A net hod of obtaining data for
satellite positioning systemo
deriving the data renotely fro

use by a receiver of a
r a G\NSS conpri ses
mthe receiver by a

(123 BYTEBNATIONAN) APRISCATIONTRBE AFHFIDARNDE R [THE AATINTBIO08PR AIMON EREATY (PCT)

r]e)‘ﬁi onal or %ﬂobal t hree di nensional map of grid
fyegd Imlﬁc § RPsety corrpro pospherical del ays by
ray tr ﬁ;‘% ureaough the rg “m;‘ﬁ‘.‘, \HIIIHIHIIIIITIIIIIIEHIIIIIIIIHIHI'I||'|||HIHIHIIIIIIIIIIIIIIIIIIIII|I|I|||II|||I||II|
from I'C measur em@LEK S essur
‘?{ﬁf Gan e?gl Ozlu gzlure ernzﬁmnzﬁ llcatlon Number
% erm ne ]3; a user QSS Al

(51) Iff@f@éﬁﬂﬁ'd’ﬁ%ﬁ&%?éﬂﬁif’&’h delGN%5Lh
1) Idtdd@dnhioA Ak fidn NdnBdr: | NCl i nati on
includes a copy ofrcyastoamorsiae

(22) In@ernatlpnalck‘lhng Szﬁe I t1§ AprQ¥00£ {19&4%904d e

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
0308894.5
0309142.8

17 April 2003 (17.04.2003)
23 April 2003 (23.04.2003)

GB
GB

(71) Applicant (for all designated States except US): SECRE-
TARY OF STATE FOR DEFENCE [GB/GB]; DSTL
Porton Down, Salisbury, Wiltshire SP4 0JQ (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): POWE, Matthew,
Duncan [GB/GB]; DSTL Farnborough, Ively Road,
Farnborough, Hampshire GU14 0XL. (GB). BUTCHER,
James [GB/GB]; DSTL Farnborough, Ively Road, Farn-

(7. Y. et al.; Harrison God-
f}?j'% rlando ViI;ESf: ﬁb(gompstall Road, Marple

S §Q%£p\é §K635 ‘EGB)

t eorof ogl ca (230)

{SayDemgnated States ( unless otherwzse indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), Euro-
pean (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

borough, Hampshire GU14 0XL. (GB). OWEN, John,
Ifor, Rewbridge [GB/GB]; DSTL Farnborough, Ively
Road, Farnborough, Hampshire GU14 0XL (GB).

Declaration under Rule 4.17:
of inventorship (Rule 4.17(iv)) for US only

[Continued on next page]

(54) Title: CORRECTION OF TROPOSHERE INDUCED ERRORS IN GLOBAL POSITIONING SYSTEMS

’)103\ :

i { additional )
| Meteorologial

Satellite Uplink
Communication
Chanzel _

Datz.
\,4’_*

30 Refractive | |
IndaxField | |
Generation ]

ReglonalGlobal
Wet & Dry2D
Computation

RoglonaliGlobal
Prior Model Z0
Genesation

Numerical
Weather
Prediction

Satellte Tropo
Delay
= | Computation
Corrected
Navigation & Time
Solution

A1 |00 O OO

uw, (57) Abstract: A method of obtaining data for use by a receiver of a satellite positioning system or a GNSS comprises deriving the
data remotely from the receiver by a server (200), using meteorological information and a regional or global three dimensional map
W of grid points from which it computes tropospherical delays by ray tracing through the refractivity field derived from atmospheric
&\ measurements of pressure, temperature and water data content, such measurements being available from meteorological bodies.
& When used to enhance position determined by a user receiver that includes a non-meteorological, climate based model (130) giving
zenith delays and means (130" to map them to particular inclinations, the server also includes a copy of such non-meteorological
& model (230) and provides its ray traced delay values as zenith delays. The sets of zenith delay values for corresponding grid points
& are compared in the server (260) and modifications developed (preferably in fractional form) by which the non-meteorological delay
values require correcting to be accurate. The correction sets are reduced by image compression techniques (270) and transmitted via
O the satellites (110, etc) of the GNSS at low data rate to the user receiver, which receiver simply applies the corrections to the Zenith
delays derived by its own model. If a user position is known, the server may derive accurate tropospheric delay values directly for
a the receiver position directly for transmission.
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