-sc:i;od creoes in these systenis, and to provide for useful raallunctions in these sub-
s"smm,’;, ‘L we foliowing Impiomentation cous stall he incorporated into the degigus:

a.  All.paramcters which aee used to racchanize the software representation of a

subsystom sball be pk:.ccd in the d=ta bose,

b. Malfunetion and error pararacters and flngs shall be in the data hase.
3.4.2.4 Growth Capabilitics
Program functions shall be designed, to allow the MDS Software System to change and grow
as the MOL design of the Payload System progresses. The system shall provide for con-
verient insertion of meaningful new malfunction modes as they are defined. Since the
MDS is a development "vehicle” for concepis in the MMSE, it shall be desigined to incorporate
"ry out" featurces,
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SHLUTION 4

QUALYITY ASSURANCE PROVIZIONS

Quality Afmumnco provisions for the MDE shall be as ds m-mu in Product Assurance Plan

O

fov 106 (WiDS) Program, Revision D, dated 21 Junc 1968 (DIN-590249--192~1), and 106

Quality Program Requirements, Revision £, dated 21 June 1968,

4 ] gU\3r""7’

This paragravh defines the method by which subsystem level hardware and sofivare per-

STTM LIV,

formance requireinents as specified in Section 3 will be verified. Software will be verifie:l
by the following methods

a. Inspection - Jncludes vigual inspection of progeam listings, program flow charis,

and hard\x are.

b. Pr chmunw y_CPC'/_’-,\ 2lysis - Includes analysis of detailed design flow charts,
and listings of punched card input to program tests on the
subroumu tewto with the predicted results from these tesis.

¢. Demonstration 7 cht - Include geuorauon of input data to cover the complete
range of expectea opcraung conditions, observation by means of program execution,
and verification of the correspondence of program performance with design require~
ments by observation of equipment responise and examination of on-line and off-

line Lhard copy outnput.

d. Post-test Analysis - Includes analysis of program execution times, comparison
of selective memory dumps of data base areas with program input/output design
specifications, and comparison of recorded equipment response with predetermined
responses predicied from test input.

4.1.1 SUBSYSTEM TL@T

4.1.1.1 Ingineering Tes z‘nd Biv raluati

Not applicable. .
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4,1.1.2 Prelimivay Qualificaiios Tests :

This portion deseribes requirenmcenrts for validation of the subsysiem and program component

performance of the MDS softvare.  The followhng re quirements of Section 3 shall be verificd

as indicatad,

4.1.1.3 Formel Qualificetion Tesie

Nog applicable.

4.1.1.4 Reliability Test and Analyses

Not applicable.

itical Comyponent Ou(ﬂm.‘

4.1.1.5 Engiscering C

Not applicable.

e 4.1.1.6 Design Vorlﬁcahon_

4,1.1.6.1 Inspection

The following reguirements of Section 3 shall be verified by inspection of the hardware:

Paragraph

3.1.1.1 Primary performance Characteristics
(Verification of AVE baseline freeze only)

3.1.1.1.1.2 Instrumentation
3.1.1.1.4 Control and ﬁispléy Subsystem
3.1.1.1.7.2.2 Not applicable (GFE)
3.1.1.1.8.2.2  Not applicable (GFE)
3.1.1.1.10 Photographic Scetion
3.1.1. Z.i Simulated Laboratory Module
3.1.1.2.2 Slan]'-uJOll Control. Console

- 3.1.1.2.3 Simulation Computer Subsystem
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Paragrapi

3.1.1.2.4 Interface Subgysiem
3.1.1.2.5 Stimulus Suhsysoom
.1.2.2 Maintrinchilily

1.2.2.2 Serviee and Accoss

1.3 Suta Pase Bogvirements

2.1 Interface chuirc‘mcnizs
. 3.2 Siimnulus Subgystem

Simulated Laboraiory Module

W w o W W wW ) W W wW
(V]
o

3.4 Simulatio: Control Console

.3.5 Interface Subsystem

.3.6 Computer Subgystem

.3.7 Facilities
3.4.2.1 Programming J.anguages
3.4.2.2 Planning for Program Checkout

\ 3.4.2.3 Subsystem Simulation Implcmenta’mon Concepts

3.4.2.4 Growth Capabilities

4,1.1.6.2 Analyscs
The following requirements of Scction 3 shall be verified by review of analyses, analytical

data and available test data:

Paragraph

3.1.2.1 Reliahility

The MDS capabilily of meeting the availability requirement of paragraph 3.1.2.1 shall be
verified by an 'Lnaly’ucd demonstration that combines the MDS reliability analyses with a

maintainability analysis of the system elemeuntls. This relationship is:

o MTDF )
Availability = 4o T .
.-.f:- Pl il N S L ook Gl [ ST f 4-5
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The reliability analysis shall ivclude review and comparison of analytical data, results
of fajlure modce and cffcets enalysis, component tect data, and componernt historical data

to devclop a Reliahility Figure of Moevit (mecn-tine between failures).

The down tivae (nean-time to repuir) shall be based upon an analysis of typical maintenance

tacks from fault detection through system revalidation.

Paragraph

3.1. 2 .4 Enviropmental

The reguirements of paragraph 3.1.2.4 shall be verified by review of am]yc*cs, analytical

data and available test data.

Paragraph

3.1.2.6 Human PPerformance

Requitements of paragraph 3.1.2.6 shall be verified in accordance with Section 4 of

MIL-H-27894.

Parag}:gi)_ll__
3.1.2.7 : Safety

Compliance with the safety reguirements of paragr aph .1.2.7 shall be verified by a hazar d

analysis, and hazard modes and effects analysis of the MDS functions and proceduras.

4.1.1.6.2.1 The following paragraphs will be tested by preliminary analysis:

Paragraph
3.4.1.4 Post-Operation Data Reduction and Evaluation
. 3.4,1.4.1 Source and Type of Inputs
4-6 Sttt /DO RITAR]
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Paragranh
1.
1.

3.4.
3.4.

4
L4
4

3
3.4

«w

3.4.

4.

1.

