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Abstract
The paper summarizes the present day research knowledge based 
on communication with extraterrestrial intelligence through four 
distinct means covering mathematical languages, pictorial systems 
like the Arecibo message, algorithmic communication systems and 
computational approaches for detecting and deciphering ‘natural’ 
language communication.
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I. Introduction
Communication with Extraterrestrial Intelligence (CETI) is 
a subject matter under the SETI (Search for Extraterrestrial 
Intelligence) research which focuses on composing and 
deciphering messages that could be understood theoretically 
by another technological civilization. The most striking CETI 
experiment was the 1974 Arecibo message composed by  Drake 
and Sagan [Sagan et al. 1972, Sagan 1973]. Research based on 
communication with extraterrestrial intelligence has focused four 
distinct areas covering mathematical languages, pictorial systems 
(e.g. the Arecibo message), algorithmic communication systems 
(ACETI) and computational approaches with a view to detecting 
and deciphering ‘natural’ language communication. 

II. Development of Languages and Messages
In the nineteenth century there were many publications on 
the possible inhabitants of other planets. It was then generally 
believed that intelligent beings might live on the Moon, Mars, 
and Venus. But as travel to other planets was not yet possible, 
people suggested ways to signal the extraterrestrials even before 
radio was discovered. Carl Friedrich Gauss proposed that a giant 
triangle and three squares, the Pythagoras, could be drawn on 
the Siberian tundra. The outlines of the shapes would have been 
ten-mile wide strips of pine forest while the interiors could be 
rye or wheat (Fig. 1).

Fig.1: Proposed Giant Triangle and Three Squares Drawn on the 
Siberian Tundra [http://en.wikipedia.org/wiki]

A. The Pythagoras 
Joseph Johann Littrow [genealogy.math.ndsu.nodak.edu] proposed 
using the Sahara as a blackboard where the giant trenches several 

hundred yards wide could delineate twenty-mile wide shapes and 
then the trenches would be filled with water after which enough 
kerosene could be poured on top of the water to burn for six hours. 
Using this technique, a different signal could be sent every night. 
In the mean time other astronomers were looking for signs of life 
on other planets. In 1822, Franz von Gruithuisen [Cattermole and 
Moore, 1997] imagined a giant city and evidence of agriculture on 
the moon and believed evidence of life on Venus but astronomers 
using more sophisticated instruments refuted his claims. By the 
late 1800s, Astronomers believed the Kant-Laplace hypothesis, 
which stated that the farthest planets from the sun are the oldest 
and so Mars was more likely to have advanced civilizations than 
Venus. Subsequent investigations focused on contacting Martians. 
Charles Cros [Ley, 1958] was convinced that pinpoints of light 
observed on Mars and Venus were the lights of large cities and 
was attempted to get funding for a giant mirror with which to 
signal the Martians. He planned to focus the mirror on the Martian 
desert, where the intense reflected sunlight could be used to burn 
figures into the Martian sand. Nikola Tesla [Seifer, 1996 and http://
content.time.com/time/, 1931]  mentioned many times that he 
thought his inventions such as his Tesla coil, used in the role 
of a “resonant receiver”, could communicate with other planets 
and even observed repetitive signals of what he believed were 
Extraterrestrial radio communications coming from Venus or Mars 
in 1899. However, subsequently these “signals” turned out to be 
terrestrial radiation.

B. Mathematical and Scientific Languages

1. Astraglossa
Lancelot Hogben (1953) [Hogben, 1963] describes a system for 
combining numbers and operators in a series of short and long 
pulses. According to Hogben’s system, short pulses represent 
numbers while trains of long pulses represent symbols for addition, 
subtraction, etc.

2. Lincos (Lingua Cosmica)
Design of a Language for Cosmic Intercourse, Hans Freudenthal 
(1960) [Freudenthal, 1960], expands upon Astraglossa for creating 
a general-purpose language derived from basic mathematics 
and logic symbols. Subsequently, a new generation Lincos was 
developed since 2000 by Alexander Ollongren [Ollongren, 
2000], as a part of the more general Astrolinguistics. Carl Sagan 
explored further depth on how a message might be constructed to 
communicate with an alien civilization, using the prime numbers 
as a starting point, followed by various universal principles and 
facts of mathematics and science. Jack McDevitt [McDevitt, 1988] 
described an extraterrestrial message based on powers of 2 as a 
starting point.

C. Language Based on Fundamental Science 
Devito and  Oehrle (1992) [Devito and Oerle, 1990] published 
a language similar in syntax to Astraglossa and Lincos but build 
its vocabulary around known physical properties.
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1. Pictorial Messages
Pictorial communication systems described fundamental physical 
or mathematical concepts through simplified diagrams sent as 
bitmaps. These messages are based on the concept that the 
recipient has similar visual capabilities and can understand basic 
mathematics and geometry. 

2. Pioneer Probes
Two Pioneer plaques were launched on Pioneer 10 and Pioneer 11 
in 1972 and 1973, depicting the location of the Earth in the galaxy 
and the solar system as well as the form of the human body.

3. Voyager Probes
Launched in 1977, the Voyager probes carried two golden records 
of our solar system and its location and also included recordings 
of pictures and sounds from Earth.

4. Arecibo Message
The Arecibo message transmitted in 1974 was a 1679 pixel image 
with 73 rows and 23 columns. It revealed the numbers one through 
ten, the atomic numbers of hydrogen, carbon, nitrogen, oxygen, 
and phosphorus, the formulae for the sugars and bases in the 
nucleotides of DNA, the number of nucleotides in DNA, the 
double helix structure of DNA, a figure of a human being and its 
height, the population of Earth, a diagram of our solar system, 
and an image of the Arecibo telescope with its diameter.

5. Cosmic Call Messages
The Cosmic Call messages consisted of few digital sections, copy of 
Arecibo Message, Bilingual Image Glossary, the Braastad message 
and also text, audio, video and other image files submitted for 
transmission by everyday people around the world. The message 
was composed by Stephane Dumas and Yvan Dutil and represents a 
multi-page bitmap that builds a vocabulary of symbols representing 
numbers and mathematical operations. The message proceeds from 
fundamental mathematics to more complex concepts, including 
physical processes and objects (such as a hydrogen atom) and was 
designed with noise resistant format and characters, which make 
it resistant to alteration by noise. These type of messages were 
transmitted in 1999 and 2003 from Evpatoria Planetary Radar 
under coordination of Richard Braastad. Using this technique 
messages were sent to the following stars.

Table 1: Stars to Which Cosmic Call Messages Were Sent

Name Designation 
HD Constellation Date sent Arrival date Message

16 Cyg 
A HD 186408 Cygnus May 24, 

1999
November 
2069

Cosmic 
Call 1

15 Sge HD 190406 Sagitta June 30, 
1999 February 2057 Cosmic 

Call 1

HD 178428 Sagitta June 30, 
1999 October 2067 Cosmic 

Call 1

Gl 777 HD 190360 Cygnus July 1, 
1999 April 2051 Cosmic 

Call 1

Hip 4872 Cassiopeia July 6, 
2003 April 2036 Cosmic 

Call 2

HD 245409 Orion July 6, 
2003 August 2040 Cosmic 

Call 2

55 Cnc HD 75732 Cancer July 6, 
2003 May 2044 Cosmic 

Call 2

HD 10307 Andromeda July 6, 
2003

September 
2044

Cosmic 
Call 2

47 UMa HD 95128 Ursa Major July 6, 
2003 May 2049 Cosmic 

Call 2

In the table the Cosmic Call-2 message contained text, images, 
video, music, the Dutil/Dumas message, a copy of the 1974 Arecibo 
message, BIG = Bilingual Image Glossary, the AI program Ella, 
and the Braastad message.

6. Teen-Age Message
The Teen-Age Message, composed by some Russian scientists 
[METI - http://www.cplire.ru/html] was transmitted from the 70-m 
dish of Yevpatoria Deep Space Center to six Sun-like stars on 
August 29 and September 3 and 4, 2001. The message consists 
of three different sections:
The first section represents a coherent-sounding radio signal with 
slow Doppler wavelength tuning to imitate transmission from 
the Sun’s center. This signal was transmitted in order to help 
extraterrestrials for detecting the TAM and diagnose the radio 
propagation effect of the interstellar medium. The second section 
is analog information and represents musical melodies, performed 
on the Theremin. This electric musical instrument creates a quasi-
monochromatic signal, which is detectable across interstellar 
distances. There were seven musical compositions in the 1st 
Theremin Concert for Aliens. The third section represents well-
known Arecibo-like binary digital information. It was based on 
the logotype of the TAM, bilingual Russian and English Greeting 
to Aliens, and Image Glossary. Using this technique messages 
were sent to the following stars.

Table 2: Stars to Which the Teen-Age Message Was Sent 

Name HD 
designation Constellation Date sent Arrival 

date

197076 Delphinus August 29 
, 2001

February 
2070

47 UMa 95128 Ursa Major September 
3 , 2001 July 2047

37 Gem 50692 Gemini September 
3 , 2001

December 
2057

126053 Virgo September 
3 , 2001

January 
2059

76151 Hydra September 
4 , 2001

May 
2057

193664 Draco September 
4 , 2001

January 
2059

7. Algorithmic Messages
In algorithmic communication systems, developed on mathematical 
languages, the sender describes a small set of mathematics and 
logic symbols which form the basis for a rudimentary programming 
language that the recipient can run on a virtual machine. The 
communication system has a number of advantages over static 
pictorial and mathematical messages. Using the technique, 
localized communication is possible, i.e., the recipient can 
probe and interact with the programs within a message, without 
transmitting a reply to the sender and then waiting years for a 
response, in addition it has the ability to embed proxy agents 
within the message. A sophisticated program when run on a fast 
enough computing substrate in principle, it may exhibit complex 
behavior and perhaps intelligence.

8. Logic Gate Matrices
Logic Gate Matrices (LGM), developed by McConnell 
[McConnell, 2002], describes a universal virtual machine. It is 
constructed by connecting coordinates in an n-dimensional space 
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through mathematics and logic operations. Using this technique, 
an arbitrarily complex computing substrate can be described and 
also the instructions can be executed on it.

9. Natural Language Messages
Methods are being developed that will first detect if a signal has 
intelligent-like structure, categorize the type of structure detected 
and then decipher its content from its physical level encoding 
and patterns to the parts-of-speech (Elliott, 2004; Elliott, Elliott, 
Atwell and Whyte, 2001). Mainly, this structure modeling focuses 
on the search for generic human and inter-species language 
universals to devise computational methods so that language can 
be discriminated from non-language and core structural syntactic 
elements of unknown languages (Elliott & Atwell, 2000). The 
purpose is primarily to the understanding of language structure and 
the detection of intelligent language-like features in signals and 
thereby to aid the search for extraterrestrial intelligence (Elliott, 
2002). It can contribute to separate language from non-language 
without dialogue and also to learn something about the structure 
of language in the passing assuming that the language may not 
be human but may even be of animals, aliens, computers etc 
(Elliott, 2007).

III. Etymologies Related to CETI Research
The word “pixel” was first published in 1965 for describing the 
picture elements of video images from space probes to the Moon 
and Mars. The word is a combination of picture and element through 
pix. Some authors explain pixel as picture cell.Texel (texture 
element) and luxel (lux element) are words used for describing a 
pixel when it is used for texturing and light mapping respectively. 
A pixel does not require rendering as a small square. The images 
shown in Fig. 2 provide alternative ways of reconstructing an 
image from a set of pixel values, using dots, lines, or smooth 
filtering.

Fig. 2: The Images Provide Alternative Ways of Reconstructing an 
Image From a Set of Pixel Values, Using Dots, Lines, or Smooth 
Filtering

A pixel can usually be taken as the smallest single component of 
a digital image but it is highly context-sensitive. The measures 
dots per inch (dpi) and pixels per inch (ppi) are though used 
interchangeably but have distinct meanings, particularly for 
printer devices, where dpi is a measure of the printer’s density 
of dot placement. The number of pixels in an image is called the 
resolution. The pixels, or color samples, that form a digitized 
image may or may not be in one-to-one correspondence with 
screen pixels. In computing, an image composed of pixels is 
known as a bitmapped image or a raster image. 

