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1. INTRODUCTION AND SUMMARY

The design requirements for the ERTS OCC are defined in the study

specification only in very general terms. ¥rom paragraph 7.14.2, "The

OCC will provide

"F'ocal point for project unique missions

"Spacecraft activity plan
"Coordinate schedules with STADAN /MSFN

""Direct and monitor all ERTS operations support

"Operate the spacecraft

"Operate the sensors

"Determine spacecraft health, configuration and performance at a
system and subsystem level

"Determine sensor configuration, health and performance

"Compile and maintain operational records and data"

A key purpose of the study was thus to determine detailed require -

ments for equipment which would permit the above objectives to be met.

1.1 PHILOSOPHY OF DESIGN

The principles upon which design of an operations center for a

spacecraft such as ERTS must be based are:

Skilled technical direction of operations. A project operations
director can only fulfill his role with an intimate knowledge of the
spacecraft and ground equipment he is using. The most impor-
tant ingredient is the trained operator.

OCC equipment must be designed for peak loading conditions,
(launch for example), Under such conditions a greater variety
of data must be available than under routine operation.

Maximum overview of the spacecraft situation must be possible
under worst conditions, such as noise due to equipment mal -
function, spacecraft tumbling, etc.

Redundancy is essential; several independent means of data
evaluation and commanding must be available.

Communications between individuals in the OCC and outside
must be clear and continuous.



e Test methods must insure readiness of the center and ground
stations to support the launched observatory.

e Pavyload data quality must be readily assessed and required
adjustments must be readily commanded.

1.2 SPECIFIC REQUIREMENTS

The OCC design becomes specific when the characteristics of the
orbit spacecraft, payload and ground stations are fixed. These are, in

fact, all relatively firm and will be reviewed in turn.

1.2,1 Orbit

The sun synchronous orbit insures a singular regularity of activity
in the control center. Passes over ground stations will recur daily at
approximately the same hour repeating the sequence every 18 days. The
constant 492 -nautical ~mile altitude establishes a maximum pass time of
about 15 minutes at all ground stations. Throughout the 18-day cycle pass

times vary in a completely predictable manner.

Daytime activity at the control center will typically include real
time passes as follows: 10 at Alaska, two or three each at Greenbelt
and Corpus Christi. The latter two overlap about 50 percent but no over-
lap of consequence with Alaska is encountered. Night passes are about the
same, displaced 12 hours in time. Quick loock imaging seen at Greenbelt
will generally be from 9 a.m. EST (eastern United States and Canada) to

12 noon (midwestern United States).

Similarly the playback video data will be arriving in the control
center between 9 and 12 p.m. The rest of the 24-hour period will be filled
with active passes (mostly at Alaska) except for about é to 8 a. m. when
no ground station will contact the spacecraft. The above presumes no
use of ground stations other than those equipped for image reception and

Rosman.

Overlap between Greenbelt and Corpus Christi plus Rosman (used
only for commands) will require simultaneous communications with three

stations. At night the activity will include continuous 30 -minute contact

with the spacecraft as it passes from the United States to Alaska coverage

patterns, interspersed with 70 -minute periods of silence.

i-2



Thus the orbit sets the schedule of operations at the control center
and limats the time during which activity may be conducted. It also
establishes Alaska as more useful than the other two stations combined,

with regard to typical spacecraft visibility in a 24 -hour day (Figure 2-1).

Spacecraft Visibility /Day

{(minutes)
Alaska 100
Greenbelts 49
Corpus#* 51

1.2.2 Spacecraft Characteristics

The key spacecraft characteristics which influence operations, and
thus OCC design, are data volume, command volume, and the extent of
"out-of-sight!’ operations. The latter, conducted by tape recorder and
command programmer, may be included with data and command impli-
cations as merely an increase in volume of activity.

There are two distinct and quite dissimilar phases of operation:

e Initial or abnormal phases requiring close scrutiny of all data

and use of a wide variety of cormnmands.

e Routine image data production phase requiring repetitious use of
a few commands and examination of a few health data items,
plus automatic surveillance of all other telemetry.

As stated earlier, the design of a control center is set by the
abnormal operations requirement; the routine operations requirement
permits certain labor saving aids to operation, The latter is predictable,

the former is not.

Spacecraft PCM data arrives at the control center having the

following characteristics:

Data rate (kbit/sec) 1 or 32

Bits per word 9

Format 128 ~word main frame
Subcommuntators 3

*Station visibility is common for 50 percent of time.
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Data Rate

Sampling rates (kbits/sec) 1 32
Main frame (sec) 1.152 0.036
Subcommutators {sec) 147.16 4,6

Different data items ~420

Although the observatory design provides about 360 separate and
distinct commands, only a fraction of these are used in routine operation.
Routine action is largely limited to payload manipulation plus those space-
craft functions which relay data to the ground. In an active pass, including
real-time and recorded image data, about 25 commands would be required.
The stored command programmer will control ERTS as often as real-time
commands; loading it with commands will suffice for 12 hours. Specific
command sequences for initial operations are given in Appendix A and for

routine operations in Section 3.

1.2.3 Payload

The ERTS payload places a new requirement on the control center —
the need for a means to view image quality and to make adjustments by
command to restore quality. Since such data arrives in the control center

from only one of three ground stations, this quality check will be feasible

in near real time only from about 9:00 to 12:00 a. m. local Greenbelt time,

The control center may wish to delegate quality adjustments of the
sensors to Alaska and Texas stations. Alaska can unload video-taped data

during 10 revolutions a day.

1.2.4 Ground Stations

The ground station characteristics needed for control center
operation of ERTS are defined by the command uplink, PCM telemetry
downlinks, video downlinks, and tracking system characteristics. Stan-
dard voice and teletype circuits are needed. Standardized telemetry and
command formats permit use of existing equipment but video reception

and recording is a new requirement to all stations.
1,3 OCC SPECIFICATION

A skeleton functional specification for the OCC is given in Table 1-1.

This is based on operating requirements developed in subsequent sections

1-4
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Ta.b].e 1"1-

OCC Equipment Requirements

PCM Data Dasplay

1)

2)

3)

From input format which 1s

e 1, 32 kbit/aec

e 9 bhat/word

o 1 main frame, 128 words

» 3 subcomrnutators, 128 words each

e Total Different Word Potential of 450 words

Select and display on analog strip chart

e« A permanent record wath time code

e 32 different words at once, 8 on one page

s Paper speeds variable 30to 0. ] mm/sec

s Change selection of any one word to any
other of 450 words 1in 10 seconds

Select and print out programmed format

+ Out of lumt words, any or all of 150 words

¢ Subsystem engmeering umts

Attitude control , * 75 words

Power 75 words
Communications B85 wPrds
Thermal 80 words

s Commanded status, spacecraft, 80 items
¢ Commanded status, paylcad, 75 items

(In the above 6 printouts a common set of 11
analog word values, spacecraft time, GMT
equivalent time, and status of data processing

L ]
system will be printed on all pages. )
[] Gwcn‘ E%Z-kbxt/aec data stream, all of above

printouts will be completed 1n sequence in less
than 2 minutes after requested

e For 1 khit/sec, data print out response will be
less than 3 minutes

s Raw data processor, every data point of each of

20 words through entire data trawn selected,
Print in engineering untts.

Format Commands

e From nput typewriter accept
Time {GMT desired)
Command by octal number

Command transrmtter type (STADAN or
unired S-hand}

® From internal program
Relate spacecraft clock to GMT
(Accept typewriter reprogram)
» OQutput to typewr:ter lhiteral command train
« QOutput to tape
Standard format command 32 to 56 bat

message

Command Communication to ERTS 5/C

& From switch input

Command by octal number

Successive commands every 5 seconds
Standard 32 to 56 bt
¢ From tape manually started

Format

Command sequence as switch input above

at 0.6 sec/command

Veriufy Command Execution

e Receipt and storage at ground station
® Receipt and storage at spacecraft

& Receipt and execution at spacecraft as limited

by spacecraft design

Data Storage Tape Recorders

Three data (PCM) tape recorders

Image D:.sBlax

RBYV and MSS 1images available from NTTF for
quality assessment and correction

DCS Data

Process sufficiently to assess gquahty

Communication

Telephone to ground stations, SCAMA or
cquivalent

Commercial telephone
Teletype to ground stations
Internal telephone to all OCC operating

positione

Data lines to and from ground stations
Telemetry from Alaska, 16 kbit/sec
Telemetry 32 kbit/sec from Rosman, NTTF
Telemetry 2 4 kbit/sec from Corpus (DTS)
Video {rom NTTF (2)

Cormamand hines to Alaska, Corpus, NTTF
and Rosman, accept command bat stream
for real-time medulation

Weather Data

For specified locations
Predict ¢cloud cover 6 hours in advance

Simulation Tapes to Checkout OCC

PCM
Video

Miscellaneous
et hbaiid

Clocks, current titne GMT (digital), wall map, etc




and on experience with existing NASA spacecraft. Volume 19 of pro-

posal gives complete OCC specification.

1.4 STUDY REQUIREMENTS

As a convenience, the requirements of Study Specification S-701-P-3
for the OCC are abstracted here and the TRW response cited. Where this

volume is not pertinent to the item listed, a reference to the appropriate

volume is given.
SPECIFICATION S-701-P -3

7.14.2
"OCC will provide

"Focal point for project unique
mission requirements...."

“spacecraft activity plan..."

"eoordinate schedules with STADAN/
MSFN..."

"Direct and monitor all ERTS oper-~
ations support."

"Operate the spacecraft"
""Operate the sensor"

"determine spacecraft health config-
uration and performance at a system
and subsystem level

"determine sensor configuration
health and performance

"Compile and maintain operational
records and data'

7.14.2.1
"OCC will

l"generate plans for the scheduling
and the interrogation of the ERTS."

a. ''"Generate, display and verify
commands for

1, Spacecraft status
2. orbit corrections

3. sensor operations

1-6

TRW RESPONSE

Centralized control lies in the
ERTS OCC. See Section 3.

Initial activity is best presented
in Appendix B. Routine oper-
ations are given in Section 3.

See Section 2 and Appendix B.

Section 3

Same

Same

Volume 25, Phase D proposal

Volume 16

See Volume 14 for format



SPECIFICATION S-701-FP-3

"Receive, process, display, dis-
tribute and store spacecraft data"

"Analyze and evaluate data...."

"Generate schedules for picture
taking and platform data
acquisition...!

Provide ... sensor and spacecraft
displays and controls...."

"Provide realistic spacecraft
simulation capability for

command

data acquisition'

7.14.2.2

a.

b.

"Tdentify types of data needed in
the OCC and handling and pro-
cessing the same."

1. Command data

. Derived spacecraft data

2
3. Telemetry and housekeeping data
4

Orbital position data
Spacecraft attitude data

5. ERTS pavload data
6. Cloud cover, sun angle, other
7. User requests"

"Identify displays and other equip-
ment required at OCC

"Identify ERTS unique equipment
needed at STADAN /MSFN stations

"Submit preliminary hardware
specifications for

1. Computer system
2. Displays
3. Other"

1-7

TRW RESPONSE

See Volume 14

See Volume 14

See Volume 14

See Volume 14

Reguirements are defined
in this volume, Section 11

Section 4

Section 4

Section 4

Section 4

Section 4
Section 4

Section 12

Section 8

Section 13

See Phase D Volume 19



C.

SPECIFICATION S-701-FP -3

"Study software types needed and
supply flow diagrams for

1. Control center operations
a. Annotation of data

b. Monitor spacecraft
performance

c. PCM processing for
OCC
STADAN /MSFN

d. History logs
data coverage plots

e. Spacecraft utilization"

2. "Study spacecraft simulation
software (for control center
simulation)"

3. ''Study test and diagnostic
software!

"Study computation capacity
required to foreca.st/Predict
orbital position from NASA

furnished orbital elements."

"Analyze and identify hardware/
software tradeoffs."”

"Specify a spacecraft simulator
system to checkout spacecraft/
STADAN /MSFN/OCC /NDPF

compatibility and operations."

"Consider feasibility of using
actual spacecraft components."

"Provide a staffing plan.'

"Provide detailed time based
outlines of preliminary oper-
ational procedures"

"Provide ... an ERTS utilization

plan demonstrating a typical 18 day

operations cycle ...... "

1-8

TRW RESPONSE

See Volume 14

See Section 11

No work done at request of
NASA

Sectionll

Section 10

See Section 2 and Appendix B.
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2. ORBIT CONSTRAINTS

The ERTS orbit is precisely defined and controlled. Considerations
of choice and adjustment are discussed in Volume 2 of the Phase B/C
report. This section will develop the aspects of the orbit which influence
spacecraft operation. The physical interrelationship of the ground
stations which will be used for this mission is closely related to this

subject.

The ERTS orbit is sun synchronous; its plane rotates one revolution
per year keeping a relatively constant sun line angle. Being inclined
about 99.1 degrees means that the plane of the orbit passes to the left
of the North Pole by about 9.1 degrees when viewed from the ascending
crossing of the equator (which is in darkness). Spacecraft daylight passes
over the equator proceed in a southwesterly direction as shown on Figure
2-1 and become the primary data gathering passes. Data'may also be
gathered during nighttime passes over data collection platforms and on

ERTS-B from the infrared channel of the line scanner.

The opportunities for imaging land masses in daylight are graph-
ically shown in Figure 2-2. This graph includes data from the 14 tyI;ical
revolutions of Figure 2-1 and also from a set of 14 revolutions midway
between those shown, which would occur 9 days later. It 1s seen that
the longest continuous land imaging strip is 33 minutes when the space-

craft passes from northern Russia to South Africa.

While only half the surface of the earth 1s 1n sunlight at one time,
about two-thirds of the orbital path is illuminated. Figure 2-3 shows
this relationship in scale. The average eclipse time is about 31 minutes,

the orbital period 103.3 minutes.

Ground station coverages of the spacecraft are shown on Figure 2-1
centered at Fairbanks, Alaska; Corpus Christi, Texas; and Rosman,
North Caroclina. The spacecrait altitude and a minimum elevation angle
of 5 degrees establish the maximum time of contact with the spacecraft
as 15 minutes. Figure 2-4 shows the time of-contact with the spacecraft

for the revolutions plotted in Figure 2-2. While Figure 2-4 shows the
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total time of spacecraft communication with the ground statiods, Fig-
ure 2-5 shows spacecraft visibility for each ground station individually.
From this f‘igure the superior utility of the Alaska station is readily
apparent. Figure 2-5 shows one typical day of station coverage, there

are 18 different visibility charts like it for one year of operations.
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3. OPERATION PLAN

3.1 OPERATION PHASES

The initial stages in the Operation Control Center procedure leading
to spacecraft launch and orbital operation are very similar to that for OGO

However routine operations differ markedly because of the differences in

the sensors used.

A specific ERTS operations plan has been prepared and is included
as Appendix A to this volume. The actions needed to prepare for launch
and to effect control in orbit are grouped in four main categories by time
of occurrence:

» FEarly planning

s Prelaunch

e Initial operations

Routine operations

3.1.1 Early Planning

Early planning extends from six months to a year before launch.
In this phase the operators who will control the spacecraft must become
intimately acquainted with its design. Information which must be

accumulated includes:

@ Telemetry measurements. What does each measured item
really mean? How is it instrumented and at what point in the
circuit does it originate? Are there filters which reduce or
iron-out transients? An accurate calibration must be obtained
for each telemetry word; this is generally done by reference to
spacecraft test data 1f feasible. A calibration book and simple

. schematic for each measurement is published.

e Commands., What does each command do? How is it imple-~
mented in the circuit® What safeguards are provided? A
publication showing each command function in simplified
schematic form is required.

e Spacecraft design. The responsible technical controller must
understand the idiosyncracies of spacecraft design.

e Pavyload design. All of the telemetry command and general
design data on the payload must be obtained. The controller
must know how to determine that the payload is operating
properly and what commands to use to correct an observed

fault.

3-1



From the detailed knowledge described above, the tools for operation
must be designed and produced. The computer programs to format data
must be perfected. Interpretive cards for strip chartsare very useful; one
is required for every analog word. Plans must be written for all phases
of operations which will follow, Although emphasis here is on physical
products the most important tool will be the skilled operators and their

ability to react quickly to noisy data in a tense launch situation.

Checkout of ground stations and control center with realistic data
sources is an important activity in the early period. A spacecraft
simulator, which will generate all ERTS peculiar signals, realistically
modulated, and will receive and decode commands etc., is used. Sub-
sequent tests can be abbreviated through the use of magnetic tapes to
represent incoming data for rehearsal routines. A realistic simulation
in the OCC requires a data train taken from the spacecraft itself,
exercised such that telemetry functions move in a realistic manner,
Tapes made in observatory thermal-vacuum tests have been used in the

past.

3.1.2 Prelaunch Activities

Prelaunch activities are planned long in advance but they peak just
prior to launch. Selected experts, usually subsystem designers, are
dispatched to the control center or outlying ground stations. Readiness
tests are conducted with all stations participating to check out data pro-
cessing, interpretation, and reporting. On a reasonably representative
time scale a readiness check (about 10 days prior to launch) proceeds
through all stations with reports of data words from analog strip charts
or lights required. Commands are requested and sent just as planned

for spacecraft orbital encounter. (See also Appendix A, Section 4).

