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GPS Observables (Types, Errors and Quality)

Welcome friends this is the 9th class on GPS surveying. Today | am going to discuss on
GPS observables. As | told you in the last class that GPS observables are required to get
the ranging information of the satellites from the receiver. So, this is the most important
parameter required to determine the position of a receiver.

Now, these reservables are sometimes associated with also some errors. So, today's class
I am going to discuss on, in the beginning I will like to discuss on GPS observables its

types and then the errors that the GPS observables carry with.

(Refer Slide Time: 01:13)

CONTENTS

* INTRODUCTION
* GPS5 OBSERVABLES
— CODE PSEUDO-RANGE
— PHASE OBSERVABLE
= PHASE PSEUDO-RANGE
= ERRORS IN GP5 OBSERVABLES
— GROS5ERROR

—  SYSTEMATIC ERROR
— RANDOM ERROR
*  QUALITY OF GPS OBSERVABLES
— URA
- URE
~  SATELLITE GEOMETRY

And finally, because the quality of the GPS surveying will depend upon the quality of
GPS observables, we need to test the quality of GPS observables. So, | will like to
discuss on it using three parameters URA means user range accuracy, User range errors

and satellite geometry.
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GPS Observables

e Two types : code pseudo-range and phase observables;
* Either or both are used for GPS positioning.

* Code pseudo-ranges for autonomous and less precise/
accurate positioning

* Phase observables for more precise/accurate positioning.

* Phase positioning makes use of code position as the basis
for its precise positioning.

* GPS observables biased with errors.

Now, what is GPS observable or GPS observables are the parameters which are available
from GPS signal, and basically these are the parameters that is we get from GPS signal
and there are two types of GPS observables that we are interested specifically for GPS
positioning that is code pseudo range and phase observable. Now these two observables
are based on from which part of the signal they are being derived from, like as the name
itself says that the code pseudo range are the range of satellites from GPS satellite to
GPS receiver that is find out from code information of the signal and phase observable is

from the phase of the signal.

Now, this either the code pseudo range or code pseudo range followed by phase range
these two are made used to find out the GPS position. Now, the code pseudo range is
always the fast parameter which is used to find out the position of a GPS receiver and
that is quite approximate then that is the first thing we need to determine and
subsequently for precise estimation of position we need to go for making use of phase
observables. However, since these observables are we received or we get from GPS
signal and GPS signal measurement and the measurements are always associated or with
errors. So, these observables are also having some errors which we need to know in
details so that those errors can be removed are from the observables and we may end up

with more accurate or precise position.



Now, let me discuss on code pseudo range. As the name itself tells code pseudo range is
determined by measuring the time of transmission from satellite to receiver from the
code information available in the signal and the velocity of transmission of the signal

from satellite to receiver.
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So, it is the time of transmission of GPS signal multiplied by the velocity of transmission
of GPS signal. Now this provides us the range, now when the time of transmission of the
GPS signal is measured from code part of the GPS signal then it is the code range and
also this, you can see this; that means, there are two parameters we need which is
involved in range competition. So, this measurement of these parameters involved some
errors and also the there is a lack in synchronization between the satellite clock and
receiver clock. So, primarily due to this and due to other factors there will be large
errors. So, the range which we will get really from the GPS observable that is called not

the actual range, but the pseudo range.

So, it is measured from using code. So, code pseudo range this is actually this is
available with us, available from GPS signal as observable. So, in subsequently we need
to process these observables to find out the actual range. So, actually code pseudo range
is equal to geometric range plus. So, code pseudo range that we get from GPS signal this
is the geometric range; that means actual range plus the error due to time synchronization

plus other error. So, this is what is our GPS code observable, this will consist of these



three parts so we need to know these errors and we have to remove this thing and after
removing this thing we have to determine this time synchronization error and once we
know this thing then from this and this we will be able to find out the position correctly,
this is the idea.
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GPS Observables...
CARRIER PHASE OBSERVABLE

