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(57) Abstract: The satellites of a constellation of satellites each transmit, on distinct frequencies, a first and a second radionavigation 
signal, respectively. Each station of a reference network from which a satellite is visible performs non-differentiated measurements 
of code and phase for each of the two signals originating from the satellite and deduces therefrom a raw value of the widelane ambi­
guity. An internal delay of the satellite and a whole value of the widelane ambiguity are determined, in the network, on the basis of 
this raw value. The method comprises the steps: -receiving the first and second radionavigation signals at the level of the reference 
receiver; -performing, with the aid of the reference receiver and for each of the first and second signals received, a non-differentiated 
measurement of code and a non-differentiated measurement of phase; -calculating the raw value of the widelane ambiguity on the 
basis of the non-differentiated measurements of code and phase; and -fixing the internal delay of the satellite and the whole value of 
the widelane ambiguity on the basis of the raw value for the reference receiver.

[Suite sur la page suivante]
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ZW), eurasien (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Publiee :
europeen (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, — avec rapport de recherche Internationale 
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(57) Abrege : Les satellites d’une constellation de satellites emettent chacun, sur des frequences distinctes, un premier et un second 
signal de radionavigation, respectivement. Chaque station d'un reseau de reference d'ou un satellite est visible effectue des mesures 
non-differentiees de code et de phase pour chacun des deux signaux provenant du satellite et en deduit une valeur brute de l'ambiguite 
widelane. Dans le reseau on determine, sur base de cette valeur brute, un delai interne du satellite et une valeur entiere de l'ambiguite 
widelane. Le procede comprend les etapes : - recevoir les premier et second signaux de radionavigation au niveau du recepteur 
de reference; - effectuer, a l'aide du recepteur de reference et pour chacun des premier et second signaux rceus, une mesure non- 
differentiee de code et une mesure non-differentiee de phase; - calculer la valeur brute de l'ambiguite widelane a partir des mesures 
non-differentiees de code et de phase; et - fixer le delai interne de satellite et la valeur entiere de l'ambiguite widelane sur base de la 
valeur brute pour le recepteur de reference.
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METHOD OF PROCESSING RADIONAVIGATION SIGNALS

Technical Field

[0001] The present invention relates to the field of radionavigation systems or 

positioning by satellite, in particular a method of processing radionavigation 

signals transmitted by the satellites of such a system.

Prior Art

[0002] The satellite positioning systems such as GPS (Global Positioning 

System), Galileo, GLONASS, QZSS, Compass, IRNSS and others use 

modulated radionavigation signals called “spread spectrum modulation”. These 

signals essentially carry pseudo random codes formed from periodically 

repeating numerical sequences, whose principal function is to allow Code 

Division Multiple Access (CDMA) and to supply a measurement of the signal 

propagation time transmitted by the satellite. Incidentally, the radionavigation 

signals can also carry a payload.

[0003] The radionavigation signals are formed by modulation of the central 

(carrier) frequencies. In the case of GPS, the radionavigation signals are 

transmitted in the frequency bands L1, centred on 1575.42 MHz and L2, centred 

on 1227.6 MHz. The band L5, centred on 1176.45 MHz, was added when the 

GPS was updated. The satellites of the Galileo constellation will transmit in the 

bands E2-L1-E1 (the portion of the middle band L1 being the same as that of 

GPS), E5a (which, pursuant to the Galileo nomenclature, represents the band 

L5 destined for GPS), E5b (centred on 1207.14 MHz) and E6 (centred on 

1278.75 MHz).

[0004] The basic measurements that can be carried out by a receiver include 

code measurements and carrier phase measurements. These basic 

measurements can, of course, be combined with each other. The code 

measurements are accurate to 1 metre whereas the phase measurements are 

accurate to some mm. However, phase measurements have the disadvantage
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that they provide only the real part of the phase difference of the carrier 

between the transmission by the satellite and the receiver. Consequently, the 

phase measurements are ambiguous in that the number of complete cycles 

between the satellite and the receiver are initially unknown. In order to be able 

to profit from the precision of the phase measurements, a receiver must resolve 

the ambiguities inherent in these phase measurements.

