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DORIS	System	DescripAon	

DORIS	Satellite	Antenna	

DORIS	Oven-controlled	USO	

DORIS	System	ConfiguraAon	

Auriol	and	Tourain,	Adv.	Space	Res.,	(2010)	

USO	CharacterisAcs:	
•	Heart	of	DORIS	system	is	USO.	
•	Accuracy	of	phase	measurements	determined	by	stability	
of	USO.	
•		USO	is	a	crystal-oscillator	that	is	pre-hardened	to	reduce	
sensiAvity	to	radiaAon	(e.g.	Jason-2,	Jason-3).	
•	DORIS	USO’s	have	a	sensiAvity	to	radiaAon	exposure	
through	passage	in	the	South	AtlanAc	Anomaly.	Jason		
satellites	more	affected	@	1336	km);	Discernible	on		other	
satellites	(SPOT-5,	@	~800	km).	
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DORIS/USO	–	Previous	Experiences	

SPOT-5	Freq	Dri_	from	2011,	Hz/day	

Willis	et	al,	CR	Geoscience.	(2004)	

1.	Anomalous	frequency	(Δf/f)	leads	to		
anomalous	height	esAmaAon	for	staAons	in	
heart	of	SAA.	
2.	For	staAons	on	border,	behavior	is	
complicated	because	ascending	or	descending	
passes	are	more	affected.	
3.	A	correcAon	model	(JM	Lemoine	&	Capdeville,	
2006)	allows	data	to	be	used	for	POD.	Not	
suitable	for	pos-vel.	esAmaAon	(SAA	staAons).	

DORIS	TOPEX	vs.	Jason-1	Frequency	Anomalies,	
	Apr.	2003	

Stepanek	et	al.		Adv.	Space	Res.	(2013)	

1.	SPOT-5	SAA	effect	undetected	unAl	
pointed	out	by	Stepanek	et	al.	(2010).	
2.	Smaller	than	Jason-1,	but	sAll	
noAceable	effect;	Important	a_er	2006.	
3.	StaAons	in	and	near	SAA	are	most	
perturbed;	e.g.	CADB,	ARFB,	SANB,KRWB,		
HEMB,	ASEB.	
4.	CorrecAve	model	used	for	ITRF2014.	
Capdeville	et	al.	(2016).	
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RadiaAon	Exposure		
(from	CNES	Engineering	tables)	

Jason-2,3:	
~2500	rads/yr	

SPOT-4,5,	SARAL,	
ENVISAT:	
~360	rads/yr	



Impact	on	DORIS/ITRF2014	

SAA	On-board	Freq	signal	over	5-
days,	Jason-1,	SPOT-5,	SPOT-4	

Capdeville	et	al.		Adv.	Space	Res.	(2016)	

1.  ITRF2008	staAon	posiAons	&	velociAes	
for	“SAA”	staAons	directly	affected	by	
uncorrected	SPOT-5	data.	

2.  For	ITRF2014:	All	ACs	used	correcAve	
model	and/or	downweighAng	
eliminaAon	of	SAA	staAon	data	for	
SPOT-5	&	Jason-1.	

Satellite	data	used	in	ITRF2008/ITRF2014	

Moreaux	et	al.		Adv.	Space	Res.	(2016)	

Jason-1:	Only	include	data	11/2004-07/2008	

SPOT5:	Use	corrected	data,	2006-2015	

1.  Jason-1	included	since	its	inclinaAon	
complements	the	other	satellites.	

2.  Use	“corrected	data”	+	downwt/
eliminate	SAA	staAons.	

3.  No	other	satellite	USOs	receive	special	
treatment	in	ITRF2014.	
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Jason-2/T2L2	

ExerAer		et	al.		Adv.	Space	Res.	(2010)	

1.  “Time	Transfer	by	Laser	Link”	
2.  Two	photon	detectors	+	event	Amer	

with	ps	resoluAon	linked	to	the	DORIS	
USO.	

T2L2	records	in	Ame	scale	provided	by	
DORIS	the	arrival	Ame	of	laser	pulses	at	
Jason-2.	
	
In	combinaAon	with	precise	ground	clocks	
at	SLR	staAons	(H2	masers),	it	is	possible	to	
determine	Δf/f	over	Ame	intervals	of	T=60	
secs.	
	
Precision	is	dependent	on	short	term	
stability	of	USO,	quanAty	&	quality	of	range	
measurements.		3-5	x	10-13	

Jason-2	

Laser	Retroreflector	Array	

Jayles		et	al.		Adv.	Space	Res.	(2016)	

Two	ApplicaAons:	
(1)	“Synchronize”	Timing	of	SLR	network.	
(2)	Study	in	detail	behavior	of	USO	in	
space	environment	and	characterize	
different	effects	(radiaAon,	thermal	
effects,	aging).	
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T2L2	Data:	Example	

Belli	et	al.		Adv.	Space	Res.	(2016)	

1.  Best	data	comes	from	
staAons	with	H2	masers:		
Grasse	(7845),	
Herstmonceux	(7840).	

2.  Data	can	read	variaAons	
caused	by	radiaAon	
dosage	(SAA),	
temperature	variaAons,	
and	aging.	

3.  The	data	benefit	two	
techniques:	both	DORIS	
&	SLR	giving	us	an	
understanding	and	global	
perspecAve.	

Δf/f	in	Jan.	2013	from	five	SLR	staAons.	

