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CNES PROCESSING STRATEGY
AT THE SERVICE D’ORBITOGRAPHIE DORIS

(SOD)
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SOD PROCESSING STRATEGY

n 7KH�6HUYLFH�G
2UELWRJUDSKLH�'25,6

• LV�QRW�DQ�LQVWLWXWLRQDO�HQWLW\�EXW�SDUW�RI�WKH�RUELW�GHWHUPLQDWLRQ�GHSDUWPHQW

• LV�QRZ�ZRUNLQJ�ZLWKLQ�WKH�$OWLPHWU\�DQG�2UELW�'HWHUPLQDWLRQ�JURXQG�V\VWHP

66$/72

n 3URFHVVLQJ�LV�RSHUDWLRQDO

• NH\�IXQFWLRQ�LV�WR�SURGXFH�UDSLG�DQG�SUHFLVH�RUELWV�IRU�DOWLPHWU\�PLVVLRQV��723(;�

-DVRQ��(19,6$7�

• SURFHVVHV�DUH�GHVLJQHG�WR�RSHUDWH�DXWRPDWLFDOO\�LQ�DQ\�FRQGLWLRQ�VXFK�DV

PDQHXYHUV�DQG�LQFLGHQWV

• PDQ\�VWHSV�KDYH�EHHQ�DGGHG�WR�LQFUHDVH�UREXVWQHVV�EDVHG�RQ�SUHYLRXV�H[SHULHQFH

HYHQ�WKRXJK�WKH\�ZRXOG�QRW�EH�UHTXLUHG�RQ�D�GD\�WR�GD\�EDVLV
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Overview

n 3URFHVVLQJ�LV�D�FRPELQDWLRQ�RI�HOHPHQWDU\�IXQFWLRQV

n .H\�IXQFWLRQV�DUH

• �JHRPHWULFDO��SUHSURFHVVLQJ�ZKLFK�HGLWV�GDWD�EDVHG�RQ�HOHYDWLRQ�DQJOH��OHQJWK�DQG

V\PPHWU\�RI�SDVV��«

• �G\QDPLFDO��SUHSURFHVVLQJ�ZKLFK�HGLWV�GDWD�EDVHG�RQ�UHVLGXDOV�ZLWK�UHVSHFW�WR�D

�QDYLJDWLRQ��VROXWLRQ�ZLWK�VODQW�UDQJH�DQG�WLPLQJ�ELDVHV�DGMXVWHG

• RUELW�GHWHUPLQDWLRQ�ZKLFK�FRPSXWHV�RUELWV�ZLWK�YDULRXV�FRPELQDWLRQV�RI�DGMXVWHG

SDUDPHWHUV

• WLPH�GHWHUPLQDWLRQ�ZKLFK�HVWLPDWHV�WKH�UHODWLRQ�EHWZHHQ�RQ�ERDUG�WLPH�DQG�7$,�LQ

WKH�IRUP�RI�D�SRO\QRPLDO

• DXWR�LQLWLDOL]DWLRQ�ZKLFK�HVWLPDWHV�LQLWLDO�FRQGLWLRQV�GLUHFWO\�IURP�WKH�'25,6�GDWD

ZLWKRXW�DQ\�H[WHUQDO�LQIRUPDWLRQ

• RQ�ERDUG�IUHTXHQF\�GHWHUPLQDWLRQ�ZKLFK�HVWLPDWHV�WKH�RQ�ERDUG�862�IUHTXHQF\

RIIVHW�LQ�WKH�IRUP�RI�D�SRO\QRPLDO

n 3URFHVVLQJ�FKDLQ�DUH�PRVWO\�D�VXFFHVVLRQ�RI�WKHVH�IXQFWLRQV

GP

DP

OD

TD

AI

FD
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Overview (2)