[0005] The phase ambiguities are usually resolved by differentiation of the 

phase measurements (simple or double differentiation). A method that uses 

simple differences between satellites is described for example in the article 

"GPS carrier phase ambiguity resolution using satellite-satellite single 

differences” by M. J. Gabor and R. S. Nerem, ION GPS '99, 14-17 September 

1999, Nashville, TN. The differentiation enables the (non modelised) causes of 

errors, which are common to a plurality of measurements, to be eliminated, and 

thereby reveals a complete information, which when taken into account, further 

improves the performance. However, this complete information consists of the 

differences from one or a plurality of basic ambiguities of phase, and in general 

does not enable the basic ambiguities of phase to be traced.

Object of the invention

[0006] The object of the present invention is to propose a method for resolving 

the ambiguity of phase of non-differentiated measurements made by a receiver 

(on the ground or in orbit), starting from raw code and phase measurements. 

The invention enables a receiver to independently find the non-ambiguous value 

or values of phase, i.e. without necessarily using one or a plurality of 

differentiations of measurements on a local or global network.

General description of the invention

[0007] Generally, the invention comprises two components. Firstly, it comprises 

a method that runs at the level of a network of reference stations, during which 

additional information is determined, with which a user’s receiver that does not 

belong to the network can resolve the ambiguities of phase. Secondly, the
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invention comprises the method that runs at the level of the receiver that is not 

part of the network that uses the additional information generated by the 

network of reference stations and provided by any type of communication path.

[0008] In a first aspect, the invention relates, at the level of a network of stations 

(reference receivers), comprising at least one station, to the determination of a 

satellite delay corresponding to a time lag and/or an interfrequency bias and/or 

a difference of the phase centres of the non-compensated respective 

frequencies, on the satellite, between the code and the phase of a 

radionavigation signal. In the following, one assumes the case of a constellation 

of radionavigation satellites whose satellites each transmit at least two 

radionavigation signals in two distinct frequency bands. Thus, each satellite 

emits at least a first radionavigation signal on a first frequency and a second 

radionavigation signal on a second frequency that is distinct from the first. Each 

station from which a satellite is visible (i.e. above the horizon) can carry out 

code and phase measurements for each of the two signals coming from the 

relevant satellite and can deduce a raw value for the wide-lane ambiguity. 

Based on this raw value for the wide-lane ambiguity, an internal satellite delay 

and a complete value for the wide-lane ambiguity are then determined for the 

reference network. It should be noted that the code and phase measurements in 

this case are non-differentiated measurements (i.e. neither differentiated 

between stations nor between satellites). It is apparent here that the internal 

satellite delays influence the measurements of a plurality of receivers in the 

same way and therefore disappear by differentiating the measurements 

between two receivers. Consequently, the methods based on differentiation of 

the measurements do not require the internal satellite delay or delays to be 

known. In contrast, the method according to the invention uses non- 

differentiated measurements and precisely proposes to determine the internal 

satellite delay.

[0009] This method comprises, notably, the following steps:

- receive the first and second radionavigation signals at the level of the 

reference receiver;
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- by means of the reference receiver and for each of the first and 

second received signals, execute a non-differentiated code 

measurement and a non-differentiated phase measurement;

- calculate the raw value of the wide-lane phase ambiguity from the

5 code measurements (non-differentiated) and from the phase

measurements (non-differentiated); and

- fix the internal satellite delay together with the integer value of the 

wide-lane phase ambiguity based on the raw value for the reference 

receiver.

10 [0010] Preferably, the internal satellite delay together with the integer value of

the wide-lane phase ambiguity are determined for each available 

satellite/station combination (for a given date the satellites are not all visible 

from each station), from the code and phase measurements executed for each 

of the first and second signals originating from the respective satellite by means

15 of the respective reference receiver. This is made in a coherent manner at the 

level of the reference network such that a set of self-coherent satellite delays 

and station delays is obtained.

