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Thank you, Australia.




SLR Global Performance Report Card: Oct 2017-Sep 2018

Site Information Data Volume
Column 1 2 2 4 5 8
Location Station LEQ|LAGEQS High| Total
Mumber pass| pass Tot pass| passes
Tot Tot
Eazeline 2300 600 3000] 3500
Yarragadee TO00 16065 2871 8312| 20442
Changchun 7237 B04T 804 4871| 14222
Zimmerwald_532 7210 7732 1083 4036| 12886
Mount_Stromlo_2 7325 6678 1115 2112| 10806
Herstmonceux T340 5783 810 4131] 10743]
Matera_MLED TO41 4725 1430 2838 za0z
Greenbelt 7105 6476 g8z 812 8270
Wettzell 8224 4375 600 3172 2156

.....




Argument of Latitude
= Argument of Perigee + True Anomaly

/

0, i, 2m: At the equator
n/2: At the northernmost point
31/2: At the southernmost point



LAGEOS 1

LAGEQS 2
i=53 deg

Iageasl 2018-05

. EQUATOR ; s' W 1 Ili -.u _;rr Wl k|
oses g se il 1 R EE TR REN
B Jift ' - Other South |
5025 " 1NORTHERNMOST ;--,=, ,r , '!F, E 1} -2
Y b "fl'F 1l I.f '* ORI e
S 0.50 EQUATOR , : } | i . Ewr ,
g | , e : by LI Y L
5 '5 1 "'?n *]. ,'.'g:|,!§|;- i-’f."H;’
< 0.75] SOUTHERNI\/IOST ' i .,I N ’ _— L
i ; . il | 3
AR E AT 113
100 '_‘_EQH&T\Q Bu 018 05 3 I' 2018- é§ 0 2015—%5—3?
0.00 lageos2 2018-05 -
. : Ty TR O ;rr
|§*=I’tli !' i i E;;E illillﬁi' i!%- :'ItStr
| I | l iE I | ' ‘ H*i! I;l| !; " 1 :-I ' . Other South |
En.zs-j : I 'Ei,: i F _Ei ll‘ i IJ'E ‘:l . Cn+lp
%‘ 5% i % f F‘ i ' ' Tiill"!": ' i i Eh ﬂ ’ rF:u:;U+K
s 'll ' l o AT P |‘i ' Llfi . EUR
NI -.,g;,q”; AN W
E ‘I’ P ‘ - H s : "l ' i :I '
-%u;':i % ': #51%15 l!!‘ ‘:1!}? .'h'i‘g ?Iﬁf 1.“.{*}‘;Ti!
| Y ' L .E‘ T .!:§Li= %
R R ST
100 .20I15 05-06 20118 51 2018.05.20 20180527



AJISAI
i =50 deg

LARES
i =70deg

0.00 v —

WWW’:& “‘.'s" W %' ‘\‘V

0.50 1

ﬂfh hiwf

0.25

Argument of lat / 2pi

e
|
w

1.00

0.00

Argument of lat / 2pi

1.00

ajlsal 2018 05

:' %H \’l‘
SERIAL u"l }M !“’\‘ “‘d‘ .‘m&‘

-
ja]
o

Mt Str

Other South a

Cn+Jp
Rus+U+K

N Am
EUR

ltxk "‘“‘l"\' tp;u eahk":lc
s!g ;3 by W ,M’ W

2018-05-06 2018-05-13 2018-05-20 2018-05-27

lar 2018 05

0.25 1

0.50 1

©
|
W

FERL| PR 't *1' i"’!*'.""ﬂ'

“h'ﬁ”\ii 4 | *i“H"? ”

AR b

RS L AT AT R AT

Y

Mt Str
Other South
Cn+Jp
Rus+U+K

N Am

EUR

A

L
A

2018-05- 06 2018 05-13 2018-05-20 2018-05-27



STARLETTE

i =50 deg

STELLA
i =99 deg
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Now let us back to the main point.

