1 Method for correcting position estimations by sel ecting pseudo- distance
measur enents 5The invention relates to a nethod for correcting position
estimati ons by sel ecting pseudo-di stance neasurenents and a receiver

i npl ementing the method. It applies notably to the field of satellite

navi gation systens. Satellite positioning systens are usually designated by
the 10 acronym GNSS, standing for "d dbal Navigation Satellite Systent.
This type of system nmakes it possible to estinmate the position of a

term nal using an enbedded navigation receiver. This receiver perforns
measur enent s ddethbd fer goerestiny positéarc bstimations dysselectirsg pseado< r ansm tt ed
by a plurality of satellites.distare measureementss correspond, for exanple,
to pseudo-di stances, that is 15 to say, measurenents of the distance
between the satellite at the instant of transm ssion of the signal and the
receiver at the instant of reception of the signal. The position
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These errorgstepy be classified in two categories: nomnal errors and

non- nom nal “errors mnal errors are nmeasurenept err.ors regul%i ng from 25
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The position estimated by the navigation receiver is not always

exact. In order to take account of the lack of accuracy in the positioning, it is
20 commonplace to define a protection radius around the estimated position.
Different types of errors may degrade the accuracy of the
measurements. These errors can be classified in two categories: nominal
errors and non-nominal errors.
Nominal errors are measurement errors resulting from
25 disturbances occurring in normal operation of the system. As an example, the
clock used by a transmitter embedded in a satellite has a behavior which is
not totally predictable. The estimation accuracy may also be affected by the
environment in the vicinity of the receiver. Other forms of nominal errors are
due to the reflections of the satellite signals on the ground or on buildings in
30 the vicinity of the receiver. Also worth mentioning are the meteorological or
ionospheric phenomena that may introduce a delay into the propagation of
the signals to be measured.
Non-nominal errors are the result of a system malfunction. The
measurements affected by such errors are also called aberrant
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2 In order to limt the inpact of these nmeasurenent errors on the
accuracy of the position estimation, neans naking it possible to identify
such errors to elimnate themand naking it possible to conpute a limt on
the position error according to the avail abl e neasurenents are usually 5

I npl emented and are designated by the acronym RAIM standing for "Receiver
Aut ononmous Integrity Mnitoring". 2 The current positioning

appl iances that include RAIMfunctionalities suffer froma nunber of
problems. A first problemis that these appliances are fully integrated,
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amplitude of the error affecting these measurements. The solutions thus
proposed are then unreliable in the face of such errors.
Robust estimation methods such as the use of the Huber
20 algorithm make it possible to improve the estimation accuracy in the
presence of aberrant measurements, but the effect of these errors is, despite
everything, not inconsiderable.

One aim of the invention is notably to overcome the
25 abovementioned drawbacks.

To this end, the subject of the invention is a method for correcting
position estimations, an enhanced position Xnhuwer being determined by
application of a robust estimation algorithm using N measurements of
pseudo-distances p; corresponding to the distance measured between a

30 navigation receiver and N satellites and an estimation Xpim of the position of
said receiver made by said receiver. The method comprises at least the
following steps:

- determination of normed residue values Arhuer from the
residues Ap'huver Of pseudo-distances from the measurements
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"3 determ nation of E subsets, a subset conprising N-k norned residue val ues
Ari huber, k being an integer strictly greater than 1,

sel ection of the subset SEOw th the snallest standard 5devi ati on asEo;

sel ection of non-aberrant neasurenents, a nmeasurenent being selected if the
di fference between the nornmed residues Arlnuber and the nean PsGo of the
nor med residues of the subset SEO is Bess than a predeternined threshold
value T1; l1l0determ nation of a corrected estinmation Xdn of the position

- fromthe sel ected neasurenents. According to one aspect of the
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using the foll ow ng etpression: AP huber = Q(Xi sat - Xhuber) in which:

20Xi sat represents thgelg&t?clnt icﬂnth%f shBSet! S ak | lthéesmﬁﬁ’éﬁq &%ﬁh%ﬂo"” bei ng
for exanple conmmunicated to the recelrver by using a signaling channel;
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met hod. _ TheLhasaeddr $6i Me88 Bsachabdhe dwimpd tesidsesi ofethepy usi ng
the follow ng expressigpset AHD EIBEs thahfd preletermirdd threshold value Ts;
10 - determination of a corrected estimation Xqn of the position

from the selected measurements.
According to one aspect of the invention, the robust estimation
algorithm is the Huber algorithm.
The Huber algorithm is, for example, initialized by using the
15 position Xprim.
' In one embodiment, the residues Ap'huwer are determined by using
the following expression:
Apihuber = 6(xisat - Xhuber)
in which:

20 - X'sat represents the position of the ith satellite, said position being for
example communicated to the receiver by using a signaling channel;
8(X'sat - Xnuver) represents the deviation between the estimation of the
difference (X'sat - Xnuber) @nd the measured pseudo-distance pi.

According to an advantageous embodiment of the invention, the
25 position Xqpn is determined by using a least squares-type method or a robust
estimation method.
The normed residues Arhwer can be determined by using the
following expression:
: Arihuber = Apihuber / o
30 in which:
o; represents the a priori variances of the measurement errors.
According to one aspect of the invention, the number X of subsets
~ corresponds to the number of combinations of (N-k) measurements out of N.
Moreover, the invention provides a step for determining N residues
35 Aryn, of pseudo-distances, the following expression being used:



~30in which:.-cri represents the a priori variances of the neasurenent
errors. According to one aspect of the invention, the nunber E of
corresponds to the nunber of conbinations of (N-k) neasurenents out of N
the invention provides a step for determining N residues 35
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in which T is a predetermined threshold value.

In one mode q implementation, a robust position estimation X is
estimated by applying the least squares method to the measurements
selected during the second selection step.

A detection radius value is determined, for example, on the basis
of the measurements selected during the second selection step.

The invention also relates to a navigation receiver implementing
the method described previously.

Advantageously, the method makes it possible to optimize the
choice of the hardware for acquiring the navigation signal independently of
the hardware performing the RAIM processing. Furthermore, the robust
RAIM method makes it possible to make the position estimation reliable while
improving integrity performance in terms of detection compared to a standard
RAIM.

Other features and advantages of the invention will become apparent
from the following description given as a nonlimiting illustration, and in light of
the appended drawings in which:

- the single figure shows a simplified diagram of the method
for estimating the position of a navigation receiver by selecting pseudo-
distance measurements.

The method is based on data transmitted by a primary receiver
100, that is to say a conventional navigation receiver not implementing said
method. These data correspond on the one hand to the solution estimated



" Advant ageously, the nethod nmakes it possible to optim ze the choice of the
hardware for acquiring the navigation signal independently of 20 the

har dwar e perform ng the RAIM processing. Furthernore, the robust RAI M

met hod makes it possible to nmake the position estimation reliable while
inproving integrity performance in terns of detection conpared to a
standard RAIM 25Ct her features and a@vantages of the invention will becone
apparent fromthe follow ng description given as a nonlimting
illustration, and in light of the appended draw ngs in which:
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residue of measurements with respect to the current computation position.

This computation may be initialized by using, for example, the position Xprim

determined by the primary receiver. The result of this is an enhanced position

25 denoted Xhwer and a set of pseudo-distance residues. The residues are
denoted Aphwer and are determined, for example, by using the following

expression:

Ap'huber = 8(X'sat - Xnuver) Q)
30
in which:
X'sat represents the position of the ith satellite, said position being, for
example, communicated to the receiver by using a signaling channel;
8(X'sat - Xnuber) represents the deviation between the estimation of the
35 difference (X'sat - Xnuver) and the measured pseudo-distance p;.