The carrier phase of a GPS signal at the epoch of its emission from SV differs from its phase at the epoch
of its reception by user receiver.
Difference in phase of a GPS signal at the epoch of its emission from SV from its phase at the epoch of its
reception by user receiver.
Includes integer number of cycles of the carrier frequency between these epochs
During GPS observation, receiver measures fractional part of phase difference
Receiver also keeps count of the number of cycles that have been arrived from the satellite since its first
epoch of measurement.
Number of full cycles that the signal travelled between the SV and receiver before the first epoch of

ment remains unk and known as integer ambiguity.
Integer ambiguity remains associated with all the measurements

Carrier phase observables are associated with errors (E, in terms of phase angle).
Error associated with carrier phase observables is different from that associated with pseudo-range.
Carrier phase observables of different carrier frequencies i.e., of the L1, L2 and L5 will be different.
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Next observable the other type of observable is Carrier Phase Observable.
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Basically career phase observable is the difference in phase between the signal that is

transmitted by the satellite and at the instant of its transmission and the instant of its



reception at the receiver. So, we will find that there is a phase at the time of transmission
say phi t and and there is a phase suppose at the time of reception. So, the difference
between these two is what is carrier phase, but this also includes plus number of full
cycles that the signal travels during transmission to reception.

So, if we see like this is suppose satellite and this is the receiver. So, what is there, we
can see that is a phase transmission and the phase reception, but in between these two
phase there will be suppose this is the; now I can see here that is a difference between the
transmission and reception, but apart from that there will be full numbers of cycles. So,
like that there will be full numbers of cycles. So, the carrier phase of them will
fundamentally consists of the difference in phase between the transmitted between of the
signal at that instant of transmission and that at the time of reception plus full numbers of
cycles.

Now, for these actually GPS receiver counts the actually measures the phase at the time
of transmission as well as at the time of reception, as well as it keeps the counts the full
number cycle that it transmit that it receives between two consecutive epoch. But, the
receiver will not be able to register the full number of cycle that the signal has struggled
before the first epoch of observation. So, always there will be a number, an integer
number n which will be associated with the carrier phase measurement observable which
is not known for the user and that is known as integer ambiguity. So, in case of phase
measurement there is another parameter which is coming which is not known and apart.
So, we may end up with a relation like this carrier phase observable will be equal to a

geometric range plus integer ambiguity plus fractional phase difference plus errors.
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Now, though we have find that the errors are present both in case of pseudo range
measurements as well as carrier phase observable, but the amount of errors in carrier
phase observable will be different from that available in pseudo range that is one thing
has to be mentioned or to be marked. That the amounts of error that will be available
along with the observables are different for different types of code as well as different for
different types of carrier, as we know we have different types of code like ¢ a code p
code etcetera, so the errors will be different in this case. Similarly we have L1 L2 L5
carrier frequency for them also errors will be error 1, error 2, error 3, something like that.
So, we can we see that the both the observables are fought with errors and since the GPS
position will depend on the GPS observables. So, these observables should be free from
those errors otherwise our position determination from those observables will also be

associated with some errors.
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ERRORS IN GPS OBSERVABLES

* Observables contain mistakes and errors

* Arise out of different sources including interaction of GPS
signal during its transmission through atmosphere;

* Important to know in detail about these to obtain
corrected observables.

* Three broad types: mistakes or gross errors, systematic
errors and random errors.

* Errors, systematic in nature, can be modeled and reduced
or removed from GPS observables.
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So, | will now discuss about errors, Errors in GPS observable.
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The errors in GPS observables arises out of different sources, different reasons.
However, from the nature of the errors we do classify the errors under three categories -
number one, cross error; number two, systematic error and number three, random error.
Now, gross errors are the errors or sometimes we say as mistakes that are caused due to
undesirable condition as well as it depends also on persons who is taking the GPS data,

or also maybe due to some other reasons which is not seen to the observer.
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ERRORS IN GPS OBSERVABLES: Gross Error

caused due to undesirable field conditions, confusion and carelessness of the
observer etc.

need to be identified and removed from observables immediately after
collection of GPS observations and subsequently need to be corrected/reduced/
minimized through pre-processing of GPS data.