Data quality.




“GGOS wants 1 mm” (1)

* Does it mean that we need to achieve:
1 mm single-shot RMS?
1 mm NP stability during a pass?
1 mm position stability in the ILRS weekly solutions?

* In an ideal world where only random error exists

(i.e. Error reduces at Sgrt(#OBS))

1 mm TRF (=~ 1 month) € 1 cm RMS weekly positions x 20 stations x 5 weeks
1 cm weekly position €< 10 cm NP RMS x 100+ NPs/week
10 cm NP € 1000 cm (10 m!) single shot RMS x 10000 shots/NP

Cf. Stuttgart 10 ns, 100 kHz mini-system (D Hampf on Thurs)



(Added to LAGEOS (NP b|n p— 120 S)

Otsubo, Riga WS, 2017)
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“GGOS wants 1 mm” (2)

 Does it mean that we need to achieve:
Range bias <1 mm?

(conditionally)

* RBIAS estimation is inevitable for mm accuracy.
Local survey: ~ a few mm?
Center-of-mass correction model: ~ a few mm for LAGEOS.
ILRS ASC decided to adjust & apply RBIAS for its products.

Important: RBIAS should be constant.



SLR systematic errors

[ERROR SOURCES]

[BEHAVIOUR]

Orbit determination
Acceleration models
EOP
TRF & station positions
Displacement models
Atmospheric refraction delay
(and more)

Observations
Stability of time tag
Stability of range measurement
Calibration
Intensity dependence
Noise clipping

(and more)

« Az/El dependence

« Time series pattern
Daily (Day/Night)
Yearly
Secular
Jump

« Satellite dependence
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wrt Local Time

7090

+Zc
+0¢
+81
+91
+1
+Z1
+01
+8
+9
+tv
+Z
+0

STARLETTE+STELLA

5000
0

SIUNO0D dN

+Z¢
+0¢Z
+81
+9T
+r1
+Z1
+01
+8
+9
+1
+Z
+0

AJISAI

2500
0

SJUNOD dN

+Z¢c
+0¢
+81
+91
+71
+Z1
+01

LARES

+9
+¥
+Z
+0

1000
0

SJUN0D dN

+Z
+0¢
+81
+91
+1
+Z1
+01

+9
+v
+Z
+0

LAGEOS1+LAGEOS2

SJUN0D dN

(W) uesw [enpisay

ol
H
H

(Wwuw) ueaw [enpisay

I
=r ™~ o J._ =r

_o_ﬁ
ol

(Www) ueaw [enpisay

(Ww) uesw [enpisay

+ec
+0¢
+8T1
+91
+1
+1
+0T
+8
+9
+¥
+Z
+0

+ec
+0¢
+81
+91
+P1
+ZT
+0T
+8
+9
+P
+Z
+0

+c
+0¢
+81
+91
+1
+Z1
+01
+8
+9
+v
+Z
+0

+c
+0¢
+81
+91
+v1
+l1
+01
+8
+9
+v
+Z
+0

Local time (hour) Local time (hour) Local time (hour)

Local time (hour)



wrt Return Rate
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le-Shot RMS

: wrt Sing
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Zelenchukskya

wrt Skew

1889

T
F+T
r+SL0
r+50
r+sZ°0
- +0
r+&Z°0-
r+50-
T
L +1-
T
r+5T-

STARLETTE+STELLA

T

(=] (=]

(=]

T3]
SJUNOD dN

T
F+T
r+SL0
r+50
r+52°0
- +0
r+&Z°0-
r+50-
r+el0-
F+1-
TS
r+sT-

AJISA

T

(=] (=]

(=]

T3]
SJUNOD dN

T
F+1
r+SL0
r+50
r+sZ°0
- +0
r+&Z°0-
r+50"
T
F+1-
TS
r+&'T-

LARES

T

(=] (=]