With a complex management superstructure situated at telephone
stations in Greenbelt or the launch site, the countdown begins. From an
orbital operations standpoint the only requirements on the spacecraft

prior to launch are:

e The configuration of the spacecraft (command status) should be
as agreed in the operations requirement (Appendix A, Table A-I1).
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e Spacecraft clock time must be correlated with GMT.
o The batteries must be fully charged.

3.1.3 Initial Operations

Initial operations begin officially when the booster has injected the
spacecraft into orbit. This process occurs after a sequence of events as
shown on Figure 3-1, Delta first burn terminates at about 100 -nautical -
miles altitude and the spacecraft coasts half way around the earth., Delta
second burn is brief but circularizes the orbit to within a few miles.

Deployment is observed at both Joburg and Madgar stations.

FIRST CUTOFF
100 NAUTICAL
MILES ALTITUDE END BURN

492 NAUTICAL MILES ALTITUDE

SEQUENCE OF EVENTS

TIME-SECONDS STATION
0 LIFTOFF WTR
40 SOLID SHUTOFF WTR
220 THOR SHUTOFF, MECO WIR
235 THOR DELTA SEPARATION WITR
289-524 DELTA FIRST FIRING NONE
3300-3304 DELTA SECOND FIRING MADGAR
3364 ERTS-DELTA SEPARATION MADGAR

Figure 3-14

SEQUENCE OF EVENTS

Johannesburg and Madagascar stations will monitor telemetry data
but will send only one command, deploy backup. Attitude control will
remain in Mode I, with the spacecraft tumbling slowly until the Alaska
sighting. At Alaska the attitude control system will be allowed to pro-
ceed into Mode 2b and sun acquisition monitored. Telemetry data from
Madgar, Alaska, and several other STADAN stations will be available

real time at the control center for monitoring the events. Mode 2b calls
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for acquisition of the sun using sensors at the end of the array. Reaction
wheels and control gas jets come into play to torque the spacecraft. The
array is fixed with its solar cell active surface facing toward the tape
recorder (+Y) end of the spacecraft. At the same time that the control
forces begin to bring the spacecraft around to point at the sun, a rate

gyro is spun up and develops an error signal which can only be removed by
a low rate of rotation of the spacecraft around its long (pitch} axis. The
sun acquisition and pitch spin-up maneuver takes only a few minutes and
should be complete during the real-time viewing from Alaska. The space-~
craft housekeeping tape recorder is dumped at Alaska toward the end of

the l2-minute pass. This playback requires three minutes.

The spacecraft continues to track the sun and 1s not viewed from a
ground station until it is in eclipse over Joburg. Real-time data is
relayed from Joburg to Greenbelt via a low rate communication link which
suffices since only a selected small portion of the data is needed. A
similar arrangement gives the OCC data from Winkfield which has a
15 -minute pass next. As the spacecraft continues to rotate in pitch (at
0.5 deg/sec) 1t will drift off the sun pointing line and when exiting from
eclipse a small amount of gas might be used to reacquire the sun. To

prevent this the control gas will be disabled.

If all is well to this point, as revealed by examination of tape
playback and real time data, entry into earth acquisition Mode 2c¢ is
commanded at Alaska on the third revolution. Earth stabilization begins
when three of four horizon tracker heads lock on the earth. Again the
control forces act to orient the spacecraft until the error signal from the
tracker is nulled, a condition where the +Z body axis is closely aligned to
earth center. Mode 3 describes this condition and in this mode the solar
array is permitted to rotate until the array normal vector points toward

the sun.

The spacecraft is next viewed at the Orroral tracking station,
Australia, for about 13 minutes. Again real-time data is relayed to GS¥FC
but this must be interrupted to dump the housekeeping tape recorder for
four minutes, Again the tape playback will be sent to the OCC via low
data rate link.



Yaw acquisition will be delayed until the sequence of stations:
Santiago, Quito, Rosman {or NTTF), and Alaska provides 45 minutes of
continuous viewing. This occurs on the fourth revolution which becomes
the fifth revolution at the equator. This sequence occurs in eclipse which
in Mode 3 sees the spacecraft pointing to earth but drifting slowly in yaw
as a result of wheel, run-down. It is likely that the operators will wait
for the appropriate moment to command Mode 4 which in this case would
be the attifude near as possible to alignment with the yaw plane, At
entry into eclipse the spacecraft would have been 60 degrees off the
desired yaw attitude (-X axis leading along flight path), and it is likely
that the yaw wheel run-down in eclipse will rotate the spacecraft towards

the desired attitude. Mode 4 is entered with a slow turning rate and

(in this case 60 degrees initial error) about 50 minutes will be required

to reduce yaw error to a few degrees.

All of this action will be viewed primarily via the strip chart
recorders. Normal performance can be confirmed via sporadic reports
of word values and digital printouts of status and subsystem data snapshots,
but anomalous operation requires all the data visibility possible. At the
stage of attitude control analysis just described, the dynamic situation is
important. The other key ingredient for successful reaction to the
unexpected is the presence of skilled interpreters, some of whom have

operated OGO and of others who have designed the new aspects of ERTS.

From this point on we enter the payload turn-on phase which is
delayed at least until revolution 12 when sunlight is available at Greenbelt.
Outgassing may require a further delay but if this is not critical revolu-
tion 12 provides a sweep over northeastern Canada which may be used
for a quick check of RBV imagery. The data collection system is also
commanded on at this time and will remain on, Revolution 13 provides
a midcontinent sweep of North America and will be used to activate the
MSS. The NTTF and Corpus stations can simultaneously receive most of
this pass. On subseqguent pass number 14 the two video tape recorders are
first used together with the two sensor data sources. Only a brief trial is
feasible since record and playback must be completed in the 11-minute

Alaskan pass. Subsequent recording operations will be entirely commanded
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by stored programmer with playback in eclipse. Checkout of the stored
programmer will begin with operations in view of the ground station by
altering the status of unimportant functions on a short time scale. With

confidence in the programmer the orbit adjustment process may begin,
3.2 ORBIT ADJUSTMENT

To provide a complete mapping of the earth surface in 18 days, a

precisely controlled orbit is required. The orbit parameters needed are:

Period 103. 3 min.
Inclination 39.098
Eccentricity 0.001
Altitude 490 nmi

The orbit desired is as circular as feasible for constancy of picture
dimensions. Period control is a first-order requirement for overlap of
adjacent tracks, and inclination and altitude together determine sun

synchronism, i.e., orbit rotation of about 1 degree per day.

The booster is not sufficiently accurate to achieve the desired orbit.
A full description of its errors and the required correction is given in
Volume 2 of the Phase B /C study report, 11 February 1970.

To correct the orbit which results from booster injection the

following actions are reguired.

¢ The orbit must be precisely measured with the unified S -band
MSFN tracking network.

e The required correction in spacecraft velocity must then be
computed. The required velocity increment must be com-
puted together with points in orbit at which it is required.

e Given the required velocity and point of application the time of
thruster turn-on and -off must be read out from orbit prediction
printouts. Thrust is to be turned on 250 seconds before the
required position is reached and turned off 250 seconds after
same. This must be repeated on successive revolutions as
required.

e Commands for thrust will generaliy be required by storage
mode in the spacecraft since the chance of real-time cover-
age is very low and the number of successive thrustings
covers two to four days. The specific commands for a thrust
addition in the direction of the velocity vector are:
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Command 055 orbit adjust arm, time tag
Command 200 + X Thrust on, time tag
Command 260 orbit adjust off time tag

Command 064 orbit adjust disarm, time tag

In general, the orbit adjustment function will require only in-plane

thrustings.

It is recommended that only about two-thirds of the required
velocity be added to the spacecraft on the first correction. After com-
pletion, a second orbit measurement and velocity correction should be
computed. An iterative approach will limit effect of errors in computation

outside the control of the control center.

Operation of each orbit adjustment thruster results in 0.05 pounds
of thrust, a power drain of 75 watts (to heat the gas), and minor pointing
errors in attitude control. Operation of all other spacecraft and payload
functions is permissible during thrusting. Increased errors in payload

imagery will result from increased body rates and pointing:

Body Rates (deg/sec) Body Pointing Error (deg)
X Y zZ X X Z
Normal performance 0.011 0.008 0.011 0.5 0.7 0.5
During orbit adjust 0.03 0.03 0.03 1.0 2.0 1.5

The spacecraft installation of orbit adjustment.thrusters is shown
on Figure 3-2 where identical units are used on +X, -X and +Y body sides.
When a thruster is operated, the torque caused by error in alignment
through the center of gravity or plume 1mpingement on array causes body
rotation, which must be countered by reaction wheel and occasional con-
trol gas torque. It is likely that control gas will pulse on and off on a
duty cycle of 3 to 5 percent. Yaw gas is activated automatically by the
arming of the orbit adjust system, since gas torque is required around
all three axes. Yaw control torques are not required in normal space-

craft use and yaw gas control is inhibited.

From orbital calculations it appears that no adjustment in velocity

will be required in the first year other than the-initial series which may
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PRESSURE VESSEL:

Figure 3-2

ORBIT ADJUST THRUSTERS allow velocity correction
in four directions

easily be completed in a week. In successive years some trimming will
be necessary if it is required that corresponding revolutions over the
18-day cycle track to a few miles. As revealed in Volume 2, previously
cited, an adjustment of up to 17 ft/sec (cross plane) is required to com-
pensate for drift caused by the solar gravity gradient across the orbit
during one year. This torque on the orbit is compensated in the first
year by an intentional 0,015 degree inclination of the plane to 99.098
degrees. The plane then drifts through the desired 99.083 degrees
inclination and beyond. In subsequent years a single orbit adjustment per

yvear should suffice.
3.3 ROUTINE DATA ACCUMULATION

Typical activity in the OCC and ground stations in the routine phase
of data accumulation is described in this section. This phase is divided
into three distinct periods: pre-contact operations, contact operations,
and post-contact operations. Each imposes unique demands upon ground

facilities and will be discussed in detail in the following paragraphs.
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3.3.1 Pre-Contact Operations

Pre-contact operations are initiated two days before the scheduled
contact between spacecraft and ground facilities. This period is charac-
terized by making ready all personnel and ground facilities for the
approaching contact and assignment of specific duties during the contact.
During this period the remote station 1s given its pass assignment
by teletype, advised of the type of telemetry data 1t can expect to receive
from the spacecraft, and in what manner it is to handle the data. Specific
instructions are given concerning the real-time recording of all data and
simultaneous transmission of housekeeping PCM data to the OCC.
Additional instructions are given for post-contact replay of the house-
keeping PCM and DCS data to the OCC as are instructions on labeling
and mailing of recorded sensor data tapes to the NDPF for picture

processing.

A punched command tape which was generated during the operations
planning phase is teletyped to the station along with the pass assignment,
The tape reader-writer of the station teletype unit creates a command
tape which is directly readable by the station command encoder and which
will be retained at the station as a backup to be used at the direction of the
OCC controller in the event of loss of real-time command capability from
the OCC. The full tape is immediately retransmitted by teletype to the

OCC for assignment and command message validation,

ESSA weather predictions for the geographic region traversed will
be updated until at least six hours prior to contact and command lists may
be changed within a few minutes prior to spacecraft contact. The impact
of last minute changes on personnel may cause some confusion and result
in command errors. The ability to accommodate late changes in plan
caused by weather predictions will be determined by experience. The
ability to reschedule at any time on the basis of emergency requests or

spacecraft contingencies is implicit in the design of the OCC.

3.3.2 Contact Operations

Contact operations begin approximately 45 minutes before the pre-

dicted time that the spacecraft enters ground station antenna range, T -45.
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At this time all OCC personnel are at their assigned stations under direc-
tion of the operations controller. The command assignment is reviewed
and error -checked. The predicted commanded status of the spacecrait
and payload in the ADPE data base is examined in light of the stored
command executions since the last contact. All hardware and operational
software is readied and closed loop checked with the OCC. The command
list is loaded into the ADPE memory, displayed, checked, and readied

for real-time transmission.

At T-20, NETCOM is advised by telephone to bring on line the
remote station, NASCOM data links, and SCAMA II voice line. For the
next 15 minutes the station-NASCOM-OCC loop is tested and verified.

e Pass Assignment. The pass assignment is verified over the

SCAMA II line by the OCC command generation technician
and the remote station controller.

e Command Translocation Test. Dummy commands are trans-
located over the high speed data link to the station command
encoder and reception is validated by the OCC ADPE.

e Uplink Command Transmission Test. Dummy commands are
translocated through the station command encoder, uplink
radiated into 2 dummy load, and validated by the OCC ADPE,

e Command Translocation. The entire command list is trans-
located to the memory of the station command encoder and
validated by the OCC ADPE as a backup precaution. The
previously teletyped punched command tape residing at the
remote station will only be utilized in the event of command
translocation failure during this period. In that case, the
command tape will be loaded into the station command encoder
memory for transmission under the verbal direction of the
OCC controller. Assuming no translocation difficulties, the
command list stored in the station command encoder memory
is switched off line. The OCC ADPE, with its full command
list retained in memory and displayed to the OCC controller,
remains on-line ready for real-time transmission of commands
through the station command encoder to the station command
antenna.

e PCM Data Tests. The remote station places its PCM simu-
lator on-line over the NASCOM high speed data link or wide-
band data link to the OCC. Remote station PCM data handling
equipment, strip chart recorders and visual display units are
checked for operation using the simulator. Similar OCC
equipment plus all software and their associated CRT displays
to be used during the pass will be exercised for readiness
using the station simulated data. The station simulator will
remain on-line until removed at T -1 minute.
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As shown by Table 3-1 the activity of all personnel and the use of
equipment reaches a peak during spacecraft contact. Of greatest impor-
tance is the ability to analyze the health and performance of the space-
craft in the shortest possible time so that command activities may
proceed. The use of the ADPE and unified display system will greatly

facilitate this analysis.

3.3.3 Post-Contact Operations

Post-contact operations are characterized by the assembly and
processing of all data in the OCC. PCM playback data which was recorded
at the 32 kilobit rate by the‘ ground station during spacecraft contact is
now replayed to the OCC at a slower speed of 8 or 16 kiiobits, depending
on the capability of the NASCOM link between the station and the OCC.
During this period, all narrowband housekeeping PCM data is analyzed
thoroughly to assess spacecraft and payload performance. The PCM
data is converted by the ADPE and tape recorded for input to the NDPF.
Immediately thereafter, the DCS data recorded by the station is simil-
arly played back to the OCC, digitized, and transported to the NDPF,
Digitization of both PCM and DCS data is necessary since the NDPF
requires computer readable tapes to be used in DCS data reduction and
picture processing. Finally, the commanded status in the ADPE data
base is updated for those commands which will be executed by the stored
command programmer while the spacecraft is out of range of the station.
Update of real-time commands is unnecessary since the data base was
updated automatically in real time as the commands were transmitted out
of the ADPE.

The cycle from mission planning through data acquisition and

analysis is now complete. It will be repeated on a routine basis.

Pre-~contact DCS data tests will be performed only by the NTTF
since it is the only station capable of real-time fransmission of DGS data
to the OCC. The OCC DCS demodulator /synchronizer and data handling
equipment will be exercised using the signal generated by the NTTF DCS

simulator until T -1 minute.

Tapes are loaded into the tape recorder and tested for proper

operating spéed and signal levels. Strip charts are calibrated and data
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Table 3-1.

Typical Command Schedule for a 10-Minute Daylight Station Contact

Command Cemmand
Tl Typa Functlon Time Type Functlon
T, Acquieltion of slgnal (AOS) TH0T 1% Loas of roception of DGS data on unifled S band algnal
Recelve § band signal, record at statlon  Relay PCM
° g * hw,ﬁkup, THLO 00 Roal tima OCC halts video taps rocordor playback on Inlling AGG,
i:c:‘e:m:niﬂed 5§ band signal, record : fug data to station atops redording
ocE, 0CC ..
Feoalve YHF algnal, record at ajstion m:n':d- Real timo Sig:d‘.‘lrn? off 5-band transmiliers, statlon stops
'F400 15 Real timo Initlato video tape rocordor playback on risfng Lows of aignad (108
S=band AGC Lose VHF aignnl, station stops recording
T+30 30 Real timo inftlate PCM housckeoping playback on rising VHF 1fied Sab! 1,
RIS . S AT Ry e reserites
OCG beglns chack of spagecralt azd paylovd perfora
mance bused vpon dhppl.ly and mnwﬁ.uyamlrp.;. The commande Joaded Into the stored command programeer at T+3 00 will exccute
the following procedures out of range of the ground station
THO2 30 Real time occ lates analyais and its covreectiva
commands as necesdaty T+lc 31 Stored Rewlind video tape rogordars to prepare for
QCC pormite 30-sacond ranglng lutorrogation by <ommand rocording
MSFH tracking plation programmer
QCC bogins roadout of stored command progammer TH11 58 Stored Halt video tape recordars
eormmand
T+03 80 Reak time ©OCC completos readout of gtored tommand Brogrammer
, Pregrammor Stored Switeh M55 and RBV to vidao tape Tecorders
Real timo QCC begins dolation of ted gtored d sommand
and loading of now stozed commanda programmer
Station baglae receptlon of DS duta on unified Ths following sunsor pleture taking will be rep d an agheduled by the
5 tand eignal stored ¢command programmer
NTEF transmite In real time to OCC
a 7 poaltime o TH50 00 Stored Vidao taps racorders to athndby
T403 15 Renl tlme QCC completes stared command loading and comamand
varlfication programmaor
Real time OCC turn on REY and MSS for warm up Turn on MSS5 and REV
PCOM plagback automatlcslly halte and spagerralt T450 10 Starad Vidao taps racordere ko pocerd
rocord ¢ycle bogine command
Stop playback recording at statlep begin tape rewind programmor
of revarae data
T+51 00 Storad Turn off MSS and REY
‘403 30 United States narthern bordor crosming ':9'“"‘::“;‘,
Real tlme OCC halta video tape recordor playback station progx r
stope recording playback ‘Turn off video tape racorders
T+H03 31 fteal time QCC awliches RBV and MSS5 10 S-band tcknsmittors The following #equonce will be inltlated prior to and in proparation for scquisition
wiation rognivad ond rocords roal-time video data by the noxt ground station
NTTF transiuile date to OCC fo7 rea)-time imagery T-05 00 Stored Rewind vldeo tape recordora to prepare for playback
analyais command
Roal-time commanding coascs . Programmer
Stared Sanaor piciure taking oveots are cycled 3a acheduled T-03 03 Stered Turn off video taps recorders
comimand in stored command programmer ot CAMOrad remain <ammand
prOgrammer on in ronl=time over continental United Statas Programmer
=03 30 =
gt 60 United Statas southoss border arosaing T-03 f:::lud Swltch vidoo tape recorders 2o S-band transmitters
S{orod progromimer ¢ommands ccaan programmer *
Rozl time OCC switches video tape recorders to S-band trina- T-01 00 Stored Turn on S-band tranemitters for warm up
mittara, station real=time video data recording command
conson Programmer
OCC furhe dansors off Stered a Vldeo taps recorders to Handby to bring head up Lo
THT 02 Real time ©CC Yogina vidso tape socordor playback siation Storrammey  Propersoed
T, AQS, repeat above contact asafgnment




channels selected. Visual display units are checked for failed light

elements.

