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DORIS RINEX format overview

m Available for DGXX instruments tracking data
¢ Jason-2 , Cryos-2

m These instruments deliver synchronous dual frequenc
pseudo-range measurements (on seven simultaneous ch

m Rinex format description available at
ftp://ftp.ids-doris.org/pub/ids/data/RINEX _DORIS.pd  f

mF. Mercier et al. , “Jason-2 DORIS phase measuremen
ASR, 2010
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HEADER RECORD, ex: ja2rx11081.001

+ Receiver

iInformation

* Observables
T

¢ Scale factor

¢ Table of ground beacons

3. 00 0 1] RINEX VERSION / TYPE
Expert CHES 20110323 071127 UTC PGM 7 RUN BY / DATE
G = GP5 R = GLONASS E = GALILED 5 = GEO M = MIEED D = DORIS COMMENT
JASON-2 SATELLITE NAME
2005-0324 COSPAR NUMEER
STILO CHES OBESERVER / AGENCY
CHATN1 DGEE 1.00 REC # / TYPE / VWERS
DORTS STAREC ANT # / TYPE

1.1340 -0. 5330 1. 0220 APPROX POSITION XYE
(S ey BHHaa T & i CENTERGF ,
i 10 L1 LZ Cl1 C2 W1 w2 F P T SYs / # / 0BS TYPES
TIME OF FIRST OB
D | 100 2 €l cZ SYS / SCALE FACTOR
i 1.8900 LZ / L1 DATE OFFSET
49 # 0OF STATIONS
D01 EBADNE BADARY 123385002 3 o STATION REFEREHNCE
DOZ COBE COLD BAY 495045004 3 o STATION REFERENCE
T2 T TTMmT cChaanconni 2 n CMAMTAM DT TDTRIOT

/

» Correspondence between internal Rinex identifier and DORIS beacon name
* Frequency shift factor
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D17 POME PONTZ LDELGADA a1906s002 3 o STATION REFERENCE
B18—TLSE—TOULATSE 1ER3s0R5E—3 B STATTON-FREFERENGE
D19 GR3E GRASSE 10002s018 3 -1%5 STATION REFERENCE
DZ0 GAVE GAVDOS 126185001 3 18 STATION REFERENCE
B2l —RIAB-BEONYSES—1EGHESH e —3— 00— STATION REFERENEE ———
////////" DZZ2 METE METSAHOVI 105038015 3 o STATION REFERENCE
DZ3 REZE REYEJAVIK 102025003 3 o STATION REFERENCE
D24 SPJE NY-ALESUND 105175005 3 o STATION REFERENCE
DZ5  EKREE ERASNOYARSE 123495002 3 o STATION REFERENCE
Di6  EKIUE EITAE 123345006 3 o STATION REFERENCE
D27 JIUE JIUFENG 216025005 3 o STATION REFERENCE
DZ8 MSPE MOUNT STROMLO 501195004 3 o STATION REFERENCE
DZ9 ARFE AREQUIPA 422025007 3 o STATION REFERENCE
D30 STJE ST JOHN'S 40101s002 3 o STATION REFERENCE
D31 THUE THULE 430015005 3 o STATION REFERENCE
D32 EVEE EVEREST 215015001 3 o STATION REFERENCE
D33 CIDE CIBINONG 231015003 3 o STATION REFERENCE
D34 YASE VARAGADEE 501075011 3 o STATION REFERENCE
D35 MIAE MIAMI 499145003 3 o STATION REFERENCE
D36 GREE GREENEELT 404515176 3 o STATION REFERENCE
D3Y MALE MALE 22901s002 3 o STATION REFERENCE
D38 AMVE AMSTERDAM 014015005 3 o STATION REFERENCE
D39 EKETE EERGUELEN 91201s005 3 o STATION REFERENCE
D40 RILE RIEITEA 92301s003 3 o STATION REFERENCE
D41 ¥EME YELLOWENIFE 401275009 3 o STATION REFERENCE
DdZ DJIE DJIEOUTI a9901s003 3 o STATION REFERENCE
D43 MAHE MAHE a9801s005 3 o STATION REFERENCE
D44 FEEUE LA REUNION 974015002 3 o STATION REFERENCE
D45 CROE CROZET 91301s003 3 o STATION REFERENCE
Ddt MATE MARION ISLAND a0313s003 3 o STATION REFERENCE
D47 SYPE SYOWA 60065003 3 o STATION REFERENCE
D45 HEME HARTEEEESTHOEE a030Zs008 3 o STATION REFERENCE
D49 NOWE NOUMEZ 9Z2701s003 3 o STATION REFERENCE
4 # TIME EEF STATTIONS
DOE 10. 570 22. 250 TIME REF STATION
D15 0.019 -12 598 TIME REF STATION
D18 17. 699 4. 260 TIME REF STATION
D4ds -0. 09z 0. oon TIME REF STATION
allll 1K; g Ut Ut [IRRELnjRinjuin TIME EEF STAT DATE

EMD 0OF HEADER
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DATA RECORD, ex: Ja2rx11081.001

Epoch (reception time in the receiver time scale, t)

{

ENDO OF HEADEE

/ 2011 03 22 00 00 26.159947870 (0 2 2 B9538032E5 0

it =84 5R50—10d =353 377554 -ET363044 03002 -5T362987 80202 -130. 600

-123. 250 7 3840, 258 Q36. 000 0 -14.900 0 S1.000

. ooz -939750. 901 -185190. 570 =TTT21725 B4p07 -TTT21623 62607 -133. 0&0

Sampllng. -118. 350 7 3840. 258 1003. 398 1 3.025 1 a5, 325
» 2011 03 22 00 00 29.1599473T0 0 2 2. 695380325 0

O, 8—3ee,— ool -T46274 . TeR -3514914 Eg4 -ET362489 77802 -5T361533. 49902 -130. 600

-123. 250 7 3840, 258 Q36. 000 0 -14.900 0 S1.000

10 SecC, < ooz -949653. 931 -137144 . 043 -TTT21871.48507 -T7T21769. 56007 -133. 0&0

13-see -118. 350 7 3840, 256 1003, 398 1 3.025 1 85, 325
! 2011 03 22 00 0 B 159947370 o 2 RA5379947 1N

20 Sec, ool -515085. 903| 0| -34e9359 E87|0|-5T7357774. 07e0y -ET735T7522. EEQDE -130. 250

—TEE 380 T g0 256 e oo g 0 51.000

ooz -970e45 . 75 -191238. 730 0 -777215&28 30407 -TFT7220°708, 44407 -132. 700

-118. 000 .393 1 FN2E 1 85, 325

& 0011 N 09 nn o nn o3

FOC2TO041 N

[, e T I ST, o TR

-1 -]

C1

(14 1 C2
Measurements at “+3 sec.

are currently ignored in
CNES processing
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DATA RECORD, ex: Ja2rx11081.001

Receiver frequency offset

» 2011 03 22 00 00 26N\159947870 0 Z

Dol -845050. 104 -
-123 250 7

ooz - -939750. 901
-118. 350 7

» 2011 03 22 00 00 29159947370 0 2

ool -T46274. TeR

ina nrFn w9

Example on D06 time reference beacon (PAUB) :

» 2011 03 22 08 2e 56.159947370 0 1 2.654213632 0

OoS -12332279.319 0 -2430070. 839 0 -60839149.41001 -608392149

=108 ann 7 J840 S0 1004 000 1 14

Receiver clock offset = TAl -t = - Z'r

END OF HEADER
2. 595380325 0
-5T363 T, e0z20%

» 2011 03 22 08 2 509.159947370 0 2 2.694213632 0

OoS -12296500. 830 0 -2423020. 736 0 -60838622. 63701 -60838693
-108. 8900 7 340, 502 1004. 000 0 14.
jujul 94425 500 1 -18605. 224 1 -80368121. 82817 -303609271
-128.500 7 340, 502 1004. 000 0 23.

> 2011 03 22 08 27 6£.159947870 0 2 2.694213248 0

005 -12208853. 0685 0 -2405749. 869 0 -60837320. 68601 -6083T7376
-109. 600 7 3840, 502 1004. 000 0 14.
ooe  -357816.317 1 -T0506. 801 1 -80373244 40207 -80372885.
-123.950 7 3840, 502 1004. 000 0 23.

» 2011 03 22 08 27 D.159947870 0 2 2.6942132458 0

005 -12169526. 395 0 -2398000. 582 0 -60836741. 67501 -60836797
-109. 600 7 35340, 502 1004. 000 0 14.
Doe  -470624. 823 1 -92735.871 1 -80374905. 24407 -B03T45E5.
-123.950 7 3840502 1004. 000 0O 23.

» 2011 03 22 08 27 1g.15994%870 0O 2 2.694212864 0

oos -12073717. 065 0 -2370121 466 0 -60835525. 93201 -60835326

-109. 2580 7 3840. 502 1004. 000 0 14.
ooe  -733663.431 0 -144567.965 0 -80378¥63. 56507 -80375181
-122. 900 T 3840, 502 1004. 000 O 24.

» 2011 DS 22 08 27 19.159947370 0 &

—_—r A AAA A AmRASAS dAAd A e e R R

2 694212864 1]

nnnnnnnn

DORIS AWG Meeting — Paris, May 23-24, 2011

: -130. 800 7
3840, 255 QEE.DDD 1] -14. 900 0 E1.000 0
-185190. 570 =TET21T25 B4s0T -FTT21623. 62607 -133. 050 7
3840, 256 1003, 398 1 3.025 1 gL, 328 1
2. B953280325 0
-3514914 Ep4d -57362489 TT802 -5T7361533. 49902 -130. 600 7T
4500+
20001 118 000 7 km ]
11 o4 1 [ i
10601 -118.000 7 4000 , ,
300 0 54, 000 0 ; ; ;
51917 -131. 300 7 ] : i E
ann 0 72,000 0 3500 E E E
17901 -118. 000 7 |
i R - " |
900 0 72.000 0 3000
oo et ||
07407 ~120. 900 7 2300
o000 72000 0 5 5 5
W00 54000 0 2000 o
05907 120 550 7 ] : : E
000 0 72,000 0 ] g | | | :
“““““ e ) e 3 3 = 35 33 4 42 44 4

4h
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Phase measurement model (noise and model errors omitted)

Beacon ref. point - Sat. CoM 2GHz
* lonospheric
2GHz phase Phase center  \indup delay Clock offset

count I correction \ \ \ /

A]-Ll d +d +d + +Cr+k1 Amblgumes
AZLZ:dO+dT+d2+A2IW—ye+c:r+k2
|

400MHz phase  Trgpospheric

count delay Square of frequency ratio

(~25)
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Phase measurement model

See also backup slide “Frequency shifted beacons” fo r more details

phase count L: phase is counted on the — (received — nominal) be at frequency; on
/ board nominal frequencies are always 2036.25 MHz an  d 401.25 MHz

=d,+d; +d, + Al —e+cr+k
=d,+d; +d,+ Al —je+cr+k,

Ground nominal frequencies are generally the same a s on-board nominal
frequencies, except for frequency shifted beacons ( k-factor<>0)

c/\,=543*5e6*(3/4 + 87*K/(5*226)) and ¢/ \,=107*5e6*(3/4 + 87*K/(5*2/26))

DORIS AWG Meeting — Paris, May 23-24, 2011
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Phase measurement model

Phase windup is currently not modeled

(partly accommodated by estimating a bias per pass for LEO satellites)

\
AL =d,+d; +d, + e+Cr +Kk,

AL =d,+d; +d, - je+cr+Kk,

DORIS AWG Meeting — Paris, May 23-24, 2011
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lono-free phase measurement model

=d. +cr+a

/]C LC = yAlLl B /]ZLZ iono-free combination

y_l measurements

DORIS AWG Meeting — Paris, May 23-24, 2011

of the phase
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lono-free phase measurement model

AL, -CT +a

Propagation distance between iono-free
phase centers

/

\

tropospheric delay d+

DORIS AWG Meeting — Paris, May 23-24, 2011
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lono-free phase measurement model

AL.=d, +cCrT

\as J'k1_k2
y—1

Ambiguity :

bias per each set of continuous phase measurements

eliminated by differentiating measurements at successive epochs (classical
Doppler-like processing) within the same set

DORIS AWG Meeting — Paris, May 23-24, 2011
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lono-free phase measurement model
AL, =d, a

cr=c(r. -1,)
Clock offset :

polynomial clock models are currently used to model the receiver 7. and
emitter 7, clock offsets

The independent variable used for clock models is the on-board time
(hereafter designated with t).

Relationship between on-board time t and TAI (T) isgivenby t=T + 1,

(see pseudorange definition in the RINEX format document)

DORIS AWG Meeting — Paris, May 23-24, 2011 14
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Clock models

m Emitter (beacon) clock model:

e T o8, + oajt
| RTa Al

A-priori clock-offset model is either O or the value given by the linear model in the
TIME_REF_STATION section of the rinex header

DORIS AWG Meeting — Paris, May 23-24, 2011

15



Ccnes

Clock models

m Emitter (beacon) clock model:

o=

In general, a linear clock model per pass should be estimated
for all beacons.

In the case of doppler-like processing, the da, term is
eliminated by differentiating measurements at successive
epochs within the same pass. The da, coefficient is equivalent
to the usual frequency bias per pass

DORIS AWG Meeting — Paris, May 23-24, 2011
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Clock models

m Receiver clock model:

+* Available in the RINEX file’s data records ( @Z’r )
¢ ...or computed using the pseudo-range measurements:

In this latter case, the clock model is a deg. 2 or 3 polynomial (depending
on the arc length), whose coefficients are estimate  d

(see slide on pseudo-range measurement model)

T, :ZN:b,t‘
1=0

DORIS AWG Meeting — Paris, May 23-24, 2011
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Pseudo-range measurement model (noise and model errors omitted)

C:d+c(@—re)
N
.

r

1l
M=
-

m Given the level of noise (~1km), it is not importan  t whether C is the iono-free
combination or not
m d is the propagation distance, it can be computed wit h an orbit having ~ 100
m accuracy (for < 1 microsec. accuracy)
+ An extrapolated orbit over 2 days is usually suffic ilent (MOE-like processing)

m Our datation processing
+ measurements from time ref. beacons only
+ MOE: 2-day batch, solve for b0,b1,b2, all time ref.  beacons held fixed
¢+ POE: 10-day batch, solve for b0,...,b3, solve forab ias per time ref. beacon (TLSB
fixed)

DORIS AWG Meeting — Paris, May 23-24, 2011 18
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Processing equation summary for the Doppler case

+ cA\ I, + At + errors and noise

m A represents the operator that differentiate two succ essive
measurements within the same pass

m The zenith wet troposheric delay and the beacon cloc Kk drift are
estimated per pass

m The receiver clock is assumed to be known (from pol ynomial model
or from Rinex data record) — errors in this model wil | be partly
accommodated by 0da,

DORIS AWG Meeting — Paris, May 23-24, 2011
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Processing equation of the DORIS observable in 2.2

format

m 2.2 format: every quantity refers to the 2GHz frequ  ency
m The only time-scale is TAI, hereafter indicatedwit h T

m The observable is an average range rate V, computed over the count
Interval AT, defined as

V = Tl( fl _< fsat> _A_-j\ 2GHz cycle count

Nominal beacon frequency « \.
(including k-factor shift) Count interval
(TAI)

Best estimate of the actual
satellite frequency (includes long
term drift of the clock wrt to TAI)

(Definition given in  ftp://ftp.ids-doris.org/pub/ids/data/doris22.fmt )

DORIS AWG Meeting — Paris, May 23-24, 2011
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RINEX L1 observable =-> 2.2 format radial rate observable

D = —AL1 In the RINEX file, the sign of the phase count L is changed to be
consistent with the pseudo-range

AT = At - ATr Relationship between TAI (T), on-board time (t), and clock error (7)

To+AT )
A= [ f(T)dT
TO
_Agp _ At <f_ > is the mean frequency over the
< f9t> “AT | = < f9t> = Tao AT count interval
nt=22
fsat,o

J _ C D
This is how we compute the radial rate  \/ = — f1 —< fsat> e —

observable in 2.2 files 1

DORIS AWG Meeting — Paris, May 23-24, 2011 21
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2.2 format radial rate observable = RINEX L1 observable

Ad. —cAT1 In the 2.2 file , the radial rate observable is the relative velocity
0 e : :
V = between the beacon reference point and the satellite CoM,
AT uncorrected for the beacon frequency bias
C D _ | | |
T f, = fsat>_AT [AT = Ad, —CcAT, Using the same expression as in the
1

previous slides ...
—CAr, + AL, =Ad, —CcAr,

AAL, = Ad, +c(A7, —AT,)+corrections...

DORIS AWG Meeting — Paris, May 23-24, 2011
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Data corrections in 2.2 format
Ae 1 ( AAL -AAL, B Ad, —Ad,
AT AT (y-1) (v-1)

m lonospheric delay rate

troposphere, and center of mass)
should be added to observed values or
subtracted from computed values”

m Phase center correction rate

m Tropospheric delay rate

m The above corrections are computed with a prelimina ry orbit
determination process

DORIS AWG Meeting — Paris, May 23-24, 2011

2.2 format: “All corrections (ionosphere,
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Conclusion

m\We encourage users to move towards the “new” RINEX f  ormat

m RINEX allows each analysis center to be independent  from CNES
data preprocessing, as users have access synchronou s dual
frequency phase and pseudorange measurements

m 3 years of data (from Jason-2 launch) exist in both formats (2.2 and
RINEX) -> allows validation

m Measurement model is more clearly formulated
m 2.2 data production should stop at some point in ti me (HY2A?)

DORIS AWG Meeting — Paris, May 23-24, 2011 24
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Frequency shifted beacons (k-factor)

mL: counted on the — (received — nominal) beat frequ ency L = —(¢r - ¢o)+ k

m Relationship between phase and receiver time t= & +const.,,t =T +7,
0

m On board nominal frequency : k=0 (always 2036.25 M Hz and 401.25 MHz)
Received phase = phase at emission time (subscript e denotes emitter)

f,— f
=) )= LT T r) e
Kk
L is the phase count on either one of the 2 frequencies; ambiguities omitted

C s This term has been omitted in the phase measurement
— L=d+cr model. It is = 0 except for frequency shifted beacons
f, (today GAVB,GR3B). If omitted, it is accommodated
by the estimated beacon clock drift per pass

In the equation above d is the full propagation path;

including all corrections (tropo, iono, phase center, windup)
DORIS AWG Meeting — Paris, May 23-24, 2011 26