Sources
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intermittent or permanent obstructions during its transmission from the satellite to the
receiver : leads to poor quality of GPS observables and/or loss of lock satellites
interference and/or jamming of the signal by electro-magnetic field around

Incorrect or faulty leveling and/or centering of receiver antenna.

Error in orientation and/or measurement of antenna height etc.

Error arise out of the unstable observation stations, occupation of wrong stations, faulty
station marks etc.
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However, these errors need to be removed immediately after collection of GPS data. So,

of course, before we move in we need to identify whether our data is associated with

gross error or not and if the data is associated with gross error then we have to relate

those errors.

Now, what are the sources of gross errors? The most important and widely prevalent

gross error is due to the physical obstruction of the signal as it is received from supply.
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Because many times we will see that our signal may not get clear sky, they may be
interrupted by some trees or there may be some birds which are flying, so the signal may
be disturbed by them or there may be some aeroplanes, or may be other way how it can
be there. That means, physical obstruction of signal during its transmission from satellite

to receiver due to that there may be some gross error.

Another important source is that interference of the signal because GPS signal is
electromagnetic in nature and there may be some electromagnetic field in the field like
transformer there may be high tension line or there may be (Refer Time: 19:10) activity
in the atmosphere. So, all those may get some interference in the GPS signal which may
lead to some gross error. Apart from that the observer may not take care to set up the
instrument exactly on the station or it may not be levelled properly or the measurement
like height of the instrument measurements all those things may not be taken properly.
Sometimes there may be instability in the station occupation. So, all these causes gross

errors in the data. So, the how we can minimize or remove?

First thing is that we should plan our GPS observation in such a way that there is enough
number of satellites visible during the time of observation. We should keep enough cut
off angle, cut off angle, now what is cut off angle? So, it is the angle which we have to
provide to the receiver at the time of receiving this signal beyond which there will not be
any obstruction. So, suppose cut off angle is 15 degree we have given. So, we should see
in the field that if we take a line having 15 degree from horizontal there should not be
any obstruction like this, so this is cut off angle. So, in that case there will be less

possibility to get obstruction.

Then another thing we have to see that they are near the station of observation there
should not be any transformer or high tension line. So, that there is no interference of the
signal. Then before setting up an instrument we should take care that this station is on a
stable ground, and it has been properly levelled as well as centred properly and the
parameters to be noted down has to be taken properly like height of the instrument and
many other parameters we will be in need that those has to be noted down properly for
subsequent use. So, the best way to avoid gross error is to take care before starting our
observation. Once the observation is available then we have to check whether there is
any gross errors then, that has to be removed those data has to be removed from further

computation.



Next source of errors are systematic errors, systematic errors are errors which definitely
follow some physical rule. So, this is specific to the instrument or procedure related. So,
GPS there may be different types of systematic errors that is present in that may be
present in GPS observation; that may arise out of our satellite space segment; that may
be arises out of that during transmission through atmosphere, it may be arises from the
receiver or may be other way. This in detail | will take up in the next class. But

systematic error can be minimized or removed because it follows some physical rules.

And the last, but not least in also important is the random error which does not follow
any definite rule. So, it cannot be modelled and we do not have any control on random
error. So, that can only be limited by taking proper care during planning and execution of
the serving and later after removing the gross error and systematic error when the data
will be processed then we we should check about the random error. If it is available then
statistically we have to adjust the error among different parameters so that the effect on

position gets minimized. So, whatever it is.
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Observable Equations

Pseudorange observable equation
PR = py + cot, - odt' +1{+T}+ dt,+ dt’ +d} + €}

Carrier phase pseudorange observable equation
Li=pl+ Ao NM1) +cdt,- ot -I/+T'+ dt,+ dt' +d| +¢|

where, Nj(1) is initial ambiguity; cdt, receiver clock
error; cdt’ error is satellite atomic standard; ionosphere
error is I,", tropospheric error, T)'; receiver hardware
error, dt,; satellite hardware error, dt'; multipath error is
d}and random error is &

* Errors associated with code and phase observables differs and also
between the types of codes as well as on the type of carrier.
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So, these errors will be available so with this errors we can say that the observable
equations we find like this or pseudo range is the genetic range then it is the error due to
your receiver clock error, error due to satellite clock error, ionospheric error, topospheric
error, receiver satellite hardware error, then this is multipath error, then it is the random

error.