See	also	A.	Belli,	PhD	Thesis	(2017)	



USO	Effects	&	Model	DerivaAon	

Belli	et	al.		Adv.	Space	Res.	(2016)	

See	also	A.	Belli,	PhD	Thesis	(2017)	

Temperature	Effects	on	Jason-2	USO	Jan.	
2013,	showing	orbit-to-orbit	effects	&	
impact	of	change	in	Jason-2	aqtude.	

Jason-2	CARMEN	87	MeV	integrated	proton	
flux	map	(2009–2011	average).	

Capdeville	et	al.		Adv.	Space	Res.	(2016)	

RadiaAon	Model	

Dri_	Model	



Jason-2	USO	Model	&	Comparison	w.	T2L2	

Belli	et	al.		Adv.	Space	Res.	(2016)	

RadiaAon	Model	over	~1.5-days	for	Jason-2	
showing	effects	of	SAA	passage.	

Belli	et	al.		Adv.	Space	Res.	(2016),	Fig	4	

Jason-2	Frequency	variaAons	from	
Temperature	and	RadiaAon:	Model	vs	T2L2	
data.		



USO	Effects	&	Model	Refinement	
for	Jason-2	&	Jason-3	

Temperature	Effects	 	•	Sufficient	to	calculate	only	rate	term:		

α1	[	T(t)	–	To]	
•		Coefficients	for	J2	(2008),		J3	(2016)	similar	
magnitude	but	opposite	sign.	

RadiaAon	Effect	@	60-days	

•	A	60-day	signal	was	observed	in	the	T2L2	data	when	the	s/c	is	in	fixed	yaw.	
Increase	over	ten	days,	then	relaxaAon	over	45-50	days.	
•	Belli	et	al.	(2017)	propose	this	is	due	to	alignment	of	Yaxis	of	s/c	with	magneAc	
field	lines,	leading	to	increased	sensiAvity	to	radiaAon	in	SAA	area	in	fixed-yaw	
regime.	
•	It	is	possible	to	solve	explicitly	for	coefficients	to	model	this	behavior.	
•	The	significance	is	that	Belli	et	al.	(2017)	have	idenAfied	an	addiAonal	signal		at	a	
Jason-sub-draconiAc	period	(~60	days)	that	is	in	the	current	data,	and	is	not	driven	
by	radiaAon	pressure	mismodeling.	***	

Belli	et	al.,		European	Frequency	&	Time	Forum	(2017)	proceeding	paper	

***	AC’s	must	sAll	improve		SRP	model,	include	moAon	of	solar	arrays	using	quaternions.	
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Data used: 
MOE 
SLR stations (T2L2) 
 
Temperature of the box 
=> df/f0 with 1.85 10-12 /degree 

CNES POD (MOE) can “read” 
USO for H2 maser (time, 
frequency) beacons ‒ since 
freq. biases (range-rate) biases 
estimated per pass. 
Sees freq. variations  
with precision of ~1-1.2 x 10-12 
 

compared to ~3 x 10-13 for T2L2 

Jason-2	USO	Behavior	vs.	CNES	MOE	Freq.	biases	
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DORIS USO (frequency bias): long term  

Frequency variations of J3 are  
>> J2 in 2016 but not in 2008 

RelaAve	frequency	variaAons	2015-2016	
Jason-2	freq	variaAons	2008	vs	2016	
RadiaAon	sensiAvity	has	decreased	
with	Ame.	
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Belli	et	al.		IDS	Workshop	(2016)	

Here,	MOE	Δf/f	are	filtered	with	
1-day	filter	to	eliminate	medium	
&	long-term	signal	
	
Jason-2	Δf/f	(2008)		(TOP)		
vs	
Jason-3	Δf/f	(2016)		(BOTTOM)	
from	MOE	soluZons.	
	
Jason-3	sensiAvity	to	radiaAon	is	
about	~3X	that	of	Jason-2	at	the	
same	age	of	space	exposure.	

Jason-2 vs Jason-3 Sensitivity 
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Summary 

DORIS	USO	SensiAvity	Summary	
1.  USOs	show	sensiAvity	to	temperature,	radiaAon,	and	have	aging	effects.	
2.  A	“60-day”	effect		on	DORIS-USO	is	idenAfied	that	is	related	to	Jason	aqtude	

law	and	anisotropy	of	incident	radiaAon	flux	into	the	USO	box.	
3.  SensiAvity	is	affected	by	“pre-treatment”	and	amount	of	shielding	on	s/c.	
4.  A	general	model	that	accounts	parametrically	for	these	effects	can	be	

derived	for	Jason-2	and	eventually	for	Jason-3.	
5.  Lower	satellites	(SPOT-5)	not	immune.	Suggests	there	is	a	need	for	general	

treatment	of	these	effects	on	all	DORIS	satellites.	

Immediate	Future	AcAons	
1.  PIerre	ExerAer/A.	Belli	to	make	available	corrected	DORIS/V2	Data	(Jason-2)	

for	tesAng	by	the	DORIS	Analysis	Centers.	
2.  Improved	Frequency	model	of	Jason-2	&	Jason-3	can	be	implemented	in	

DORIS/RINEX	processing	–	to	be	tested	by	NASA	GSFC	and	other	DORIS	ACs.	


