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What are major error sources?
Station	Managers,
Imagine	that:
Now	you	can	replace/upgrade	3	components	in	your	
SLR	system	to	improve	the	measurement	accuracy.		
Budget	unlimited.	
List	them.

1.
2.
3.

The	answer	will	be	different	for	every	station.
My	own	view	for	Herstmonceux is	shown	at	the	end	of	this	talk.



Laser	Pulse	Width	(FWHM)
1	ns 100	ps10	ns 10	ps

1	pps

0.01	pps

100	pps

10k	pps

SAO	
1966-

20—5	ns
4—30	ppm

kHz	(Graz..)
2000s-

30—10	ps
2	kpps

La
se
r	R

ep
et
iti
on

	R
at
e

MOBLAS	
1980s-
100	ps

5—10	pps

sigma	=	2.35	*	FWHM



Laser	Pulse	Width	(1-sigma)
1	ns 100	ps10	ns 10	ps

1	pps

0.01	pps

100	pps

10k	pps

SAO	
1966-

20—5	ns
4—30	ppm

kHz	(Graz..)
2000s-

30—10	ps
2	kpps

La
se
r	R

ep
et
iti
on

	R
at
e

MOBLAS	
1980s-
100	ps

5—10	pps

1	ps



Laser	Pulse	Width	(1-sigma)
1	ns 100	ps10	ns 10	ps

1	pps

0.01	pps

100	pps

10k	pps

SAO	
1966-

20—5	ns
4—30	ppm

kHz	(Graz..)
2000s-

30—10	ps
2	kpps

La
se
r	R

ep
et
iti
on

	R
at
e

MOBLAS	
1980s-
100	ps

5—10	pps

1	ps

Laser	pulse	width	
≠

System	noise



System	noise	(1-sigma)
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Noise	source:	Laser,	
Detector,	Timer,	…	

Calibration	@	good	stations:
100-10	ps per	shot
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Target	signature
(50-100	ps for	single	
photon	ranging)
+	Atm delay?
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What do we want to improve?

“Quality”	means?
Single-shot	RMS
NP	RMS
Pass-by-pass	bias	RMS
Station	position	time	series
Agreement	with	VLBI,	GNSS,	DORIS…
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What do we want to improve?
Single-shot	RMS
NP	RMS
Pass-by-pass	bias	RMS
Station	position	time	series
Agreement	with	VLBI,	GNSS,	DORIS…

Behaviour of	error:
Random	(over	what	time	span?)
Constant
Cyclic	(daily,	yearly…)
Sporadic
Drift
Jump



1	year	(July	2016-June	2017),	LAG1+LAG2



1	year	(July	2016-June	2017),	LAG1+LAG2.
RB	only	or	RB+TB	or	RB+RBd+TB smoothing	applied	for	POD	(c5++)	post-fit	residuals.





1	year	(July	2016-June	2017),	6	satellites.
RB	only	or	RB+TB	or	RB+RBd+TB smoothing	applied	for	POD	(c5++)	post-fit	residuals.

Surprise!?
AJISAI	NP	RMS	comparable	with
(sometimes	better	than)
those	of	LARES,	STARLETTE	and	STELLA.

à Simple	pulse	broadening	is	not	an	issue	for	kHz.
à Beauty	of	fast	spinning?



1	year	(July	2016-June	2017),	LAG1+LAG2.
POD	(c5++):	station	pos solved	for.		U-Strasbg atm+hyd loading	applied.



1	year	(July	2016-June	2017),	LAG1+LAG2.
POD	(c5++):	station	pos solved	for.	U-Strasbg atm+hyd loading	applied.
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NPs	scatter	less	than	single	shots	(no	surprise).
However	it	does	not	follow	the	Sqrt(N)	rule.	
(NP	RMS	is	projected	to	~0.1	mm	when	N	=	10000.)

ß Smoothing	functions	(RB+TB)	not	perfect.
ß Atmospheric	delay?	Target	spin	&	signature?
ß Noise	reduction	/	tail	clipping	procedure?
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Single-shot	
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Pass RB	RMS 3	mm 5	mm 9	mm
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2

2 Pass-by-pass	bias	scatters	more	than	NPs.

ß POD:	Acc models,	Displ models,	Atm delay,…
ß Obs:	Stability?	Calibration?





Possibly	caused	by	
other	reasons.

But	worth	suspecting.

Negative	1:1	trend	seen	in
Greenbelt	7105,	Mt	Stromlo	7825,	

Graz	7839,	Matera	7941.
Systematics	seen	in	some	stations.







Positive	trend	seen	in
a	majority	of	(C)SPAD	stations

&	some	PMT	stations.



What are major error sources?
Station	Managers,
Imagine	that:
Now	you	can	replace/upgrade	3	components	in	your	SLR	system	
to	improve	the	measurement	accuracy.		
Budget	unlimited.	
List	them.

My	own	view	for	Herstmonceux was:
1.		Data	reduction	(NP	generation)	software	(à Rodriguez).
2.		Calibration,	local	tie,	(very?)	local	displacement.
3.		Detector	(if	no	skew,	less	noise	products	are	available).
0.		POD	Software.



Final Remarks
All	stations	should	suspect	every	component.
Find	out	what	is	the	major	error	sources.
Consider	what	is	averaged	out	and	what	is	not.

[Spin	off]	AJISAI	NP	precision	matches	other	satellites.

A	huge	variety	of	charts	on	station	performance	are	
available	at:
• ILRS	NESC	Forum	http://sgf.rgo.ac.uk/forumNESC

Visit	&	be	visited	--- I	am	happy	to	go	&	see!