CCI

Raw telemetry

DORIS 1.0 data

MOE

PPOE

FIMBI

POE

FIMBI

MOE DORIS 1b data

New DORIS 1b data

POE DORIS 1b data

Time reprocessing

Automated process
supervised by CLS

SOD staff

Not part of SOD
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CCI

n 'HFRPPXWDWHV�WHOHPHWU\�WR�H[WUDFW�'25,6�GDWD

n 5HPRYHV�GDWD�IODJJHG�DV�EDG�E\�WKH�UHFHLYHU

n &RPSXWH�WKH�WLPHWDJV�RI�'25,6�GDWD

• XVLQJ�D�SUHGLFWHG�HSKHPHULV

• PRGHO�WKH�WLPH�HYROXWLRQ�DV�D�SRO\QRPLDO

± OLQHDU�SHU�GD\�RU

± TXDGUDWLF�RYHU���GD\V

n *HQHUDWHV�WKH�'25,6�����GDWD�SURGXFWV�ZKLFK�FRQWDLQ�QHDUO\�HYHU\WKLQJ

• WLPHWDJV�DUH�SURYLGHG�EXW�QRW�WKH�WLPLQJ�SRO\QRPLDO

• WLPHWDJV�DUH�URXQGHG�WR�WKH�QHDUHVW�PLFURVHFRQG

,QWHUQDWLRQDO�'25,6�6HUYLFH�ZRUNVKRS

&1(6�6SDFH�)OLJKW�'\QDPLFV�'LYLVLRQ-XQH������������

MOE

Level -1
AI + OD

DORIS 1.0 data

Level 0
GP + DP + OD

Level 1
GP + DP + OD + FD

FIMBI
ephemeris
DORIS 1b data (30 h file)

When no predicted ephemeris is
available
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PPOE

11 daily FIMBIs

GP + DP + OD

GP + DP + OD

FIMBI
ephemeris

TD

DORIS 1b data
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POE and new data

n 7KH�32(�LV�WKH�UHVXOW�RI�DQ�H[SHUW�LPSURYHPHQW�RI�WKH�332(

• EDVHG�RQ�GHWDLOHG�DQDO\VLV�RI�UHVLGXDOV�DQG�HPSLULFDO�FRUUHFWLRQV

• LQFOXGHV�YDOLGDWLRQ�DQG�LQWHUFRPSDULVRQ�VWHSV

• UHYLVLRQ�RI�WKH�GHOLYHU\�GDWD�IROORZLQJ�WKH�32(�VWHS�DUH�H[FHSWLRQDO

n $Q�DGGLWLRQDO�VWHS�WR�SURGXFH�WKH�QHZ�GDWD

• 3��:LOOLV�OHJLWLPDWH�UHTXHVW�IRU�FRKHUHQW�RQ�ERDUG�WLPH�DQG�IUHTXHQF\�OHDG�WR�WKH

GHYHORSPHQW�RI�D�PRGLILHG�GDWDWLRQ�IXQFWLRQ

• WKLV�QHZ�IXQFWLRQ�ZLOO�UHSODFH�WKH�ROG�RQH�LQ�WKH�IXWXUH

± �LW�LQWHUDFWV�VWURQJO\�ZLWK�WKH�ZKROH�SURFHVVLQJ�FKDLQ��VXSSUHVVLRQ�RI�WKH�IUHTXHQF\

PRGHOLQJ�VWHS�

± LW�FDQ�RQO\�EH�LQWHJUDWHG�DIWHU�WKH�FRPPLVLRQLQJ�SKDVHV�IRU�WKH�QHZ�VDWHOOLWHV

• WKLV�VWHS�UHTXLUHV�PDQXDO�LQWHUYHQWLRQ
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DORIS 1b data

n .H\�FRQFHSWV

• SURYLGH�GDWD�LQ�D�IRUP�DV�LQGHSHQGHQW�IURP�WKH�UHFHLYHU�WHFKQRORJ\�DV�SRVVLEOH

• UHSODFH�GXDO�IUHTXHQF\�F\FOH�FRXQWV�E\�VLQJOH�IUHTXHQF\�UDGLDO�YHORFLW\�DQG

LRQRVSKHUH�FRUUHFWLRQ

• FRPSDWLEOH�ZLWK�ROG�7UDQHW�SURFHVVLQJ�V\VWHPV

n .H\�HTXDWLRQ

n .H\�YDULDWLRQV

• RULJLQ�RI�WKH�IUHTXHQFLHV

• QDWXUH�RI�WKH�WLPH�IRU�RIIVHW�UHPRYDO

• YDOXH�RI�WKH�FRXQW�WLPH

( )( )[ ]Nttff
Tf

cV localbeacon
beacon

−−−
∆

= 12

1

Current CDDIS data (1.0):
- on-board frequency from frequency determination (polynomial)
- beacon frequency from pass solution
- t1, t2 times are TAI
- deltaT = actual TAI count interval (truncated on file)

Proposed revised format (2.0?):
- nominal frequencies
- t1, t2 times are on-board time
- deltaT = exact rounded TAI count interval

