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MULTIPATH DETECTION TECHNIQUES

MULTIPATH DETECTION AND MITIGATION BY
MEANS OF MULTI-CORRELATORS

v" A multi-correlator approach can be followed in order to realize
=  Multipath Detection and Monitoring
=  Multipath Mitigation

v" By using the same basic principle (linear combination of the
correlators’ outputs) one can obtain:

=  Multi-correlator-based real-time multipath monitoring system

*  Provide user with instant information regarding multipath affection of
signals

« Implemented in Matlab as RTMM (Real-Time Multipath Monitor)

=  Optimum S-Curve Shaping, by means of a coherent code phase
discriminator defined as linear combination of the correlators output

*  Determine optimum S-Curve to mitigate multipath
« Implemented for various GNSS signals in a real-time software

receiver gy
T
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MULTIPATH DETECTION TECHNIQUES

REAL-TIME MULTIPATH MONITOR - 1

v" Real time multipath monitor based on multi-correlator

observations
v Allows instant detection of multipath signals and thus to
v Exclude the observations
v De-weigh the affected observations
v"  Determining optimum metric (i.e. a suitable combination of
correlator peak observations), the monitor can be made very

sensitive
v Extremely weak multipath signals can be detected
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MULTIPATH DETECTION TECHNIQUES

REAL-TIME MULTIPATH MONITOR - 2

1.5

v"  Presence of multipath signals
— Distortion of correlation function 1
v" Use combination of multi-correlator 1
outputs to set up a variety of test metrics s
v" Multipath distorts correlation function 05
— Correlation values for indicated
correlator positions are distorted
— Test metrics itself are affected

v |dea of RTMM: Constantly monitor set of test metrics and compare to
threshold

v" Test metric exceeds corresponding noise level —» multipath present
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MULTIPATH DETECTION TECHNIQUES

REAL-TIME MULTIPATH MONITOR - 3

v" Huge variety of test metrics can be defined

v Examples

v Set of test metrics needs to be condensed in order to

Type of Test Mefric Formation Example(s)
Delta-Tests (! x— 1 —X) - g1 _}') I s = Ligors _ 105 =100
J?'Z Jr-+£J_1 I+0.1
. . I -1 L 05— Lgos
Symmetric Ratio Tests L8, ) = b
II’ Jr—O.CITS
. . Iy and ‘v Tops or 1
Simple Ratio Tests ~t — = T
II' I_‘[’ I—O_I I—O.O?i
. . . (IX _II') (I—O.l _I+0.25)
Differential Ratio Tests — T
IZ I—O.Oj

v" Eliminate mutually depending metrics
v Provide metrics sensitive to

v" Short/long delay multipath

v Weak/strong multipath signals
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MULTIPATH DETECTION TECHNIQUES

REAL-TIME MULTIPATH MONITOR -4

v RTMM implementation

-} RTMM: Real Time Multipath Monitor =10 x|
File Options Tools &
— Select Data Source — GPS Info -
WeskNo.  TOW[s] Foskion
‘o Sermpnn|.-.-r1: | * CEM3S (" OEM4N (" OEM4UN 134365 B[] nia
El. Titne [2] L[l nia
 File | 864 Hm] nia
PRI Status : Visualization
Cho Ch1 Ch2 Ch3 Ch4 Chs Ch ChT Chs Cho Ch10 Ch1 |—
g
PRH i 9 26 28 29 3
-"M\. .

Azimuth 875 2954 170.4 554 166.7 B7
Elevation 439 596 503 24 1 412 B4 ra
CHo 42 436 4241 412 42 418
Sm. CMHo | | 4 1

[ Disp. Corr. Func.  [¥ Disp. Discr. Func.
Multipath Status _ Options

Threshold Expansion Factar 4

False Alarm Rate 6.33E-5

Smoothing Time Constant | 100

[ Creste Log File

[ Display Skyplot
[ Display Posttioning Results
[ Display Metric Ch. ho. 1
Metr.No. [ 1
Start Monitoring! | Exit |

Institute of Geodesy and Navigation

PRESENTATION FOR ICG WG-B 2009 - SLIDE 6



MULTIPATH DETECTION TECHNIQUES

REAL-TIME MULTIPATH MONITOR

v" Performance
v" Detection of multipath signals with extremely low SMR
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v" Exclusion or de-weighthing of multipath-affected signals
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MULTIPATH DETECTION TECHNIQUES

REAL-TIME MULTIPATH MONITOR -6

v Benefits
v Real-time capable, thus instant multipath
monitoring
v Unambiguous identification of multipath affected
signals possible
v Monitoring scheme easy to be implemented
v Detection of weak multipath sighals possible
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OPTIMUM S-CURVE SHAPING

OPTIMUM S-CURVE SHAPING FOR MULTIPATH
MITIGATION
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OPTIMUM S-CURVE SHAPING

SHAPE AND FITTING OF THE OPTIMUM S-CURVE

v
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OPTIMUM S-CURVE SHAPING

OPTIMUM S-CURVE SHAPING
ASSESSMENT OF THE PERFORMANCE

CBOC Data Channel - BW =14 MHz

Multipath Envelopes
0.06 ; ‘
—Narrow E-L, 0.1 chip spacing
—Double Delta, 0.05-0.1 chip spacing
0.04/ —Optimum S-Curve, Res=0.038 chip | |
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CBOC Data Channel - BW = 14 MHz
Multipath Errors
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Double Delta, 0.05-0.1 chip spacing
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MULTIPATH DETECTION AND MITIGAITON TECHNIQUES

SUMMARY

v Instant multipath monitoring approach has been
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MULTIPATH DETECTION AND
MITIGATION

THANKS FOR YOUR ATTENTION!
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