<

HANDLE VIA BYEMAN SYSTEM ONLY
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Simulation Check

Source and Typs of Inputs

Progrzin Library Generate/Update Program
Source and Type of Inpuls

Diata Basce Present/Update Program
I3

Source and Type of Inputs

4.1.1.6.2.2 The following scctions will be tested by Post-Test analysis:

w
PN

?DOOODC/OODODOOOD

o T T TS NN

1.2.1
1.2.2
1.3.1
1.3.2
1.4.2
1.5.2
1.6.2
1.7.2
1.8.1
1.9.1
1.10.2

Source and Type of Iuputs
Destination and Type of Outputs
Source and Type of Inputs
Destination and Type of Ouiputs
Destination and Type o'f Outputs
Destination and Type oinutpu{is
Destination and Type of Outputs
Destination and Type of Outputs
Source and Type of Inputs
Source and Type of Inputs

Destination and Type of Outputs

4.1.1.6.3 Demonstration

Not applicable.
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4.1.1.6.4 Test |
4.1.1.6.4.1 7ests Types shall be of the following categories: |
a. . Mojor Subcanivacter Component Tests
b.  Major Subcontractor Subsysiem Tests
c.  Subcontraclor Tests
0 4.1.1.6.4.2 The following rcguiremerts of Section 3 shall be verified by component or
subsystem test:
Paragraph
3.1.1.1.7 Acquigition Subsystem
(only the following subparagraphs)
3.1.1.1.7.1.1 Magnification and Real Field of View
3.1.1.1.7.1.2 Eyepicce Properties )
-~ ;
3.1.1.1.7.1.3 Output Image Qualily "
3.1.1.1.7.1.4 Light Transmission
3.1.1.1.7.1.5 Target Loading and Coordination
3.1.1.1.7.2.1 Lignting
3.1.1.1.7.2.5  Scan Area
3.1.1.1.8 Main Optics
(only the following subparagraphs)
3.1.1.1.8.1.2 Eyepiece Properties
3.1.1.1.6.1.3 Output Image Quality
3.1.1.1.8.1.4 Light Transmission
3.1.1.1.8.2.1 Lighting
3.1.1.1.8.2.4 Scan Area
3.1.1.2.1 Simulated Laboratory Module
3.3.2 Stimulus Subsystem
4-8 i Capra g o ponen f RN AN PR AN
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4.2 SYSTINT TES'}'»"S

Thin test shall ho defived as an judesrated systom {ost of the MIXS.  The following reguire-

aeTis OL Section 8 shiall be verified by systorn test:

3.1.1 Not applicable
3.1.1.1.1 Communication Command and Instrumentation
1.1.1.2 ¥lectrical Power and Signal Distrivuiion
3.1.1.1.5 LMSS Intevface
.1.1.4 Control and Display Subsystem
3.1.1.1.5 Navigation and Control
3.1.1.1.6 Structure and Thermal Control
3.1.1.1.7 Acquisition SuosySLem
(only the following subparagraphs;
3.1.1.1.7.1.1 Magnification and Resl TField of View
B 3.1.1.1.7.1.2 Eyepiecce Properties '
3.1.1.1.7.1.38 Output Image Quality
3.1.1.1.7.1.4 Light Transmission
3.1.1.1.7.1.5 Target Loading and Coordination
3.1.1.1.7.1.6 ~ Scene Dynamics
3.1.1.1.7.2.1.1 General
3.1.1.1.7.2.1.2 Scene Lighting
3.1.1.1.7.2.1.3 Haze ‘
3.1.1.1.7.2.2 _ Ground Scene Special Effects
3.1.1.1.7.2.3 Initial Target Location
3.1.1.1.7.2. 4 ﬁ}r).laxnic Target Location
3.1.1.1.7.2.5 Scan Areca
3.1.1.1. 7 2.6 Scene Streaming
3.1.1.1.7.3 Assoqiatod Controls and Digplays
- 3.1.1.1.7.4 Control Stick and Magnification Control Daring Freeze

(T TR ATy Y T e 2 ‘ \3\ (- E
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Paragravh

3.1.1.1.8 Main Optics

(only the following subporagraphs)
3.1.1.1.8.1.1 Magnification and Real Tield of View
3.1.1.1.8.1.2 Fyepiece P]?O};lc;ti.es
3.1.1.71.8.1.8 Outp{t Luage Quality
3.1.1.1.8.1.4 Light Transmission
3.1.1.1.8.1.5 Target T.anding and Cocydination
3.1.1.1.8.1.6 Scene Dynamics
3.1.1.1.8.2.1.1 Gencral
3.1.1.1.86.2.1.2 Scene Lighting
3.1.1.1.8.2.1.¢ Haze
3.1.1.1.8.2.38 Target Location Relative to V'el'z.iéle
3.1.1.1.8.2.4 Scan Areca
3.1.1.1.8.2.5 Scene Streaming
3.1.1.1.8.3 Main Optics Alignment
3.1.1.1.8.4 Associated Controls and Displays
3.1.1.1.8.5 Control Stick and Magnification Control During Freeze
3.1.1.1.9 Cue Subsystem '
3.1.1.1.10 Photographic Section
3.1.1.2.2 Simulation Control Console
3.1.1.2.38 Simulation Computer Subsystem
3.1.1.2.4 Interface Subsystem
3.1.1.2.5 4 Stimulus Su?asj'stéln .
3.1.1.2.6 Simulation Executive Function
3.1.1.2.7 Real World Tracking Function
3.1.1.2.8 Simulation Daia Generation Fuaction
3.1.1.2.9 Hardware Simulation
3.1.1.2.10 Stimulus Control Yuiction
3.1.1.2.11 Nou~Real Time Functions

4-10
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Paragraph

3.1.1.2.12 On-Board Compater J'rograing
3.1.2.4 Enviromnental

3.1.3 Data Base Reguirements

3.3.2 Stimelus Subsysten

&
e
N
o

Controls and Dicplays
A LY

3.3.5 Interface Subsysiem

3.4 Simulation Software Deaiga
3.4. 1" Operational Rejquirements
3.4.1.1 MDS Executive

3.4.1.1.1 Source and Type of Inputs
3.4.1.1.2 Destination and Type of Outputs
3.4.1.1.3 Information Proéessiﬁg
3.4.1.2 Pérformance Data Collection Module
3.4.1.3 Script Iiterpreter |

3.4.1.8 ' Input Module

3.4.1.9 Qutput Module

3.4.1.10 LDAU Siraulator

~ 4.3 QUALITY SYSTEMS

4.3.1 DRAWINGS AND SPECIFICATIONS
A formal review board is not required on the MDS. However, all GE design

specifications will be reviewed and approved by Product Assurance. .
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4.3.2 VISUAL AND MECHAMNICAL IN-PROCESS INSPECTION

11,

zcted to deterimine that the

GE fabricated ports shall be visually and ra aally i

ey

materials, finich, design, workmanship, constvuction, dimensions, and markings conform

to the aprlicable dvawings axd to the roquivemonts of the applicable specificutions.
4.3.8 ASDEMTBLY INSPECTION
Iach GE svbhsysicm assembly shall be vigually and mechanically inspected to ensuve con-

formance to the applicable drawings.