3.3.4 Spacecraft Contact Activities

Operations during spacecraft contact will vary somewhat from
pass to pass, depending upon the use of the sensor while out of sight of
the station and whether the pass is northbound (night} or southbound {day-
light). In general, the command schedule shown in Table 3-1 will be

typical for revolutions culminating in a 10 -minute daylight station contact.

Through use of the on-hoard stored command programmer, all
of the spacecraft and payload components which are to be utilized during
the pass will be readied and warmed-up beyond range of the station. Upon
first sighting of the spacecraft by the ground station, real-time commands
will be transmitted to actuate the spacecraft communications system to
obtain real-time housekeeping and DCS data and video tape recorder play-
back. The real-time PCM housekeeping data will be recorded at the
ground station while being transmitted directly to the OCC over the
NASCOM data links., Payload data will be recorded at the ground station
for later mail transmittal to the NDPF,

Immediately upon receipt in the OCC, real-time PCM data will
be examined by software and displayed for quick analysis to determine
the health and commanded status of the spacecraft. Any anomalous con-
ditions detected will be corrected by manual commands. As the space-
craft approaches the northern boundary of the United States, video tape
recorder playback will be halted and real-timme RBV and MSS operations
will comnmence. During this period, new stored command programmer
commands will be loaded and executed commands will be deleted. As the
observatory reaches the southern United States boundary, real-time RBV
and MSS operations are halted and playback of video tape recorders
re-commences. As the spacecraft approaches the outer range limits of
the station antenna, playback of the video tape recorders is halted and
all real-time spacecraft operational.equipment is commanded off. While
out of sight of the ground station, the command list contained in the stored
command programmer rewinds the video tape recorders in preparation

for recording, performs the scheduled picture taking events, rewinds

3-13



the recorders in preparation for playback at the next ground station

sighting, and readies the transmitters prior to the next real-time pass.
3.4 SPECIAL OPERATIONS

The class of operations which is carried on during the routine
operations phase, but is conceptually quite apart from data accumulation,
we call "'special' operations. Such operations will generally be planned
and executed by manual control, there being insufficient repetition of the
same actions to justify computer programming of the command sequence

generation. Real-time commanding is planned for these functions:

3.4.1 Battervy Reconditioning

Battery reconditioning is an operation to improve charge storage
capacity which may occur as often as every 30 days. Nickel-cadmium
batteries used repeatedly in a charge-discharge cycle exhibif an inability
to support a heavier drain when it occurs after a series of similar cycles.
This "memory' effect may be erased by occasional deep discharges
followed by recharge. The ERTS application is sporadic in that discharge
will be proportional to use of the sensors and this varies with land mass
under the flight path. Thus it may be that reconditioning will not be
required. Tacility for reconditioning has been provided and initiation

will require the following command sequence in real time

Command 374 Regulator 1 disconnect
Command 124 Battery 1 disconnect
Command 165 Battery 1 recondition
Command 120 Execute

A discharge of about 3 amperes will result, automatically terminat-
ing when the battery voltage reaches 22 volts. To restore the battery to

the charge bus the following commands are required

Command 145 Battery 1 conditioned
(Wait about one revolution and then)
Command 104 Battery connect
Command 120 Battery execute

Command 354 Regulator 1 normal



All of these commands will be effected in real time, there being no

critical timing aspect which would require use of the programmervr.

3.4.2 Moon Avoidance

Moon avoidance is an operational requirement easily met and
practiced in present day OGO operations. Moon interference in ERTS will
occur about two to three times each month when the rising moon may be
seen by a horizon tracker. It may repeat on several successive revolutions.
This phenomenon is only important at the horizon and in the case where
the moon is emerging from eclipse {by the earth as viewed by the space-
craft). The procedure now used for moon avoidance on OGO 6 will be
simplified on ERTS by availability of individual tracker head inhibitor
circuits. The procedure to be used will be as follows

e Controller examines orbit predict for moon-tracker line
coincidences less than 5 degrees (Figure A-9, Appendix A)

e Controller orders command sequence as follows, about
one day prior to expected coincidence:

.Command 067 OSA arm
Command 155 Head D disable
Command 047 OSA off

The reverse of this sequence is used a day after the moon coincidence to

place the spacecraft in the original (redundant head available) configuration.
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4, DATA

The data required to operate an ERTS observatory was reviewed to
size the processing and display task. Basis for this review was the
functioning spacecraft and the nature of its use. The objectives were to
determine if data rates and quantities telemetered were proper for

convenlent operations.

The two primary modes of operation place quite different demands
for data on the systemu:

e Initial or abnormal operations demanding high visibility of a
wide range of spacecraft data while the payload is turned off.

¢ Normal data production requiring payload and command
verification data whereas spacecraft data at a low sample rate
is sufficient.

The spacecraft data system design which was chosen earlier to
meet the above objectives is made up of one main frame plus three sub-
commutators. A second operating mode allows subcommutator 2 to be
accelerated to the main commutator rate and all data in the main conumu-
tator, except time, is lost, These two modes support the two operations
modes. When subcommutator 2 is accelerated, spacecraft initial opera-
tions are facilitated since all needed spacecraft data is assigned to that
subcommutator. ¥or routine data operations the main commutator is

suitable and experiment plus command verification data is at high rate.

As part of the control center study the data assignments to com-
mutator formats (see Appendix B) were made. These assignments

followed the previous OGO assignments.
4,1 PCM TELEMETRY DATA VOLUME

With very few exceplions the entire telemetry output of the space-
craft must be accepted, processed, and displayed in some manner to
operate ERTS, The exceptions are a function of time, e.g., after array
deployment it is no longer necessary to be concerned with deployment
telemetry. The data volume required is thus defined by the total number
of different words times the sample rate, The current telemetry list is
slightly revised from the February ERTS spacecraft report and is
included in Appendix B.



The types of data and quantities assigned to commutators are

shown in Table 4-1.

Table 4-1.

Data Assignments to Commutators.

Presumes

Routine Operations use Main Commutator

Main Commutator
Payload data
Attrtude determination
Time, syne, ete.
Programmer store

Command status,
spacecraft

Spares

Subcommutator 1
Attitude control
Power
Data

Spares

Subcommutator ‘2
Attitude control
Structure
Power
Data

Spares

Subcommutator 3
Communication
Thermal
Data

Spares

Words

82

7
10
14

nn

38
19
70

78

23

oo o

56
24
11
21

Total

125

[
o

—
w

112

580"

*Mulnple sampling explains the increase over the 420 different

quantities telemetered.



In the above table multiple samplings of the same item are each
counted. For example: the control gas firings are each sampled eight
times in subcommutator 3 thus increasing the data volume. The basic
data rate is either 0.009 or 0,00028 second per word depending on bit
rate (1 or 32 kbits/sec, respectively). The maximum data volume
requirement is the sum of the telemetered items or 580 words. Certain
items are multiply sampled; there are a maximum of 488 different

possible data items.

Data rate to be accommodated is 1 and 32 kbits/sec. The higher

rate will be routinely used for real time activities.

A possible inconvenience 1n spacecraft operation can result from
147-second sampling of data needed for routine operations in the 1 kbit/
sec mode. The low bit rate is universal for all out-of-sight operations
(88 percent of all time) and may be used for real-time passes as well, if
allowable, The data presented by commutators have been analyzed to
develop a list of items requiring timely reporting during routine
operations. Ground rules for this analysis included:

e Power commands routinely used are limited to those used in
reconditioning the batteries.

o Attitude control commands are limited to head selection for
moon evasion.

¢ Routinely operated are RBV and MSS on, off; video transmitters;
pavload converters; command programmer.

® VHF and unified S-band transmitters are always on,

This analysis resulted in the following list of telemetry data items which

should be reported promptly to speed up stimulus and response activity:

Sample Interval

Item Description Commutator _,; kbit/sec
Several Payload command status Main 1, 152
11, 115 VTR tape footage Main 1. 152
Al7, Al8, Al9 Reaction wheel count Main 1. 152
Ad4, AA47 Jets, status Sub 2 147. 16



Sample Interval

Item Description Commutator at i1 kbit/sec

Video transmission status Main 1,152

D19, D59 Load bus current and Sub 2 147, 16
voltage

42, F43 Tape recorder status Sub 2 147. 16

F54 to ¥65 Programmer verification Main 72

F68, Fé69 Programmer parity Main 1. 15

D83 Payload converter status Main 1. 15

The apparent unsatisfactory aspects of spacecraft data rates above
are, in order of importance: (1) programmer verification, (2) load bus
current and voltage, and (3) jet status. While the last item (jet 1nhibit)
is not expected to be used routinely, it is cited because of a history of
frequent use. Reassignment of the telemetry words to the main commu-
tator will solve the problems except for command programmer verifica-

tion. Increased data rate is required to improve the rate of the latter.

Use of 32 kbits/sec on VHF is permitted only in emergency and use
on the unified S-band is feasible unless playback of PCM data is in process
or while range code isinuse. Itshould be well worth working around the
tape recorder playback periods, to speed-up reporting of programmer
load. This is feasible when it is considered that real-time contact with
the spacecraft averages about 175 minutes per day. Housekeeping tape

recorder playback requires about 50 minutes per day.
4,2 COMMAND VOLUME

An estimate of likely command volume has been made based on
typical high-activity payload operation pericds. The activity is described

in Section 2 and includes activity corresponding to a daylight pass over
the USA. Table 4-2 shows this activity and the number of commands

associated with each.

F'rom the following activity profiles it is concluded that an extreme
pass will have at least 125 commands. Since most of these are to load
the store command programmer, many real-time passes will not exceed

25 commands.
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Table 4-2,

Command Activity in Real-Time Pass, Extreme Case

Total
Time Action Commands Commands
T+00:15 Initiate video tape recorder play- 157, 325, 203 5
back on B330, B350

S-band transmitters on 300, 320 . 2
T+00:30 Initiate PCM recorder playback 061 1

T+3:00 Load stored command programmer 116*, 217 110+
Warm-up RBV and MSS A311, 206 2
3:30 Stop video tape recorder- 263, 303 2
RBV and MSS on 205, 306 2
Switch data to MSS-RBV 151 1
- RBYV and MSS off 225, 207 2
Video transmitters off 201, 221 2

Total 129

*The store is presumed loaded for six revolutions times 18 commands
(Table 4-3).

Table 4-3. Stored Command Activity in Non-Real-Time Imaging
Total
Time Action Commands Commands

T, Warm-up RBV, MSS A311,206,A231 3
Standby video tape recorder 203,325 2

Rewind video tape recorder 243,365 2

'I‘O + 1:00 RBVY and MSS on 205, A251,151 3
Video tape recorders run 223,345 2

'I'o + 12:00 RBV a:nd MSS off . 225,207 2
Video tape recorder rewind 243, 365 2

Video recorders off 263,303 2

g ' Total 18
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5. DATA COLLECTION SYSTEM

In this section, several key DCS design problems and their solutions
are discussed. In addition, alternate methods of ground data processing
are discussed. The method chosen is described in detail in Volume 14.
The handling of DCS data is unique because of the special nature of the

received signal at the ground station.

The data are transmitted to the spacecraft from numerous data
collection platforms on individual carriers at approximately 402 MHz
within a bandwidth of 100 kHz. Each message transmission is a PCM
stream 110 bits long at 2 kbits/sec and takes 55 milliseconds. Each

platform transmits approximately one message every two minutes.

The combined carrier content containing the various messages
appears at the spacecraft in a random time /frequency multiplex manner.

The randomness is due to the fact that:

o There is no attempt to synchronize the timing between platforms.

¢ The carriers are subject to modification in frequency due to
doppler components and oscillator drift.

The spacecraft converts the received spectrum to an IF centered
at 75 kHz but retains the original bandwidth of 100 kHz. This is then
transmutted via S-band using subcarrier techniques. At the receiving
ground station the receiver and subcarrier demodulators recover the

original IF,

The problem now is to separate the various randomly occurring
carriers, extract the PCM message from each, decommutate the PCM,

and provide data inputs to the OCC computer.

There are two principal areas of concern in the recovery of DCS
data: the transmission link from the receiving ground station to the OCC,

and the processing of data within the OCC,
5.1 DATA TRANSMISSION TO THE QCC

The specialized equipment needed for processing the DCS data,

must be properly located at the receiving ground station or at the OCC.



NASA does not favor locating special equipment at MSFN stations (e.g.,
Texas and NTTF). Hence the raw IF must be transmitted to the OCC.
Although the constraint on special equipment does not apply to Alaska, it
appears desirable for the GDHS to receive data from all of the three sta-
tions in the same form. Therefore, the goal for ERTS-A and -B is to
arrange for all DCS data entering the GDIIS to do so at the II' level,

The IF from NTTF can be received by hardline since the NTTF is
close to the GDHS., From Alaska to GSFC the NASCOM wideband link has
the capability to transmit analog up to 23 kHz. The IF would, therefore,
have to be handled by means of a 1/8 speed playback, providing a received
band between the limits of 1.5 and 17. 2 kHz, A 10-minute pass will then
require 80 minutes on the data 1link to be relayed to the GDHS. The
NASCOM wideband link dces not exist between Texas and GSFC. The
proposed solution is a tariffed line of 300 Hz to 20 kHz width. The same

technique as for Alaska would then be used.

Although no technological barrier prevents data transmission in the
manner described, there is a restraint in the use of the wideband link
from Alaska. This is because 10 lZ2-minute passes per day will yield
120 minutes of data time. When this is played back at 1/8 speed, 1t will
take 16 hours occupancy of the link to record it in the OCC, This in itself

is an argument in favor of doing the IF demodulation at the Alaska site.

Texas is not a serious problem since the orbital overlap with NTTF
approximates 66 percent. Therefore, this station with four 12-minute
passes need only contribute one-third of its data to cover that not obtain-
able via NTTF, However, there still appears to be a potential cost trade-
off in favor of providing this station with IF demodulation equipment as

against the requirement for the special tariffed line mentioned above.

At this point it is essential to realize that the output of the DCS
data handling equipment proposed by TRW is a synchronous serial PCM
bit stream. As such, it is capable of being transmitted by any part of the
NASCOM network; or, as in the case of the OCC, being handled by any
conventional decommutator. The data handling equipment has been
deliberately designed toward this for possible future use at remote ground
stations. As noted above, NASA has indicated that they prefer not to have
this equipment at MSFN stations for ERTS-A and -B; hence, its location

5-2



in the OCC. However, for global coverage the restriction on transmission
lines would not permit transmission of the 125-kHz IF spectrum even at
reduced speeds. In such a case, there would be no alternative but to
reduce the data to PCM at remote stations, and then transmit this via
normal NASCOM links. Mail is not considered an alternative to the

expeditious receipt of the data by land line.
5.2 OCC DATA HANDLING EQUIPMENT

DCS data processing is not required in real time, but only as
expeditiously as possible. It is proposed to utilize the PCM decommutator
on a time-shared basis with the observatory data. Therefore, equipment
is needed to accept the IF spectrum and translate it into a single synchro-
nous PCM bit stream. The bit stream should be accompanied by a clock
signal to facilitate processing by a conventional PCM decommutator. The
equipment is required to: (a) demodulate the IF and extract the individual
PCM messages, and (b) synchronize these by serializing and shifting them
out in an orderly manner. To meet these requirements a DCS demodulator
and a DCS synchronizer are needed. To permit routine verification of the

DCS demodulator-synchronizer a DGS IF simulator is required.

It has been estimated that as many as five messages may be present
in the IF at any time. There is a good chance that some of these will
collide because of the randomness in frequency. However, the computer
software can detect the collisions by means of the error code at the

message tail.

In summary, the demodulator reduces the IF to five PCM outputs
each containing random bursts of messages. The synchronizer accepts
these and assembles them onto a single bit stream which is processed by

the stored program PCM decommutator for presentation to the computer.

5.3 ALTERNATE DCS/DATA HANDLING EQUIPMENT DESIGN
APPROACHES

The various alternate approaches to the DCS data handling equipment

design which have been considered during the study are as follows:

a) A proposed design which uses a spectrum scanning
technique.



b) A system using five phase-lock loops with steering logic as
discussed in Section 5. 1.

c) An extension of system (b) but using multiple phase lock
loops as discussed in Section 5.2.

d) A purely manual approach using a single phase-lock loop
to scan segments of the spectrum in successive tape replays;
not seriously considered due to its being cumbersome and
time consuming. This is mentioned here only for the sake
of completeness.

e) Other variations on {a) (b) or (¢) as discussed in Section5.3.

5.3.1 Five Phase-Lock Loops

The general scheme of this approach is 1llustrated in Figure 5-1.
The spectrum is divided into 48 subspectra by a contiguous filter bank.
A signal detector on the output of each filter drives logic which selects an
unoccupied phase-lock loop. At the same time this loop is slewed to the

appropriate frequency for acquisition.
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Figure 5-1

DCS DEMODULATOR AND SYNCHRONIZER using
five phase~lock loops

The output of each loop module is PCM and clock. Since all

messages are asynchronous with each other, the clocks from each loop
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SPECTRUM

are also asynchronous. By means of the read-in steering logic the
individual clock 15 used to fill an unoccupied shift register. When filled,
the shift registers are emptied into a single data stream using an external

clock. The output data is thus synchronous.

The basic shortcoming of this approach is the slew time required by
the phase-lock loop to reach the frequency required. Analysis showed
that this time plus the lock-on time of the loop and clock detector would

in many cases exceed the 25-bit preamble time and result in data loss.

5.3.2 Multiple Phase-Lock Loops

This approach is illustrated in Figure 5-2. Significant changes

over that described in Section 5.1 are:
e Iach loop is assigned to a small segment of the spectrum and
driven by a unique filter. This eliminates the need for loop

slewing.

¢ The steering logic is used to channel the output from any active
loop into one of the five shift logic sections.
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Figure 5-2

DCS DEMODULATOR AND SYNCHRONIZER simplified
block diagram
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e The shift logic sections each contain a serial shift register.
This, when full, 15 dumped parallel fashion to a storage register.
Thus there are a total of 10 shift registers.

e It occupied six drawers while the current demodulator and
synchronizer occupies two.

e There are 48 phase-lock loops instead of five.

e There are 48 bandpass filters, instead of six. The application
of these loops is+also different in the two cases.

o The steering logic was complex since it had to handle outputs
from 48 possible sources.

This approach was discarded in favor of the current one when i1t became
obvious that although 1t was a workable scheme it was more complex and

therefore more costly.
5.4 OTHER VARIATIONS
There were two variations on the schemes described above:

e The use of five-channel PCM recording for temporary storage
of outputs from the five phase-locked loops of Section 5.3. L.
This was intended to be used instead of the readout steering
logic which provides total serializing. This had two disadvantages:

a) It required five replays of the tape to feed the data into the
decommutatozr,

b) There would be considerable gaps between messages since
there was no means of filling the gaps as in the currently
proposed design. This would make the decommutation
difficult if not impossible. However, it would have required
only one bit synchronizer.

e The provision of parallel data outputs mmstead of PCM. This had
the disadvantage that if it were ever required to transmit the
output over NASCOM links it would have to be converted to PCM

anyway.
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6. COMMAND

6.1 COMMAND GENERATION

ERTS command generation 1s significantly different and somewhat

more exacting than for OGO spacecraft. The requirement of ERTS to

store commands in the spacecraft with time tags affixed is in response to

the need to begin imaging at specific geometric positions. This in turn

requires computation of time tags from orbital data and user requests.

The concept finally evolved for generating commands was reached

after several proposed concepts had been rejected in turn:

a)

b)

A first proposal was to generate the command bit stream

by computer, producing a punched tape which would then be
transmitted to the desired ground station. The ground
station would load this bit stream into its encoder and trans-
mit on authority of the OCC. As a backup method in case of
computer failure, a command encoder was included as part
of the operations center.

A second concept resulted from a suggestion that command
trains be sent directly from the OCC to the spacecraft during
a real-time pass. This used either the computer or com-
mand encoder over a high speed data link to the station
encoder for immmediate transmission to the spacecraft. This
concept included a validation loop which showed correct
reception at the station encoder and at the command trans-
mitter antenna. To accomplish validation at the OCC
command encoder required a second smaller computer or
significant addition to the main OCC computer.

A significant simplification is evident in the final configura-
tion. This uses the OCC computer to generate the command
bit stream while the NDPF computer serves as backup in
case of failure. No command encoder is used at the opera-
tions center. When required the switching onto the backup
computer 1s nearly instantaneous. A third alternative is
available in that commands ordered by the OCC mavy be
generated by tape or manually at the ground station con-
cerned. The description of the command generation equip-
ment and functional operation is included in Volume 14.

6.2 COMMAND VALIDATION

The command message is validated at every opportunity along the

trans-location path, In the OCC, the command console operator will be



able to call up the command message for visual display before the message
is sent to the remote sites, Also, the computer will have an off-line capa-
bility of making a2 bit-by-bit validation check between the data interface
buffer and the ADPE,

At the STADAN sites, command word parity errors are registered
on the STADAN command encoder. The command message is automati-
cally returned to the OCC for a bit-by-bit validation by the computer and

the validation status 1s displayed on the command console.

At the MSFN site, the command data processor accepts the cormmmand
message from the transmission lines if it has the correct station address.
The processor then performs the following checks to determine that the

commands are valid:

® Checks the MSFN error coding added to the message by the
OCC computer

® Checks the vehicle address

e Checks the command word structure by comparison with the
words of a complete command library stored in the memory of
the MSFN command data processor.

I invalid, a retransmission of the command is requested from the

OCC command operator.

Upon validation of the translocated command (in the primary mode),
the computer automatically sends an uplink transmission instruction to

the ground station command encoder.

During the uplink transmission phase, the STADAN station command
encoder output can perform a bit-by-bit detection and verification of the
PCM/FSK modulating signal. Also, the VHF transmitter output is
sampled by a command verification receiver mounted on the command
antenna and the detected (PCM/FSK) signal is routed back to the encoder
where a bit-by-bit check on the radiated signal is performed. Any error
will halt the command transmission and transmatter keying immediately;
also, a ground verification error signal will be automatically sent back

to the OCC for operator intervention.

During the MSFN uplink transmission phase, the PCM/PSK signal

generated in the up-data buffer is simultaneously demodulated and sent
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back to the command data processor for bit-by-bit verification. Also,
the S-band signal is sampled at the transmitter output by a unified S-band
receiver which restores the PCM/PSK subcarrier modulating signal and
returns it to the up-data buffer demodulator and the data processor for

a complete echo check. Any echo check error observed at the MSF'N site
will halt command transmission’and an error message will be returned

to the OCC for operator intervention,
6.3 COMMAND VERIFICATION

Each uplink transmitted command is verified automatically in the
primary mode by the OCC ADPE continually examining the spacecraft
telemetry. Acceptance of a real-timne command by the spacecraft and
its transfer to the spacecraft command distribution unit is indicated by
an enable bit, Execution of ERTS unique commands is verified by com-
manded relay status changes; stored programmer commands by readout
of the entire stored command programmer memory; and all commands by
functional changes in the commanded spacecraft components. Displays,
printouts, and strip charts associated with the OCC PCM data handling
equipment present the verification data as a backup to the ADPE,
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7. SCHEDULING

The ERTS scheduling problem is negligible if North America only is
to be covered but becomes somewhat complex as global coverage 1s
approached. Ground station visibility (cloud cover) is the primary limit-

ing factor on accumulation of world-wide data.

The factors which must be considered in planning imaging sensor
operation are:

e User need. What are the geographical areas to be imaged and
what priorities are attached?

e Weather. Is there recent cloud cover data which precludes
obtaining good images?

e Tape recorder capacity. Is there a conflict for use of the himited
observatory recording time? This does not pertain to North
America where real-time coverage is almost complete.

e Power. Isthere a limit set by array output or battery discharge

capability?

This section will assess the importance of all these factors in
scheduling observatory operations, There is one other factor which
weighs heavily on operations by video tape recorder. With a limited
recorder life of 500 hours, what data is important enough to warrant

recorder use?
7.1 TOTAL AVAILABLE IMAGE

Since the ERTS sensors are primarily to be used over land, an
estimate may readily be made of the maximum possible imaging which

could be accomplished if no other factors limited operations

Figure 2-1 shows a typical day of 14 revolutions. The north to south
passes are in daylight and consititute all data accumulation passes. A
first conclusion from this figure is that Greenbelt, Corpus Christi, and
Alaska stations provide sufficient coverage for all North American data

to be relayed in real time, little resort to the tape recorder is required.

Figure 7-1 has been prepared from an examination of Figure 2~1 to

arrive at the total time per revolution for land-in-sun and real-time



REVOLUTION NUMBER (SEE FIG, 2- 1)
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coverage. Without respect to other limitations, such as cloud cover, the
lower part of Figure 7-1 shows that the coverage of South America (all
by tape recorder) can be effected without exceeding 30-minute tape

recorder capacity; but capacity is almost reached on revolution 11,

The upper part of Figure 7-1 shows generally that from revolutions
7 to 11 accumulated data will exceed the capacity of the tape recorder to
store, and ground stations to read out, the data. Since there is no real-
time coverage the integral of the data curve must not exceed the station
visibility curve integral by more than 30 minutes for increasing revolution
number (negative accumulated coverage neglected). Most tape data will

be read out at night.

To more precisely evaluate the global imaging possibilities the
following procedure was used:

&) Two typical sets of 14 revolutions were used as a base for
study. The first set is numbered 1 to 14 on Figure 2-1. The
second set is not shown but lies midway between those shown
(12 hours later). TFor convenience these latter revolutions

are called 1-1/2, 2-1/2 ete. on Figure 7-1. A revolution -
begins at the north-going equatorial crossing.

b) Land mass under a sunlit (descending trace) requires pay-
load operation.

c) If land is within a coverage circle for Corpus, Alaska, or
Greenbelt this payload operation is real time.

d) All other payload operation is recorded.

e} Only land between +75 and -75 degree latitude was
considered.

f) If the recorder reaches 30 minutes of stored MSS data or
50 minutes of RBV data, operation of the appropriate sensor
wa.s discontinued.

g) Data was dumped at every opportunity but not when real-time
imaging was possible.
The tabular data accumulated by this analysis of operations is shown
in Table 7-1 for one case. The beginning of operations at revolution 1
was without accumulated data. When revolution reappears it 15 seen that
residual tape recorder data remains. Hence, the process was continued

to the end of revolution 3 where, as can be seen, the cycle begins to repeat.
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Table 7-1. MSS Operations for One Day in Revolutfions
1 through 14

Revolution

123 4 5 6 7 8 9101112 13 1412 3

Real time data, min 4 3/3 1 -~ - - - < < - 512 8 4 3|3
Record data, min - -7 10 19 18 23 13 6 - - - 4 . - |7
Video playback, min - -|- 710191212 6 - - 10 5 28 2}-
Residual on VTR™®, min - -7 10 19 18 29 30 30 30 30 20 15 13 5 -7
Data lost, min - - -~ - ~.1615 319 3 - _ .

*AL north-going crossing of equatoxr.

The process was continued for more than 14 revolutions to deter-
mine whether the residual tape recorder data could be fully unloaded 1n
available passes. This could always be accomplished. The gross con-
clusions of this study were as follows, with no other limitation than tape

recorder capacity:

Revolutions

1to 14 1-1/2to 14-1/2

Total land traverse time, min/day 192 180
Real-time data, min/day 36 37
Lost MSS data for lack of tape 56 33

recorder capacity, min/day

Lost RBV data for lack of tape 40 22
recorder capacity, min/day

Figure 7~2 shows the possible global coverage lost as a result of
limited tape recorder capacities, again under the artificial condition that

cloud cover was nonexistent.

7.1,1 Ground Station Coverage

The limit described above could be lifted somewhat by increased

tape recorder capacity, but then limited ground station time (for dumping
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IMAGE DATA lost for lack of tape recorder capacity.
Two typical sets of 14 revolutions were analyzed,

recorded data) would rule. The total available ground station pass time
(Corpus plus Greenbelt plus Alaska} is 160 minutes for revolutions

1 through 14 and 175 minutes for the 14 revolutions 9 days later. Clearly
5 to 32 minutes data would be lost for lack of ground contact with the

observatory.
7.1.2 Weather

Estimates of cloud cove-r vary with the season but 33 percent cloud
cover is suggested as a minimum figure. If this figure is uniformily
assumed throughout all land masses, the total imaging time lost in the 14
revolutions of Figure 7-1 is 24 minutes instead of 56 minutes for the cloud-
free case. Data obtained in this case (1/3 lost due to clouds) is 114

‘minutes of which 86 minutes is recorded.

7. 1.3 Tape Recorder Life

The life of a video tape recorder is about 500 hours. Assuming the
case stated above with 86 minutes (¢ 1-1/2 hours) per day imaging by
recorded data, the life of an average tape recorder will be 300 days
(where 50 hours is required for ground testing). Tape recorder life will

be one of the factors to be weighed in the scheduling process.

7.1.4 Array Energy

The energy required to support imaging activity can be computed

from known power requirements. For simplicity again, and merely to
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bound the problem, it is assumed that no cloud cover exists; sensors will

be operated up to the limit of tape recorder capacity.

In calculating energy need, the assumption was made that all payload
is on at once, that all land is imaged until the recorder is full, and that

power requirements are:

Spacecraft plus DCS 164 watts
Payload, real time 340
Payload, record 450
Payload, playback 250
Battery losses 22

The energy required for the two sets of 14 revolutions previously
used is shown in Figure 7-3. Here it is seen that the real-time data
accumulation from North America (revolutions 12, 13, 14, 1 and 2)
requires substantially less than the array design point energy of 29,500
watt-minutes Revolutions 5, 6 and 7 require about 31, 000 watt-minutes
in consequence of recording 15 to 20 minutes of data in sunlight and play-

ing 12 to 19 minutes back 1in eclipse.
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ENERGY REQUIRED for global imaging as limited
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Examination of the energy availability profile, reproduced as
Figure 7-4 from Volume 3 Final Report, shows a surplus of energy.
Assuming a 9:30 a. m. launch the least power in the first year of opera-
tion is 33, 000 watt-minutes, Thus it appears that energy availability

from the array will not be a significant limit on the sensor scheduling

activity.
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ELECTRICAL POWER during first year of operation

7.2 BATTERY CAPACITY

In Volume 4, Section 11 of the Phase B/C report it was shown that
a depth of discharge of 25 percent is reached for a specif%ed set of
standard conditions. Primary among these conditions was 20-minute
sensor operation; 10 minutes real time and 10 minutes record and play-
back in one revolution. The purpose of this section is to determine a

realistic depth of discharge with the global coverage pattern used above as



the model. Again no factor other than tape recorder capacity is used in

limiting sensor operation.

Figure 7-5 shows a typical day of orbital operating activity.
Specifically the revolutions shown are 1 through 14 of Figure 2-1. Since
the bulk of the land areas are situated in the northern hemisphere it often
happens that battery discharge occurs in sunlight. To determine the
approximate battery discharge in excess of 13 percent by one-third. Data
shown is for the spring or fall seasons. Discharge will be less in sum-
mer, more in winter.
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The conclusion on battery discharge is, that a mild limit on global
operations exists and that the specified payload use-cycle is easily met.
In practice, it is doubtful if operations will need to be limited by battery

characteristics.

7.3 EVENT SELECTION

The scheduling process uses the above considerations plus weather

and user reguests as follows.

Periodic requests for sensor coverage will be received at the OCC
via the User Liaison Office of the NDPF. These recuests, in the form
of polygon overlays on the surface of the earth, are converted to 30 x 30
nautical mile gquares or 'cells.!" The centers of the "request' cells are
tagged with latitude and longitude and the resultant information stored in

the data base for subsequent comparison with potential swath coverage.

Upon receipt of ephemeris data and selection of a particular time
interval, the 100-mile-wide swath or ground trace is determined. All
cells whose centers lie within the swath of full coverage are computed
and compared with cells which have been requested for sensor coverage.
Those cells which have been requested for coverage and lie within the
ground swath are assigned "event' status. The software assigns “event"

status to all visible cells requested for coverage.

Because of the possibility of later video recorder conflict if all
visible cells are granted sensor coverage, a ''value' is assigned to each
"reguest'' cell. This ''value'' is determined from the priority, or
relative worth of data received, and the probability of clear sky (no

cloud. cover}.

For each 'request' cell it is determined if the spacecraft, while
overhead, lies within view of one of the three dedicated stations. I the
spacecraft is within view, sensor data will be received in real time for
that cell, otherwise use of the tape recorder is dictated. The design

methodology utilized in actual event selection is discussed below.