* 25 denot ed Xhuber and a set of pseudo-di stance residues. The residues are
denot ed Api huber and are determ ned, for exanple, by using the follow ng
expression: Api huber = 6(Xisat - Xhuber)(1 ) 30 in which: Xi sat represents
the position of the ith satellite, said position being, for exanple,
communi cated to the receiver by using a signaling channel; S(Xi sat -
Xhuber) represents the deviation betwSen the estimtion of the 35
difference (Xisat - Xhuber) and the neasured pseudo-di stance pi. 6
The enhanced position Xhuber and the set of the pseudo-di stance residues
Api huber obtained in this way are then used to detect any aberrant
measur enent s anong_t he measurenents P. 5The det cﬁ on of gb rrant
g.F |te

measurements is p '?%reﬁﬁﬂn BN beffqr}dstlheo?etaﬂ PSR AISIN KL es
Ari huber, trémudsyAbgrbgndbgalsedbsrems afaysaiedtheasustdeto detdctognyappéryamtg

statisti Cahwéa%ﬁFe?nérﬂstaﬂ?o%‘zg tﬁg%%gsﬁgp%&géepm ne whet her a neasurenment is
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det er ni rfed by usi njhe Aetection of pbRIaY resasuErrBeds:is peffeimrd b-defingiber / a;
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usually be| _ conprirsing nornmed
resi due vammummmlb%ﬂbarrrénttmmtforned 111, the paraneter k correspondi ng

to the maximum nunpgg r@rn@@efésﬁﬂesmﬁ%]w RERNbS deleAnsdffousingetheagai nst .

The nunber ci subsets determned in 'S way corresponds ‘to
fo Iowmg expression:

Ar'huper = Ap'huver / G )

in which oj represents the a priori variances of the measurement errors, an
15 error distribution model that is based on a Gaussian law usually being used.

Subsets 105, 106 comprising N-k normed residue values Ar'huper
are then formed 111, the parameter k corresponding to the maximum number
of aberrant measurements to be safeguarded against.

The number X of subsets determined in this way corresponds to

20 the number of combinations of (N-k) measurements out of N, denoted X =
C[(N-k),N]. in other words, the X subsets are all the combinations comprising
N-k residues.

The standard deviation of these sets is then computed. Out of

these sets, a set called optimal subset and designated by the acronym SGO

25 is determined. The SGO is the set whose standard deviation osgo is the
smallest. The mean of the normed residues belonging to the SEO is
determined and denoted psgo. The determination of the set SEO makes it
possible to list the k measurements that have the greatest probability of being
errored and to have a reference subset that is reputed to be reliable.

30 Two statistical tests are then applied 107, 108 so as to deny or
confirm the aberrant character of the measurements.

A first statistical test 107 is for comparing the N deviations defined
by the difference between the normed residues Ar'huer and the mean psco
with a threshold value T4. This threshold value T4 is determined so as to

35 guarantee objectives chosen by the designer in terms of false alarm and



© 20 the nunber of conbinations of (N-k) neasurenments out of N, denoted =
C[(N-kK),N. In other words, the E subsets are all the conbinations
conprising N-k residues. The standard devi ation of these sets is
then conputed. Qut of these sets, a set called optinmal subset and
designated by the acronym SG0O 25 is determ ned. The SG is the set whose
standard deviation osEO is the smalledt. The nean of the norned residues
bel onging to the SEO is determ ned and denoted PsGo. The determ nation of
the set SEO nmakes it possible to list the k neasurenents that have the
great est piyahaibh ideffoftha@. MhiSId<? o4l BBdointulBRYE &t &@IIIENEE uSingset t hat
is reputed to@ge reliable. 30Two statistical tests are then applied 107,
108 so as tf PURYINGEXPEFRSIY M t he aberrant character of the measurements. A
first statistical test 107 is for conparing the N deviations defined by the
di fference between the norned regjidues Ari er and the nmean ps with a
threshol d value T1. This thresho?&h”v?il H%EOTﬁqips determ ned so as@o 35
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example, by using the following expression:

15
Aricln =9 (Xisat' Xein) / O (4)
in which 8(X'sat - Xen) represents the deviation between the estimation of the
difference Xsa - Xan and the measured pseudo-distance p;.
20

The standard deviation o, of this set is determined. The deviation between
the residues Ar', and the residues Arhuwer is determined in order to quantify
the contribution of the filtering of the measurements resulting from the first
test 107 to the newly estimated position Xgn.