4,3.4 NON~-CONFORMING MATERIAL

Non--conformine Material shall be handled according to MIL-T-27474, paragraph 6.5.
to o

- 4,3.5 SUPPLIER ACTIVITY

“In cages where GI work statements and/or specifications require component aceeptance
tests to be the responsibility of the Supplier, Proguct Assurance will define and issue
Supplier quality assurance requirements and review and approve the Supplier's test plan.
If the acceptance tests are conducted at the Supplier's facility, their performance shali

be subject to direct surveillance by GE Product As'sm.'ance-1’epresén’catives.
4.3.6 TEST CONDITIONS

04.38.6.1 Mecasuremenis and Calibration

All measurements shall be made with instruments whose accuracy has been verified and
which are calibrated periodiczlly. All test instrum cms shall be calibrated per a plan
prepared in accordance with specification MIL--C-45 862A. (Calibration of System Reguire-

ments).
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4.3.6.2 Ambient Teet Con ncitions

1.

Unless otherwige specificd, all measuvemeris and tests shall be made at ambicnt conditions.

3.7 Pu DUCT ASSURANCE DOCUMENTATION

oo T)n-“

4.8.7.1 Yroduct Assu

)

s

Product Acsurancs Plan for (MDS) Program, Revision C, dated April 24, 1968 (DIN-~50249-

22-1), describes the Quality Program to be undertaken on the MDS Program. The quality

systen delineated in this plan shall be applicable through design, procurements, manu-
facture, test and acceptance phase of the program. Quality provicions for the operations
phaseg of the MDS ghall be defined in the SAFSL Exhibit 34004 Davelopment Simulator

[l

Operation Plan.

4,8.7.2 .L_?S_EQ?};

General Electric. will compile a Customer Loghook containing mformat]on such as the
defined configuration, the verified "as built" configuraticn, and sys:.em test data sheets.
The Customer Logbook will provide the objective emdsnoe of system performance accept-
ability and will be used as a basis for Customer acceptance of the MDS, The logbook

will be given to the Customer at the time of acceptance of the MDS.

4.3.7.3 System Accepiance Yest FProcedure

The System Test Procedgre will be submitted to the Custower for review 60 days priox
to the start of the System Acceptance Teste‘ Aﬁy changes to the test proce_adure during
the System Accepiance Test will be documented and become part of the Customer logbook.

A formal revision to the test procedure will be made at the completion of the test.

4-13
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4.3.7.4 Systen hegepirnce Tosk Report

Cencral Electric will prepaie and subrit Lo fho Custeaser a System Accoptanze Test

Report within 30 days after the conpletion of the System Accepiance Test.

4.3.8 SYSTIM TESTING
Conoral Blectric will conduct the Systea Acceptance Test and ensurc all systom test

data is incorporated into the Log Book.
General Electric will conduct or witnecs the Systera Tects for Thase It and IIT and

ensure all system test data is incorporatcd irto the Log Book.
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6.1 GLOSSAT \’

4
360/44

SECTICH 6

RNOTES

NUMERICATL:

IBM Computer == ADC

IBM Series 360 Model 44 Computer

SEpnpes 15 [ AN

HANDLE VIA BYEMAN SYSTEM ONLY

350/G5 IBM Serieg 350 Model 65 Computer
930 SDS 930 Couiputcr
2200 Beckraan Analog Computer
A
ACTS Attitude Control & Translation Subsystem
ADC Airborne Digital Computer (IBM 4 II)
ADCAS ADC Adepter Subsystem
AMU Auxiliary Memory Unit
ATS Acquisition & Tracking Scopes
AVE Aerospace Vehicle Equipment
B
. BTIP Basic Timing Interrupt Processing
C
CDM Command Data Message
CEU Control Electronics Unit
CPC Computer Program Component ’
CSC Computer Subsystem Controller
CsG Command Subsystem Gi‘oup
D
DACO Douglas Aircraft Company -~ DAC
DCSG Data Computation Subsystem Group
DDM Digital Data Multiplexor
DIU Digital Interface Unit
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DRC

B

E-Kor BX

]" ‘fv

FOV

GMT

HPA

IMC
IMD
108
IS8T
vs

KDU

LDAU
LGA
LMSE
LMSEC
LOS
LPA
LPSS
LVSS

HANDILL Vl/ L‘:’Lm'\ S STEM ONLY
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Data Necovery Capsule

I
Elemental Developmont Simulator
Fastman-Xodak Co.

;1(‘CnJC:‘J Power & Signal Distribution = EPSD
I

Ficld of View
G

Greenwich Mean Time

H

High Power Acquisition

I
Image Motion Conmipensation
Image Motion Detector
Instructor/Operator Station
Interface Switching Unit

Image Velocity Sensor

K
Keyboard & Display Unit

L e
Lab Data Adapter Unit

Low-g Accelerometer

Lab Module Simulation Equipment

Lab Module Simulation Equipment Computer
Line of Sight

Low Power Acquisition

Laboratory Prograniming Support System

Lab Velicle Systems Segment

w0 Lz
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MAS
MCC

MCU

MDAU -

MD3
MM
MMSE
MO
MOL
MDPsS

PAKA
PIipP
POsC
PSCS

RCU
RT
RTC

ScC
SCET
SCT
SCSs
SCSU
SCU
SDB
SDS

HANDLE VIA EYE M/\N SYSTEM ONLY
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HA

M.

Monitor & Alaim oy stem

ficsion Control Centex

Magiar Control Congole

Master Coutrol Unit
Mission Data Adapter Unit
Mission Development Simulator
Mission Module
Misasion Module Simulation Equipment
Main Optics

Manned Orbiting Laboratory

Misgion Payload System Segment

P
Printer and Keyboard A.daptcr
Power Up Interrupt Processing
Payload Operation Sequencing & Control

Program Support Computer System

R
Response Conditioning Unit
Real-Time

Real-Time Command

S
Simulation Control Console
Stored Command Execute Timer
Satellite Control Facility (Sunnyvale)
Simulator Control Subsystem
Signal Conditioning & Switching Unit
Signal Conditioning Unit
Simulation Data Base
Scientific Data Systems, Inc.

