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* Talk about the development of computers in
the early U.S. space program, and the little-
known role of how they got us to the Moon.




NASA Real Time Computing Center, 1966






Pioneering U.S. Spacecraft

Gemini

Mercury

Lunar Module







1961 - 1963
6 flights

Goal: To put an American
into space

Launched aboard
Redstone and Atlas




* There wasn’t one.
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1965 - 1966
10 flights

Crew of 2 (16 different
astronauts)

Launched aboard Titan Il

NASA
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GEMINI
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Perfect techniques for getting to the Moon
1. Prove that people can work outside the spacecraft

2. Long-duration
flights

3. Navigate in
space: orbit
changes,
rendezvous
and docking
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Space walks and long duration don’t require a
computer
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* There’s a reason they call it rocket science
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Built by IBM Federal
Systems Division

True digital
computer

Clock speed: ~7 kHz

Core memory, 4K
words

Weight: 59 pounds
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READOUT button missing
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* Dec. 15,

1965
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* 1966

* Gemini §, 9,
10, 11, 12
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1968 - 1972
e 11 flights
e Crew of 3 (29 astronauts)

 Launched aboard Saturn rockets

* Goal: Land
people on the
Moon
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6 missions landed
on the Moon, with
12 different people
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\_ COMMAND &
\ SERVICE MODULE

.‘

2al computer
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* Navigate from the Earth to the Moon
* Continuously update position and attitude
* Control spacecraft attitude and engines

e Perform all calculations for
lunar landing, ascent, rendezvous

* Remote updates from
the ground

e Real-time information display
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* Developed by MIT
* Manufactured by Raytheon
* Development cost: $26.6 million
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e 15-bit word (plus a parity bit)
e 36k ROM (core rope)

2k RAM

* Clock speed: ~ 40 kHz

* Weight: 70 pounds

e One in the Command
Module, one in the
Lunar Module




* Wires woven through iron cores
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* Gyroscopes and accelerometers
* Sextant and telescope

* Radar equipment

* Display and Keyboard

* Engines (main engines,
plus control thrusters)

* Flight instruments
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* Hardware the same in both spacecraft
* Different software:

— Command Module: Colossus
— Lunar Module: Luminary
* 1400-man years

of effort, peak
workforce of 350
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* Real-time processing
* Virtual machine interpreter
* Absolutely had to work
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* So how did the crew interact with the computer?
* Mouse/keyboard/widescreen display?
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INDICATORS
LIGHTS

KEYBOARD

SPLAYS
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* Verbs: Command to do something
* Noun: Piece of data to do it with
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FLIGHT PLAN
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1. Lamp test
2. Display the current mission time

3. Key in weights of both
spacecraft




* One attempt, no
second chances!

 AGC handles all
guidance and
control

* Three programs:
P63, P64, P66
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* November 19, 1969 - Ocean of Storms
e Pete Conrad, Dick Gordon, Al Bean
* First precision landing
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Al Bean
LM Pilot

“Pete” Conrad
Commander

Apollo
Guidance
Computer
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e Started 10-20 minutes before descent (PDI)

* Computes landing site
targeting

* |gnition begins at ...
— 50,000 feet altitude
— 240 miles from site
— 5,540 feet/sec (3,777 mph)
— 12 minutes from landing
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Landing Cue Cards
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* Computer runs P64
automatically ...

— 7,000 feet altitude
— 700 feet/second (477 mph)
— 2 miles from landing site

 First view of landing site
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e Computer runs P66 when
crew flips a switch ...

— 300 feet altitude
— ~6 feet/second (4 mph)
e Seconds until landing

 Computer no longer
targeting
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* One of the goals: retrieve parts from
Surveyor 3, landed 2.5 years before
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* Logic built entirely with integrated circuits
* Priority multitasking

 Digital fly-by-wire

* Digital autopilot

 Discipline of software
engineering 4
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* Director of Software Engineering Division of MIT’s
Instrumentation Lab
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Presidential Medal
of Freedom, 2016
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* Already “bleeding edge” by the end of the Apollo program
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* Simple backup computer
* Pronounced “ags”
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1995

60



2017
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e The Apollo Guidance Computer,
by Frank O’Brien

* Virtual AGC
http://www.ibiblio.org/apollo

* AGC source code
https://github.com/chrislgarry/Apollo-11

* YouTube: CuriousMarc
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Computers to the Moon

Mark Schulman
Central Florida Computer Society

marks@schulmans.com
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