So, we can say that the pseudo range consists of so many parts like geometric this is the
thing which we are really looking for, but there are so many errors which we have to
reduce or minimize or reduce or take out. Similarly carrier phase this is also having these
parameters like additional parameter this one that is called integer ambiguity parameter.
But, though | am using the same symbols the amount of error those will be associated
with code pseudo range observables, and those in the phase observables will not be the

Same.
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QUALITY OF GPS OBSERVABLES

Accuracy of GPS surveying depends on the quality of the GPS observables.
Quality of the observables also depends on the amount of errors associated
with them.

Errors also arise out of the rotation of the earth and relativistic effects.
Error also depends on receiver-satellites geometry.

Errors get introduced into the process out of the simplistic model as well as
due to lack in conformity between estimation model and physical process.
Errors associated with GPS observables are analyzed in terms of their effect
on the range determination.

Quantities like Dilution of precision (DOP), User range accuracy (URA), user
range error (URE) helps to define/designate quality of GPS observables.

@ oo | (R

Anyways, ultimately the quality of the GPS observable will depend on what is the

amount of error that is available in the observable.

So, now | will talk on Quality of GPS observable.
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So, the quality of the GPS observable will depend upon what is the amount of error that
is it has; the errors that will be available in the GPS observable already | had told you
different sources, apart from that there may be error due to earth and relativistic effect,
due to the geometry of the satellites with respect to the receiver then, the models that will
be used for to remove the errors, maybe very simply enough it does not represent the
physical process, an error may come. So, like that there may be different sources;

however, we have some parameters by which we can identify what is the quality.

Number one, by dilution of precision; number two, user range accuracy and thirdly, user
range error. So, these are the three parameters we make use to identify the quality of the
GPS observable. Now from the name itself dilution of precision, now what is that? It is

the parameter which defines the geometry of the satellite with respect to the receiver.
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QUALITY OF GPS OBSERVABLES: SATELLITEGEOMETRY

Quality of GPS observables also di ds on the i eiver y at the epoch of its
observation.

Good y if these are ially well distributed in the sky idering zenith point of the receiver
as the entre for distribution.

Poor y if SVs are in cli d form

Good geometry provides better quality observables and poor of degenarated quality.
Geometry quantified through dilution of precision (DOP).

DOP values defines the quality of the GPS observables.

Lower the DOP value, better is the quality of observables.

Guiding DOP values depend on the type of surveying.

Like you can see here that when the satellites are here - if we take a receiver then the

vertical line above it is called zenith point.
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And if we have our satellites well spread over this, with respect to this line and above the
cut off angle then this geometry is called good and in that case we will have a low dop,
so good geometry low dop. And if the satellites are clustered at some point some location
then the geometry is called this is a poor geometry, poor geometry and our dop value will

be, dop value will be high. So, when we will take our observation the controller will



provide us the dop value. So, if the dop value is low then we will expect that our
observables are of good quality, if the dop value is very high or very high like 8 or 10
something like that then we will think that our observables are not of good quality then
we should stop taking our observation.

Another, so in that way during the collection of the data we can control the quality of our
observation. Now once the data has been received. So, then also we can check about the

quality of this by using the parameter called URA.
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QUALITY OF GPS OBSERVABLES: URA

USER RANGE ACCURACY (URA)
Errors in GPS observations caused by the control segment and that arises out of
transmission of GPS signals contribution to user range error is being quantified as URA.
URA of any particular GPS signal is being specified in its navigation message.
Represented by an index or by a composite of indices stating components of URA.
In word three, bits 13 through 16 provide the URA index of the SV.
URA value is a conservative estimate of RMS error for estimation of accuracy in
pseudorange measurements.
Validity of URA remains over the interval applicable to the transmitted NAV data.
Ll’l‘eAimprovements in accuracies of the ephemeris and clock errors improve the accuracy of
Telemetry word (TLM) of navigational message provides the Integrity Status Flag (ISF) of
the GPS signal. Integrity within legacy level is being represented by "0" at bit 23 of the TLM
word status and "1" indicates that the received signal has an enhanced level of integrity
assurance.