The amount of current tape recorder use is determined at the
beginning of the time interval of interest. Planning will always occur for

integral revolutions, with initiation at the ascending node. Beginning at
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this time for the revolution of interest, the orbit is stepped around at
constarit time intervals corresponding to the time it takes to cover one
cell length, approximately eight seconds. If a station contact occurs, the
current time on the tape recorder is determined. If there 1s data on the
tape recorder, as much of it as possible is read out during station conlact
time. If there are requests for cell coverage during tape recorder read-
out, one of two options must be selected: 1) either the tape recorder
read-out takes precedence, or 2) cell coverage requests are granted and
the tape recorder is read out at the next opportunity. This selection is

made by operator input.

If the tape recorder is full and a request for cell coverage occurs,
all conflicts are stored for display to the operator. The data necessary
for the operator to resolve the conflict is stored. When the time inter-
val of interest is completed, manual events such as orbit adjust, bat-
tery reconditioning, etc., are added to the planned event list at the
appropriate time. When all events have been entered, the event list is
displayed for operator approval. The operator, when confronted with
the event list generated by software execution, may elect to resolve
schedule conflicts, change events, add events, or delete events from

the schedule. When he is satisfied, the event list is stored for use by

the command generation software.

There are several basic design philosophies incorporated in the

sensor event selection process. These are:

a) No data which has been stored on the video tape recorders
will be deleted unless input by operator control.

b) In the event of conflict between requested cell coverage and
tape recorder readout one of two possibilities exists: the
operator elects to read out the recorder, or he elects to
grant cell coverage. The decision is made at the beginning
of software execution and is followed for all conflicts of the
computer run.

¢) Manual events are entered after sensor event selection is
complete.

d) TUpon generation of the event list the operator may change,
add, or delete events at his descretion.

e) All conilicts for coverage on the video tape recorder are
resolved by the operator.
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7.4 SUMMARY

The problem presented in scheduling observatory use in the presence
of conflicting demands has been examined. The conclusion reached is,
that no limit except cloud cover exists in North America and that full
global coverage is limited only by tape recorder capacity. Array power,
battery depth of discharge, and tape recorder life are not significant
inputs to the scheduling choice. If the video tape recorders are used as
heavily as needed, the only limit being cloud cover, their nominal life

will be 300 days.

~1
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8. DISPLAY

The purpose of display in the control center is to permit operators

to readily assimilate information needed for decision making. The infor-

mation will consist of past history, current state, and planned future

state of many variables. Display takes many forms; those commonly

found useful in control centers today are:

Fixed printed forms such as maps, telemetry formats, command

matrix charts. Such material is invariant and cheap, but essen-
tial, especially where a variety of spacecraft are operated from
one center by the same people.

Printouts from computer sorting of telemetry data, command

status, etc. Such pages (Appendix B) constitute a ready historical
reference and inexpensive storage. Current pages are posted

for review by operators coming on duty, visitors, etc. They are
indispensable.

Volatile display from computer memory of current and recent
data or proposed schedule, commands, etc. This display,
usuzally by television picture tubes, can be readily altered by the
operator. Memory of recent past history is expensive and
limited but can be supplanted by magnetic tape storage already
required for long term storage of data. The extreme flexibility
of television display favors its use. The same station can dis-
play alphanumeric charts, images from cameras, in space or
nearby, etc.

Strip Charts, commonly in banks of eight pens, writing on special
sensitized paper. These units are invaluable in a dynamic situa-
tion and provide facility to see through noise which renders other
displays meaningless. Operator annotation of records as they
are being made is quite valuable. Strip chart record is commeonly
the primary data for reports and flight analysis,

Each of the above display methods has its place in the ERTS control

center, each is planned. The data to be displayed is briefly described as

follows:

Observatory Analog Telemetry Measurements. These are the
commonly accepted temperature, voltage, current, shaft angle,
etc. data used in evaluating health and in planning future use of
the observatory. They are called analog measurements and are
quantized to 8 bits for fransmission,

Observatory Status Measurements. These items are on-off state

only and indicate the condition of many switching functions con-
trolled automatically in the spacecraft or by command from the
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ground. Transmitted by the same pulse count or digital telem-
etry this data is often single bit in form, i.e., on = one;

off = zero. Status measurements include charge rate, attitude
control mode, tracker heads in use, etc. This category also
includes the store of the command programmer which is read
out bit-by-bit in a selected section of the telemetry commutator.

¢ Control Center Plans. This category includes all actions planned
and available from the computer store which will at a future time
modify the observatory status. Typical items are commmands to
be transmitted for real-time effect or for store in the stored
command programmer of the spacecraft. If storage is intended,
the time for execution is also listed,

Only a brief study of the above types of data is needed to show that:

a) Analog data generally deserves analog display if it is fast
moving. Examples are: attitude control error signals, bus
current, array temperatures, etc.

b} Much of the analog telemetry data is extremely slow moving
and is adequately served by the printout or television digital
display. Examples are converter voltages and temperatures.

c) All of the status data is properly displayed by digital print-
out or television. Past use of an analog chart recorder for
displaying response to a ground command can probably be
supplanted by real-time viewing of the television digital
displavy.

The choice of display is not so much which category will be used but
how much of each is needed — a question of utility versus cost. The wall
map or chart will be used to the extent it is useful. Similarly the printout
from computer sorted data is indispensable. The short term storage

utility of the printed page is high in effectiveness/cost ratio,

Analog strip charts are invaluable during initial or abnormal orbital
conditions. Thus the number required is set by the quantity of data which
must be seen in real time. It is common practice to use additional strip
chart display physically separate from the control center during initial
operations. The items to be displayed on the control center strip charts
during initial operations, 36 in all, are listed in Appendix D. Since each
bank of recorders allows eight records we have chosen to install six racks.

.One rack is spare to the launch requirements.

The television display provides a working tool for man-computer

operations. In addition, the television display can be duplicated in as
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many positions as desired. The functions which television display will

readily perform in observatory operations are:

Telemetry data grouped for convenience can be read.
Commanded status can be examined and new commands verified.

Computer-stored plans for future activity can be called out for
review.

Results of computer limit checking of performance can be
signalled.

In addition to the above alphanumeric displays, the digital television

system is suited for display of sensor images for quality checks and may

be used for analog plotting. A limit is set on the latter by the available

storage; the strip chart made from real titne or magnetic tape stored data

is more useful.

The arguments favoring digital television are overwhelming — the

only system disadvantage is limited analog plotting capability, but this

is supplied by strip charts. The chcsen configuration is related to the

cperational requirements as follows:

17-inch displays serve individual operators at consoles.

25-inch displays serve the control area from ceiling-mounted
positions.,

All positions have access to the same selection of display
formats.

A comparison of video display methods was made before selecting

the digital television system. This is reported under the display section

in Volume 15,



2. Operational OCC
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5. OPERATIONAL OCC SOFTWARE

This section reviews the software defined by detailed operating plans

1 earlier sections.

The operational software for the ERTS OCC consists of that software
which operates in real-time or during the time interval the spacecraft is
in view of a station, and that which operates in non-real time, or during
the time the spacecraft is outside of station view. The design of the non-
real-time software is dependent upon the requirements for real-time

software.

Real-time software must be capable of processing a 128-word
(9 bits /word) main frame at 1 kbits/sec minimum and 32 kbits/sec maxi-
mum; this corresponds to processing one main frame of data every 1. 152
seconds at 1 kbit and every 0. 036 second at 32 kbits., Because the 128-
word main frame contains three words corresponding to three 128-word
subcommutators, approximately 450 different words must be processed
every 147 seconds at 1 kbit and every 4. 6 seconds at 32 kbits. Processing
of telemetry includes limit-checking a maximum of 150 words, conversion
to engineering units of 320 words, computation of engineering parameters,
and printing out these words in fixed format within 2 minutes after a
request is received. During real-time operations, displays must be con-

tinually updated.

In addition to the above requirements two additional functions must
be accomplished if req.uested. The first function required is command
generation during real-time telemetry processing. An operator must
have the capability to either enable a pre-selected command sequence for
transmission, or punch in (via console) GMT, command octal number,
and transmitting station code to effect transmission of a particular space-
craft command. Having done so, the software must then encode the

command in proper format for transmission.

The second function required is the validation and verification of
commands transmitted to and executed by the spacecraft. " Validation of

command transmission proceeds in steps. The computer formatted



command output is routed to a data input buffer for translocation to a
remote station., Upon translocation via NASCOM, the command itself

(in the case of STADAN) or a command message (in the case of MSFN
when an anomaly is recognized) is returned to the OCC for validation. If
the command was translocated properly, the transmission process con-
tinues. Upon actual transmission of the command signal to the spacecrait
an ""echo check' 1s conducted by the remote station, and a bit is returned
to the OCC indicating that the proper command configuration was trans-
mitted. In the event that an erroneous command is detected during either
of the two validation steps, the transmission process is interrupted and
operator intervention occurs. Telemetry processing, however, continues.
The operator may choose to resend or drop the command; in either case
a decision must be made. Upon validation of correct command transmis-

sion, the verification process begins.

The verification software must be initiated following validation of
proper command transmission. This software must search the telemetry
frame for the word, or words, corresponding to the vehicle function
activated by command. These words are filed and indicators are routed
to displays for operator monitoring. If a commmand execution verification
is needed prior to additicnal command fransmission and this verification
is not received, operator intervention cccurs. The entire software pack-
age during real-time operations must be structured to allow operator

control and intervention precedence over software operation.

The above requirements indicate that capability must exist for three
functions to operate simultaneously during real time. These functions

are:
e PCM telemetry processing function {(RPROSTM)
¢ Command generation function (ROMAN)
e Command message update function (RCOMESUP)

While all spacecraft station passes will not require the operation
of these three functions simultaneously, for some passes tri-functional

operation will be mandatory.



The operational OCC software is divided into five specific, but
interrelated, functions. The real-time portions of three of these functions
have been briefly described above with respect to the requirements
imposed on them. The five functions are briefly described below., For a

more detailed description see Part II, Volume 21 and Volume 24,

Observatory Scheduling Function (RUTSKED). This non-real-time

software operation must begin two weeks or more before spacecraft com-
manding occurs. User requests for sensor coverage are examined by
RUTSKED and from these requests a list or ""set' of necessary observatory
events is generated. The event list includes communications times with
ground stations, sensor events for RBV and MSS operation, orbit adjust
events, wideband tape recorder events, and events which occur ocutside
of station view and must utilize the capabilities of the stored command
programmer. During the software operation, the event list is period-
ically displayed for operator monitoring, If he desires, he may change
the priority of events, thereby causing rescheduling. When he is satis-
fied with the event schedule, the schedule is stored for later call by

the command generation function. At any time prior to command gener-

ation the operator may call for changes or additions to the event schedule.

Command Generation Function (ROMAN)., The command generation

software is divided into real-time operation and non-real-time operation.

The non-real-time operation begins when command generation (ROMAN)}
accepts the event list from RUTSKED and, together with manually input
commands, transforms it into a command list. The command list is a
schedule of the actual commands to be sent to the spacecraft together with
the time of transmission and, in the case of SCP commands, their planned
execution time. This list is displayed to the operator and he is permitted
to make manual changes to it. Since the command list is subjected to
comprehensive checking by ROMAN it is suggested that if manual changes
are made that the ROMAN software be permitted to check the list again.
In any event, the operator is in control and the re-check is run at his
option. When the operator is satisfied that the command list is correct,
he has several options and may choose any subset of them. He may pre-

pare a punched paper tape of the command list. With this tape he may
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transmit the command list to one or more remote stations via teletype or
NASCOM, to enable them to act as a backup command station. In any
case, the actual command list is stored for use during real-time

operations.

The task of ROMAN during real-time operations is to transmit by
commands to the spacecraft. When ROMAN gains control, it scans the
list of prestored real-time commands with transmission times to deter-
mine if it is time to send a command. If it is time to send a command the
operator is interrogated for his permission to enable the transmission of
one or more real-time commands. The operator additionally may com-
pose a command to be transmitted. When the operator's permission is
granted the command validation process begins. Basically, this process
consists of communication between ROMAN and the remote station via
NASCOM transmission facilities, For STANDAWN stations, ROMAN
transmits the command to the station and the station returns the command
to ROMAN. ROMAN performs a bit-by-bit comparison of what was sent
and received, and if the same, ROMAN tells the remote station to trans-
mit this command to the spacecraft. For MSFN stations, ROMAN
encodes the command with a polynomial error code. The station decodes
the command, and if the code does not check, returns an error signal to
ROMAN. If the error code checks, no signal is returned, and, after an
interval of tinﬁe, ROMAN orders the station to transmit the command to
the spacecraft. In the case where the command does not satisfy the bit-
by-bit check, or the error code does not check, ROMAN stops the com-
manding process, the command is not sent to the spacecraft, and the
operator is asked for instructions. Firsthe will probably try
retransmission of the command. If that is repeatedly unsuccessful, he
must enter a backup mode of commanding, utilizing voice communications
with the remote station to enable transmission of the commands that were
pre-stored at the station. After ROMAN has determined that a command
or command block has been properly received at a remote station, trans-
mitted, and echo checked, it passes control to the command message

update function (RCOMESUP) for its portion of real-time operations.

Command Message Update Function (RCOMESUP). Initiation of the

non-real-time portion of RCOMESUP software occurs when the command
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sequence for a particular time interval has been generated. RCOMESUP
annotates each command on the schedule with the indicators which will
allow software execution of command execution verification. These indi-
cators consist of the telemetry word or words corresponding to the function
or functions which will change following command execution. Following
execution of the annofation routine, this information may be printed out

upon request.

Another non-real-time portion of RCOMESUP software is executed
to predict vehicle status to a time T; this time T corresponds to the time
at which ERTS is acquired by a station following an out-of-sight interval.
Upon entrance into station view during real-time operations, the predicted
status will be compared to actual status; if congruence is achieved, all
stored command programmer commands can be assumed to have executed
properly. If anomalies are ﬁoted, they are displayed for the operator.

In addition to status prediction RCOMESUP will output 2 command execu-

tion history following each pass.

During real-time operations it is the task of RCOMESUP to deter-
mine that the spacecraft has properly acted upon the transmitted com-
mand, RCOMESUP maintains a continuous record of the last main frame
received. When it gains control after a command has been sent, it
updates that record. Thereafter, each time it gains control, it searches
the working buffer of changed telemetry parameters updated by RPROSTM
(to be explained below). From this telemetry, RCOMESUP determines
the spacecraft response to the command, RCOMESUP checks to insure
that the proper vehicle function is executed in response to the command
and also that no other vehicle function executed. During these operations,
the operator is informed of command status via continually updated

displays.
PCM Telemetry Processing Function (RPROSTM). The telemetry

processing function is primarily a real-time operation although capability
exists for non-real-time processing of ERTS ta:.pe-recorded telemetry.
RPROSTM performs simple algorithmic processing on the telemetry
parameters to accomplish conversion to engineering units, combination
or averaging parameters, and limit checking., Parameters are displayed,

and if not within prescribed limits, are noted to the operator. The
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operator may at his option change the prescribed limits. The raw main
frame data converted to engineering units is stored on a historical tape
for later use by the NDPF. Additionally, up to 10 parameters are stored
for fast access for real time or post-pass trend analysis. One further
task of RPROSTM is to compare each telemetry main frame with its pre-
decessor and store those parameters which have changed in a working
buffer. After the telemetry processing is complete, control is passed to
the command generation function (ROMAN). As noted above, ROMAN
may either send a command or relinquish control. Upon sending a com-
mand and validating transmission, control passes to RCOMESUP for the
cormmmand verification process. Upon completion of verification, control
passes to RPROSTM and the cycle begins again. FEach time a main frame
of data is processed, the above cycle occurs. At 1 kbit/sec, the cycle
time is 1. 152 seconds with RPROSTM, ROMAN, and RCOMESUP assum-
ing control and executing every l. 152 seconds. At the maximum data
rate of 32 kbits/sec, severe requirements are placed on RPROSTM.
RPROSTM must process approximately 28 main frames of telemetry data
per second. However, because commands cannot be accepted by the ERTS
spacecraft when spaced less than 0. 5 second apart, the functions ROMAN
and RCOMESUP need only operate approximately twice as fast as they do
at the 1 kbit/sec data rate. —

Sensor Coverage Evaluation Function (RSENSCOV). RSENSCOV

operates in the post-pass processing mode. From the command execution

history, the approximate times of camera operation are extracted.

Using these times as a basis, the shutter times are determined
from a propagation model, and the corner coordinates of each camera
image are fixed. The times and the coordinates are checked with the
expected coverage to insure that user requests have been satisfied. This
information is routed to the observatory scheduling function and the user

request files are updated.

Alternate Software Approaches

The OCC software design calls for five basic OCC software func-
tions. These are the observatory scheduling function, command genera-

tion function, PCM telemetry processing function, command message
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update function, and the sensor coverage evaluation function. Prelimi-
nary software design requirements imposed a sixth function, ground
facilities scheduling. This function was to schedule ground stations

when it appeared that a large number of STADAN and MSFN stations
would take part in commmand and control of ERTS. When the requirements
solidified, and it was recognized that only three dedicated stations would
be involved in normal operations, the necesgity for a computer software
function to schedule station contacts was greatly reduced. Considering
the cost of this software, it was removed from the baseline design,

The remaining five functions enumerated above remain in ERTS OCC
software and are briefly discussed with respect to function design meeting

ERTS imposed requirements.

Observatory Scheduling Function

The observatory scheduling function converts user requests into
a sensor event list, adds any manual events required for spacecraft
control, and purges the request file upon receipt of fulfilled sensor
coverage information. While the user request file could be managed
using a card system (key punch, printer, sorter, and interpreter), the
volume of requests, the number of images, and the problem of convert-
ing requests for coverage into sensor events lends itseif ideally for
computer solution. A card system would require extensive clerical help
and knowledgable technicians to convert requests into events with proper
times and purge the files of those images which have satisfied the users,
With the present software design, a skilled operator can accept a set
of requests, convert them to an event list using a computer routine,
display the event list, make any discretionary changes, and store this

list for use by the command generation function in a short period of time.

Another tradeoff study resolved by the present software design
involves the question of whether or not to solve by software routines
video tape recorder conflicts as they appear during the scheduling
process. Previous designs displayed the conflicts between full tape
recorders and additional requests for sensor coverage, then computed
various options, Extensive software was required to search ahead on

the event schedule, store all conflicts, and compute the options for



operator on-line decision. Studies revealed that for U. S. coverage,

no tape recorder conflicts would occur, and for worldwide coverage,
conflicts would occur at approximately the same times during each
18-day ERTS cycle. When scheduling, the present design displays the
conflicts as they appear and does not attempt to compute various options.
The operator makes a decision based on predicted weather data or other

information and resolves the conflicts,

In most cases he will be aware of potential conflicts between full

tape recorder and sensor requests because of their periodic nature,

Command Generation Function

The command generation function accepts the event list for a
period of time, converts it to a spacecraft cornmand list, and stores
the command sequences for OCC commanding during real-time opera-
tions. With a large number of commands to be transmitted each day,
this function is best performed by computer processing. A large portion
of commands will utilize the stored command programmer and require
conversion of GMT scheduled events to vehicle clock time commands
stored in the SCP memory. A simple computer routine causes this
process to become error free. During real-time commanding pre-
stored sequences are activated for transmission from the computer,
through NASCOM, and to the remote station for radiation. Validation
checks are automatically performed and any anomalies cause operator
intervention. This process insures rapid response capability to non-

nominal situations.

Command Message Update Function

The command message update function verifies that commands
have been executed properly. The function possesses the capability
of verification from processed telemetiry tapes or during real-time
operations. Preliminary designs examined did not incorporate automatic
command execution verification. This meant that if certain commands
were dependent upon previous command executions, they either would
not be sent until verification was received {which could consume
important station pass time), or commands would be transmitted with-

out previous command verification. Under the present design the
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operations monitor is continually advised via display of the verification

gtatus of all commands transmitted.

Another design requirement imposed on the command message
update function is that of predicting spacecraft status, Because com-
mands will be executed from the SCP memory when the spacecraft is
out of view of a ground station, and because station contact time during
which recorded spacecraft telemetry can be processed is limited,
present design calls for a comparison between predicted status (assum-
ing proper SCP command execution) and actual status derived upon
receipt of telemetry. If the comparison is exact, the spacecraft is
assumed to be functioning properly and real-time commanding may
commence. If anomalies are found, these are displayed for operator
intervention., Without the present computer-software design this

"instant response!' capability would not be possible.

A final design requirement involves the loading of SCP commands,
Upon loading a series of commands in the SCP, the SCP is commanded
to a standby/verify mode, and the contents of the SCP are telemetered
back for verification. KEach word stored is compared bit-by-bit to the
proper configuration; any anomalies are displayed and retransmission
of that command may occur at the operator's discretion, Without the
present design configuration, this process would reguire manual
comparison after printout of telemetry and consume a considerable

amount of time.

PCM Telemetry Processing Function

The PCM telemetry processing function makes it possible to
determine the state of the observatory, perform command verification
in real time, and display this data to the operator, Without this capa-
bility, the strip chart recorders must be used with manual interpreta-
tion of the raw data. The function stores parameters during a pass
and allows immediate display of trends. Problems which could become
critical are noticed and rectified., Without computer utilization much
manual analysis would be required and a real-time response to a non~

nominal situation would not normally occur.
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The rapid processing of telemetry allows command execution
verification to occur in real~time. The software searches the telemetry
frame at the appropriate time for command execution indicators.
Depending on the value of these indicators, the operator is continually
informed of the status of commanding via displays in engineering units.
Without computer processing the conversion of telemetry units to

engineering units could not be readily and conveniently accomplished.

Sengor Coverage Evaluation Function

The sensor coverage evaluation function operates post-pass and
is designed to eliminate from the user request file those requests which
have been fulfilled. Reading the command execution history produced
by the command message update function, the sensor coverage evalua-
tion function extracts sensor commands and calculates nominal shutter
times. The corner coordinates of the sensor images are calculated
and are used to update the user request file in the observatory scheduling
function., Utilization of the computer allows this process to proceed
much more rapidly than would be possible if a manual or card system
were used. The volume of images and calculations would require a
large amount of clerical and technical help. Present design allows
rapid feedback to the observatory scheduling function thereby causing

the files to be kept as current as possible.

Previous configurations of the software called for the sensor
coverage evaluation function to read the processed telemetry data and
calculate shutter events. The added cost to perform this processing
was not justified for the increase in accuracy in the shutter time
determination. As the shutter times are not used for frame annotation,

the requirement for high accuracy times does not exist,
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10. PERSONNEL

Functional flow diagrams and requirements allocation sheets were
analyzed to identify those functions and tasks requiring human intervention.
Further analysis of the function/tasks, related equipment, and operation
procedures required to meet r;ﬁssion objectives led to the identification
and ca.'tegorization of tasks in generic terms. The tasks were reviewed
and assigned to manned positions based on task flow information, task
criticality, amount of time required to perform each task, task frequency
and schedule, task cormmonality and the equipment associated with the task
performance. Task and equipment requirements were then reviewed to
determine the number of personnel and operational shifts required during
routine orbital operations to accomplish the tasks at each manned position,

and, in turn the organizational structure of each operating area.

Results of the analyses indicate that during routine orbitzl operations
20 positions require manning for 8 hours per day, 5 days per week, and
seven for 24 hours per day, 7 days per week. In computing the total
staffing requirements, a manning factor of 1. 0 was used for single shift
operations and 5. 0 for those positions requiring manning around the

clock.
10. 1 TASK IDENTIFICATION/ALLOCATION

F.unctions and tasks allocated to manual processing in the require-
ments allocation sheets, Volume 2, were itemized and assigned to
positions. Positions were selected on the basis of operational aspects
required to accomplish command control of the observatory, i.e., 24
hours per day, 7 days a week operation. The operational aspects selected

and position assigned were:

Position Identification Operational Aspects of the Position
M. Operations planner Plans and commands spacecraft in
controller order to meet user /mission require-

ments, Serves as operations crew
chief and conducts and communi-
cates with ground tracking stations
and with spacecraft commander,

data analysts, and ground equipment-
operations.
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Position Identification Operational Aspects of the Position

N. Data analyst Monitors and evaluates spacecraft
and payload performance.

O. Command generation Provides manual backup for the
technician commanding and preliminary prep-
aration of spacecraft commands.

P. PCM technician Operates and maintains telemetry
ground handling equipment.

Q. Data technician Prepares schedules, plans, and
related activities.

Table 10-1 is a list of selected tasks and their assignment to

positions M through Q as shown on the organization chart, Figure 10-1.

In order to support the operational group, management, staff, per-
sonnel, and clerical support 1s required on a routine basis. Management
structure with the associated operational group is depicted in the organi-
zation chart, Figure 10-1., Table 10-2 provides the overall planning
estimates for the OCC manning including time required of personnel,
personnel classifications, and allocation of CRT display consoles to

positions.
10. 2 PRE-LAUNCH STAFFING

The build up of the OCC operations team will proceed over a period
of 12 months as shown in Figure 10-2., Beginning with a nucleus of the
OCC manager, staff analyst, and one secretary, personnel will be added
until the full complement required for routine orbital operations is staffed

two months prior to launch.

The concept of self-teaching will be utilized from the start. The
functions of the OCC manager and staff analyst are to define the selection
and training requirements of all other personnel, based upon a working
knowledge of spacecraft, payload, and GDHS operations requirements and
design. The training supervisor will be among the personnel added nine
months prior to launch and will be responsible for developing and imple-
menting a training program for all personnel whose responsibility it is
to operate and maintain the control center. An overall training plan will

be generated describing methods and procedures required to conduct
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Table 10-1. Allocation of Tasks to Operational Positions* Within the OCC

Operational Positions

Function Task

Command
Generation
Technician

O}

Operations
Planner
Controller

()

PCM
Techmcian
{P)

Data
Analyst
()

Data
Techmcian
()

Responstble for command activity
Provide weather predictions

Determine fulfillment of user
requirements

Coordinate station support

Estabhsh links with stafion
Commumecate with station

Request orbit data

Verify receipt of command messages
Evaluate observatory health

Perform trend analysis

Review history on crifical items
Maintain observatory continuity
Review generated list

Review SCP information
Commumecate with NDPF user
Operate PCM data handling equipment
Operate PCM tape recorder

Operate strip charts

Maintain PCM data handling egupment,
tape recorder and strip charts

Handle recorder outputs
Prepare schedules

Momtor QCC consumables
Generate station pass check hist
Perform readiness tests

Repair malfunction equipment

™

L A

WMo oMW X

WM oMo

»

mooXHo®W X\ M

#*Operational positions are manned 24 hours per day, 7 days a week 1n contrast to management
and staff positions which are meanned 8 hours per day, 5 days a week,
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Table 10-2. Plannming Estimates

s Total No. Personnel Console
Position ofRPersonzel Type Ermployed
equire
8 hours a day, 5 days a week
A. Manager OCC T Engineer
L. Secretary 1 Secretary
B. Staff admanistrator 1 Administrator
1., Secretary 1 Secretary
C. Training supervisor 1 Engineer
D. Staff analyst 1 Engineer
I,. Secretary 1 Secretary
E. Computer programmer 1 Engineer
F. Programmer 1 Technician
F. Programmer 1 Technician
G. Mission planner 1 Engineer
H. Subsystem analyst 1 Engineer
I. Imagery analyst 1 Engineer
J. ACS/power analyst 1 Engineer
K. Communications analyst 1 Engineer
24 hours a day, 7 days a week
M. Operations planner controller 5 Engineer Yes
N. Data analyst 5 Engineer Yes
0. Command generation technician 5 Technician » Yes
P. PCM technician 5 Technician
Q. Data techmcian 5 Technician
TOTAL 40
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training for maintenance and operation of all hardware and software. The
training supervisor will be required to translate all spacecraft, payload,
and OCC equipment information into an integrated training plan. After
approval of the plan by the OCC Manager, he will coordinate and imple-
ment the training program to produce operational personnel capable of

performing all aspects of their stated job assignments.

A staff administrator will be responsible for preparing and maintain-
ing daily personnel, facilities, and activities schedules during the training

period.

The remaining operating personnel will be added in stages. This-
will permit the original nucleus to train the first group, which after
completing its training, will in turn assist in training the next group to be
brought in. This process of using personnel who have completed their
training to assist in training newcomers following them will be used until

the entire OCC operating staff is fully trained.
10. 3 INITIAL OPERATIONS STAFFING

The personnel shown in Table 10-2 are supplemented by spacecraft
engineers during late prelaunch and early orbit operations. These engi-

neers are not part of the ERTS personnel discussed above.

The spacecraft engineers will be available for assignment to the
OCC or to any remote ground station to monitor and assist in spacecraft
earth and sun acquisition sequences. During the three-month postlaunch
period they will return to their normal TRW assignments but will be

available for further OCC activity upon demand.

10.4 POSTLAUNCH STAFFING

A gradual replacement of TRW operations personnel by other NASA
contact personnel will continue throughout the three-month period follow.
ing launch., Staggered phasing of personnel and training will produce a
fully integrated and trained team at the end of that period. All of the
training techniques developed during the personnel buildup will be employed

during the personnel phase-over.
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10. 5 OCC STAFF DESCRIPTION

The duties for the positions shown in the OCC organization of

Figure 10-1 are presented with parenthetical numbers indicating the num-

ber of personnel required.

a)

b)

OCC Manager (1}

®

Responsible for the operation of the OCC and for the
performance of the operations and support personnel.

Plans, supervises, and coordinates operations and main-
tenance activities within the CCC.

Presents command and control operations to ERTS project
management.

Interprets NASA policies and activities for OCC personnel.

Determines optimum personnel practices, manpower
levels, budget requirements, and training programs.

Establishes schedules and manning necessary to meet
operating requirements and determines alternate sources
of action as schedules change.

Reviews and approves the OCC daily activities schedule.

Staff Administrator (1)

Insures that administrative requirements of ERTS staff
and operational personnel are satisfied.

Prepares reports in conjunction with other staff
members.

Operations Training Supervisor (1)}

Provides simulated training exercises to newly assigned
OCC personnel utilizing script material; utilizes hardware
and software in training exercises as they become
available.

Responsible for the training of all personnel.
Coordinates with operations controller-planners and sys-
tems analysts in obtaining training material and training

assistance.

Provides refresher training to experienced personnel and
cross-training of equipment procedures.
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d)

e, 1)

g)

Staff Analyst (1)

Computer Programmer (3)

Reviews accomplishment of daily schedules and reports
deviations.

Prepares daily OCC activity schedules.

Prepares inputs in the form of prioritized maintenance
tasks for inclusion in the OCC daily schedule.

Prepares spacecraft and payload operational reports.

Coordinates activities of subsystem analysts.

b

Maintainsg all OCC application programs.
Coordinates work with NDPF programming head.

Writes programs and routines and prepares flow charts
and diagrams as required.

Checks equipment and performs readiness tests to ensure
OCC data processing and display equipment are in an
operational mode.

Assists training supervisor during simulated training
sessions; operates tape decks and ensures equipment
is operating properly.

Mission Planner (1)

Provides weather predictions and interpretations to
operating personnel.

Provides on-~the-job training to operational planner-
controller for around-the-clock weather predictions.

Generates operating procedures for STADAN stations to
support ERTS passes.

Establishes schedules of activities required to generate
and distribute command lists for each observatory pass.

Establishes schedules and manning necessary to meet
operating requirements, and determines alternate courses
of action as schedules change.

Reviews the OCC daily schedule to determine position-
related assignments.



h, 1, j, k)

m)

e Provides master schedule and long term planning; coor-
dinates with all shifts to ensure continuity of operations.

& Prepare reports.

Subsystem Analyst (4)

e Reviews pass schedules for observatory activity.

e Receives data and selects video signals for display.

o Evaluates observatory performance; examines video
images for quality and cloud cover; confirms basic data

quality.

e Evaluates mission performance; compares Sensor cover-
age against effected coverage.

e Specifies corrective measure; determines actions required

to improve image quality.
e Adds annotation comments to video data.

e Generates quick-look report including unfulfilled sensor
coverage repoxrti.

Operations Planner Controller (5}

e Coordinates OCC activities.
e Coordinates station support schedule with OPSCON.

e Coordinates the establishment of voice and data links
required for ERTS operations.

e Communicates with STADAN stations during pre- and
post-pass activities.

@ Requests orbital data, weather data, and STADAN/MSFN
support.

e Forwards messages and instructions necessary to
support ERTS passes to STADAN/MSFN stations.

e Verifies receipt of command messages by STADAN/MSFN.

e Reviews assignment of observatory acquisition opportuni-
ties versus users requests.

@ Reviews command list, event list, orbit corrections,
recorder budget, power budget, and weather data.
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e Reviews support schedule.

e Monitors observatory command status.

e Monitors stored cornmand-programriér status and

e Checks observatory command sequence against user
requests and resolves conflicts,

e Transmits commands to spacecraft as required.

e Reviews observatory command history.

e Checks observatory telemetry for parameter values and
equipment status changes associated with verification

of command execution.

o Reviews and modifies command lists for each station
pass.

e Alters command list based upon weather predictions.
¢ Performs long term trend analysis.

n) Data Analyst (5)

e Monitor and evaluate current observatory and sensor
health.

e Perform trend analysis on required observatory and
payload data.

e Perform subsystem engineering utilizing displays and
strip charts.

¢ Recommend corrective action to improve observatory
and payload performance.

¢ Maintain history of utilization of critical observatory
and payload items.

o Perform long term trend analysis.

0) Command Generation Technician (5)

e Compares systems analyst requests with payload and
observatory status to maintain observatory continuity.

e Inputs user requests from NDFF io computer.

o Reviews computer generated event list for: accuracy,
conflicts, and additions, deletions.
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P)

q)

Review stored command programmer preliminary com-
mand sequence, command history,

Communicates spacecraft and sensor events to NDPF.

Maintains OCC historical file.

PCM Technician (Maintenance and QOperations) (5)

Maintains and operates PCM tape recorders, PCM data
handling equipment strip chart recorders and scopes.

Implements requested strip chart and tape recorder
channel assignments and prepares an updated list of
channel allocations.

Configures and monitors telemetry data handling equip-
ment prior to pass related activities.

Labels, packages, and stores tape and strip chart
recorder outputs.