I N 6-5
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SLM
SrC
SI’DR
S/8
S1'C

TLM

vO
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Simulated Lab Module

Stored Program Command

System Performance/Design Requirements
Stimulus Sohgyslam (Projectors)

vIsTC

Test Center (Sunnyvale)

Telemetry (also TM)

v
Visual Optics

N
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6.2 DS PHASING,

6.2.1

MDS MODULE MATHIX

TEM ONLY
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OSSO [ e e STained
Planned Phasc
Paragraph Computer | Incorpore i
I\mm‘ or Title _On-Line | Ofi-Line ; Allocation 01
3.4.1. 1 Ml) Lxccu.’d.ve 360/930 |P
2 Performance Data Collection 360/93 r P X X
3 Scrip“t Interpreler 360 P P X X
4 Post Operation Data Reduction X 360 - - X X
5 Simulation Cheek X 360/930/ (P - - X
kS 2200
k=
§ 6 Program Library Generate/ X 360 - - P X
= ' Update
0 .
= Data Base Present/Update X 360 - - P X
8 Input 930/2200 | - P X
9 Output 930/2200 [P - P X
10 Laboratory Data Adapter Unit 360 - P X X
(LDAU) Simulator
3,1 2.5% Mission Data Adapter Unit 360 - P X X
_S (MDAU) simulator
4_)’ .
g 6 Drive Control Response and 930/2200 |X - X X
8« Position Simulator
A v Tracking Simulation Controller <1 930 X - X X
= _ ' . .
op 8 Refere nce Target Generator 360 X - X X
&
w9 Reference Line of Sight (LOS) 360 X - X X
a Generator
% .
% 10 Reference Ephemeris Generator 360 X - X X
1]
=11 Command Message Editor (CME) X 360 - P X X
§4 12 Payload Simulator and Hardware 930 - - X X
K Controls
§ 13 Electrical Power and Signal 930 - - X X
Distribution
6-7




- NRO-APPROVED FOR —

HANDI. [‘ VI/\ RBYEMAN S YS Fk ‘M ONLY
. e DR AN

J»!\\

RELEASE 1 JULY 2015

R

[T T ) Planued
Fiasc
T Paragraph _ Computer | Incox: oration |
Number ’I‘hlc On-Line On L]m Allocation 0 1 2 3
s 1o | MM Bavivormoutal Smlotor | X | 920. - - X X
15 MM Variable Alignment X 360 - - X X
16% | Sun Angle Genzrator X 930 - - P X
17 Digplay Pogition Drive X 930 X - P Xi
g 1s VS Simvlator X 360 p - X X
Z; 19 Derotation X 360 X - X X
§ 20 Star Tracler Simulator X 360 - - X Xx
;} 21 Altitude Reierence Geunerator X 930/2200%*p . X X%
bp and ACT'S Simulator ’ .
g 22 PLM/MAS Simulation X 60 |- - X X
gﬂ 24 Laloratory Decoder Simulator X 360 - - X }«.
(g 25 Bulk Data Haxdiing X 360 T r x x
:Eg; 26 Seript Pre-Processor - X 360 P P X X
— < 29 Pre-Simulation Data Generator X 360 . P P X X
g 30 ¥ilm Processor Simulation X 930 - - X X!
= 31 Simu] tion Data Generation : X _ 360 - = - Z{'

*Refm 1o C(x 80'{ MMSl: Computer Programs, CEI MOK 807 A
*#360 in Phase I MDS
NOTE: P Reprcsents preliminary in.corpération

X Represents complete incorporation

6-8
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Planned ;
Paragraph 360/44 ADC Prolotype
Nu m}:)o:r_-.’}f On-Board Computer Fursiions AHO(‘HUOJ] Alloc:&‘l,i.o; ; '
2-1 Uplink Message Handling T B{W X ,
2-2 © Command Execution X X ¥
2-3 Data Distribution X X ‘
2-4 Payload Opcration, Scguence & Couirol P X X
2~5 Main Camera Pararncler Generator X ¢
2-6 Drive Generation X X X
27 Drive Correction P P X
2-9 Initial Positioning X X
2-10 Ephemeris Genarate X X X
2-11 Vehicle Attitude Determination X X (
2-12 Position Learning P ‘ X '
2-19 System Readincss X
2-13 Payload Prepass Setup X X |
2-14 Geoposition Display X
2-15 Extrapolate X X
2-16 Drag Processor X ‘
2-20 External Interrupt Processing X X
2-18 Basic Timing Cycle Interrupt Processing X X |
2-17 Experiment Interrupt Processing X |
2-21 Payload Mode Control P X X
2-22 Cue Present X X
2-25 Decoupling Matrix X
2-23 Boresight Aligmuent X ‘
2-24 Power Inferrupt Recovery
2-26 MDAU Ervor Rouline X X
2-27_| Device Routines X X
*Refer to CEI MOK 802A, 30 November 1967, On-Board Computer Program (Operational)
NOTE:' P Represcents preliminary incorporation X Represents complete incorporation
SESRET/DORIARN 6-9

IANDLE VIA BYEMAN SYSTEM ONLY




| HANDLE VIA BYEMAN SYSTEL OFfY
RELEASE 1JULY 2015 e e I T R AN

i vz S 4

6.2.3 HANRDWARE COMPLIEMIENT

_PUASH O _DHASE 1 _PIASE 2 _PHAST 3 _
930/2200 Hybrid 360/44 Digital 360/44 Digital Complete 103
Computer (106) Computer (111) Computer (117) hardware complement
360/44 Digital ADC--Eagy. 930/2200 Hybrid
Computer (106) Prototype (106) Computer (111)
930/360 Adapter ADCAS (106) 930/360 Adapter
Unit (108) . Unit (111)
DIU & Junction PAKA (106) DIU & Junction
Box (106) ‘ Box (111)
SLM with panels AVE KDU, ADC (106/111)
2C & 2D (106) Printer (106)
_ SCC with CRT & I0S CRT & Key~  ADCAS (106/111)
' Keyboard (i06) board (111)
1-8VS Subsystem PAKA (106/111)
(106) .

I0S CRT & Key-
board (111)

AVE KDU, Priunter
(106/111)

Test Panel (f 2)

6"‘10 (1T IR T T A T ERENP o s B I A “ H
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6.3 TRAINING LANGUAGE DY vL

6.2.1 GENELAL

6.3.1.1 T‘i o ’)“”“
The primary purpouse of e Training Langunge Script is to provide a control capability for

he Mission Develepinent Simulator,

6.3.1.2 Function

The Training Lansuage Script shall consist of a set of source stalcments termed operators,
Each operator shall be given a spccific function specificd by the operalor and its argumom’,s
(script statements). Properly selecied combinations of statements shall combine to perform
siruulator tasks of MOT, Mission Simulator Pilet training. The script statements as a source

program shall be processed by the Training Language Preprocessors,

6.3.1.3 Physical

The Training Langaage Script shall have an English language oriented syntax,

The script statements shall be writlen on a Training Language Script Coding Form and key-

punched onto 80 column tabulator cards,

6.3.1.3.1 Script Generation

~

a. Write the progr am in MOL training language in accordance with paragraph 3.4.1.12,
b. Keypunch the program on tabulator cards.