NFTES ONUNE

This URA means User Range Accuracy, this parameter is available in the GPS
navigational data and it is represented by some index which is available in the third word
of the navigational data bits 13 to 16 and this gives us the indication whether our data is
good or not. And also there is a parameter which is available in the telemetry world in
the at the bit 23, if that bit represents 1 that indicates that the received signal has an
enhanced level of integrity; that means, it is a good quality and if it is zero then the
integrity is poor; that means, the quality is not good. So, using this also we can have

information about the quality of the GPS observable.
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QUALITY OF GPS OBSERVABLES: URE

User Range Error (URE)
Error budget present in measurement of range between a user's receiver
and the observation satellite is known as user range error (URE).
URE is being computed by taking square root of the sum of the squares
of the individual errors.

(" WTE ONUNE
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Next, another parameter which is most popularly used that is called URE - User Range
Error. It is a quantitative parameter which we get from; we compute by taking square
root of sum of the squares of individual errors. Actually errors are taken as it effects on
the range measurement. So, what is the error of some particular error, how much it is

causing error in the measurement of a range measurement? So, that is taken.
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So for some parameters of A B C for this parameter what is the error? d A is the error in

range measurement, d B is the error in range measurement, d C is the error in range



measurement. So, your range error will be square root of d A square plus d B square plus
d C square. So, lower the value better the quality of the observable. In that way also we

may test the quality of GPS observable.
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Summary of Today’s Class

1. Ranges of the satellites get obtained from GPS observables

2. GPS observables are of Two types : code pseudo-range and phase observables.

3. Code pseudo-range is obtained multiplying the time of transmission of GPS code signal
(from the SV to user receiver) with its velocity of propagation.

4. Difference in phase of a GPS signal at the epoch of its emission from SV from its phase at the
epoch of its reception by user receiver. Includes integer number of cycles of the carrier
frequency between these epochs.

5. Number of full cycles that the signal travelled between the SV and receiver before the first
epoch of measurement remains unknown and known as integer ambiguity.

6. Observables contain mistakes and errors. These may be considered under three types: gross
errors, systematic errors and random errors.

7. Quality of the observables also depends on the amount of errors associated with them.

8. Quantities like Dilution of precision (DOP), User range accuracy (URA), user range error (URE)
helps to define/designate quality of GPS observables.

9. Lower the DOP value, better is the quality of observables.
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With this | want to conclude today’s class, but before that I will have to summarize GPS
observables of the most fundamental parameters which we like to measure of we like to
take out from GPS signal. There are two types of GPS observables that is available in
GPS signal - one is code pseudo range, which we obtain from the code part of the signal
another is the phase observables, carrier phase observables that is obtained from the
carrier phase of the GPS signal. From these two, using pseudo range we do get the code
positioning and from subsequently we use code pseudo range positioning to find out the

position using phase pseudo range.

These observables are fought with errors and these errors has to be removed or
minimized before we go for processing and the quality of a GPS observable will depend
on how much errors it is associated with less of the error, but for the quality and that we
can judge or we can find out quantitatively using three parameters like that, URA and
URE and the most simple and widely available parameter is dop which we can check
even during our GPS observation, GPS surveying. So, during GPS surveying we should

look for we should take those data when the dop value is less, less means may be 1 or 2



something like that of course, this value will depend upon the nature of the (Refer Time:
33:19).

With this | will have to conclude today’s class. Thank you; see you again in the next
class. Next class | will be taking on systematic errors in GPS observables.

Thank you very much.