[0011] A second aspect of the invention relates to the determination of precise 

satellite clocks at the level of the reference network. In this method, one

20 receives the first and second radionavigation signals at the level of the stations; 

one executes, for each of the received first and second signals, a non- 

differentiated code measurement and a non-differentiated phase measurement; 

and one determines a satellite clock value from the non-differentiated code 

measurements, the non-differentiated phase measurements, one or a plurality

25 of integer values of the wide-lane ambiguity as well as a model of the 

propagation distance between the satellite and the reference receiver or 

receivers. In order to determine the integer values of the wide-lane ambiguity, 

one obtains the internal satellite delays or one calculates them as indicated 

above, and then one deduces the integer values from the raw measurements of

30 the wide-lane ambiguity with the help of the internal satellite delays. The model 

of the propagation distance can bring into play, notably, the precise orbit of the
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satellite, the tropospheric delay, the position of the station taking into account 

the tides etc. The precise orbits can be provided as an input if such orbits are 

available. Alternatively, the precise orbits can be estimated during filtering.

[0012] The satellite clocks value and, if necessary, the precise orbits of the

5 satellites of a constellation are preferably estimated by filtering from a set of 

code and phase measurements on a group of stations (typically 50 stations). 

The model parameters adjusted during a filtering of this type are the 

broadcasting clocks and receivers at each epoch, a tropospheric bias that 

varies slowly over the day by station, and the narrow-lane ambiguities (a

10 parameter identified on each passage). The determination of the clock value 

preferably comprises the estimation of the model parameters of the propagation 

distance (such as e.g. the precise orbit of the relevant satellite) with the help of 

the un-differentiated code measurements, the un-differentiated phase 

measurements and one or a plurality of integer values of the wide-lane

15 ambiguity and subsequently the estimation of the clock value from the estimated 

parameters.

[0013] According to a simple filtering algorithm that will be described in more 

detail below, one resolves firstly the set of the problem with the floating 

ambiguities, such that the parameters of the model, such as the tropospheric

20 delay and/or a precise orbit etc. are identified with a sufficient accuracy. The 

narrow-lane ambiguity is then expressed as a function of the phase 

measurements, the identified model and the satellite clocks and the receiver 

clocks.

[0014] It can be appreciated that the fact of having previously identified the

25 wide-lane ambiguity when determining the satellite delays means that the 

problem to be solved when determining the satellite clocks only comprises a 

single ambiguity per passage, instead of two as in the conventional approaches. 

The precision of the model needed in order to generate the integer values is 

much less than in the case where no ambiguity is previously known. In

30 particular, there is no need for a model for the ionospheric delay as it can be 

eliminated by combining the bi-frequency measurements. The fact that the
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ionospheric delay is not part of the model reduces the number of parameters to 

be estimated in comparison with the conventional methods; this constitutes a 

considerable advantage of the method according to this aspect of the invention.

[0015] The delays of the satellite and the clocks and possibly also the precise 

orbits of satellites can be broadcast (crypted or uncrypted) to the users’ 

receivers by any appropriate means, e.g. terrestrial broadcasts, satellite 

broadcasts (e.g. from SBAS type satellites or from the radionavigation satellites 

themselves if the system has a signal that comprises data), by means of mobile 

telephones (e.g. from a telephonic relay station), via the internet, by pseudolites, 

by WIFI, by bluetooth, etc. It should be noted that the satellite delays remain 

essentially constant over time. They can therefore be saved in a database 

inside the receiver, which obtains them from this database when needed. The 

precise orbits and the clocks of the satellite, on the other hand, are data that 

vary with each epoch and consequently are preferably broadcast in real time.

[0016] Furthermore, the invention relates to the method that takes place at the 

level of any kind of receiver (e.g. a receiver of the end user or a network station 

receiver). The receiver receives the first and second radionavigation signals and 

executes a non-differentiated code measurement and a non-differentiated 

phase measurement for each of the first and second received signals. It then 

calculates a raw value of the wide-lane ambiguity of phase from the non- 

differentiated code measurements and from the non-differentiated phase 

measurements and obtains an internal satellite delay in question. Using the raw 

value and the internal satellite delay, it then determines an integer value of the 

wide-lane ambiguity.

[0017] According to a preferred embodiment of the method that takes place at 

the level of the receiver, the receiver obtains a precise orbit value and a satellite 

clock value for the satellite in question and calculates an integer value of the 

narrow-lane ambiguity by filtering from the non-differentiated code 

measurements, the non-differentiated phase measurements of the integer value 

of the wide-lane ambiguity, the orbit value, the satellite clock value and the 

model of the propagation distance between the satellite and the receiver.
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[0018] It should be noted that the internal satellite delay can be obtained from 

an internal or external database of the receiver or from a message (crypted or 

uncrypted) broadcast by an SBAS satellite or sent by a radiotelephonic network 

or broadcast by terrestrial broadcasts or by any other suitable means of 

communication, e.g. the means mentioned above. The precise satellite orbits 

and the satellite clocks are preferably extracted from a message broadcast by 

an SBAS satellite or sent by a radiotelephonic network or broadcast by 

terrestrial broadcasts or by any other suitable means of communication.

Brief description of the drawings

[0019] Other distinguishing features and characteristics of the invention will 

emerge from the detailed description of an advantageous illustrative 

embodiment presented below, on referring to the appended drawings. They 

show:

Fig. 1: raw values of the wide-lane ambiguity computed from code and phase 

measurements;

Fig. 2: the residuals obtained after correction of the raw values of the wide-lane 

ambiguity with the internal satellite delays;

Fig. 3: the residuals of the narrow-lane ambiguity obtained by conventional 

filtering;

Fig. 4: the residuals of the narrow-lane ambiguity obtained by filtering and 

resolution of the ambiguities on the network;

Description of a preferred implementation

[0020] For each satellite that is visible from the receiver, then at the level of the 

receiver there are two non-differentiated code measurements (non-ambiguous), 

hereafter denoted Pi and P2, two non-differentiated measurements of phase 

(ambiguous), denoted Li and L2, for the frequencies fi and f2, respectively.

[0021] The following designations will be used below:
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7 = fi
fi

where c represents the speed of light. For the bands L1 and L2 of the GPS 

system, then for example fi = 154 f0 and f2 = 120 fo where fo=1O.23 MHz. The 

convention will be used in which the code measurements Pi, P2 are expressed

5 in units of length, whereas the phase measurements L-ι, L2 are expressed in 

cycles.

[0022] The non-differentiated code and phase measurements fulfil the following 

equations:

P, = D + (Ac + Δγ) + e + ΔΛ
P2 = D + y(Ac + Δτ) + 7ε + ΔΑ
\LX = D+ (Ac + Ατ)-e +Ah +Ab -
/IjZj = D + y(Ac + AT)-}e + Ah + Ab-/2N2

10 wherein

- D represents a quantity comprising the geometric propagation distance, 

the tropospheric effects, the effects of the difference from the centre of the 

phase, the effects of the geometric rotation of the phase (phase wind-up), 

the relativity effects, etc. ;

15 - e contains the ionospheric delay term, which varies as a function of the

square of the frequency, and which is eliminated by the iono-free 

combination of the phase and code observables:

At = rrec - reme contains the differential of the inter-frequency bias (TGD) 

between the transmitter and the receiver;

20 Ac = crec -cemecontains the differential of the deviations from the centres of

phase of the respective frequencies/iono-free centre of phase between the 

transmitter and the receiver;
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ΔΛ = hrec -^represents the difference between the clock of the receiver 

hrec and that of the transmitter he/TO;

Δό = brec -beme represents the difference of bias of the receiver brec and of

the transmitter beme (the biases brec and beme correspond to the clock 

5 differences between the code and the phase); and where

Ni, N2 represent the (integer) phase ambiguities of the two carriers.

[0023] The (non ambiguous) phase differences between the transmission of the 

signals by the satellite and the reception by the receiver are written L1+N1 and 

L2+N2, where hh and N2 represent the required (integer) ambiguities. Then Nw =

10 N2 - Ni, Nw being the (integer) wide-lane ambiguity.

[0024] The ionospheric delay of the code is computed by:

1-/

[0025] Then:

~ P, - 2eP ~ P2 - 2psP
Nx = —-----------Lx and N2 = 2 .--------1,

Λ

15 These quantities depend only on the measurements.

[0026] As the noise code measurements are such that, on the scale of one 

passage (time of visibility of one satellite), Λ/1 and /\/2 are dispersed over ten or 

so cycles. Even by carrying out one average per passage, Ni and N2 cannot be 

estimated correctly. This is the reason why code measurements are used to

20 determine the wide-lane ambiguity.

[0027] By expanding the equations for M and /V2, one obtains:

M = N, - 2(Δ<? + Δγ) Δό
A

, ~ 2/(Δγ + Δγ) ΔΖ>and N, =N, ------ :----λ, λ,
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[0028] The raw value /Vw of the wide-lane ambiguity is obtained by:

N„=N2-Nx=Nv-2 _L_J_ 
A Λ

(Δ£ + Δγ) + A_j_
A

AZ? = ^w-2-^-(Ac + Ar)+^

where Aw is defined by 1/Aw=1/Ai-1/A2 and corresponds to the wavelength of the 

wide-lane (about 87 cm in the case of the bands L1 and L2). Fig. 1 shows an

5 example of the curves of the raw values of wide-lane ambiguities resulting from 

(non-differentiated) code and phase measurements of a receiver. For Nw one 

finds an expression of the form:

In \ = n +\ */ * r*rec “erne

On the scale of one passage, /Ά presents a sufficiently low noise (below the 

10 fraction of a cycle) such that Nw can be estimated correctly.

Determination of the internal satellite delays at the level of a reference network

[0029] At the level of a reference network comprising at least one station (a 

reference receiver), the raw values A/w of the ambiguity are determined from the 

non-differentiated code and phase measurements. The raw values A/w are

15 evaluated by means of a estimator on one passage or on a part of the passage 

in order to reduce the noise, thereby yielding an estimated raw value, denoted 

[n/). The estimator can be for example a means, a median or a robust

estimator with possible rejection of aberrant measurements. This value

can be broken down into an integer value and two additional slowly variable

20 values that are independent of the measurement and specific to the internal 

satellite delays and receiver:

[0030] In the absence of additional hypotheses, this mixed integers-reals 

problem is singular, as the differences -μ^ intervene in all the equations
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which means the and are defined only to within a real constant. 

Moreover, as Nw is an integer per passage, there are also integer global 

singularities at the level of the μ*1 and μ*('}.

[0031] The calculation process is begun by choosing a first station of the 

network, preferably one where it is known that the are stable over time. 

For this station, the value μ^} is arbitrarily fixed, e.g. on putting μ%? =0. Then 

the passages of the satellites that are visible from this station are scanned. For 

each passage, we have by definition from the first station

(with μ^ =0). is then decomposed into an arbitrary integer (e.g. the 

nearest integer), denoted Nw, and a quantity that is not necessarily an integer 

corresponding to the difference denoted as μ^. This yields the

μ*? of the satellites that are visible from the first station.

[0032] For the set of satellites, for which are now known the internal delays 

μ£’ , we can estimate the delays μ*^ of the other stations. This time, in the 

equation (Νκ} = Νν+μ^) -μ?£, the value of μ;£ is known. + is

then decomposed into an arbitrary integer Nw (from the new station) and the 

delay of the corresponding station μ%?. These steps are repeated for all the 

satellites of the constellation and all the stations of the reference network. The 

values μίηί are finally obtained which are coherent over all the reference 

network. The values μίηί can be considered to be constant for at least one day.

Determination of the clocks of the satellite at the level of a reference network

[0033] After having determined the wide-lane ambiguity, at least one ambiguity 

(Ni or N2) remains unknown.
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[0034] Since the wide-lane ambiguity is known, the phase ambiguity Ni or N2 

can be resolved significantly more easily, especially in regard to the required 

model precisions.

[0035] The code measurements Pi et P2 are dependent on a plurality of 

5 parameters including the geometric distance between the transmission and 

receiving points, the ionospheric effects, the tropospheric effects together with 

the broadcasting and receiving clocks. A model that is sufficiently precise for 

these variables is required in order to identify the remaining ambiguities, and 

because of the clocks, a global resolution will be required for the network of

10 receivers being treated.