25 If this deviation is less than a threshold value T2, the measurements are
retained. The threshold value T is chosen according to the desired false
alarm and detection performance levels. In other words, this test can be
summarized by using the following expression:

30 | AricIn - AIJ-huber | <T2 (9)

If the inequality (5) is satisfied, then the measurement i is deemed valid, that

is to say non-aberrant, and is retained.

The measurements retained following the application of the two tests are
35 used to determine 109 a so-called robust position Xqp. For this, a



= 6" (Xisat = Xcln) cri(4) in which 6(Xisat - Xdo) represents the deviation
between the estimation of the difference Xisat - Xcio and the neasured
pseudo-di stance pi. 20 The standard deviation acin of this set is

determ ned. The devi ati on between the residues Arich and the residues
Arihuber is determined in order to quantify the contribution of the
filtering of the nmeasurements resulti®g fromthe first test 107 to the
newy estimated position X. 25 If this deviation is less than a threshold
val ue T2, the nmeasurenents are retained. The threshold value T2 is chosen
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ot her word can be summarized by using the foll ow ng expression:
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“1- A nethod-:for correcting position estimtions, an enhanced position
Xhuber 'bei ng determ ned by application of a robust estinmation algorithmb5
(104) using N neasurenents (102) of pseudo-distances pi corresponding to
the distance measured between a navigation receiver and N satellites and an
estimation Xprimof the position of said receiver (103) made by said
receiver, characterized in that it cofprises at |east the follow ng steps:
10det ermi nation of normed residue val ues Arj huber fromthe residues

APi huber of pseudo-distances fromthe neasurenents pi;

determnation (111) of E subsets (10DBAIM®6), a subset conprising Nk norned
resi due val ues Ari huber, k being an 15integer strictly greater than 1;

sel ection of the subset SEOw th the smallest standard deV| ation o' SEQ

sel ection of oA BEEIAGAr GRIERANG RAsition agtinationse a8y PRIANCEI RISHP el ect ed
if the differenxg,hejcimrpdettimindd byippicationsofcrsbust estub@tronamgomthm mean PSG

of the porned r ue Oi esse t ned

t hreshold val uefﬁif8 0%%4 nwnap%gg&%%neﬁ:o ?Oite(?jf eggéhﬁ'%t@%tﬁq%l n"of the

posi tion from t heresnangingd tedardistence. megsoredrietweehod Ravigatianred in
claim1, char aCPéHél\i’e?%nUrN ga@uméshsnd ahlé%tmﬁﬁbh DB onthel eitiohvnsafl t he Huber

al gorlthm ar ized in
t hat the Huber {ﬁfeﬂ“@& ﬂﬁ] fTLaCF yl 6ﬁaf ergcﬁvehsfﬁé%cﬂéélzsgs tﬁﬁtt i{)rl m 4-
The net hod as clampeses at iaast tbeéolbﬂvmmﬁepsecedl ng clains, characterized in

that thg residues APi 'ae{f&?ﬁq.r%rt@ndsf efo%eedréyduéslvamershmu L | f¥hnehe
expr essi on: 10 Pi huber ,: &(I sat X rc} rg
residues’ Ap'huper of pse 0- dlstances rom the measurements

Pi,
- determination (111) of I subsets (105, 106), a subset
comprising N-k normed residue values Arhuer, kK being an
15 integer strictly greater than 1,
- selection of the subset SEO with the smallest standard
deviation Oseo;
- selection of non-aberrant measurements (107), a
measurement being selected if the difference between the
20 normed residues Arhuwer and the mean psgo of the normed
residues of the subset SEO is less than a predetermined
threshold value Ty,
- determination of a corrected estimation Xqn of the position
from the selected measurements.

25
2- The method as claimed in claim 1, characterized in that the robust
estimation algorithm is the Huber algorithm.
3- The method as claimed in claim 2, characterized in that the Huber
30 algorithm is initialized by using the position Xpim.

