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Motivation

A To explain some urban-canyon IF samples
correlation shapes analysis results that
iIndicated occasional presence of multipah
components ahead of the LoS one

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

A To propose extension of the basic model, or
to actually encourage consistent use of the
model found elsewhere (reference [16])
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Can the traditional multipath modeling be (a part of)
problem for GPS location in difficult environments?!

A Urban-Can)/On Physical delay related
i Vehicular and pedestrian \

A Real-Time Kinematics v (g t—Ar (1) -
i i . i t = m
ﬁéw%nlgs [ landing 3 mzzoam {exp jAng)}
ulaed weaponry /

A Missiles interception

A Miniature Autonomous . e
: : ot captured the relationship
SyStemS GNC appllcatlon between the Doppler offsets

A Space applications and the code phase shifts on
the multipath components
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Derivation by paralleling the approach used in

Won J.H.,AA note on the group del ay
associated with GPS signal pJouonpl afgha t 1 C

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 1
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 ?!

(t) = ao{gKu o) jt _y(o]equ b.+op <t)]+9}

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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Comparison between group propagation ranging
and ranging based on the energy propagation

A Group propagation* A Energy propagation**
A Instantaneous range R, A Instantaneous range R,
A Measured range: A Measured range: R= R,

— — I ** Energy propagation based
A R_RO (1+V/C)_(R0/C)(C+V) ranging assumes sending and

217 receiving a steep signal
. transition, and not an
A R=U (c+v) envelope or phase transition
o o as is case in the GPS ranging
= = 1721
A U=R/c LCB (1+V/C) I°?! I * Group propagation ranging
A Total delay equals initial fC“tlca”y d?pencils on accurate
(physical) delay, plus the requency; an alternative

Interpretation of the GPS
group delay accumulated ranging may Or e

during the signal transition
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Refl. R,+2-s, -
Physical distances
| S.OY LoS R,

LoS R=R,(1 _lc)

2 Ic
Measured distances i
Refl. (R, +2-S,) (1% /c)
| ]
Physical distance R
LoS T k ’5\?’
Measured distance Ry 2
Physical distance (R, + 2:s,) to R,, or to (R, + 4-S,) 2s,
Refl. T
Measured distance (R, + 2's,) (1£ 2: /c) to Ry(1- 2: /c), or
to (R, + 4-s,) (1+ 2 /c)
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Refl. R,+2-s, -
Physical distances
| sOY LoS R,

<> LoS R=R,(1 _/c) 2 Ic
Measured distances i
Refl. (R, +2'Sy) (1% /c)

~ (tgoing from tyto t,+T, where T=s,/ )
So Y Ro
| Q
Physical distance R
LoS ? ° 22'
Measured distance  Rq 2
., Physical distance (R, + 2.s)) to R, or to (R, + 4-S,) 2s,
Refl. l Se
1

O Measur ed (Rg+2ssj @n2¢ /e) o R, (1-2- /c) -(2- /c)T , or
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Mobllity situations with aligned Tx, Rx, and Reflector, 1/2

reflector reflector
. I
TX Rx : TX Rx o <_:
' I
l I I
<— 5 —> <— S —>
l LoS :
r(t) = P(t)SINE,) + PIt — 7,0y (D] SINE@,Y)
L T Reflected
w,=0.1-—), o',=0.(1+—)
C C
: : 2s, t 20
CrUCIaI Assumptlon; —> | Tiotal (t) - z-phys,ical(t) + T(t) Tphysical(t) = c (1 @_F) T(t) = —?t
in line with the GPS t=0  Tomeea(®)=2=1,
LoS group C
i 2 T, 2
F,)r()pagat'or:l based C Tem(t)= >0 1-=)- % _ -7, Moving toward
6ranging equationo @ T ¢
at t=T=s,/v
Tiotal (t) = 280 1+ ;) + 280 = 370 Moving away
C
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Mobillity situations with aligned Tx, Rx, and Reflector, 2/2

reflector reflector
| |
TX Rx : Tx Rx |
| i
|
T T‘_’sokm/h : T T.‘_’6.5km/h :
I I : |
<— 15m —>l €— 75m 9:
|
| |
2 .
t=0; Tpnysicall(0) = 275" =10s & 0.Xhip’ t=0; T nysical(0) = TS" =0.5us €& 0.&hip;
t=T=5/0v=1.01s t=T=5/v=40s
2 T, 2
T (1) = % (l—I) _2%__joms Rxtoward T () = S 1-)-3D__ggps Rxtoward
C T ¢ the reflector C T c the reflector
Rx away from > Rx away from
Tioa (1) = 2—S°(1+I)+§ =30ns  the Reflector T (8) =2 (L I)+§ =1.54s  the Reflector
C T C (o T C
Relative Doppler shift 150 Hz - Relative Doppler shift 13.5 Hz i
13.3 dB attenuation for 10ms Coch. Integr. Few dBs for even 50ms Coch. Integration
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Need to fully capture the Doppler effect on code
phase for all the multipath components involved

v 9] 146, (1) t=y () -Ar, (1) | y AT (1)
s t=>a, [ | } versus s t =) o J | (V)
m=0 eXp j|:a)c+a)r2 ():|t +¢ +,8 m=0 exp jAQm
&, - Scaling relative to LoS, ¢, =1 a(t)

A7, - Physical code delay relative to LoS, Az, =0

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

@y, - Doppler shift on m-th signal component

¢ =— o, +w; y+¢ ,with ¢ the Tx signal phase

Base-
&, (t) = op(t)/ o, the Doppler shift to carrier freq. - o
ratio, or the Osfpeed actor
() =v,(t)/cC output

AT (t) = AT (1) — £ (1) -t
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Situation where the reflected path becomes tracked in lieu of LoS

Reflected

+2cp':® ?
Cre pd R

Actual LoS Reflected opd
2 oy LoS
LoS
Reflected ~efiected
eflecte
.... . LoS

v

LoS component tracked, unless it
IS appreciably attenuated with

. Reflected component tracked
respect to the reflected signal P

although the LoS is stronger !?
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Measurement campaign slides, 1/3

-
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Measurement campaign slides, 2/3

8/19/09 ION SCS Briefing




Neither corroborated nor refuted the findings of the analysis

A moving receiver i fixed reflector R
] RX away from fr-cp-sm-from01-sv24 data, 1Hz\\

A 2MHz bandwidth only IF sampler reflector N

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

A re-broadcasted open-sky signal into a yy P '
pedestrian t usecton) (80 | ’

A difficulties with aligning of reflector,
sensitivity to its angle adjustment x10°

A problems with large ratios of the LoS and
the reflected component at large T
separations from the reflector (due to
logarithmic free-space attenuation) Rx toward reflector |

A unfortunate back-to-back antennas L

arrangement (shadowed reflection?) o

A not sure if the reflecti ng‘.sur face wa:
e n o ulgdiffdse vs. specular reflection, .. N
refl ection coefficient (p|“\L\JL\‘\\l;\he 1606
between the two metallized sheets) ?!? LA

Side-peak trajectories: = => Traditional; Alternative
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