
Combinatorics in Space
The Mariner 9 Telemetry System



Mariner 9 Mission

Launched: May 30, 1971
Arrived: Nov. 14, 1971
Turned Off: Oct. 27, 1972

Mission Objectives:
(Mariner 8): Map 70% of Martian surface.
(Mariner 9): Study temporal changes in Martian atmosphere and 
surface features.



Live TV

A black and white TV camera was used to broadcast “live” 
pictures of the Martian surface.

Each photo-receptor in the camera measures the brightness of a 
section of the Martian surface about 4-5 km square, and outputs a 
grayness value in the range 0-63. This value is represented as a 
binary 6-tuple.

The TV image is thus digitalized by the photo-receptor bank and is 
output as a stream of thousands of binary 6-tuples.



Coding Needed

Without coding and a failure probability p = 0.05, 26% of the 
image would be in error ... unacceptably poor quality for the 
nature of the mission.

Any coding will increase the length of the transmitted message. 
Due to power constraints on board the probe and equipment 
constraints at the receiving stations on Earth, the coded message 
could not be much more than 5 times as long as the data.

Thus, a 6-tuple of data could be coded as a codeword of about 30 
bits in length.



Other concerns
A second concern involves the coding procedure. Storage of data 
requires shielding of the storage media – this is dead weight aboard 
the probe and economics require that there be little dead weight. 
Coding should therefore be done “on the fly”, without permanent 
memory requirements.

Finally, decoding needs to be done rapidly. The Jet Propulsion 
Laboratory in Pasadena, California will process the signals and 
reconvert them to picture images for the press which will be 
gathered at JPL.

Besides this NASA priority, rapid decoding is needed so that 
feedback to the probe becomes viable – redirecting the camera 
based on what is seen.



The Code
The 5-repeat code would satisfy the mission specs, but it is only 
2-error correcting ... leaving 1% of the image in error.

The actual code selected is 7-error correcting and this reduced the 
probability of error in the image to only 0.01%.

The decision on which code to use was based primarily on the 
decoding algorithm. The algorithm was carried out by a fairly 
simple piece of specialized circuitry called “The Green Machine.”

The code selected was the (32,6)-Biorthogonal Reed-Muller Code.
We will examine this code when we consider the class of Reed-
Muller codes.



Results

            Inca City:
      -80 Lat., 64 Long.

"Inca City" is the informal name given by Mariner 9 
scientists in 1972 to a set of  intersecting, rectilinear 
ridges that are located among the layered materials   
of the south polar region of Mars. Their origin has 
never been understood; most investigators thought 
they might be sand dunes, either modern dunes or,  
more likely, dunes that were buried, hardened, then 
exhumed. Others considered  them to be dikes 
formed by injection of molten rock (magma) or soft 
sediment into subsurface cracks that subsequently 
hardened and then were exposed at the surface by 
wind erosion.



Inca City

The Mars Global Surveyor (MGS) Mars Orbiter
Camera (MOC) has provided new information 
about the "Inca City" ridges, though the camera's 
images still do not solve the mystery. The new 
information comes in the form of a MOC red 
wide angle context frame taken in mid-southern
spring. The MOC image shows that the "Inca 
City" ridges, located at 82°S, 67°W, are part of a 
larger circular structure that is about 86 km (53 
mi) across.



Inca City

It is possible that this pattern reflects an origin related to an ancient, 
eroded meteor impact crater that was filled-in, buried, then partially 
exhumed. In this case, the ridges might be the remains of filled-in 
fractures in the bedrock into which the crater formed, or filled-in cracks 
within the material that filled the crater. Or both explanations could  be 
wrong. While the new MOC image shows that "Inca City" has a larger 
context  as part of a circular form, it does not reveal the exact origin of 
these striking and unusual martian landforms.



Inca City



Other Missions

The Voyager 1 & 2 spacecraft transmitted color pictures of Jupiter 
and Saturn in 1979 and 1980. Color transmission requires 3 times 
the amount of data, so a different code (the Golay (24,12,8) code) 
was used. It is only 3-error correcting, but its transmission rate is 
much higher. Voyager 2 went on to Uranus and Neptune and the 
code was switched to a Reed-Solomon code for its higher error 
correcting capabilities.


