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Know Your Sensor

Know your sensor!

Before you trust or use any sensor, you need to 
understand it. If not, you WILLbe surprised



Three Major Segments

ÅSpace

ï24 active, 6 spares, and a few special Satellite 
Vehicles (SV)s

ÅUser

ïThe receiver you own!

ÅControl

ïCommand and control of SVs



How does it work?

Let us start with an analogy. You are the 
tǊƻŦŜǎǎƻǊ ƻƴ DƛƭƭƛƎŀƴΩǎ LǎƭŀƴŘΦ



Plot the First Line Of Position

0.013957 => 2,600 miles



2nd Line Of Position 

0.011815 => 2,200 miles 



3rd Line Of Position

0.015038 => 2,800 miles



Initial Data

ÅSo after three nights you have:

Å600.313957 s (00:10:00.300000 + 0.013957)

Å600.311815 s

Å600.315038 s

600.313957 * 186280 => 111 million miles

Sun is only 92 million miles away!



First guess

So after subtracting 600 you get:

Å0.313957

Å0.311815

Å0.315038

Error triangle ½ the size of the Earth!



Second guess

So you make a new guess and subtract 600.2 
you get:

Å0.113957

Å0.111815

Å0.115038

Error triangle is now the size of Colorado



Third Guess

So you make a third guess and subtract 600.3 
you get:

Å0.013957

Å0.011815

Å0.015038

Error triangle is the same as before.



Solution

ÅSo by the end of the night, you now know 
where you are (more or less)

ÅAs a bonus you know also know the exact 
time!



Back to GPS

ÅAnd this is pretty much how GPS works.

ÅThe major differences are:

ïThe AM stations are moving at 8,700 MPH!

ÅFast enough we need to account for relativity!

ïThe SVs also send out information as to where 
they are.

ïGPS solves for time, X, Y, and Zposition. 

ïThe SVs send out pulses several times a second 
and not once a day!



4 SVs as a Minimum

ÅThere are 4 variables you need to determine.

ïX, Y, Z positions and time.

ÅhǳǊ Ŝǉǳŀǘƛƻƴǎ άtǎŜǳŘƻ wŀƴƎŜǎέ ƘŀǾŜ ǘƻ Řƻ ǿƛǘƘ 
how long it takes a signal to move from an SV to 
our location. (e.g. 186400 MPH * 0.0025)

ÅTherefore we need a minimum of 4 SVs to get 4 
equations to solve for your position/time.

ïIf you tell the GPS your altitude, you only need 3 SVs. 



Overdetermined

Å But what if can see more than 4 SVs?
ïRemember, you only need 4 to solve your position and time.

Å Using the other SVs can allow you to get more accurate.
Å Assume we can see 5. We can solve for position using groups of 

1, 2, 3, 4 -> Pos1
1, 2, 3, 5 -> Pos2
1, 2, 5, 4 -> Pos3
1, 5, 3, 4 -> Pos4
5, 2, 3, 4 -> Pos5

Å If the receivers can see 10 SVs, then it can generate 210 solutions!
Å It could average these, but in fact it uses more advanced math to 

find a way to combine the answers into the best guess.



Dilution of Precision (DOP)

Just a fancy way to indicate how much error a 
position report is likely to have.



Dilution of Precision (DOP)

Errors can be reported in many ways

ïhDOP- Horizontal DOP (lat and lon)

ïvDOPςVertical DOP

ïtDOPςTime DOP (in seconds)

ïgDOP- Geographic (x, y, and z)

ïΧ



Dilution of Precision (DOP)

DOP takes into account:

ïNumber of SVs in view

ïLocation of the SVs relative to you

ïThe current ionosphere distortion

ïThe variability in the overdetermined solutions



Space Segment

Size of a school bus!



Sample Ground Track

ά¢ǊƛƳōƭŜ hŦŦƛŎŜέ



Local map

4 hours at Nashua

ά¢ǊƛƳōƭŜ hŦŦƛŎŜέ



Control Segment



Signaling

ÅSVs do not get data from User equipment.
ïYour GPS module does not send anything to the SVs. 

Only the Control segment talks to the SVs

ÅThe strength of the SV signal is miniscule at the 
ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜΦ 
ïSophisticated signal processing must be used to pull 

the signal from the background noise.

ÅThe signal is distorted by the ionosphere.
ïThe charge particles in this layer of the atmosphere 

can slow down the RF transmission speed. This is 
often the predominant error in GPS positions.



Signaling

ÅThe primary civilian frequency (L1) is spread 
spectrum centered at 1.57542 GHz

ÅSVs send out a chirp that is synchronized to 
the GPS time that is common across all SVs.



Signaling

Å¢ƘŜ Řŀǘŀ ŎƻƳŜǎ Řƻǿƴ ŀǘ ŀ ΨǎǘŀƎƎŜǊƛƴƎΩ рл ōƛǘǎ 
every second (6.25 bytes per second).

ÅIt takes 12 ½ minutes to transmit a full cycle of 
the various messages.



Ephemeris

The Ephemeris is data that is specific to the SV 
sending the data (orbit data)



Almanac

ÅThe Almanac is data related to the whole Space 
Segment.
ÅIt provides information about the current 

propagation delays through the ionosphere.
ïThe Ground Segment computes what the delays must 

be and uploads that information to the SVs to 
download to the User Segment.

ÅIt takes a full 12 ½ minutes to download the 
Almanac from a single SV. If your receiver is 
smart, it can speed this up by downloading 
different chunks from multiple SVs in parallel.



Almanac and Ephemeris

ÅWithout the Ephemeris for each SV it is not 
possible to solve the equations.

ÅWithout the Almanac, you can get a solution, 
but it will not take into account the current 
ionosphere errors.

ÅWaiting the full 12 ½ minutes for the Almanac 
will give you much improved results.



Accuracy of the System

ÅAssuming
ïNon military receiver
ïSelective Availability not active (currently off)
ïGood view of lots of SVs (10+)
ïGood orientation to the user
ïMinimal multipath errors
ïLow sun spot activity
ïΧ

ÅThen, 7.8 meters horizontally 95% of the time (spec)
ïIn practice +- 3.0 meters 63% of the time.
ïVertical error is often MUCHworst, sometimes exceeding 

+-50 meters!