Data Technician (5)

Reviews ephemeris and orbit data versus station pass
time,

Prepares and distributes daily OCC time sequence
activity to support ERTS operations

Maintains surveillance of OCC consumables
Prepares ground support schedules

Generates station pass check list
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11. SIMULATION AND TRAINING

Successful operations on the day of launch demand a rigorous
program of equipment compatibility testing and training of personnel.
This should be scheduled far enough in advance to permit correction of
observed deficiencies, The scope of such programs is now well established
from experience with existing spacecraft. The principles on which success

are based are these:
e New elements of the system require the most testing.
e A spacecraft in orbit is better than a simulator,

e Radio-frequency interfaces should be realistically simulated;
magnetic tape signals from the spacecraft to be launched are a
desirable source of operations checkout.

e The best possible source of test signals is a set of prototype
spacecraft equipment. Attenuation of transmitter outputs to
simulate realigtic levels 1s desirable.

e A convenient vehicle for moving from one ground station to
another is a small aircraft, Equipment mounted therein is used
in flight.

The need for compatibility testing is minimal based on previous

experience. A shift in command carrier frequency, for example between
launches, would not require simulation testing other than frequency

measurement.
11.1 ERTS COMMUNICATION SIMULATION TASK

The ERTS communication system carrier frequencies are entirely

different from CGO. VHF modulations are unchanged (Table 11-1).

The only apparent exception to a uniform need for simulation is the
VHY system for command and digital telemetry. Stations which will use
these STADAN carriers are already operating with spacecraft in orbit
which employ modulations identical to ERTS. A review of the ground
stations to be used versus experience of each is given on Table 11-2. The
zero (0) entries in this table represent the real communication simulation

requirement.
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Table I-1. Spacecraft Equipment Similarity to OGO

Modulation
Unchanged Completely
New "
From c 3o . Notes
Modulation
Orbiting Syst
Spacecraft ystem
VHF command receiver X Carrier shifted
4 MHz from OGO
S-band command receiver X
PCM VHF transmitter X OGO carrier was
400 MH=
Unified S-band transmitter X Baseband +5
subcarriers
Video transmitter X Very wideband

Table 11-2. Ground Station Proven Compatibility with
ERTS Signal Modulations

Ground VHF Mo S Bacd S-Band
Station Command Data Range Video
Data, Comrmnand

Alaska X X 0 0
Greenbelt (NTTEF) * * 0 C
Rosman X X * *
Corpus * * 0 0
Quito X X ¥ ¥
Santiago X X * *
QOrroral X X ¥ *
Madgar X X * *
Joburg X X * *
Winkfield X X £ *
Note:

0 No experience with ERTS modulation complex
X Orbital experience exists

#* No orbital interface is required
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For completeness, and at some increase in expense, the VHF
carriers can be included 1in the tests but in no case 1s this needed for
STADAN stations outside the United States. TUse of outlying stations 1s
planned for initial operations (Appendix A) and may be relied upon in case
of emergency. Inclusion of the VHF links in simulation tests at Corpus,
NTTF, and Alaska checks out possible interference between VHF and
S-band systems. A cost figure for this aspect of testing is needed for a
decision. The most pressing interference possibility 1s at the spacecraft
where VHF power is radiated and weak S-band signals are received. A

second 1s between S-band signals at the ground station,

The modulations to be employed in the flyby test are most easily
obtained from magnetic tape and could most usefully be actual modulating
signals from the first spacecraft., A test pattern generator for imaging

check should be effective yet reasonable in cost.
11.2 ERTS FUNCTIONAL SIMULATION

With the radio frequency interface simulated as above, subsequent
tests at ground stations and OCC can be effectively accomplished with data
tapes. This follows past successful practice 1n use of tapes actually made
from spacecraft data with a known configuration. Rehearsal and training
exercises employ such tapes as described in Appendix A, Plans for per-
sonnel training are included in Volume 26 of the TRW ERTS Phase D

proposal.
11.3 EQUIPMENT SOURCES

An investigation has been conducted to determine which simulator
equipment can be used from spacecraft prototype or engineering models.
The results are shown in Table 11-3. This list assumes complete simula-
tion including VHF frequencies. Items marked '"as is' or "modified" are
available at small expense from the spacecraft program., Those marked

with an asterisk will be identical designs to the spacecraft configuration.
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Table 11-3. Equipment Sources for ERTS Spacecraft Simulator

Nomenclature

Program As
. _Derivation - Is~

RF¥ and Data Simulation Rack

VHF Command Receiver
VHF Diplexer/Coupler
VHF Digital Decoder
Antenna Assembly
Telemetry Switch Umt
VHE Power Monitor
Stored Cormmand Programmer
Transmaitter Driver

Video Switch Assembly
TWT Amplifier

USB Transponder Assembly
USB Baseband Assembly
RF Dhstribution Assembly
VHF Transmitter

MSS Simulator

RBV Simulator

Tape Recorder

PWR Control Panel

PWR Supply Assembly
Patch and Control Panel
Reject Filter

Equipment Rack

Command Status Display Rack

Spacecraft Status Display
Fayload Status Display
Matrix Monitor

Console Power Supply

Egquipment Rack

OGO
GO
oGO

oGO

oGO

SGLS

MAR-69
TETR
MOD 35

TETR

oGo

OGO
OGO
OGO
OGO

oGO

E T

X

X
X
X
X
X
X
X

1%
1
HE]
)=

1%

1
| s
1%

1%

2%

*¥Spacecraft Equipment
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12. OTHER SUPPORTING.STUDIES

12.1 MSFN/STADAN ERTS PECULIAR EQUIPMENT

Four ground stations have been delegated as ERTS support stations:
Gilmore Creek, Alaska; Corpus Christi, Texas; the NASA Tracking and
Training Facility (NTTF) in Greenbelt, Maryland; and Rosman, North
Carolina. 7To enable these ground stations to operate effectively as ERTS
support stations certain additions and modifications are required. The
majority of these changes have been previously identified and are being
1mplemented or planned by NASA. These changes are listed here for
information purposes. Other changes listed are not presently planned but

are required to implement the TRW ERTS approach,
12.1.1 RF Circuits

Table 12-1 gives a listing of present and planned observatory/ground

station interfaces pertinent to the ERTS mission.

Table 12-1. Observatory-Ground Station Interfaces
Uplink Downlink Downlink
Station Affiliation Wideband
use | vHF | us | vup | Sensor Data

Alaska STADAN X P X P
Texas MSFN X .
NTTF MSEN X P
Rosman STADAN X X(l)

Note:

"X" Present capability.
"P'"' Planned capability.

(1) Generally speaking, NTTF receives ERTS downlinks, while
Rosman transmits uplink commands. Rosman may receive
downlink telemetry for command verification,
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Table 12-2 lists changes to the RF circuits at each ground station. It is
TRW's understanding that all of these changes are in the process of being

implemented.

Table 12-2., RF Circuit Changes (Presently Planned by NASA)

Modifications or

Additions Texas Alaska NTTF Rosman Explanation

Antenna feed X X X Texas, NTTF feeds need to be modifted to accept

modification ERTS downlink spectrum that extends from 2219 5
to 2288 75 MHZ For ERTS and Apollo compatibil-
ity, the feed should have a passband extending from
2219 5 to 2300 MHz Alaska cannot receive above
1700 MHz and will need a complete 5-band feed
system

Diplexer X To update the receive band to S-band frequencies

Waveguide X X X MSFN stations will need a waveguide filter with a

filter passband of 80 5 MHz for ERTS/Apollo
compatibility

Preselect X X X Mission preculiar equipment to ard crosstalk

filter attenuation

Multifunction X Mulkifunetion multichannel recerver with X, Y

receiver with antenna steering outputs The multifunction

S-band front receiver will demodulate wideband sensor data and

end the USB downlinks to baseband frequencies

Caoled X X Needed for carrier margins ERTS downlink sub-

preamphfier carriers would be really marginal with uncooled
preamplifiers

MSS wideband X X ERTS mission peculiar equipment, necessary for

FM receiver sensor data reception One operatronal and one
spare umt regmred

RBV wideband X X

FM receiver

Note- Reference, “"Preliminary MSFN Support Plan for ERTS A and B, " NASA document, X-834-.6%-529

The RBV and MSS receivers and discriminators will be located in
the RF sites at each of the three data acquisition ground stations. The
tape recorders, quick look displays, and the MSS demultiplexer will be
colocated with telemetry equipment. This arrangement will require a

wideband coaxial cable or microwave link, between RF site and equipment
building at Alaska and at Texas.

An alternate arrangement would be to locate the recorders and
displays at the RF site to avoid interstation wideband links, but this
arrangement has been decided against for the following reasons:

e Personnel operating the spacecraft at the OCC or the telemetrv/

computer site at Texas will need to observe the quick look dis-
plays and to oversee tape recorder operations.

e Housekeeping telemetry must be made available to the recorders,

Remotely located recorders would require wire runs and asso-
ciated electronics.
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12.1.2 Narrowband Telemetry Station

Texas, NTTF and Alaska must be able to receive, demodulate, and
process data in the unified S-band downlinks, The S-band signal spectrum

18 shown below.
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12,1.3 Wideband Sensor Data Handling Equipment

Table 12-3 presents changes to existing ground stations capability

that are presently planned by NASA (see also Table 12-2),

The NTTF and Texas stations presently have the capability to
receive and process ERTS unified S-band downlink telemetry. These two
stations, both equipped for MSFN operation, will receive the telemetry
downlink with a standard unified S-band receiver. The receiver will out-
put 2 50 MHz IF to unified S-band signal data demodulators that will pre-
sent decommutated PCM data to a decommutation system distribution unit.
The decommutation system distribution unit will also accept inputs from
the VHF telemetry system and from tape recorders. The distribution
unit outputs data to a PCM decommutator that, under program control,
will select words from the incoming PCM data for input to Univac MoD-
642B computer. Telemelry data will next be routed through a Univac 1299
distribution switchload to WECO 205B modems that will transmit data to
the OCC via voice/data circuits. At the NTTF, 1 and 32 kbits/sec PCM
will be routed to the OCC by wire. '
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Table 12-3,

Wideband Data Handling Equipment

Egquipment

Functional Description

FM demodulation and bit
synchronizer

MSS demultiplexer

MSS recorder

Video ¥M discriminator

Rotary head tape
recorder

Quick look video
display

Quick look MSS

status monitor

Wideband coaxial cable
or microwave links

Wideband coaxial
cable

FM demodulates NRZ-MSS data, removes
bit jitter /restores pulse levels, reshapes
rise and fall times,

Demultiplexes the 14. 6 Mbit/sec NRZ data
into 25 channels. One spare required per
station.

28 channel recorder to record 25 channels
of MSS data. One spare per station.

FM discriminator accepts the RBV receiver
IF and outputs a 4-MHz bandwidth AM
waveiorm.

Records 4 MHz bandwidth AM waveform.
One spare per station.

Provides a video picture display for ground
station personnel for subjective picture
quality judgement. Has ability to receive
video from any one of the three RBV's.

One spare per station.

Essentially an oscilloscope which can dis-
play a video representation of any one of
the 25 channels of MSS data. One spare
per station.

Two links required at OCC-NTTF.

Two links required at Texas RF site to
telemetry/computer complex.

The Alaska station does not presently have the capability to receive

or demodulate the ERTS S-band downlinks. Multifunction, multichannel
receivers will be installed at Alaska to demodulate all three S-band down-
links to baseband frequencies. Subcarrier oscillator demodulators will

need to be added to demodulate the narrowband telemetry 165, 225, 300
kHz, 1250, and 1024 MHz subcarriers. Bit synchronizers will need to be

added to restore PCM data, Alaska has sufficient PCM data handling
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capability for ERTS, since equipment at Alaska has handled OGO telemetry

previously.

It is required that housekeeping telemetry signals sent from MSFN
ground stations be formated in standard STADAN 600-bit blocks. This
feature permits a single standardized incoming housekeeping-telemetry
format from all stations resulting in a considerable reduction in OCC
hardware. This can be accomplished by modifying the software for the

642B computer.

12. 1.4 DCS Data Acquisition

All three ERTS receiving stations will obtain a 25 to 125 kHz DCS
signal which will be sent to the OCC over a coaxial cable circuit. At
Alaska and Texas, DGCS data will be recorded. From these stations,
three methods being considered for retransmission of DCS data are:

(1) install DCS signal recovery equpment at each site and transmit
recovered PCM via high speed display circuits to GSFC-0OCC, (2) use a
slow tape recorder playback technique to transmit DCS data over wideband
data link circuits, or (3) mail the DCS tapes to the OCC., For example,

1f a 48-kHz bandwidth circuit were installed between Corpus Christi,
Texas, and the OCC, DCS data could be played back to an OCC tape
recorder at 1/4 the original record speed. The OCC tape recorder would
then play back to the DCS signal recovery system at four times the record
speed. From Alaska, the slow playback method could use an existing
23-kHz analog channel in the X-144 circuit. The cost of constructing a
wideband circuit from Corpus Christi to GSFC could very likely be mini-
mized by constructing the wideband circuit from Corpus Christi to the
MCC-Houston (200 miles) and modifying an existing wideband circuit from
MCC-Houston to GSFC.

Use of the slow playback technigues will require guality tape
recorders that have accurately conirolled capstan speeds and low flutter

specifications.

A summary of new station equipment necessary for narrowband

telemetry is presented in Table 12-4.
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Table 12-4. DCS Data Acquisition Required Changes

Equipment Functional Description
USB subcarrier Required at Alaska for baseband separation and
demodulators and subcarrier demodulation of ERTS S-band down-
bit synchronizers link (Presently planned by NASA)
Coaxial cable Required between NTTF and OCC for real time
circuit transmission of DCS data (25 to 125 kHz

circuit)®

Wire circuaits (2) For transmission of 1 and 32 kbit/sec from

the NTTF to the OCC. *

Tape recorders Quality tape recorders (Ampex FR 1600 or
hetter) will be required at the OCC and remote
sites if the slow playback technique of trans-
mitting DCS data is utilized.

48-kHz wideband Required at Texas if the slow playback tech-
circuit from Texas nique is used. #
to the ERTS-0OCC

*These additions have been informally discussed with and agreed to by
NASA representatives,

12. 1.5 Command Equipment

Changes will be required to facilitate the encoding of ERTS com-
mands., The required methodology differs between STADAN and MSEFN

ground stations,

12,1, 5.1 STADAN Stations

In addition to the basic functional requirements established in GS¥FC
Specification S-573-P-1, the command encoders which are planned to be
installed at STADAN stations must be capable of providing for the
following:

e Upon receipt of a command from the OCC the command encoder

will return the received message for a bit-by-bit check at the
OCC.

e Upon successful completion of a bit-by-bit echo check by the

STADAN station, a signal signifying 'verification OK" will be
sent to the’ OCC.
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12, 1.5, 2 MSFN
Modification of software for the 642B computer at the Texas station
will be required to accomplish the following:

e Send a message requesting "command repeat! in the event that
a command error check is invalid,

¢ Send a message indicating ""command not sent' 1n the event that
the bit-by-bit echo check was not successful.

12.2 EFFECT OF DELETION OF VIDEO TAPE RECORDER ON
CONTROL CENTER OPERATIONS
The study specification suggests a possibility that video tape
recorders may not be carried in the spacecraft. Deletion of these umts
would change operations markedly and reduce correspondingly the function

of the spacecraft stored command programmer.

Figure 2-1 shows that in the absence of airborne video tape
recorders, data coverage is limited to North America. This leads to the
gross conclusion that video tape recorders are needed in the spacecraft to
provide global coverage. Typical days of operation produce 160 minutes
of global data with the tape recorder and only 35 minutes without. The
longest possible data acquisition pass with the tape recorders is 33 min-

utes (Russia to Africa), Without tape recorders this becomes 13 mainutes.

The process of commanding the spacecraft will be greatly simplified
if video tape recorders are eliminated. The need for time tags will be
reduced since operation becomes largely real-time. Warm-up commands
will be desirable via stored program. Since the number of data passes
reduces from 18 per day to about seven, the commanding activity will be

reduced in about the same ratio.

12.3 CLOUD COVER FORECASTING

"
The relative importance of cloud cover forecasts for ERTS 1s depen-

dent upon station proximity. In the case that direct readout of the camera
system is possible, the use of cloud cover forecasts in the sensor selec-
tion algorithms amounts to little more than a nicety by decreasing the
amount of bulk processing required in the NDPF. With quick look capa-
bility, even the necessity for the extra bulk processing is mitigated.
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Should direct readout not be possible, wideband video tape recorder
management becomes extremely important. If tape recorder life is to be

extended as long as possible, its activity periods must be limited as much

While cloud cover forecasts have not been entirely precise in the
past, they have been shown to be of sufficient accuracy and reliability to
justify their use on ERTS. The closer the cloud cover observations, and
therefore the meteorological forecasts, are to the time of scheduled
sensor activity, the more accurate the forecast. Conversely, the older
the cloud cover observations used in the forecast are, the more degraded
are the results, until a point is reached, corresponding to approximately
a 12-hour forecast, such that the forecast has nearly the same reliability

as would be gained by using the cloud cover history of the area.

Having addressed the validity and value of cloud cover forecasts,
the procedures described below for integration of meteorological cloud
cover data into the ERTS OCC have been developed during discussions with
Mr. Kenneth Nagler, Chief, Space Operations Support Division, ESSA/
Weather Bureau. It 1s important to note that these procedures increase
the capability and flexibility of ERTS with almost no additional cost to
NASA. The Space Operations Support Division at Suitland, Maryland, has
three meteoroiogists andone technician that have been developing cloud
cover forecasts for manned flights. They are colocated in the National
Meteorological Center and the National Environmental Satellite Center
and thus able to draw information from both sources. Due to the stretch-
out of the manned program, the Space Operations Support Division should

be able to support both ERTS-A and -B without any financial augmentation.