Modified revised format (2.1?):
- on-board frequency from timing polynomial
- nominal beacon frequency
- t1, t2 times are TAI (to check)
- deltaT = exact rounded TAI count interval
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Ionosphere correction

n 'HULYHG�GLUHFWO\�IURP�WKH�GXDO�IUHTXHQF\�GDWD

• FRUUHFWLRQ�FRPSXWHG�IRU�WKH���*+]�FDUULHU

• UHODWLRQ�VOLJKWO\�PRUH�FRPSOH[�WKDQ�IRU�PRVW�GXDO�IUHTXHQF\�V\VWHPV

± GLIIHUHQFHV�LQ�FRXQW�LQWHUYDO�IRU��ROG��UHFHLYHUV

± ODUJH�LQWHU�IUHTXHQF\�ELDV���������V�

± WDNHV�LQWR�DFFRXQW�GLIIHUHQFH�LQ�FHQWHU�RI�SKDVH�ORFDWLRQ

• LQ�SUDFWLFH

± WKH�GHSHQGHQF\�XSRQ�WKH�EHDFRQ�IUHTXHQF\�ELDV�LV�QHJOLJLEOH

± WKH�LQWHU�IUHTXHQF\�ELDV�GRHV�QRW�SOD\�D�PDMRU�UROH

• WKLV�FRUUHFWLRQ�LV�QRW�H[DFWO\�WKH�RQH�LPSOHPHQWHG�QRZ

± WKH�FXUUHQW�IRUPXODWLRQ�OHDGV�WR�UHVXOWV�ZKLFK�DUH�LQFRUUHFW�ZKHQ�WKH�IUHTXHQF\�ELDV

LV�QRW�HVWLPDWHG� !�FDQQRW�GHOLYHU�SDVVHV�ZKLFK�DUH�FRPSOHWHO\�HOLPLQDWHG
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Time determination

n 7KLV�LV�WKH�NH\�GLIILFXOW\

• WKH�QHWZRUN�LV�QRW�WLPH�V\QFKURQL]HG�DV�D�ZKROH��RQO\�WZR�EHDFRQV�RIIHUV�WLPH

UHIHUHQFHV

± D�PRGHO�KDV�WR�EH�XVHG�WR�SURSDJDWH�WKH�WLPLQJ�LQIRUPDWLRQ��ILOO�WKH�JDSV�

± RQO\�ORQJ�WHUP�WLPLQJ�LV�DFFHVVLEOH

• WKH�TXDOLW\�RI�WKH�SVHXGR�UDQJH�GDWD�LV�SRRU

± SUHFLVLRQ�DURXQG�����P

± RQO\�RQH�IUHTXHQF\�WUDQVPLWWHG�LQ�WHOHPHWU\

± DV\QFKURQRXV�IURP�SKDVH�PHDVXUHPHQW

• UHIHUHQFH�EHDFRQV�RQO\�SURYLGH�ORQJ�WHUP�VWDELOLW\

± WKHLU�VKRUW�WHUP�EHKDYLRU�LV�VLPLODU�WR�RWKHU�EHDFRQV

± WKHLU�FORFN�EHKDYLRU�LV�WKH�VXSHUSRVLWLRQ�RI�VKRUW�WHUP�YDULDEOLW\�DQG�ORQJ�WHUP�VWDELOLW\

Õ HIIRUWV�WR�SURFHVV�RUELW�DQG�WLPH�VLPXOWDQHRXVO\�KDYH�IDLOHG��XQWLO�QRZ�

Õ PXOWL�VWHS�DSSURDFK�RUELW��!�WLPH��!�RUELW��!�WLPH��!�RUELW��

,QWHUQDWLRQDO�'25,6�6HUYLFH�ZRUNVKRS
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Data format issues

n 0HDVXUHPHQW�SULQFLSOH�KDV�FKDQJHG�GUDVWLFDOO\�EHWZHHQ�JHQHUDWLRQV

• GLIILFXOW�WR�ILQG�FRPPRQ�JURXQG�EHWZHHQ�ROG�DQG��PLQLDWXUL]HG��UHFHLYHUV

± ROG�UHFHLYHUV��H[DFW�LQWHJHU�SKDVH��XQFHUWDLQ�WLPH

± PLQLDWXUL]HG�UHFHLYHUV��H[DFW�WLPHV��XQFHUWDLQW\�RQ�SKDVH

• WKH�FXUUHQW�IRUPDW�LV�RQH�RI�WKH�RQO\�JRRG�FRPSURPLVHV

± PRYLQJ�WR�D��UDZHU��IRUPDW�ZLO�SUREDEO\�JHQHUDWH�D�VFKLVP

n 7KH�UHODWLRQ�EHWZHHQ�RQ�ERDUG�WLPH�DQG�7$,�LV�D�NH\�FRQFHUQ

• LW�LV�FRPSXWHG�UHODWLYHO\�ODWH��GXULQJ�32(�SURFHVVLQJ�

• LW�GHSHQGV�XSRQ�WKH�DUF�RYHU�ZKLFK�LW�KDV�EHHQ�FRPSXWHG

± WKXV�LW�H[KLELWV�GLVFRQWLQXLWLHV�DQG�EUHDNV�LQ�VORSH�DW�DUF�ERXQGDULHV
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The RINEX data format

