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Motivation
ÅTo explain some urban-canyon IF samples 

correlation shapes analysis results that 
indicated occasional presence of multipah 
components ahead of the LoS one 

ÅTo suggest that by inclusion of the related 
propagation mechanisms into multipath 
channel model more efficient multipath 
mitigation techniques could be devised

ÅTo propose extension of the basic model, or 
to actually encourage consistent use of the 
model found elsewhere (reference [16])  
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Outline

ÅDeficiency of traditional miltipath model

ÅDoppler- to code phase-shift conversion

ÅEvaluation in some simplified scenarios

ÅEnhanced multipath channel modeling

ÅImplications on acquisition and tracking

ÅInconclusive experimental trials report  

ÅExamples of otherôs measurements

ÅConclusions



8/19/09 ION SCS Briefing 4

Outline

ÅDeficiency of traditional miltipath model

ÅDoppler- to code phase-shift conversion

ÅEvaluation in some simplified scenarios

ÅEnhanced multipath channel modeling

ÅImplications on acquisition and tracking

ÅInconclusive experimental trials report

ÅExamples of otherôs measurements

ÅConclusions



8/19/09 ION SCS Briefing 5

Can the traditional multipath modeling be (a part of) 

problem for GPS location in difficult environments?!

ÅUrban-Canyon
ïVehicular and pedestrian

ÅReal-Time Kinematics

ÅAvionics ïlanding

ÅGuided weaponry

ÅMissiles interception

ÅMiniature Autonomous 
Systems GNC application

ÅSpace applications
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Derivation by paralleling the approach used in
Won J.H.,ñA note on the group delay and phase advance phenomenon 

associated with GPS signal propagation through ionosphere,ò Journal of the 

Institute of Navigation, vol. 52, no. 2, pp. 95-97, Summer 2005.
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How to use and/or interpret this code Doppler with 

respect to dynamically changing physical range ï

is the time difference between transmission and 

reception of a particular GPS LoS ranging code the 

correct measure of instantaneous physical 

separation, or is it modified by accumulated group 

delay (code Doppler) during signal transition time ?! 
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Based on this commonly used GPS LoS signal 

propagation model, can we say that the measured 

delay is always a sum of physical and accumulated 

(code Doppler) group delays, and then generalize 

this to all the reflected components as well !?! 
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ÅGroup propagation*

ÅInstantaneous range R0

ÅMeasured range:

ÅR=R0 (1+v/c)=(R0/c)(c+v) 

?!?

ÅR=Ű0 (c+v)

ÅŰ=R/c=Ű0 (1+v/c) !?!

ÅTotal delay equals initial 

(physical) delay, plus the 

group delay accumulated 

during the signal transition

ÅEnergy propagation**

ÅInstantaneous range R0

ÅMeasured range: R= R0

ï** Energy propagation based 
ranging assumes sending and 
receiving a steep signal 
transition, and not an 
envelope or phase transition 
as is case in the GPS ranging

ï* Group propagation ranging 
critically depends on accurate 
frequency; an alternative 
interpretation of the GPS 
ranging may órefuteô the STR

Comparison between group propagation ranging 

and ranging based on the energy propagation
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Mobility situations with aligned Tx, Rx, and Reflector, 1/2
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Mobility situations with aligned Tx, Rx, and Reflector, 2/2
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Need to fully capture the Doppler effect on code 

phase for all the multipath components involved

( )
e

D
mj t t

'
0

1 ( ) ( ) ( )

exp ( )

M m m

r m D
m c m

g t t t t
s t

j t t

m - Scaling relative to LoS, 0 1

0

( )

exp

M
m

r m

m m

g t t
s t

j
, versus

m - Physical code delay relative to LoS,
0 0

- Physical delay of the LoS component (m=0)

D

m - Doppler shift on m-th signal component

'

0

D

c , with the Tx signal phase

( ) ( ) /D

m m ct t , the Doppler shift to carrier freq.   

ratio, or the óspeedô factor

( ) ( ) ( )total

m m mt t t t to be explicitly emulated at the simulator ódelay-lineô taps

X

Ɇ

( )g t

Base-

Band

outputctt mm /)()(



8/19/09 ION SCS Briefing 17

Outline

ÅDeficiency of traditional miltipath model

ÅDoppler- to code phase-shift conversion

ÅEvaluation in some simplified scenarios

ÅEnhanced multipath channel modeling

ÅImplications on acquisition and tracking

ÅInconclusive experimental trials report  

ÅExamples of otherôs measurements

ÅConclusions



8/19/09 ION SCS Briefing 18

Situation where the reflected path becomes tracked in lieu of LoS
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Measurement campaign slides, 1/3



8/19/09 ION SCS Briefing 21

Measurement campaign slides, 2/3
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Å moving receiver ïfixed reflector

Å 2MHz bandwidth only IF sampler

Å needed 75m of the maximal separation to 
detect 0.5 chip delay with no difficulties

Å re-broadcasted open-sky signal into a 
pedestrian tunnel (8ô by 8ô x-section)

Å difficulties with aligning of reflector, 
sensitivity to its angle adjustment

Å problems with large ratios of the LoS and 
the reflected component at large 
separations from the reflector (due to 
logarithmic free-space attenuation)

Å unfortunate back-to-back antennas 
arrangement (shadowed reflection?)

Å not sure if the reflecting surface was ógood 
enoughô ïdiffuse vs. specular reflection, 
reflection coefficient (plus the 1ôô separation 
between the two metallized sheets) ?!?

Neither corroborated nor refuted the findings of the analysis
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