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From: M.R.Loree
Subject: MCC Development History

Enclosed is my attempt to document the MCC development
history. I compiled this white paper over the last month

and hope you enjoy reading it as much as I enjoyed writing
1t .

Regards,

(g s






MCC DEVELOPMENT HISTORY

AUGUST 1990

Compiled by Ray Loree



The following summary of the engineering history of the MCC
was taken primarily from conversations and review comments
from NASA and contractor co-workers. Also, extractions were
taken from an article titled "The Evolution of the Mission
Ccontrol Center" by Mike Kearney published in the Proceedings
of the IEEE, Volume 75, No. 3, March 1987, and from the FAC
Administrative Plan, Attachment F, dated January 10, 1986.



MCC DEVELOPMENT HISTORY

Introduction

The Mission Operations Wing (MOW) of building 30 was
built by the Corps of Engineers and a general contractor,
ETS-Holken-Galvin. The building ground (electrical ground)
was established during construction by connecting the 48
pilings (8 x 6 rectangle with the pilings spaced on 28 foot
centers) with heavy copper wire in a large checkerboard
pattern before the slab was poured. Radials from the
perimeter of this large copper matrix were later connected
to the system ground. The system ground or technical ground
(used for all computers and subsystems) was made up of
several zones of aluminum bars (3/8" x 2) set up on each
floor. This bar is mounted under the access floor on block
insulator standoffs separating the technical ground from the
building ground. Heavy copper runners (4/0) ran from the
individual zones to a single ground bar (counterpoise) in
room 127A. This bar is commonly called the golden spike.

Two 4/0 copper conductors extends from this bar to a solid
copper wire buried three feet below the ground and five feet
away from the building and stretches around the building
perimeter and over to building 48 thereby creating a common
ground between the two buildings. Ten foot ground rods are
sunk along this wire and connected to it. The building ground
radials are attached to this system ground perimeter wire.

The electrical power for the MOW is supplied by building
48 on five buses: Al, A2, Bl, B2 and C. The Al and A2 buses
(critical power) are fed from building 48 by motor generators
which in turn are powered by either of two commercial
substations. The commercial substation sources are backed up
by three 1360 kw diesel generators in building 48. The Al
and A2 motor generators are backed by three 350 kw diesel
generators making the power for these critical buses very
reliable. All critical strings of MCC equipment are driven by
the Al and A2 buses. The Bl and B2 sources is supplied
directly from the commercial substations which are backed by
the same three 1360 kw diesel generators mentioned above.

The 'B' buses drive non-critical system and the air
conditioning. Non-redundant commercial power feds the C bus.
The MOW when completed had a total of 112,896 square feet.
The building was opened for occupancy in July 1964.

Two development contractors (IBM and Philico-Ford) were
already working on the MCC systems to go in the new building.
In 1962 IBM was awarded the MCC RTCC (Real Time Computer
Complex) Contract to do the computers and application
programming in the RTCC. In 1963 Philco-Ford WDL (Western
Development Laboratories) was awarded a NASA contract for the
design, development, implementation, maintenance and
operation of the MCC-H (Mission Control Center-Houston). The
implementation of this contract required that WDL establish
the Philco-Ford Houston Operation (PHO).




MCC Functions

Over the years the MCC has evolved into set of functions
grouped into three major systems: the Communications
Interface System (CIS), the Data Computation Complex gDCC),
and the Display and Control System (DCS). The CIS provides
internal communications and connects the MCC systems to the
facilities that supply spacecraft communications, primarily
NASA Communications (NASCOM) network and the mission
simulator. The DCC provides the mainframe computational and
display processing and the DCS provides the human interface.

Gemini (MCC Development 1962-66)

The communications system elements consisted of a UNIVAC
490 (the Communications Processor), a Lockheed PCM-102 Ground
Station, and some custom hardware called the Master Digital
Command System (MDCS). The Gemini Launch Data System (GLDS)
at the launch site collected data from the 2.0 kbps lines
from the ETR (Eastern Test Range) as well as its own data and
sent telemetry to the MCC at 40.8 kbits/s where the PCM
Ground Station did the frame sync and decommutation
functions. Corpus Christi and Bermuda were the other sites
with 2.0 kbps lines for telemetry and commands. The PCM
Ground Station drove strip chart recorders, meters on the
consoles, and sent the telemetry to the Comm Processor via a
special built device built by Philco-Ford called a buffer
formatter. The Comm Processor also accepted remote site
summary messages (several 100-word/min teletype circuits) and
trajectory (2 kbits/s) from the long-line interfaces, and
formatted the input data for routing to the Realtime Computer
Complex (RTCC). The MDCS accepted command inputs from the
operator's consoles and formatted and encoded the commands
for shipment to the Comm Processor which routed them across
on 2 kbps circuits to CCAFS (Cape Canaveral Air Force
Station), Corpus Christi, or the ETR (Eastern Test Range)
sites for uplink to the Gemini spacecraft. The other remote
sites (called remoted sites) stored their commands and TTY
instructions were issued by the MCC as to which stored
command to uplink. Also biomedical data was received from the
sites from FM/FM lines in FM/FM ground stations which in turn
routed the data to strip chart recorders. Additionally,
during simulations the Comm Processor would present data from
the simulation complex to the rest of the MCC system as if it
were real-time data.

Even considering that there were reduced performance
requirements in those days, the 490s performed with amazing
efficiency. They had 128 kbytes of memory (30-bit words) and
880 Kbyte of flying head drum storage. Their functions would
later be performed by a multitude of other processors and
custom hardware.

The mainframe processors consisted of five IBM 7094s
utilizing customized IBM operating system within the Real
Time Computer Complex. The machine which was running the



Mission Operations Computer (MOC) software would process the
data from the Comm Processor and perform the telemetry,
trajectory, and command functions. A concept of a Dynamic
Standby Computer was established. The DSC would process the
same inputs with the same software, but the outputs were not
used. The operators would compare the results of processes
from the two machines (MOC and DSC) to insure that they were
synchronized. When the DSC diverged from the MOC due to
imperfectly synchronized inputs, they would be
resynchronized. Should the MOC fail, the DSC would be
brought on-line to become a new MOC within seconds. Using the
processing results, the MOC would build display descriptions
in a graphics language for transmission to the Display and
Control System (DCS).

The DCS element which created video displays and presented
them to the operator was the Digital-to-Television (D/TV)
subsystem. The MOC data was shipped to the D/TV subsystem
across a channel buffer. The D/TV subsystem then used the
MOC data to produce 48 channels of displays. The background
data consisted of static display elements which were
determined pre-mission and did not change with the telemetry
processing. They were composed on 35-mm photographic slide
film and projected into an optical assembly within the
display system. The foreground data elements were the
dynamic results of the MOC processing. They would be fed to
a Stromberg-Carlson Charactron Cathode Ray Tube (CRT) device
which produced a character/vector display. The Charactron
device used the digital data from the host channel buffer to
draw a vector or to select a mask (a stencil in the shape of
an alphanumeric character) which was placed between the CRT s
electron stream and the phosphor surface. This would produce
the video image of that vector or alphanumeric character on
the screen. The location of the character on the screen was
controlled by the CRT s X-Y deflection coils. The image from
the CRT display was optically mixed with the background image
from the matching 35-mm photographic slide which
automatically selected by an electro-mechanical slide file
retrieval system. Partial optical reflection within this
assembly allowed a 945-line video camera to view both the
static background on the 35-mm slide and the active
foreground on the Charactron CRT. The output of that video
camera became the pseudo-digital image of an MCC data
display. The black-and-white video was then sent to the
Video Switch Matrix to be distributed to the console CRTs.
The Video Switch Matrix also distributed NTSC-standard 525-
line video (for example, spacecraft video) to the other CRTs
throughout the building.

The display subsystem also drove discrete event lights on
the consoles and detected operator inputs from push buttons
on the console panels. The host data from a Subchannel Data
Distributor would feed the Digital Display Driver (DDD)
equipment, which in turn drove the 28 volt lamps on the
console for indicators, warning, and alarms. Before every
mission, the wiring on a hardwired distribution frame




called the CTC (Crossconnect Termination Cabinets) would be
reconfigured so that the operators's indicator lights and the
push button inputs would take on different meanings based on
the changing operations scenarios and the revisions to flight
software. Even at this earliest stage of the system
evolution, the MCC had to accommodate flight-to-flight
reconfiguration of the operator interface as operators gained
experience with flight planning and control. The delays
associated with these hardwired reconfiguration changes were
later to be one of the driving factors in the upgrade to
reduce reconfiguration times and maintenance costs.

The Projector Plotter Display (PPD) Equipment is the
subsystem which (then and now) produces the large-screen
display of the spacecraft position and groundtrack on the
world map as well as other launch and landing graphics
(energy plots, for example). The same basic system still
supports the Space Shuttle program. The PPD receives data
from the MOC trajectory processor via a Subchannel Data
Distributor, similar to the one which feeds the DDDs. There
are 2 PPDs in the MCC (one for each Mission Operation Control
Room), each one consisting of seven projectors; one
background projector, two spotting projectors, and four
scribers. The background projector places the static world
map on the screen from a l-inch square slide. The spotting
projector places a symbol from a slide (a symbol representing
a spacecraft or target) on the screen, and moves it based on
the vehicle's trajectory information as received from the
MOC. Under control of the MOC, the scribing projectors use
diamond-tipped styli to scratch through a metalized coating
on a glass slide (an alphanumeric symbol or an X-Y plot, for
example). These scratches allow light to be projected on the
screen using 2500 watt xenon lamps and color filters.
Usually, several slides are superimposed to make a complete
display, requiring critical alignment of the equipment.

Other MCC-unique systems were developed in this timeframe,
including the video hardcopy system. If a user needs a
printout of his 945-1line video display, he presses a hardcopy
request button which is associated with a particular CRT on
his console. This request is accepted with other operators'
requests, and then activates a camera which takes a 35-mm
film image of the same video channel that the requesting
operator is viewing. The film is automatically processed,
printed on paper, and dried in 15 to 20 seconds. The
hardcopy equipment operator then places the print into the
Pneumatic Tube (P-tube) system and the canister delivers the
processed print to the console operator. One automatic
function of the video hardcopy system is that if a mission is
aborted the system rapid fire hardcopies of 40 specific
console monitors. This hardcoping is triggered by any ofabort
command request toggle switches on either of two desiginated
consoles. These console monitors are selected prior to the
mission from the many operator consoles which are in service.

Along with the grounding system, power system , the Voice
Intercom Subsystem, the PPD, the Video Hardcopy, SCRs, and



the Pneumatic Tube systems are major Gemini era systems which
remain in service in the MCC today. During this timeframe
many of the "computer operators" (Computer Sup, Dynamics,
Track, etc.) were housed in a glass area in the center of the
first floor.

During the Gemini era, part of the simulation task was
supported in the MCC. GSCATS (Gemini Simulation, Checkout and
Test System) was located on the second floor and was used to
train remote site flight controllers. Before the remote sites
had adequate data communications capability with the MCC,
flight controllers were sent to the sites from JSC. Some of
the second floor rooms were set up like remote site control
rooms to train the remote site flight control teams. The
consoles in the simulated remote site control rooms were
driven by data from a combination of custom hardware,
Lockheed 102 telemetry ground stations, and a
commercial/military computer. A UNIVAC 1218 military computer
was first used and later upgraded to a UNIVAC 418 commercial
computer. Display hardware on the consoles included analog
meters, CRT's and event lights.

In March 1965 the MCC-H monitored the Gemini III mission
with primary control responsibility resting with the Mission
Control Center at Cape Kennedy (MCC-K). Although not all
systems were completely tested and operational, the MCC-H
came on line in such a manner as to convince NASA that it
could control Gemini IV.

In June 1965 PHO, along with NASA and IBM manned the MCC-H
to control the Gemini IV with MCC-K as backup. With a
successful control of Gemini IV the MCC-H was declared
operational and MCC-K was deactivated. The "H" was dropped
from the name and Houston became the control center for all
manned space flights. While Gemini was being controlled from
the third floor, work continued to make the second floor
ready to control the Apollo-Saturn 200 missions.

A summary of the Gemini mission supported by the MCC
(third floor) follows:

Gemini 3 Grissom/Young 3 revolution flight. Control

(23 March exercised from MCC-K with MCC-H monitoring data

1965) and communications.

Gemini 4 MCC-H assumed prime control responsibility for

(3=7 June the 4-day McDivitt/White flight. MCC-H proved

1965) that it was operational. The first U.S. EVA was
performed on this flight.

Gemini 5 MCC control of the 8 day Cooper/Conrad flight.

(21-29 Aug.

1965)




Gemini 7
(4-18 Dec.

1965)

Gemini

(15-16
1965)

Gemini

6
Dec.

8

(16 Mar.

1966)

Gemini

g

(3-6 June

1966)

Gemini

(18-21
1966)

Gemini

(12-15
1966)

Gemini

(11-15
1966)

10
July

11
Sept.

12
Sept.

The Bormann/Lovell 2-week flight which was the
target for the first rendezvous (with Gemini
Third floor control rooms used for both
flights.

The Schirra/Stafford 26 hour flight which
accomplished the first space rendezvous (with
Gemini 7).

Armstrong/Scott 7-revolution flight, with first
Agena docking; aborted because of failure in
Orbital Attitude Maneuvering System.

Stafford/ Cernan 3 day flight, establishing a
new EVA record of over 2 hours.

Young/Collins 3 day flight, dual rendezvous
with Agenas 8 & 10; two EVAs.

Conrad/Gordon 3-day flight, with 2 EVAs.

Lovell/Aldrin 4-day flight, Completed MCC
support of Gemini program. Reconfiguration
began to support the Apollo 500 series on the
first and third floor.









































































