n $Q�ROG�LVVXH���%XW�UHFHLYHU�LQGHSHQGHQFH��LV�WUXO\�UHTXLUHG�QRZ�ZLWK�DOO�WKH

JHQHUDWLRQV�RI�UHFHLYHUV�LQ�IOLJKW

n *36�OLNH�'RSSOHU�YHUVLRQ�SURSRVHG�WZR�\HDUV�DJR

• SUREOHP�ZLWK�WLPLQJ�LQIRUPDWLRQ��EXW�QHZ�VROXWLRQ�SURSRVHG�

• ORRVHV�HGLWLQJ�DQG�FRUUHFWLRQ�LQIRUPDWLRQV

• QRW�VXLWHG�IRU�QHZ�UHFHLYHUV��ILHOGV�IRU�RSHQLQJ�DQG�FORVLQJ�RIIVHWV�DUH�QRW�QHHGHG�

• OLPLWHG�LQWHUHVW�IURP�WKH�XVHUV�JURXS�ZKLFK�PHW�DW�&1(6

n 1HZ�UHFHLYHUV�DUH�EHWWHU�VXLWHG�IRU�SKDVH�*36�OLNH�IRUPDW

• DV�ORQJ�DV�FRQWLQXRXV�WUDFNLQJ�UHPDLQV�LQ�HIIHFW

• UHTXLUHV�GLIIHUHQW�ILOHV�IRU�SKDVH�DQG�SVHXGR�UDQJH�PHDVXUHPHQWV

• QR�HGLWLQJ�DQG�FRUUHFWLRQ�LQIRUPDWLRQV

n +DQGOLQJ�RI�PHWHR�GDWD�LV�GLIILFXOW

• LGHDOO\�UHXVH�5,1(;�0(7�IRUPDW�ZLWK�FRPELQDWLRQ�RI�DOO�VDWHOOLWH�IRU�D�JLYHQ�GD\

• GLIILFXOW�WR�SURGXFH�DQG�WR�XVH

,QWHUQDWLRQDO�'25,6�6HUYLFH�ZRUNVKRS
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Conclusion

n 7KH�GLIILFXOWLHV�LQ�GHILQLQJ�D�GDWD�IRUPDW�UHIOHFW�WKH�LQKHUHQW�SURFHVVLQJ

GLIILFXOWLHV

• WKH�GDWD�DUH�QRW�VHOI�VXIILFLHQW��D�PRGHO�KDV�WR�EH�XVHG�WR�SURGXFH�WLPLQJ

LQIRUPDWLRQ

• WLPLQJ�DQG�RUELW�FDQQRW�HDVLO\�EH�VROYHG�IRU�LQ�D�VLQJOH�VWHS

n 7KH�NH\�GHIILFLHQF\�RI�WKH�FXUUHQW�IRUPDW�KDV�WR�GR�ZLWK�KRZ�WKLV

WLPLQJ�IUHTXHQF\�LVVXH�LV�KDQGOHG

• LW�FDQ�RQO\�EH�VROYHG�LI�XVHUV�SHUIRUP�WKHLU�RZQ�WLPLQJ�VROXWLRQV��DGDSWHG�WR�WKHLU

SURFHVVLQJ�VWUDWHJ\�

• DUH�XVHUV�UHDG\�WR�JR�WKURXJK�WKLV�DGGHG�EXUGHQ�"

n $GGLQJ�WKH�WLPLQJ�FRUUHFWLRQ�DQG�SVHXGRUDQJH�GDWD�RQ�WKH�VLGH�FRXOG�EH�WKH

VROXWLRQ

• EXW�ZLOO�DQ\�RQH�UHDOO\�SURFHVV�WKH�DGGHG�LQIRUPDWLRQ�"

n (YHU\WKLQJ�HOVH�LV�GHWDLOV�WKDW�FDQ�HDVLO\�EH�IL[HG

• FKURQRORJLFDO�VRUWLQJ�YHUVXV�SDVVHV��GD\�ILOHV�YHUVXV�F\FOHV��HWF�


