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We Live on a Ball

Eratosthenes

Born: 276 BPE 

Cyrene (in modern Libya)

"Oh that's just a myth. It wasn't one extra straw that did this. It was a Steinway."



Early Evidence of Man’s Understanding 
of Animal Navigation



The Migration of Anatomically 
Modern Humans



Medieval Navigation



Medieval Navigation

Marco Polo
 (September 15, 1254 

– January 8, 1324)



The Longitude Problem

Clock Sextant
compass

https://www.youtube.com/w
atch?v=3mHC-Pf8-dU&t=41
1s

https://en.wikipedia.org/wiki/Sextant


The Age of Maps

james cook
https://www.youtube.com/watch?v=
UM0Zk6-s3UY

Venus



The Origins of Radio Navigation

1907 

Radio: Direction Finding Stations 

Ettore Bellini and Alessandro Tosi in Italy developed the 
first practical direction finding system. Direction finding 
was used operationally in World War I. By the early 
1920s, a series of stations in Europe and North America 
were providing guidance to ships and aircraft. 

Ettore Bellini and Alessandro Tosi in Italy developed the 
first practical direction finding system. 
Credit: National Archives and Records Administration.

https://www.youtube.com/watch?v=
N8rZIAHxAH4

https://www.youtube.com/watch?v=N8rZIAHxAH4
https://www.youtube.com/watch?v=N8rZIAHxAH4


The Origins of Radio Navigation

1913 

Radio: NAA (Broadcast time by radio) 

The U.S. Navy established a radio station NAA in Arlington, 
Virginia and broadcasted time signals. Longitude between the 
U.S. Naval Observatory and the Paris Observatory was 
established through the repeated exchange of radio siganls 
from the NAA towers in Arlington and the Eiffel Tower in Paris 
in 1913-14.  

Towers for U.S. Navy radio station NAA, Arlington, Virginia. 
Credit: D.C. Public Library

https://www.annapoliscreative.com/
naval-communications-history-in-an
napolis-an-anniversary/

https://www.annapoliscreative.com/naval-communications-history-in-annapolis-an-anniversary/
https://www.annapoliscreative.com/naval-communications-history-in-annapolis-an-anniversary/
https://www.annapoliscreative.com/naval-communications-history-in-annapolis-an-anniversary/


The Origins of Radio Navigation

1926

Radio Range  

The U.S. National Bureau of Standards undertook the creation 
of a nationwide system of directional radio beams called the 
Radio Range to provide guidance for commercial aircraft. This 
system remained in use in the United States until the early 
1970s.



The Origins of Radio Navigation

1942

Gee  

Gee was a radio navigation system used by the Royal Air 
Force during World War I. It measured the time delay between 
two radio signals to produce a fix, with accuracy on the order 
of a few hundred metres at ranges up to about 350 miles (560 
km). It was the first hyperbolic navigation system to be used 
operationally, entering service with RAF Bomber Command in 
1942.

https://www.youtube.com/watch?v=
ycE3U8sGpW0

https://www.youtube.com/watch?v=ycE3U8sGpW0
https://www.youtube.com/watch?v=ycE3U8sGpW0


The Origins of Radionavigation

1944

LORAN

The LORAN system of electronic navigation became 
operational, providing positioning over much of the 
Pacific and Atlantic Oceans with an accuracy similar to 
celestial navigation. The United States shut down its last 
LORAN transmitters in 2010.

LORAN Day and Night Coverage, 1945 By the end of 
World War II, the LORAN system could be used over 30 
percent of the globe.

Credit: National Air and Space Museum, Smithsonian 
Institution.

https://www.youtube.com/watch?v=
PDtHulWGMGg

https://www.youtube.com/watch?v=PDtHulWGMGg
https://www.youtube.com/watch?v=PDtHulWGMGg


The Origins of Radio Navigation

1949   

Atomic Clock  

The National Bureau of Standards (now National Institute of 
Standards and Technology) announced the construction of the 
world's first atomic clock in 1949. The project was an 
outgrowth of the Bureau's studies for measuring electrical 
quantities at microwave frequencies. Based on the vibrations 
of the ammonia molecule, the clock controlled a quartz 
oscillator to drive a clock dial.

First atomic clock
Credit: National Institute for Standards and Technology



The Space Age



First to the Moon

“During the early part of the flight I could not see 
anything through the scanning telescope that I could 
recognize, for instance - a constellation. I could see 
several stars, but I couldn't pinpoint them because I 
didn't know the surrounding stars”.

“Several times the scanning telescope eyepiece 
unscrewed itself in zero g and was found floating in 
the cabin”.

