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avigation results

Test Mean Stid Max.
51 0300 0296 2.468
SIM | 0.580 0795  4.049 We also
SIE 0280 0287 227
Horizontal  SIME | 0.380 0405 2317 want to
e 52 0.660  0.698  2.002 :

Positioning  s3m | ose0 0619 2007 Provi de

S2E 0.691 0709  2.088 : :
Error SIME | 0.876 0.658  2.028 Inteqgrity:

33 0261 0274 1915
S3IM | 4.849  6.635  20.048
S3E 0296 0324 2289
SIME | 0279 0426  2.944

Test Mismatch Mismatch ~ GNSS blockage
ANE Scenario | percentage time duration
S1E 0.6 % 358 13 s
EVEL  siMmE 1.8 % 10.9 s 141 s
' S2E 0.0 % 0.0 s 0 s
3tChIﬂg S2ZME 1.8 % 1.8 s 22 3
S3E 1.3 % 2.9s 9 s
S3IME 1.9 % 4.43 s 45 s
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current integrity indicators on road

Classical methods imported from the aerial navigation

RAIM HPL_SBAS

o Assumption of one fault at one time

e In navigation systems integrated by several sensors, they
don’t model the whole system solution

o Redundant information coming from more satellites than for
positioning (quite unusual in cities), or

WA
>
\
~

e a base station nearby or solution degrades

e When map matching is needed, what represents the most
of the cases, no integrity of the final map-matched solution
IS provided, but only of the associated navigation solution
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Sensor data fusion
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- The GNSS sensor

. The rest of sensors
- The map

- The vehicle model
- The data fusion & map-matching




our approach

Apply integrity concept onto map-matched
position, with 2 indicators. Both are derived
directly from the PF

e Correct lane assignment:
Probability of lane occupancy (uLO)

____K-'."'lcv. s______________________________.

o Confidence on the position of the vehicle on the
assigned lane:

Lane Positioning Protection Level (LPPL)
(in meters)
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Eavigation Information

- Position E,N

- Position in the lane reference
(segment, abscissa, and
lateral distance)

- Integrity uLO & LPPL
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future of Iintegrity In navigation?

o 3 fully operational GNSS systems
(GPS+GLONASS+GAl4

NIORAIM (Novel Integr amized ‘\

TOMORROW

GPS satellites will radiate multiple signals at different

frequencies, Different fraquencies experience

different transmission delays from interaction with

the ionosphere. To compensate, future civilian 6PS

receivers will compare the time delays and, hence, the
i least two signals

RAIM): More than one".&.C2 at once . -
;I'?F-'Ii["l(!i'ﬁcw

& on one frequency can
e overcome by switching to
another signal, buus:r’ngre lizhi Ii1!

:> Signal delay
g
h

$ Civil oriented multiple frequ . 44

receivers :
; 4 el ¢

rscan swamp GPS
frequencies with radio
frequency interference.

¢ Improvements in MEMS te ogy

| http://scpnt.standford.edu/

¢ Maps with more contents and higher
accuracy 3D maps
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