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DORIS RINEX format overview

■Available for DGXX instruments tracking data
� Jason-2 , Cryos-2

■These instruments deliver synchronous dual frequenc y phase and 
pseudo-range measurements (on seven simultaneous ch annels) 
■Rinex format description available at 

ftp://ftp.ids-doris.org/pub/ids/data/RINEX_DORIS.pd f
■F. Mercier et al. , “Jason-2 DORIS phase measuremen t processing” , 

ASR, 2010
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HEADER RECORD, ex: ja2rx11081.001

� Receiver 
information

� Observables

� Scale factor

� Table of ground beacons
• Correspondence between internal Rinex identifier and DORIS beacon name
• Frequency shift factor
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� Time reference 
beacons

� Frequency 
shifted 
beacons

PAUB 
KRWB
TLSB 
HBMB
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DATA RECORD, ex: ja2rx11081.001

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

Sampling: 

0, 3 sec, 
10 sec, 
13 sec, 
20 sec, 
…

Measurements at “+3 sec.”
are currently ignored in 
CNES processing

L1 L2 C1 C2
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DATA RECORD, ex: ja2rx11081.001

Receiver clock offset = TAI – t = -ττττr

C1/100 + (clock offeset)*c/1000 km

min

Receiver frequency offset

Example on D06 time reference beacon (PAUB) : 



DORIS AWG Meeting – Paris, May 23-24, 2011 8

Phase measurement model (noise and model errors omitted)

222022

111011

kceldddL

kceldddL

wT

wT

++−+++=
++−+++=
τγλλ

τλλ

2GHz phase 
count

400MHz phase 
count

Beacon ref. point � Sat. CoM

Phase center 
correction

windup Clock offset

Square of frequency ratio 
(~25)

2GHz 
ionospheric
delay

Tropospheric
delay

Ambiguities
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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 

Phase measurement model

222022

111011

kceldddL

kceldddL

wT

wT

++−+++=
++−+++=
τγλλ

τλλ

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

c/λλλλ1=543*5e6*(3/4 + 87*K/(5*2^26)) and c/ λλλλ2=107*5e6*(3/4 + 87*K/(5*2^26))

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

222022

111011

kceldddL

kceldddL

wT

wT

++−+++=
++−+++=
τγλλ

τλλ

Phase windup is currently not modeled 

(partly accommodated by estimating a bias per pass for LEO satellites)
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Iono-free phase measurement model

acdL ccc ++= τλ

1
2211

−
−≡

γ
λγλλ LL

LCC
iono-free combination of the phase 
measurements
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Iono-free phase measurement model

acdL ccc ++= τλ

wetzwetdryc hmh
dd

dd ,
21

0 1
++

−
−+≡

γ
γ

Propagation distance between iono-free 
phase centers

tropospheric delay dT
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Iono-free phase measurement model

acdL ccc ++= τλ

1
21

−
−≡

γ
γ kk

a

Ambiguity : 

bias per each set of continuous phase measurements

eliminated by differentiating measurements at successive epochs (classical 
Doppler-like processing) within the same set
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Iono-free phase measurement model

acdL ccc ++= τλ

( )ercc τττ −≡
Clock offset : 

polynomial clock models are currently used to model the receiver ττττr and 
emitter ττττe 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) is given by t = T + ττττr 

(see pseudorange definition in the RINEX format document)
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Clock models

■Emitter (beacon) clock model:

taataae 1010 δδτ +++=

A-priori clock-offset model is either 0 or the value given by the linear model in the 
TIME_REF_STATION section of the rinex header 
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Clock models

■Emitter (beacon) clock model:

taataae 1010 δδτ +++=

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

In the case of doppler-like processing, the δa0 term is 
eliminated by differentiating measurements at successive 
epochs within the same pass. The δa1 coefficient is equivalent 
to the usual frequency bias per pass
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Clock models

■Receiver clock model:

� Available in the RINEX file’s data records  ( - ττττr  ) 

� …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)

∑
=

=
N

i

i
ir tb

0

τ
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Pseudo-range measurement model (noise and model errors omitted)

■Given the level of noise (~1km), it is not importan t whether C is the iono-free 
combination or not 

■ 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 ient (MOE-like processing) 

■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 for a b ias per time ref. beacon (TLSB 

fixed)

( )ercdC ττ −+=
∑

=

=
N

i

i
ir tb

0

τ
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Processing equation summary for the Doppler case

■∆∆∆∆ represents the operator that differentiate two succ essive 
measurements within the same pass
■The zenith wet troposheric delay and the beacon cloc k drift are 

estimated per pass
■The receiver clock is assumed to be known (from pol ynomial model

or from Rinex data record) – errors in this model wil l be partly 
accommodated by δδδδa1

1, actchmdL rwetzwetccc δτλ ⋅∆+∆+∆+∆=∆ + errors and noise
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Processing equation of the DORIS observable in 2.2 
format
■2.2 format: every quantity refers to the 2GHz frequ ency
■The only time-scale is TAI, hereafter indicated wit h T
■The observable is an average range rate V, computed over the count 

interval ∆∆∆∆T, defined as

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










∆
−−≡

T

D
ff

f

c
V sat1

1

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

Nominal beacon frequency 
(including k-factor shift) Count interval 

(TAI)

2GHz cycle count
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T

t
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∆=⇒
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









∆≡∆
∆
∆≡

≡∆ ∫
∆+
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0,

0

0
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φ

φ

φ

RINEX L1 observable ���� 2.2 format radial rate observable 










∆
−−≡

T

D
ff

f

c
V sat1

1

1LD ∆−= In the RINEX file, the sign of the phase count L is changed to be 
consistent with the pseudo-range

rtT τ∆−∆=∆ Relationship between TAI (T), on-board time (t), and clock error (τ)

<fsat> is the mean frequency over the 
count interval

This is how we compute the radial rate 
observable in 2.2 files
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2.2 format radial rate observable ���� RINEX L1 observable 

( ) ...011 scorrectioncdL er +∆−∆+∆=∆ ττλ

T

cd
V e

∆
∆−∆= τ0

In the 2.2 file , the radial rate observable is the relative velocity 
between the beacon reference point and the satellite CoM, 
uncorrected for the beacon frequency bias

esat cdT
T

D
ff

f

c τ∆−∆=∆⋅








∆
−− 01

1

er cdLc τλτ ∆−∆=+∆− 011

Using the same expression as in the 
previous slides …
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Data corrections in 2.2 format

■ Ionospheric delay rate

■Phase center correction rate

■Tropospheric delay rate

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

T

d

∆
∆− 1

( ) ( ) 








−
∆−∆−

−
∆−∆

∆
=

∆
∆

11

1 212211

γγ
λλ ddLL

TT

e

T

hmh

T

d wetzwetdryT

∆
∆+∆

−=
∆
∆ ,

2.2 format: “All corrections (ionosphere, 
troposphere, and center of mass) 
should be added to observed values or 
subtracted from computed values”
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Conclusion

■We encourage users to move towards the “new” RINEX f ormat
■RINEX allows each analysis center to be independent  from CNES 

data preprocessing, as users have access synchronou s dual 
frequency phase and pseudorange measurements
■3 years of data (from Jason-2 launch) exist in both  formats (2.2 and 

RINEX) ���� allows validation
■Measurement model is more clearly formulated 
■2.2 data production should stop at some point in ti me (HY2A?) 
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backups
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Frequency shifted beacons (k-factor)

■ L:  counted on the – (received – nominal)  beat frequ ency

■Relationship between phase and receiver time

■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)

( ) kL r +−−= 0ϕϕ

rTtconst
f

t τϕ +=+≡ .,
0

0

( ) ( ) ( ) ( ) t
f

ff
cfTTfTfTfL

k

k
erkekreek 







 −+−+−=+++−= 0
0 ττττ

t
f

ff
ccdL

f

c

k

k

k

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

L is the phase count on either one of the 2 frequencies; ambiguities omitted 

In the equation above d is the full propagation path; 
including all corrections (tropo, iono, phase center, windup)