“It is very loose and should be tightened up”.



Space – A New Perspective on the Earth



● Allow large areas of Earth to be viewed at once
● Zoom in for increased coverage
● Access data on places that are hard to get to
● Collect more data & more quickly than ground-based instruments
● See into space better than with telescopes on Earth's surface with no 

atmospheric obscuration
● Allow us to position ourselves and navigate anywhere on Earth



● Sputnik 1 launched on 4 October 1957
● 83 kg and 58 cm wide
● 96 minutes to circle the earth
● Regular beeps told the world it was there
● 142-588-mile elliptical orbit height (LEO)
● Orbited the earth for 92 days

https://www.youtube.com/watch?v=
5M-QinwmdKc



Johns Hopkins's Applied Physics Laboratory (APL – 
Baltimore, Maryland) monitored Sputnik's radio 
transmissions 

Within hours they could pinpoint where the satellite 
was along its orbit



Frequency

❖ Within one year John Hopkins APL started exploring the INVERSE effect 
❖ Pinpointing the user's location given that of the satellite



TRANSIT Satellite

TRANSIT was the first operational satellite 
positioning system. Six satellites gave worldwide 
coverage every 90 minutes and provided 
positions that were accurate to within 200 meters 
(660 feet). Positions were obtained by measuring 
the Doppler shift of the satellite signal. TRANSIT 
was effective, but it was limited by low accuracy 
and lack of 24-hour availability. The TRANSIT 
system operated until 1996



Transit
● 1959: Development started
● 1964: Operational for military use
● 1967: Released for civil use
● 1996: Phased out
● Orbital height: 1075 km (LEO)
● Orbital period: 107 min
● Polar orbits i ≈ 90°
● Two carrier frequencies: f2 = 400, f1 = 150 MHz
● 2-d navigation system only
● Time interval between position fixes: 35 to 100 

min
● Accuracy (1 σ ): 200 m ... 400 m



 

The Navy Navigation Satellite System 1967
https://www.youtube.com/watch?v=FfJILjNak0U

The Omega Navigation System (1969)
https://www.youtube.com/watch?v=7mFAemn1pS
w

https://www.youtube.com/watch?v=FfJILjNak0U
https://www.youtube.com/watch?v=7mFAemn1pSw
https://www.youtube.com/watch?v=7mFAemn1pSw


Timation – Highly accurate Satellite based time 
keeping system Developed by the US Navy 

Pioneering the development of atomic clocks 

Around the same time the US Airforce was 
funding the System 621b project That aimed 
to provide a 3D satellite based navigation 
system utilising something called Pseudo 
Random Noise



NAVigation Satellite Timing And Ranging
Global Positioning System

Operated by the United States Space Force (USSF) 
Schriever Air Force Base

Colorado Springs, Colorado

US government developed and operated (>>$32b landed investment)
GPS receiver and signal specifications made available in 1983 - for the public good!

1st SV launched in 1989, 24th in 1994
Selective Availability switched off in May 2000 (GPS III will not include SA)



❏ Provide world-wide coverage, 24 or more MEO satellites
❏ Rely on timing synchronisation; and ranging
❏ Should be interoperable
❏ Main systems are GPS, GLONASS, BEIDOU & GALILEO
❏ Consist of MEO, GEO, GSO & IGSO



❏ Global Navigation Satellite Systems
❏ Horizontal positioning accuracy up 

to 5m, anywhere in the world in 
open sky conditions

❏ Nano-second timing
❏ Sovereign capability
❏ Multiple use
❏ Free to use signals
❏ Driver for economic activity
❏ Critical Infrastructure

GPS III BEIDOU

GALILEO GLONASS



GPS Satellite History



GLONASS Satellite History



GLONASS Collection History







www.gnssplanningonline.com



Some common GNSS Applications include:
● Transportation
● Timing
● Machine Control
● Marine
● Surveying
● Defence
● Port Automation
● Portable navigation devices
● Air, marine, and ground based vehicle navigation



Surveying



GIS



Port Automation



Defence



Equipment
There are different types of GNSS equipment available depending on the application and 
project requirements



Positioning:
Determination of position and attitude (orientation) 
in three dimensions and their changes in time

GNSS! Guidance:
Providing direction to get from A to B

Navigation:
Positioning and guidance from an initial position to 
a destination

Navigation = Positioning + Guidance



Other systems 
        – VLBI

– (LLR – not since ITRF2000) 
– SLR
– GNSS
– DORIS



Thank you for Your 
Participation

Halmat Atta Ali

https://www.esurveyiq.com/

https://www.esurveyiq.com/