c. Insert the tabulator cards in the off-line Script Preprocessor which will generate a
tape for operation of the on-line Script Interpreter module,

6-11
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6.3.1.3.2 Real-Time Seript Siatement Inseition
On-line {raining Jougaage statements which comply with paragray oh 3,4,1,12 arvc inputted by

the Simuwdalion Control Counsole keyhozrd, Those wilk no time tog will be executed jmmediately

)

whilo thoge with a time tag will Lie executed at the g socified time.,

6.3.2 TRAINTNG Y ANGUACGE SCRIPT FUNCTIONS

The I'rainivg Language Seript shall provide the following functions for simulation control:
a. Provide the capability to define macro type groups of statemerts for insertion as
opon subroutines in the seript.
b, Provide the means lo establish values to data base parameter s.
c. Provide conditional and vnconditional branching in the soript.
d., | Provide script halt pqnfc from which seqaencing can be continued following a pause.

e. Provide checkpoints (simulator status snapshot) in the script to which seript
sequencing can be recycled if desired.

f. Provide tlic means to initiate and terminate malfunctions.
g. Provide the capability to advance the simulation clock.
k. Provide the capability to select data basc parameters {o be recorded.

i. Provide the capability to command transfer of Simulation Command Data Messages
to the simulated vehicle.

j. Provide the capability to print seript messages.
k. Provide the capability to display a predefined format,

1. Request the display of text messages to the training operators.
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a. Letters: ABCDEFGIIRLMNOPRR SPUVWXYZ,
b, Digits: 0123455789,
c. Special Characters: */=",. &~

d. Spacc.
The special characiers ace assigned cxplicit meanings in the following paragraphs.

6.3.3.2 Notation

The following notational conventions are used throughout this specification.

6.3.3.2.1 Upper Casec Leotiers

Underlined are words which must be present in the source program,

6.3.3.2.2 Uppcer Case Letters

Not underlined arc words which may be used at the discretion of the user.

6.3.3.2,3 Lower Case Letter String

Underlined specifies the syntactic location and type of term to be supplied by the user.

6.3.3.2.4 Lower Case Letter String

Not underlined specifies the syntactic location and type of term which may be supplied at the

user's option,

6.3.3.2.5 Special Characters

These must be present in the source program where indicated,

(o [ @ Ty [em e f ety gme, £25 0 fA P
< {;wc_a 15 jlr 3 / E.‘-;,-Jf\' C}‘ L'\i H / \5{\(}
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“7 6.3.3.2.6 RLiraces ar
Braces ave used o enclose a set of words ¢r terms of which any one may apply; i.e., EQ
. e 3 \ LT
mgmﬁco or BQ or LT muct be seleeted,
6.3.3.2.7 Xrackets
Brackets are used to ewclose members of the charactier set whenever they are usmed in texy,

i.e., "The period .  isuscd as a name-part conncetor. ™

6.3.23.3 Delinitions

6.3.3.3.1 Name
A name is a slring containing any of the basic charactiers A through Z, 0 through 9, and space.
The string must bagin with one of the characters A through Z. The special characters are rot

to be used in forming a nawe. Maxiwum name length is 38 characters.

6,3.3.3.2 Label
A label, defined only in the label field, is a string fom characters in length, containing any of

the following: A through 7 and 0 through 9 and space.

6.3.3.3.3 Numbher
A number shall be specified in three forms: (1) hexidecimal, (2) decimal, and (3) decimal

floating point constant.

6.3.3.3.3.1 Iexidecimal _
A hexidecimal number shall consist only of the numerals 0 through 9 and the alphabetic

characters A through F. The use of a decimzl point shall not be allowed.

'6.3.3.3.3.2 Decimal

A decimal number shall consist of the mumerals 0 through 9 and the special character +, -,

and ., . Each decimal numwber shall contain a decimal point, . The number shall be specified

6-14
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as positive 1 or negative - by use of the proper sign,  Abscnee of a sign shall designate the

AaA

number as positive, The number shall rot contain embedded conimas or blavks,

6.3.3.23.2.3 Decimal Floating Point
The decimel ficaling point rannber shall cousint of the decimal digits 0 through 9. The

Ll

naumher may be signed positive + or negative ~ . If unsigned, the pumnber shall be assuwinea

positive. The mamber shall be followed by @ decimel expo: f‘ut written as the letler L

followed by a signed or unsigned one - or two-digit integer constant. T he range (R) covered
7 9 75 o

by the floating point numberr shall be 5.5 R7.2 .10 . The number shall consist of

1 through 7 gignificant cecimal dimi.’.‘.

Examples:
7.0F+0 (i.e., 7.0 x 10° - 7.0y
19761, 25K+1 (i.e., 19761.25 x 10 = 197612, 5
7.E3 |
7.0E3 (i.e., 7.0x103:7000.0)
7.0E03 |

. 7.0F+03

7.0E~03 (i.e., 7.0 x 1073 =0, 007)

6.3.3,3.4 Argument

All names and numbers arc arguments,

6.3.3.4 Card Format

The format in which the training language statements are written (and punched on 80 column

cards) is as follows (see Figure 6~1):

CRrm ey peens LIS AN 6-15
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.3.5.4.1 Coutrol Charucter ifield

o
v

Colurmn 2 of the coding form shall contain onz of the optical coutrol characters. The
permissable control characiers shall be the following:

D' f'n'h(m

Characier
H et o e i e e A} @oterisk ghall denote a commenta card which
will be printed on the program listing. The
coluinns 3 through 72 shall be available for
commmcnts,
T e e s e TE S1IHCE T o’ where TO is a refercnce time T
and is advancc:d with system time. Ident. card cnly.
V e s Indicates the seript statement is referenced te

Vehicle, Time, Ident. card only.

6.3.3.4.2 Time Field (Card Coluiars 4 thiough 13)

The time field references vehicle time, or time since T o "Vehicle time and time since T
are written as DD/SSSSS, S, When this field is uscd it essentially says "wait until the cloc!:
reaches the time designated in the time field bofore executing this statement.' All operators
must have time ficld entries except the IDENT, END, and MACRO operators. A blank time

ficld means use time from previous statemeut.

6.3.3.4.3 Label Field (Card Colurnns 15 through 18)
The 1ehel field is used to tag statement for control sequencing purposes., The label field is

optional. If used, it is exactly for ur characters in length including trailing bl'ml\s

6.3.3.4.4 Statement Field (Card Colvmns 20 throuvgh 72)
The procedural statemenis arve written in this field. Comments may be inserted in the
statement field on any card merely by inserting the text of the comnent between quotation

marks ("lext'"), Comments shall not cxtend onto continuation cards.