The function RUTSKED of the OCC software schedules the payload
activity. Given the user requests and the orbit ephemeris as input, a
time ordered list of acquisition areas (30 x 30 miles) is generated. For
purposes of the weather interface with ESSA the contiguous areas are
considered individually by dividing the bounding subarc of the ground
trace for each such area into 50-mile segments. A square 50 miles on a
side is generated for both the left and right sides of the ground track seg-
ments. The center of each such square is then determined by its latitude

and longitude and corresponding time, See Figure 12-1.
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Figure 12-1
GEOMETRY of cloud cover request

This process of center determination continues until the entire

acquisition list has been processed and a table of centers built. This

table is output on paper tape specifying

Day, month

Revision number

Latitude of square center
Longitude of square center
Acquisition time of square center

Serial number of center

The paper tape output is manually mounted and used to drive a teletype
machine in the OCC. Thus, the message sent by teletype to the Space
Operations Support Division of ESSA/Weather Bureau is printed, for

verification, as it is sent.
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The meteorologist on duty at the end of the teletype in Suitland,
Maryland, then determines the forecasted cloud cover and sends a minimal
set of parameters by teletype back to the ERTS OCC.

e Cloud cover in percent
e Revision number
e Serial number of center

At the OCC the teletype punches a paper tape and simultaneously prints
the message for verification checking. This paper tape weather informa-
tion 1s read by the RUTSKED software, merged with the acquisitions list,
and the acquisitions areas are deweighted accordingly for the sensor

selection algorithm optimally.

Thus, the design allows requests selectively to be or not to be gen-
erated and to be applied or not applied to 1ndividual cells. Any questions,
further analysis, or message repeats required in the communications
between the ERTS OCC and the meteorologist at ESSA may be detailed
with an OCC telephone. Other advantages to this design, besides the
obvious cost factor, are that ERTS will not be required to have a meteo-
rologist and the growth factor in ERTS/ESSA communication as uses of

the satellite sensors become more sophisticated,
12.4 EARTH ACQUISITION ANALYSIS

The specific orbit is a key factor in earth acquisition. The ERTS
spacecraft rotates at a rate of 0.5 deg/sec, with the solar array locked
at zero degrees as described in the Phase B/C Final Report, Volume 3.
Whaile rotating, the horizon trackers search for the earth and when three
sitmultaneously lock on the earth, transfer to Mode 3 (earth acquisition) 1s
permitted (Figure 12-2). Many orbits result in "windows'' which are not
suitable for earth acquisition since three trackers are not able to inter-

sect the earth. The EGO orbit is an example.

To determine the conditions under which earth acquisition is
possible, the ERTS orbit and the rotating spacecraft geometry were
analyzed. Figure 12-3 shows the result; the shaded areas are per-

missible regions of transfer, This pattern is not much different from
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Figure 12-3

ACQUISITION OPPORTUNITIES in the ERTS orbat
are similar to those in the OGO polar orbit,

that which typical polar orbiting OGO spacecraft exhibit, The open
spaces constitute regions of time when the spacecraft +Z axis i1s point-
ing approximately earthward and earth edge trackers are scanning space.
Since a 15-minute pass over a ground station is equivalent to about a

45 degree orbital angle there are opportunities at any ground station for

earth acquisition.
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As described in Section 2 the plan for first earth acquisition is that

it be allowed to proceed over Alaska on revolution 3. (See also

Appendix B, ) e m ===

12.5 COMMUNICATION ERROR RATES

The following discussion demonstrates that bit error rales associ-
ated with NASCOM communication circuits and related equipment are
sufficiently low to adequately perform ERTS commanding and communi-
cation services, There are two primary concerns associated with bit
error rates in a spacecraft-ground communication network. One is that
communication circuit bit errors will cause a satellite response to 2
false command. The second concern is that bit errors will degrade the
downlink data stream. For the ERTS program, it has been determined
that simple erroxr detection schemes will prevent false commands being
sent to the ERTS satellite and that software implementation at the OCC
and NDPF data computa.t‘io_n centers will adequately minimize the effect

of I;:.t errors in the satellite downlink.

12.5.1 Probability of Satellite Response to a False Command

It is assumed that a valid command originates from the OCC, De-
sign of the command system is given 1 Volumes 3 and 14 of the Study
Report. Calculations will show: (1) the probability that the ground sta-
tion will transmit a false command, and (2) the probability that the satellite

will respond to a false command.

Assumed values of communications circuit bit error rates were
obtained from NASCOM Data Sysfem Development Plan, Revision 5, and
the ERTS Design Studies Specification.

Circuit Segment Description Bit Error Rate
Teletype link 1in 105 cha.ra.cte-rs
High-speed data line iin 105 bits
Circuits between NASCOM 12
switching centers 1 in 107" bits
Mission Control, Houston,
to MSFN stations command 9
uplink AZn 10
RF space links 1 in 102«
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Furthermore, the bit error rate in a communication circuit is given

as the sum of the bit error rates of each segment in tandem.

QOCC to STADAN Command Error Probabilities

Only the OCC to Gilmore Creek, Alaska, link will be analyzed since
the long circuit path between the OCC and Alaska will very likely cause
this link to have the greatest bit error probability of any link, For OCC
to Alaska, Pe = (Pe in a high speed data line) X (the number of tandem
links) = (i X 10'5) (2) = 2% 1072, The probability of one or more
errors in a 43-bit stored command word, Pfc’ is

P, = 1-1(0.999980)*> = 1—0.98317 = 0.017
To verify commands, the STADAN stations retransmit the commands
back to the OCC for validation. STADAN stations do not normally use
error detecting codes for command communications, and validation by

retransmission is a simple and éxpedient error detection system.

The most likely situation where retransmission could fail to detect
an error is in the event that Alaska receives a message with exactly one
error, and during the validation retransmission exactly one bit error
occurs to "correct” the message the OCC receives and thus spoofs the

OCC into believing Alaska has a correct command message.
The probability that Alaska receives a comnmand message with
exactly one error is

5,42

(43) (2 ¥ 10'5) (1 —2X%X10"7) = 85.9 X 1073

The probability that during retransmission from Alaska a bit error "cor-
rects" the previous bit error is 2 X 107>, The probability for both events
is (2 X 10'5) (86 X 10'5) = 1.72 X 10"%. This is the probability that re-

transmission error checking will validate a false message at Alaska,

As an additional check, STADAN sites can also check incoming

command errors with parity.
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OCC to MSFN

The MSFEN utilizes error encoding, vehicle address code checking,
and command word bit error comparisons. If a MSFN remote sgtation
invalidates a command, a retransmission by the OCC is requested. In

prime mode operation, all MSFN commands originate from the OCC,

The probability of an MSFN station receiving and transmitting a false
9

command is given as less than 10 7,

12.5,2 BSatellite/False Command Interactions

This section is concerned with the probability that the spacecraft

will accept a false command.

VHEFE Uplink Errors

Two types of commands are sent on the VHF uplink; one type is a
43-bit stored command and the other is a 28~bit real time command.
The 43-bit stored command has two parity bits; one parity bit is for the
entire command, and the other parity bit is for the 6-bit command wozrd.
Parity bits only detect odd numbers of errors that fall within the range
of the parity bit check.

The spacecraft decoder will accept a false command that has two
errors in the 7-bit command and command parity bit parity word. The

probability of this happening is

Pfc = (P of no errors in 36 bits) (P of 2 bits in 7 bits)
36 2 "
= (1—10"% 5—7'2—, (%1078 (1 —1x 1079
= 20.999 x 10712

where 10-6 is the probability of a noise induced uplink error. Another
likely error situation is that no errors occur in the seven bits of com-
mand plus parity and two errors occur elsewhere. The probability of

this occuring is

-6,7 36! -6,2 -6,34
= 0.63%x 1077
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These values are acceptably small probabilities that a false uplink VHEF

stored command will be accepted.

The 28-bit real time command contains a redundant complement of
the command and the internal address word., Again an even number of
errors are required for acceptance. The most likely error situation is
one where a command bit error occurs, and nine successive bits occur
with no error and then another bit error occurs (this can happen eight
ways)}, or similarly an internal address bit error can occur, with nine
successive error free bits, and then another error bit., This can happen

two ways. The probability of a falsely accepted real time command is

P_= 8X 10742 4 2x 10712 & 1o~H

S5-Band Uplink Errors

The command formats for the S-band uplinks are identical to the
VHF formats with the exception that the S-band command formats have
13 bit decoder addresses rather than seven bits. The unified S-band/
Apollo command system encodes each bit with five subbits. Thus a 49-
bit stored command word is expanded to 245 bits and likewise a 34-bit
real tizne command is expanded to 140 bits, The ERTS S-band decoder
will reject a command if one to four subbit errors are detected in any
bit. Five subbit errors in any one bit would have to occur before the
decoder would recognize the complement of the bit transmaitted and thus
recognize a false bit. Subbit encoding is a valuable technique to prevent
noise induced false bits. Onmne concern with subbit encoding is that under
noisy conditions the probability of a good command being received can
become small. For ERTS this is no concern since the probability of a

good command received is large:

P command = P of 245 error free bits
good
-4 245 -6
= (1 —10 ) = 1—245%X 10
= 0,998787

The probability that the S-band decoder will accept a false stored com-~

mand or real time command is found in a manner similar to the VHF
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commands with the following being considered: (1) each command con-
taing five times more bits, and (2) a bit error occurs when all subbits

encoding the bit are in error, The probability of one bit error is there-

magnitude of 10760, The probability of an S-band command being accepted

due to an RF link noise induced error is insgignificant.

Spacecraft-Induced Errors

Bit error rates for the ERTS memory and logic circuits are given
as 10-8. (See page 8-3, Volume 4, of the ERTS Phase B/C Final Repozt.)
10-8 affords adequate protection in the spacecraft. For example, if the
probability of a noise induced error is 10"6, the probahility the parity
check will fail is 10”2 for a resultant error probability of 10™1%, The
probability of the stored programmer producing a false command is dis-
cussed in the above reference, The result is that the probability of the

stored programmer causing a false command is 0,.000021 per year.

Comrand Validation

At all stations the command encoder or command computer per=-
forms a bit-by-bit detection and check of the radiated command via a
receiver mounted on the command antenna, Command transmission is

halted upon detection of an error.

The spacecraft telemetry data is also analyzed as a command veri-
fication technique. Remote stations and the OCC will receive spacecrait
command enable bits that indicate command acceptance by the spacecraft.
Other command verifications, done at the OCC, are the monitoring of
spacecraft relay status telemetry, readout of the stored command pro-

grammer, and trend analysis of spacecraft parameters,

12.5.3 Downlink Telemetry PCM Errors

Errors in downlink telemetry are due to logic decision errors in
on-board data processing equipment, RF noise in the space downlink,
and tape recorder dropouts in the spacecraft and ground station recorders,

Assume
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1% 1078 for a logic error

o
H

1X 10"6 for a spacecraft tape recorder bit dropout
(per record or playback cycle)

= 10-8 for a ground station tape recorder bit dropout
= 10-5 for a high speed data circuit bit error

= 10“6 due to R¥F noise and noise Induced errors
during demodulation

The worst-case telemetry bit error condition exists when 32 kbits/sec
playback telemetry is being received at the ground station, recorded,

played back at a slow speed to the OCC over noise lines,
1:"3 (telemetry) = P (spacecraft logic error) + 2P (spacecraft
recorder error) + P (RF noise error)
+ 2P (ground station recorder error)
+ P (bigh speed circuit bit exrror)

-8 6 6

1077 + 2% 10~
5

8

+1%X10° 7 +2%X 10"

+1x 10
5

1.3X 10"

The above error probability will cause telemetry bit errors (1.3 false
bits per 100,000 or approximately one false word per 77,000 bits) at

the OCC. The effects of these errors will be minimal since the telemetry
data is highly repetitive (approximately one frame per second at 1 kbit/
sec), and software umplementation at the OCC will "smooth" out the effect

of anomalous telemetry words.

Wideband Sensor Data Degradation

A worst-case MSS PCM error situation exists when MSS data is
being played back from the spacecraft video tape recorder., The proba-
bility of an error is the probability of an MSS enceding error plus proba-
bility of a record bit dropout in the spacecraft recorder plus the proba-

bility of playback bit dropout plus the probability of a ground station tape
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recorder plus the probability of a playback error at the OCC plus the

probability of an R¥ link-demodulation link error.

PGMSS _: 1_0_ +_j-__0 -_6_.:1'_. 170:6_ ES _j_.o-_g_.i_ﬁ,i.o:..s_.{:_i_o,:.é S

= 3% 10'6

MSS data will contain a large number of redundant bits and error prolifer-

ation from the spacecraft to the OCC will not noticeably degrade MSS data.

RBYV data is recorded at remote stations and mailed to the NDPF
for playback into video image restitutors. Each time a tape is recorded
and played back, the data signal-to-noise ratio decreases. RBYV data is
available at remote stations with a S/N ratio of 38.7 db. The RBV is
recorded and played back at the NDPF, Assume the ground station tape
recorders have 32 db pk-pk signal/rms noise ratios. Therefore, for
1 volt pk-pk signal, the rms noise present as tape recorder background

noise is 0,63 mv rms.

The rms noise after one record/playback cycle becomes

N = ¥2(0.63)% = 0.892 mv rms, a 2-db degradation

rms

The RBV data output to the image restitutor will then have a S/N ratio
of 30 db. This is adequate margin since at least 26 db 1s required for

good picture quality.
DCS Data

The ERTS spacecraft will receive DCS data at 401.9 MHz in a
bandwidth of 100 kHz. All signals within the 100 kHz bandpass are in
turn phase modulated on a 1.024 MHz subcarrier oscillator and trans-
matted to ground stations on the unified S-band downlink, Each DCS
platform will be transmitting at a preset, but random, frequency in the
100 kHz bandpass. Furthermore, each platform will transmat for only
55 msec every two minutes with the tume of transmission being a random
occurrence in relation to the other DCS platforms. The result is that the
DCS data obtained at the ground station is a complex composite of many
DCS transmissions; often with several DCS platfiorm transmissions being

received at the same time. Simultaneous DCS fransmissions, received at
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the satellite receiver, that overlap in the frequency domain will have bit
errors due to message collision. (Each DCS signal has a nominal band-
width of 2,5 kilz,) Specifications imposed by GSFC pertinent to message
errors are as follows:

] Probability of failure to recognize a message error will
be less than 1 percent

. Probability of obtaining at least one good message from
each platform every 12 hours will be 95 percent or better

DCS Noise Induced Bit Error Rates, As established in the previous

paragraph, the probability of a noise (1.e., thermal noise} induced mes-
sage error was assigned the value of 10 percent of 0.05 or 0.005. A
message is 1n error when one or more of the 110 message bits is in error,

The probability of a message error Pm is

P, = 1 — {probability that all bits are correct)
= 1 — (probability of one correct bli:)iio
Ch 4 110
=1-({1=-P)

where Pe = bit error rate. Solving for Pe, where Pm = 005,

P == 4,6% 10'5 B
<]

TRW has chosen differentially coherent phase~shift-keying as the modu-
lat:on technique which requires a S/N ratio of 0.6 db for a P_ =5 X 1072,
Current link margins show that the DCS channel has a margin of 4.6 db

(with worst case space loss). This margin is adequate to satisfy the bit

error rate regquirement for DCS messages.

DCS Message Error Recognition. TRW will add an 8-bit cyclic

code word to each DCS message word. This 8-bit cyclic code word will
detect both bit errors due to noise and burst errors due to message col-
lisions with a probability of 2-8. 2'-8 = 0.0039, which is smaller than
the GSFC specification of 1 percent. (Refer to ERTS Final Report,

Volume 5, February 11, 1970.)

Probability of Receiving One Good Message. ERTS specifications

require that the system will obtain at least one good message every 12
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hours from each platform with a probability of 0.95, or conversely that
the probability of no message received at all will be 0.05. To maximize

time domain density TRW has established a design criterion that 90 per-

10 percent will be due to bit decision errors due to noise.

Messages Lost Due to Message Collisions, The DCS is to be de-

signed to receive at least one good message from each of 1000 platforms
located throughout the United States, Each platform will be viewed by
the satellite for a nominal tume of eight minutes, which means that three
to four transmissions will be received per pass. Perhaps 90 percent of
the stations will be viewed twice per orbit with the result of six toc eight
message replications bemng received from these platforms. Platforms
directly under the satellite trajectory will only be viewed once per orbit.
At a 5-degree elevation angle from each DCS platform, the satellite will
view a circular area on the earth's surface of 2940 males diameter which
could bring the satellite into position to receive transmaissions from
nearly all 1000 platforms. For a design value, it will be assumed that

the satellite is receiving messages from 1000 platfiorms.

Calculating the probability of one good message per 12 hours is
seen to be a highly involved study concerned with message statistics in
random time and frequency domains, ability of ground station receivers
to demodulate the random narrowband signals (2.5 kHz) in a wideband
search band (100 kHz), and the extent that ground software can piece

together a good message from several damaged ones.

Ability of the DCS to handle 1000 platforms may be 1llustrated by
the following case presented in Volume 5 of the ERTS Final Report,
pages 2-27 to 2-28. The following curve indicates the system capacity

assuming that all platforms 