(=]

~
SJUNOD dN

r+sZ’1
F+T
r+5L0
r+50
r+sZ°0
- +0
r+52°0-
r+50-
T
F+1-
r+&Z'T-
r+sT-

LAGEOS1+LAGEOS2

T

o o

=]

[Ta]
SJUNOD dN

r+set

r+sL'0
r+S0
r+s<o
r+0
r+sco-
r+50-
r+SL0-
L +1-
r+sdt-
F+5'1-

T T
o o o
™ —

—10 4

(ww) ueaw |enpisay

T
o
T

oo
f
o

r+set

r+sL0
r+S0
r+sZ’0

F+S7°0-
- +5°0-
F+GL70-
L 41

F+ST T
F+ST-

T T T
_U _U _U
?_ .I.

—10 4

(ww) ueaw |enpisay

T
[=]
T

kol

o

F+szT
P+
F+SL°0
- +5°0
F+S7°0
- +0
F+S7°0-
- +5°0-
F+SL°0-
L 41
F+ST T
F+ST-

T T
[=] =] [}
2] —

—10 4

(ww) ueaw |enpisay

T
[=]
D

F+szT
P+
F+SL°0
- +50
F+S7°0
- +0

- +62°0-
- +5°0-
F+SL°0-
L 41
F+ST T
F+ST-

T T
[=] (=] [}
™ —

—10 +

(ww) ueaw |enpisay

T
[=]
)

Skew

Skew

Skew

Skew

IS

wrt Kurtosi

1889

< H% e
o | ezl
& F 16T
+ C
x 3 1
E FTen?
L C 0
. [ .
| iR
H m .,.H.
T
o o
[Tp]
™~
SIUNOJ dN
- 4S2E
C <
- z
— C ‘1
5| b
< C1ed,
C 0"
[I5%L0
L ‘I-
T
o o
[Tp]
™~
SIUNOJ dN
R
C <
r 4
r ‘1
n r
) r T
o L ‘0
3 E 1820
C 0
[I5%L0
L I
T
o o
(=]
—
SIUNOJ dN
3|
2 -5t
[} o 1
3| HEe
7| Fish
@] C .o
w L -
o r w.
3 H% 1
T
[=] [=]
=]
[Ta]
SIUNOJ dN

IE
—=

rrrrrrrrrrrrrrrrrrrr
7y i s sy s

"

T T T T
(=] (=] (=] (=] (=]
(Ww) ueaw |enpisay

s

']

TrrrrrrrrrrrrrrrrrrrrT
T Ty oy o ety o Sy

(Ww) ueaw |enpisay

rrrrrrrrrrrrrrrrrrorrT
i o 0y e T e S

Y

T T T T
(=] (=] (=] (=] (=]
(Ww) ueaw |enpisay

rrrrrrrrrrrrrrrrriirT
o 1 O L o o e

(Ww) ueaw |enpisay

(=R = B B I A

o'o

DO 00O A AMNMNM

"

o B B B B

oo

o'o

(=R = B N I A

[ =]

Kurtosis

Kurtosis

Kurtosis

Kurtosis



Altay

wrt System delay (1)
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7819: System delay (all sat) Kunming
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* Quantity
So relying on the 2 Aussie stations: Yarragadee and Mt Stromlo.
Largest gap in Antarctica and Equator. cf. Hattori’s poster.

* Quality
No longer pursue single shot RMS. In theory, a 10-m single-
shot RMS system will suffice for the GGOS goal.

Try to eliminate every error source in POD and Observations.
Various systematic trends found in POD residuals.
Long-term stability should be given importance.

 Future ILRS network
Low cost 2> More stations!



0 Look, my station has achieved
X mm single-shot RMS
for ground-target ranging!

(Unimpressed) Sounds good.
How stable Is your ground target

ranging through a day/year?



See you In the clinic session tomorrow.