RN
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6.3.3.4.5 Continaation Field (Card Colurin 73)

Avy charactor in this field indicates that the etatemont ficld is to be continucd on the next

card using cavd columns 20-72,

6.3.3.4.6 Identificr/Soqguonce Kield (Card Colwmns 74-80)
Leltors or numbers ave incindsd in this field to allow the completed punclied card program

decks to be searcnced., This ficld is not processed by any simulator programs.

6.3.3.4.7 Module Ident. Field

This field is not processed by any simulater program,

~
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SECTION 10

APPIRNDIX

10,1 WOREMANHIP AND DESIGN PRACTICE:

The provigions of MIT-T-

dated 22 Avgust

ol

1450, &as

27474 "Iraiving Fquipment, Ground, General Requirement for!

amendort by the clarification and deviations contained within this

Soction ehall apnly 1o the eguipinent of this documment,

Paragraph

2.1

Deviation/Clarification
Delete MIL- S-65872 and replace with MIL-STD-454, Section 5.
Reason: MII.-S-6872A has been canceled for AT use (ref.
MIL-S-6872A, Amend. 1, dated 12/14/65) and replaced by
MIL-STD-454.

Add MIL-W-81044, Wire, Elecirical, Crosslinked Polyalkene
Insulated Copper. ,
Reason: MIL-W-81044 wiring requirements will be used in

conjunction with MIL W-16876.

Delote M1L-P-26441 and replace with. MIL-P-55110A.
Reasor; MIL-P-55110A supersedes MIL-P-26441,

Change ANA Bulletin 143 to read MIL-STD-143.

Reason: to reflect proper identification,

Delete MIL,- S-3644.

Reason: previously waived (refer to paragraph 3.4.10.3).

Delete MIL-E-4682,

Reason: previously waived (refer to paragraph 3.6.1).
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3.2.1

3.2.2

3.2.3
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Daviation/Clerification

G. Dulete MIL-T-8107

Reason: previously waeived (vefer to paragraph 4.06.2).
H. Declete MIL-R-25717.

Reasor; previously waived (refer to pavagraph 3.4.3).
I. DBelcte MIL-1-27259.

Reason: previously waived (refer to paragraph 3.7).

J. Delete MIL-STD-681. .
Reason: previously deviated from to allow use of GE Standard
(refer to paragraph 3.15.2.2).
K. Delete MIL-STD--803 and replace with MIL-II-27894, dated
9 January 1963.
Reason: refer to deviation to paragiaph 3.4.2.
L. clete TT-E-489, ’I‘T—P'—GSG, TT-S-176, and MIL-P-8585.
Reason: these specifications not pertinent. Epoxy to be uscd in
lieu of materials specified (refer to devia tion to paragraphs 3.14.1
and 3.14.2).
M. Delete MIL-STD-130,
Reason: previously waived (refer to paragraph 3.17).
N. Delete MIL-T-7928 "Terminal Lug and Splice, Crimp Style,
Copper'.
Delete.
Delete.
Delete.
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Reason:; previously waived.

Add to last sendence: "over the tolzl range of reguired cporating
temperatnres,
Reason: clavification of the term "erpoiature resistant, ' At

elevated temperaiures virwally no mmatervials are temperatore

resistant. (Defer to paragraph 3.3.5.1).

Charge to read: "ilame resistant materials sball be used where

practical in the design of the Simulated Lahovatory Module (SLM)

only. Wh(?,ll used they shall:

B2 rated as sclf eoxtinguishable in air when tested to

)
.

the applicable ASTH material specificaiion; or,

b. Meet the combustion rate requirements impqsed for similar

application in the MOL AVE (refexr to GE specifications
DR 1111 and DR 1115); or,

c. Maet the requireme;nts of MIL-STD~454A, Requirement 3.
These requiremenis shall not be imposed on catalog purchased
hardware,"

Reason: Clarification of the requirement "no toxic fuines will be
liberated.' All metallic and hydrocarbon combustion products are

toxic to some degrec,

Dclete "It shall be possible for the student to periorm all functions
and observe all phenomena normally encountered when using the
operational cquipment or system." Replace with: "It shell be
poseible for the student to perform functions as specified in the
approved Experiment Plan, "
Reason: many functions or pIn_no nena cannot be simulated (e.g.
zero-g). The credibility of the simulation is subject to individual
appI.‘OV&] by the customer at the time of approval of the Experiment
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3.4.2.1.1

3.4.2.1.2

3.4.2.1.3

3.4.2.1.4

3.4.3

3.4.4.1
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alete MIL-STD-803 il :—H'~2'/894_, paragraph 3. 8.

of the AVE aye more appropriaic. The

=
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=
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=
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>

son of hwan faciors itemis, as epeeified in paragroph 3.8

identific
of MIL-11-27894, is accomplished in Experiment Plans. Resolution
of such factors arc subject to MOL/SEO approval at the tirae of
approval of the Lxperiment Plan, In addition, all modifications

required to resolve hurnan factors problems require approval,

Delcte.

Delete.

Deletc.

Delete,

Delete.

Reason: previously waived.

Delete "Cabinets and inclosed racks having access doors or removable
panels for maintenance purposes shall hfwe protective interlocks tc
eliminate the hazardous potentials." }.\eplace with: "Cabinets and
enclosed racks having access doors or removable panels for
maintenance purposecs shall have warning labels affixed to or adjacent

to such openings to indicate the hazardous potentials. Sucl warnings

shall indicate 'remove power before opening' when applicable,
leason: SCC Panel 2A, if interlocked, would shut down entire systcin,

In addition, there arc maintenance considerations which requlre power.

f\r :r-\,rmw.rv-uvm I', : r-
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3.4.5.1

3.4,5.2

3.4.5.4

3.4.9.2

3.4.10.3

3.4.10. 4
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Deviation/Clarification

A. Change first sonicnce to read: "The training cuipracnt chall be
reguired to operaic on comncreial power as supplied hy the
Philadciphia Elecirvie Company.V
Reason: clarification of requirement. Philadelphia Electric
Comnpany supplies +10V; this tolerance more strinzeut than

presceut specification r“_lmrom(-m.

B. Delete "Batteries shall not be used as a part of, or in connection

with, the powcer supply equipment. "

Reason: batieries will be used for emergency light in the event of
o

power failure. This is a safety consideration.

Delcte.
Reason: GE will use single phase motors in 106.