[0036] Putting:

γΡ -P
Pc = —------ (iono-free code)

/-1

Qc =
/-1

(iono-free phase)

15 where A, is an estimated, floating, rounded value of Nlt obtained e.g. by 

computing the average or the mean or by a robust estimator with the rejection of 

possible aberrant values, on the passage or a part of the passage, of the 

quantities Nt estimated by the code and the phase:

20 [0037] JV, is distanced from the true value of zV, by ten or so cycles because of

the measurement noise on the code.

[0038] The measured quantities of code and phase can be linked to the

modelled geometric distance D by the following equations:
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pc=D + hKC-heme 
Qc =D + λαδΝ, + hrec - heme

with 2C = (/2, -^)/(/-1), heme and hrec corresponding to the respective clocks 

of the transmitters and receivers (one value per date), and <57V, being the 

correction of ambiguity (one value per passage, <5NX = W, -Nx). The value of

5 δΝλ will be identified by global filtering.

[0039] The quantities D correspond to a complete model of the propagation 

distance invoking the following elements:

combination of the centres of bi-frequence phase: this is the iono-free 

combination of the antenna phase centres (L1 and L2) receiver and

10 transmitter:

- the precise orbits of the satellites;

law of attitude of satellites (law of nominal attitude in yaw); 

relativity effects due to the eccentricity of the satellites;

- precise model of the position of the receiver (with model of terrestrial

15 tides);

model of the tropospheric delay (a vertical delay per station with the 

folding function dependant on the site as defined in the Stanag);

- model of the wind-up (geometric rotation of phase).

[0040] The parameters estimated by the filter are:

20 - at each epoch, the clocks heme and hrec of the satellites and stations;

- for each passage, a constant phase ambiguity 5NX (without the constraint 

that it is an integer)

- - a vertical tropospheric delay for each station, with a slow variation over 

time (typically a constant segment every 4 hours);
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- the precise orbits of the satellites (if the precise orbits are not provided as 

input data).

[0041] The filter can be in the form of least squares or in the Kalman form, more 

compatible for a real-time treatment. The input values for the filtering are the 

non-differentiated values of iono-free code and iono-free phase, with their 

respective noise, which are of the order of 1 m for the code and 1 cm for the 

phase.

[0042] At the end of this step, the estimates of the identified residuals δΝλ are 

computed by (Qc -D-(hrec -heme))/Zc. Some examples of the residuals <5NX are 

shown in Fig. 1. (The <SV, are not integers as no hypothesis was made on 

integers during the filtering.)

[0043] This filtering step serves above all to cleanly calculate the term D 

(geometric model). The clocks identified in this step are subsequently used as 

initial values, thereby permitting work to be made on the small variations of 

clocks, but this is not indispensable.

[0044] Having obtained the value D by filtering, the integer values of the <SV, are 

searched for at the level of the reference network. The following equation is 

again used

Qc = D + λαδΝ\ + hrec - heme (*)

[0045] where D now takes the value found by filtering. We note that the 

equation possesses a global inobservability. In fact, we can shift the values <55V, 

concerning a given transmitter and the corresponding values heme and/or hrec by 

retaining the valid equation:

QC=D + ZC(<W, + a)+ (hrec -Zca)~ heme

[0046] In this step the values heme are computed by an iterative process starting 

with a first station (a first reference receiver), whose clock is taken as the
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reference clock, and by successively adding the stations in order to complete 

the whole of the network.

[0047] For the first station, one sets <SV, = Oand hrec = 0. This choice is arbitrary 

and results in a set of heme for the satellites that are visible from the first station 

such that the equation (*) is verified.

[0048] The addition of a station is carried out as follows. With the set of heme 

known before the addition of the station one calculates the residuals 

<W, +Arec/Tcwhich have to be expressed in the form of an integer value per 

passage (the δΛ/η), and a real value at each epoch (corresponding to the clock 

hrec of the added station). Fig. 2 shows the residuals +hrec Iλεfor a newly 

added station.

It can be seen that the residuals are separated by integer values and that their 

shift with respect to the nearest integer value is identical. One can therefore 

assert that the shift between the residual and the nearest integer value 

corresponds to hrec/Ac and the integer value itself to .