A. Sampling Patterns
For convenience, pixels are normally arranged in a regular two-
dimensional grid. By using this arrangement, many common 
operations can be implemented by uniformly applying the same 
operation to each pixel independently. Other arrangements of pixels 

are also possible, with some sampling patterns even changing the 
shape (or kernel) of each pixel across the image. For this reason, 
care must be taken when acquiring an image on one device and 
displaying it on another, or when converting image data from one 
pixel format to another.
The number of distinct colors represented by a pixel depends on 
the number of bits per pixel (bpp). A 1 bpp image uses 1-bit for 
each pixel and each additional bit doubles the number of colors 
available. Hence a 1 bpp image can have 21 i.e. 2 colors, a 2 bpp 
image can have 22 i.e. 4 colors while a 3 bpp image can have 
23 i.e. 8 colors. Thus for 16 bpp we have 216 i.e. 65,536 colors 
(“Highcolor”) and 24 bpp we have 224 i.e. ≈ 16.8 million colors 
(“Truecolor”).
For color depths of 15 or more bits per pixel, the depth is usually 
the sum of the bits allocated to each of the red, green, and blue 
components. 

Fig. 3: Geometry of Color Elements of Various CRT and LCD 
Displays; Phosphor Dots in a Color CRT Display (Top Row) Bear 
no Relation to Pixels or Subpixels

The pixel grid is divided into single-color regions that contribute 
to the displayed or sensed color when observed at a distance. 
In some of the displays, e.g., LCD, LED and plasma displays, 
the single-color regions are separately addressable elements and 
are known as subpixels. Thus LCDs typically divide each pixel 
horizontally into three subpixels. It is interesting to note that when 
the square pixel is divided into three subpixels, each subpixel is 
necessarily rectangular. Most of the digital camera image sensors 
also use single-color sensor regions. Cathode ray tube (CRT) 
displays use red-green-blue masked phosphor areas, dictated by 
a mesh grid called the shadow mask. A megapixel (MP or Mpx) is 
one million pixels which also express the number of image sensor 
elements of digital cameras or the number of display elements 
of digital displays. 

IV. Standard Display Resolutions 
The display resolution is the number of distinct pixels in each 
dimension that can be displayed. It is an ambiguous term as the 
displayed resolution is controlled by all different factors in CRT 
and flat panel or projection displays using fixed picture-element 
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(pixel) arrays. 
In digital measurement the display resolution would be given 
in pixels per inch while in analog measurement, if the screen 
is 10 inches high, the horizontal resolution is measured across 
a square 10 inches wide and is typically stated as “xxx lines 
horizontal resolution, per picture height.” As an example, analog 
NTSC and PAL TVs can typically display 480 (for NTSC) lines 
horizontal resolution, per picture height which is equivalent to 
640 total lines from left-edge to right-edge. Figure 4 shows a 
comparison of display standards.

Fig. 4: Display Standards Comparison [Vector_Video_Standards2.
svg]

Some selected standard display resolutions are presented in Table 
3.

Table 3: Some Selected Standard Display Resolutions
Name Megapixels Width x Height
CGA 0.06 320×200
EGA 0.22 640×350
VGA 0.31 640×480
SVGA 0.48 800×600
XGA 0.79 1024×768
SXGA 1.31 1280×1024
UXGA 1.92 1600×1200
WUXGA 2.30 1920×1200

Display resolution applies to fixed-pixel-array displays such as 
plasma display panels (PDPs), liquid crystal displays (LCDs), 
Digital Light Processing (DLP) projectors or similar technologies. 
It represents the physical number of columns and rows of pixels 
creating the display.  The term “display resolution” is used to 
mention pixel dimensions, which does not explain anything about 
the resolution of the display on which the image is formed. 
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