0
Cl‘é.rify: "Lamp indicators shall be used so that fusc failures are
visually indicated." 7To bc. deleted when applied to commercial
equipment, | »
Reason: requirement is not an industry—wide standard comimercial

practice. GI will comply on non-commercial equipment,
Delete.
Delete,

Delete.

Reason: previously waived.
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3.4.70.0

3.4.10.6

3.4.10.7

3.4.13

3.5.1.6
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AdG e following: "o cases where the training equipment is to
simnulate operationel cquipment, the controls and indicators that
contribmie to the Gruining chicetive shall be of similiar layout as the
operationr] cquipraent.”

Reason: to provide for developing and evaluating AVE designs and

training.

A. Delcte requirement for existing commercial equipment oily.

Reason: previously we 1\'od

B. Add the so]lowmm "In cases where the training equipment is to
simulate operational equipment, - the controlied characteristics
shall be similar to tha operational equipment, "

Reason: to provide for developing and evaluating AVI designs

and {raining.

Dalete requirement for existing commercial equipment only.

Reason: previously waived.

Change to read; "Rumning time meters shall be installed to indicate
accrued operating time on assemblics classified as limited life
cquipment. "

Jeason: the total system operating time (power on time: does not

necessarily reflect the on-time for all assemblies. The accrued tiime

of specific assemblics is more important from reliability and cost-

effectiveness standpoints,

Delete and replace with the following: "Test points shall be

incorporated in power conditioning equipment for maintenance purposes.

Other eguipment shall be designed for easy access to test points.’

SRS 13 O AN,
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Reason: comylr xity and deusity of eguipmoent m aling installation

of all test points accessible from the outside impractical,

for spocial tools and test equipment cxists, these tools shall be kept

in the sarae avea as the training cquipment and shall be made available
for use during maintcnance and repair. ™
Reason: the objectives of the original requirement will be met,

’ Towever, as a matter of access and working space around the .
simulator, it is more practical not to securely attach the tool kit to

the simulator.

3.5.2.6.1 Delete requirement for existing cornmercial equipment only.
3.5.2.1.6 Delete requirement for existing commercial equipment only.

Reason: previously waived,. ,
3.5.2.1 A. Change second sentence to read: "MIL-W-16878 or MIL-W-81044.,"

Reason: same as deviation in paragraph 2.1.

B. Delete MIL P-26441 and replace with the following: "MIL-P-55110A,
except paragraphs 3.7 through 3. 14 and paragraphs relating o~
pre-production testing, The inspection tests shall be limited to
visual and dimensional examinaﬁon as specified in paragraph
4,8.1. (Table IIl, Group A tests only.)"

Reason: MIL-~P»—55110A supersedes MIL P-26441. Paragraphs
3.7 through 3. 14 apply to pre-production testing of the wiring
boards. 'The wiring board material used in the simulator is
purchased as Plastic Sheei:, Laminated Copper Clad per

MIL-P-13949 Type ¥L. (MIL P-13949 is a first-tier applicable

10-9
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3.5.2.4

3.5.2.6
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Devintion/Cisr ication

spocificition of WIL P-05110A.) The wiring board mater ial gocs
through 1o process subsequent to receipt that would degrade or
affoct the eszential propertics (e.g., insulation, moisture

resislence, adhesion, etc.). The pre-production testing

specified in MIL P-55110A is considered to be redandant wi ith

the testing required under the purchase specification MIL-P-13949.

C. Change reference in MIi,-P-55110A to "MIL-STD-275, exceptl
paragraph 5.2.1.1."
Reason: paragraph 5.2. 1.1 states that "'the terminal areas shall
complote],y surround aud abut on the mounting holes." In the
case of mounting transistors on the printed wiring board, the
drilled holes for the transistor leads breaks through the edge of
the terminal area (c.g., 2N3908 transistors on the 2" X 2" DIU
boards). This condmon does not affect the fﬁ.nctionﬁl ity of the
assembly nor does it gepresent a degradation in performance or -
reliability in this application. The fabrication permitted by
deleting the requirement is in common use in commercial

equipment.
Delete requirement for existing commercial equipment only.

A. Delete requirement for existing comimercial equipment only.

Reason: previously waived.

B. Delete 10 percent requirement.

Reason: spares are available. However, design changes have
utilized some original sparcs such thatl the 10 percent capability

docs not presently exist.
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Dovieion/Clarification

Delete requiverniont for existing connnercial equipment only.

Dolete requirement for existing commereisl equipment only.

Delete veference to MUL-T-7628
Reason: MIL-T-7628 gpecifies the use of 113 typs terminals. In
addition, it spoeifies the maximum allowable voltage drop for the

connection and specifies tensile (pull test) requirements.

Cominercial equipment does not conform to the MIL-T-7928 require-

ments.

The General Electric method is to control the fabrication by Process

Control Instructions. The instruclions speeify the specific erimping

tool to be used, the contact size to be used for a given wire size, and

the tensile test requirements. The tensile test requirements in the

Process Control Instructions ineet or exceed the MIILL-T--7928

‘requirements. Recent representative tests of contacts fabricated

for 106 indicate that the crimp joints fabricated met the voltage drop

tests and withstood, far in excess, the minimum tensile test

requiremcents, with some joints having failed at loads slightly below

the rated strength of the wire. This deviation is requesied as a
matter of standardization, since the current practices are well
controlled and result in products which meet or ‘exceed the MIL
specification requirements.

Delete requirecment for existing commercial equipment only.

Reason: previously waived.

Delete, .

Delete.
Reason: previously waived.
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3.5.3

3.5.3.3
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Delete refeicnce to Tavle I.
Reason: in cenersl, 10 percoat spares have been desigucd into cahles.

N1

Tor poiii~to-poind wiving practices, this ratio is considered adeyuate.

Delets

reacon: previously waived.

Change from: "at least two times™ o "once.™

Reason: duc to compact packaging required witiin the DIU, and to
eliminate interference which extra slack might induce, good design
practice dictates reduction of slaclk to the extent that only one repairc

capability exists.

A. Delete requirement for existing commercial equipment only.

Reason: previously waived.

B. Delete MIL-S-6872 and replace with MIL-STD-454, Scction 5.
Reason: o reflect cancellation of MIL-S-6872A and impose its

replacement.

Delete requirement for existing commercial equipment only.

Reason: previously waived,

Delete the following: "In no case where flexible wires are used shall

electrical connections be made solcly by clamping wires between metal

parts. Such a connection shall be soldered or soldering lugs may be
ased in licu thereof. ' Replace with: "In no case where flexible wires
‘are uscd shall electrical connecctions be made solely by clamping
wires hetween metal parts unless specific applications employing
solderless termination techniques have been approved for use by

the contractor and are referenced on the assembly drawings. "
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3.6.1

3.6.5

3.6.6

3.8
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Reascn: new soldorviess teymination toehvigues for high densify

packaging have been developad and are being used throughout the

i

indastry.