[0049] It should be noted that for a new station, the satellite clocks, and 

therefore the residuals + hrec /2care only known, a ρήση, for a part of the 

passages. However, as $Vj is constant per passage, it can be extended to the 

whole of the passage. The epochs at which a given satellite is visible from one 

station only partially correspond to the epochs at which the same satellite is 

visible for a neighbouring station. The more distant the stations, the smaller are 

the common observation periods. This implies that one always adds a 

neighbouring station to at least one of the preceding stations.

[0050] Finally, a set of <W, integers is identified for the group of the passages 

for all the network stations. The equation (*) can then be solved for the group of 

the passages and for all the network stations with the heme and hrec as the sole 

unknowns.
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[0051] The identification method for the heme described in this part runs off-line, 

but a person skilled in the art would know how to implement an equivalent 

method running in real-time. For example by identifying an integer ambiguity at 

each arrival of a new passage, by collecting sufficient measurements of this

5 passage, and on the assumption that the current solution for satellite clocks is 

itself an integer, then the integer value of the ambiguity would appear directly in 

the measurement residuals.

Solving the phase ambiguities at the level of an (isolated) receiver

[0052] Any receiver can solve the wide-lane ambiguities if it knows the Meme of 

10 the visible satellites. The receiver makes non-differentiated code and phase 

measurements, and thereby finds the raw values of the wide-lane ambiguity

(illustrated in Fig. 1). For one passage (or part of a passage) it calculates a 

mean raw value of the wide-lane ambiguity and deduces the integer wide-lane 

ambiguity Nw by solving the equation:

15 (N \ = N + u"(,}
Y w / 1 w ' r*rec r*eme

where peme is now a known parameter. The receiver can obtain the values of the 

Meme by any available means. For example, it could download them from an 

external database (e.g. from an internet site). As these values vary very little 

over time, then once obtained they can be used for a very long time, on

20 condition that they are stored inside the receiver. Fig. 2. shows the residuals 

+ = Nw + obtained after correction of the raw values of the wide-

lane ambiguity of Fig. 1 with the respectively known internal satellite delays 

Meme· It can be seen that the average or median value of the residual for each 

passage is found around a same value (not necessarily integer) common to all

25 the passages (0.7 in the illustrated case). The fractional part of this common 

value therefore gives Mrec, whereas the integer part gives the integer wide-lane 

ambiguity Nw.
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[0053] The solution for the narrow-lane ambiguity at the level of the (isolated)

receiver is based on the equations

Pc=D + hrec-heme

Qc =D + 3C5N! + hrec - heme

In order to determine δΝχ, the receiver needs to know the satellite clocks as 

5 well as the precise orbits for a given observation time (the precise orbits are part 

of the model for D). These satellite clocks and/or the precise orbits are 

preferably broadcast by terrestrial broadcast or from an SBAS satellite

(Satellite-Based Augmentation System).

[0054] Firstly, the receiver determines the value of D by filtering, based on an 

10 analogous model to that mentioned previously. During this calculation step for

D, the receiver is generally required to remain stationary. Secondly, the receiver 

estimates its receiver clocks and the <SV,. It then arrives at the values for Ni by 

W, = <W, + W, and at the values for N2 by N2 = Nw + Nt.
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Claims

1. Method for processing radionavigation signals that originate from a satellite of a 

constellation of radionavigation satellites, said satellite broadcasting at least a first 

radionavigation signal on a first frequency and a second radionavigation signal on a 

second frequency that is different from the first, which method comprises determining, 

at the level of a reference network comprising at least one reference receiver, from 

which said satellite is visible, an internal satellite delay and an integer value of the 

wide-lane ambiguity for said at least one reference receiver, said determining of the 

internal satellite delay and of the integer value of the wide-lane ambiguity comprising 

the steps:

receiving said first and second radionavigation signals at the level of said 

reference receiver;

by means of said reference receiver and for each of the first and second 

received signals, executing a non-differentiated code measurement and a 

non-differentiated phase measurement;

computing a raw value of the wide-lane phase ambiguity from the non- 

differentiated code measurements and from the non-differentiated phase 

measurements;

fixing the internal satellite delay together with the integer value of the wide- 

lane phase ambiguity based on said raw value for said reference receiver.

2. Method according to claim 1, wherein said reference network comprises a 

plurality of reference receivers, from which, each time a plurality of satellites of said 

constellation are visible, each of these satellites broadcasting at least a first 

radionavigation signal on said first frequency and a second radionavigation signal on 

said second frequency, in which method one determines, for each available combination 

satellite/reference receiver, in a coherent manner at the level of the reference network, 

an internal satellite delay and an integer value of the wide-lane ambiguity on the basis 

of a raw value of the wide-lane ambiguity computed from the code and phase
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measurements made for each of the first and second signals originating from the 

respective satellite with the help of the respective reference receiver.

3. Method according to claim 1 or 2 comprising the step of broadcasting the 

determined internal satellite delay.

4. Method for processing radionavigation signals that originate from a satellite of a 

constellation of radionavigation satellites, said satellite broadcasting at least a first 

radionavigation signal on a first frequency and a second radionavigation signal on a 

second frequency that is different from the first, said method comprising, at the level of 

a reference network comprising one or a plurality of reference receivers, from which 

said satellite is visible, the steps:

receiving said first and second radionavigation signals at the level of said 

reference receiver or receivers;

by means of said reference receiver or receivers and for each of the first and 

second received signals, executing a non-differentiated code measurement 

and a non-differentiated phase measurement;

determining a satellite clock value of said satellite from the non- 

differentiated code measurements, the non-differentiated phase 

measurements, one or a plurality of integer values of the wide-lane 

ambiguity as well as a model of the propagation distance between said 

satellite and said reference receiver or receivers.

5. Method according to claim 4 wherein the step for the determination of the clock

value comprises the steps:

obtaining an internal satellite delay concerning said satellite; and

determining an integer value of the wide-lane ambiguity based on said raw

value and said internal satellite delay.
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6. Method according to claim 4 or 5 wherein the step for the determination 

of the clock value comprises the estimation of the model parameters for 

the propagation distance with the help of the code measurements, the 

phase measurements and one or a plurality of integer values of the wide-

5 lane ambiguity and subsequently the estimation of the clock value from

the estimated parameters.

7. Method according to claim 6 wherein the estimation of the model 

parameters for the propagation distance includes the determination of a 

precise orbit concerning said satellite.

10 8. Method according to any one of claims 4 to 7 comprising the step of

broadcasting the determined satellite clock value.

9. Method according to claim 7 comprising the step of broadcasting a 

determined precise orbit.

10. Method for processing radionavigation signals that originate from a

15 satellite of a constellation of radionavigation satellites, said satellite

broadcasting at least a first radionavigation signal on a first frequency 

and a second radionavigation signal on a second frequency that is 

different from the first, said method comprising, at the level of a receiver, 

from which said satellite is visible, the steps:

20 receiving said first and second radionavigation signals;

for each of the first and second received signals, executing a non- 

differentiated code measurement and a non-differentiated phase 

measurement;

computing a raw value of the wide-lane phase ambiguity from the 

25 non-differentiated code measurements and the non-differentiated

phase measurements;

obtaining an internal satellite delay concerning said satellite; and

determining an integer value of the wide-lane ambiguity based on 

said raw value and said internal satellite delay.
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11. Method according to claim 10 wherein said internal satellite delay is 

obtained from a database.

12. Method according to claim 10 wherein said internal delay is extracted 

from a message broadcast by an SBAS satellite or sent by a

5 radiotelephonic network or broadcast by terrestrial broadcast.

13. Method according to any one of claims 10 to 12 comprising the steps:

obtaining an orbit value and a satellite clock value concerning said 

satellite;

estimating an integer value of a narrow-lane ambiguity by filtering 

10 from the non-differentiated code measurements, the non-

differentiated phase measurements of said integer value of the 

wide-lane ambiguity, said orbit value, said satellite clock value as 

well as a model of the propagation distance between said satellite

and said receiver.

15 14. Method according to claim 13 wherein said orbit value and said clock

value are obtained from a database.

15. Method according to claim 13 wherein said orbit value and said clock

value are extracted from a message broadcast by an SBAS satellite or

sent by a radiotelephonic network or broadcast by terrestrial broadcast.

20
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