4- The method as claimed in any one of the preceding claims,
characterized in that the residues Ap'huer are determined by using the
following expression:

35



" Xisat represents the position of the ith satellite, said position being for
5exanpl'e communi cated to the receiver by using a signaling channel; 6(Xi sat
- Xhuber) represents the deviation between the estinmation of the difference
(Xi sat - Xhuber) and the neasured pseudo-di stance pi. 5- The met hod as
clainmed in any one of the preceding clains, 10characterized in that the -
position Xdn is determined by using alleast squares-type method or a robust
estimati on met hod. 6- The nethod as clainmed in any one of the preceding
clainms, characterized in that the normed resi dues Ari huber are determ ned
by 15using the Iovu i ex ion: Arihuber = APi huber / ai in which:
20a; representshﬁh 25.(?tls’%r:a’.(vgrs)l ances of the rreasurerrent errors. 7- The
met hod as clainmed in any one of the preceding clains, characterized in that
t he nunber E of inombigets corresponds to the nunber of conbinations of (N-k)
measur enent s ouyi of t he
precedi ng cl ai rrsésa‘t r?ﬁ?ﬁ%ﬁ%??%gggmﬁﬁtﬂqﬁ (ﬁ? é‘été"l%‘é%glb&b%ﬁﬁ)ﬂ%?&&%ﬁ erm ni ng
N resi diies Ari dﬁxamplswcm@uruc%tedrﬁ@é@ receivef by Némr@'@&%méﬁ‘iaaﬁabel ng used:
30Aricin = 6 (Xse@l; - )0<.SL£} répréyenté 'ﬂ\é’"ﬂéﬁbtl&( Pféﬁ@én'th%@@ﬁmé%ﬁ esget s the

d b h he diff Xd dth
reasur LS”psSLSﬁgﬁﬁén%ﬁiZ nop) 0 SR Bl P cl i m 7,

characterized in that it |ncI udes a second step (108) for selecting

geasureﬁfntts 55' pégametulﬁt?q MRASYLRTERNGR 8hy S8Ry §ﬁ{tﬁ§t§|@ce§|ﬁbdclﬁﬁﬁ§ure”€”ts
eing 5§’ ecte Ic:harac:teerlzcg,)d in %aqg(hgx;%s?t%snl )?Qn =ssde§'tgrn|1|ned E‘by using a least

squares-type method or a robust estimation method.

6- The method as claimed in any one of the preceding claims,
characterized in that the normed residues Arhuper are determined by
15 using the following expression:

AI'Ihuber = Aplhuber / G

in which:
20 o; represents the a priori variances of the measurement errors.

7- The method as claimed in any one of the preceding claims,
characterized in that the number X of subsets corresponds to the
number of combinations of (N-k) measurements out of N.

25
8- The method as claimed in any one of the preceding claims,
characterized in that it includes a step for determining N residues Ar'gn
of pseudo-distances, the following expression being used:
30 Al =8 (Xsat- Xain) / O

in which
8(X'sat - Xan) represents the deviation between the estimation of the
difference (X'sat - Xan) and the measured pseudo-distance p.
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"5 1+ rihuber I < T2 in which T2 is a predeterm ned threshold val ue. 1010-
The nethod as clainmed in claim8, characterized in that a! robust position
estimation Xrob is estinmated by applying the | east squares nethod to the
measurenents sel ected during the second selection step (108). 1511- The

met hod as clainmed in any one of clains 9 or 10, characterized in that a
detection radius value (110) is deterti ned on the basis of the measurenents
sel ected during the second selection step (108). 12- A navigation
receiver, characterized in that it inplenents the nethod 20as clainmed in

any one of the PREGRANGP a8 Ghiffed in claim 7, characterized in that it includes a
second step (108) for selecting measurements p; from the
measurements aiready selected, said measurements being selected if
the following expression is satisfied:

5
I AricIn - Arihuber | < T2
in which T3 is a predetermined threshold value.

10 10- The method as claimed in claim 8, characterized in that afrobust
position estimation X.,, is estimated by applying the least squares
method to the measurements selected during the second selection
step (108).

15 11- The method as claimed in any one of claims 9 or 10, characterized in

that a detection radius value (110) is determined on the basis of the
measurements selected during the second selection step (108).

12- A navigation receiver, characterized in that it implements the method
20 as claimed in any one of the preceding claims.