Delete.

Reason: provisions of paragraph 3.5.3.3 shall apply.

Reason: previously waived.

Delete requirement for self-wiping contacts.
Reason: relays conform to dust proof requirements. In acdition,

equipment will be used in controlled environment,

Change to rvead: "All scrvos shall be designed to be driven in eithor
direction to aid in maintenance procedures, or for deteﬁn ination of
performence. Protection against overdriving servos shall be
provided." ’

Reason: the equipment is designed to provide test signals fo the

servos via potentiometers to check performance of servos. The

servos are protccted against overdrive; however, switches for locking

are unnecessary due to the test drive capability and could interfere
with experiment operations if included. Since locks are unnccessary,
the indicator requircments do not apply.

1.-
Delete.

Reason: previously waived.

Delete requirement for commercial equipment.

Reason: GE-designed equipment will comply with requiremaont,
However, not ali commercial equipment is designed to comply witi
MIL-D-70327 interchangeabilily requireinents.

10-13
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3.30 G Acceplauce lest will be sole criteria,

Reascs: provious deviation epproved.

3.11 Delota,

Reasen: previously waived.

3.13 A. Deviation: FED-STD-595, No. 256109, Bluc shall be used on
exterior of consoles, storage cabinets and cquipment racks, and

simulator supnort structares.

Reason: to obtain greater conirast and color harmony (special
MOT, shades) for humen factors purposes. The contract between
the darker exierior and the lighter control panels accents the
control scction pancls, (NOTE: epoxy paint usage is covered

under paragraph 3.14.1 deviztion.)

B. Deviation: Pale A.quz; Blue, Color No. 17ca and Celadon Green,
Color No, 24ge shall be used on the interior of consoles, storage
-cabincts and equipment racks.
Reason: in addition to contrast and human factors coler harmony,
these colors will inc‘rea.se the reflectivity of interior surfaces

while performing work within racks and cabinets.

3.14.1 A. Waive for existing commercial cquip mon‘r only.

Reason: previously waived,

‘B. Add: "The optional usc of epoxy paints shall be allowed. "
Reason: a study was made by General Electric to determine the
best method of marking the control consoles. A GE VFSTC

Division facility has been set-up and is available with spccial

10-14
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| arrangements to do this work profescionally. Concurre nt with
these developmaonts £&1 considered tha davelopments at Pitisfield
Ordnance in introsucing a similar improvemaent on Polaris Fire
Contiol Fgripnent., As at GE X-Ray Departnien: the best silk
screcn ink (paint) weas sought. It was concluded that Wornow
Lpoxy Inks (paint) is highly ¢ istant to abrasion and is most
suitable for this application. Preferred application of the letltering
is on a background of the same material previou sly cured. In
addition, because of the extended checkout and usage of the equip-
mont in a show case marmer, bigh resistance of the derrading
appearance of scuffs, scratches, nicks, ete., is most desirable,
The epoxy paint fills these requirements significantly better than
alkyd base paints.
Thesc opoﬁxy paints cor:fprm with:
- . 0.D. 14301 (Bu Ord) Part.No. and Inspection Base Marking
(Permanent Iuk). _
0.8S. 1173 (Bu Weps) Paint, catalyzcd, plastic base.
0.8S. 74468 (Bu Ord) Marking ink, silk screen, permanent.
MIL-E-5272A, Procedure 1 fungus resistance.
MIL-E-8261, Fungus Resistance.
GE MSD specs are available for proper control of both painting
and silk screen application of this material. Proper application

of this material is upon a clean ferrous surface or an alodined

aluminum surface. Its coverage is considered cxcellent.
3.14.2 Dzlete and replace with: "The provisions of paragraph 3.14,1 shall
apply. "

Reason: for consistency.

-~ 3.14.3 . Delete.

T wrm"-ﬂllg, BV IARS 10-15
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3.14.3.1 ~ Delete.
3.14.3.2 Deoletle.
3.14.3.3 Delete.

Reason; previously waived.

3.14.4 'v Add the following: '"The provisions of this paragraph shall not apply
in cases where the painting or plating of precision close tolerance
surfaces shall interfere with the functioning of the equipment. "
Reasor: there ave isolaled mst‘mces of precision design requirements
that preclude the use of paint or plaung on surfaces. Such uses shall

be inspected frequently for oxidation,

3.15.2.1 Delete.

Reason: previously waived.

3.15.2.2 Per standard GJ& shop practice.
“ Reasol: previous deviation approved.
3.15.2.3 Deviation: The provisions of this paragrap‘h shall not apply {o the

identification of parts within purchased commercial equipment or to
high density assemblies (c.g., miniaturized printed wiring boards)
where such identification is impractical.

Reason: it is not industry-wide standard cominercial practice to
_identify parts in accordance with the provisions of this paragraph.
General Electric will comply with the provisions of this paragraph
except in cases of where high packaging densities or where advances

in the state-of-the-art in minjaturization makes it impractical.
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3.15.2.3.1
3.15.2.8.2
3.15.2.4.1
3.17

4.3.1
4.5.3
4.5.4
4.5.4.1
4.5.4.2
4.5.4.2.1

HANDLE VIA DYEMAN SYSTEM ONLY
g il B0 Tanoac iy

/ ¥

RN A

T v g e

Deviation/Clevification

sLall be in accordarice with

n

lectironic 2ad electrical symbols
MATL-5TD--15,

Reason: to simadardize method,

A. The reguivemenis of this paragreoph are waived for conunerciil

T

equipments.

B. Iiectronic and clectrical symbols shall be in accordance with the
provisions of MIL-STD-15,

Reason: same as reascus for deviations to paragraphs 3.15.2, 3

and 3.15.2,3.1.

Per standard GIL drafting practice.

Per standard GE drafting practice.

Reason: previous deviation approved.
Pcr GE acceplance test plan,

Per GE acceplance test plan.

Reason: previous deviation approi'"éd.
Delete.
Delete.
Dclete,

Del'e te.
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4.6.

o

4.6,
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5.0
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6.0

6.1

6.2c
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Delete,

Reason:

provious!

Not applicable,

Not applicabie.

Not applicable.

Not applicable.

Not applica blﬂ

Not applicable,

Not applicable,

Not applicable.

Not applicable.

Not applicable.

Reason:

Delete.

Reason:

4”"‘»\

¥
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Deviation/Clarification

vwalved,

previously waived.

previously waived.

0 days to 30 days,

previous deviation approved,
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