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Overview of AC products in Repro3 to be combined

e A brief summary of repro3’s products is as follows:

26 years (1995-2020 )
9 ACs

4 of them have phase
bias products

/ of them provide
quaternions

Some of them provide
300s satellite clocks for
some years

Combination software:
PRIDE ckcom vI1.0

PRI®E Lab

AC Orbits/Clocks Biases Quaternions
CcOoD GRE GE GRE
EMR/NGS G G G
ESA G
GFZ G G
GRG GRE GE GRE
JPL G G
MIT GE
TUG GRE GRE GRE
WHU GR GR
MIT SOOI\ OO\ e
WHU NN N NN NN N NN NN
GFZ NN DN NN NN
JPL SO GR

ESA

EMR

GRG

COD

TUG

GE
GRE
CLK: 300s

1995 2000 2005 2010 2015 2020

A 1 x F

g”|||



Overview of PPP validation

e Some specifications about PPP validation is listed as follows:

ii. Ambiguity fixing rates

i. Daily position RMS

Open-source Software: PRIDE PPP-AR v2.2 (VWuhan products are not
combined)

Mode: Static daily PPP
26 years for 3 ACs’ products:
CMB (1995-2020)
ACI (2001-2020)
AC2 (1995-2020)

|00 global stations

45 N

Results: o

Distribution of 100 global stations

1) PRI®E Lab A 1% x ¥



Consistency among AC clocks

e GPS from 1995-2020

Mean RMS
Year
(ps)
1995 41.5

2000 17.0

m:ﬂ LRI THN 2005 9.5

e 1 AR 2010 8.2
;‘hw” % 2015 7.9
I ~ |“ 2020 7-6

m < 2000.123 Legacy clock
m >2000.123 Integer clock

4

4) PRI®E Lab A 1% x ¥



Consistency among AC clocks

e GLONASS from 2009-2020
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2015

2010

Year

Mean RMS
Year
(ps)
2010 89.9
2015 76.1
I 2020 66.9

It is always legacy clock for GLONASS and the consistency among ACs is much worse

than GPS and Galileo
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Consistency among AC clocks
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Kinematic PPP validation

e Kinematic PPP for station ALBH on 2020 300

— CMB — AC1 =— AC2
J : : . : .
_2r - AC E(cm) N(ecm) U(cm)
-2 ' ACl 042 0.59 1.36
4t ]
. AC2 041 0.51 1.40

Combined clocks can provide
more robust positioning when AC
products are problematic

_ 9 - CMB 0.37 0.53 1.31
£

0 74400 28800 43200 57600 72000 _ 86400
Second of day

-{) PRI®E Lab A 1% &£



Static daily PPP from 1995 to 2020

e Ambiguity fixing rate for GPS from 2000 to 2020
— CMB  — AC1  — AC2

> o Year CMB ACl AC2
< o0l ™ 2000 761 i 76.7
g 2005 874 883 87.0
% o0 2010 925 922 92.5
= 2015 924 917 92.4
70t

1001

e Year CMB ACl1 AC2
z | 2000 706 i 715
: ' 2005 843 789 83.8
1.5 2010 892 853 89.2
R _ 2015 897 860 89.6
l M ~ Narrow-lane

o oy P4 . i X b
2000 2005 2010 2015 2020




Static daily PPP from 2016 to 2020

e Ambiguity fixing rate for Galileo from 2016 to 2020
— CMB — AC1  — AC2

Year CMB AC1l AC2

S R AT IR T 2016 969 971 9.6

ok -, . 2017 972 974 96.8
' ' 2018 975 977 97.3

Wide—lane fixrate(%)

2019 97.0 97.2 96.9

801

Wide-lane 2020 97.7 98.0 97.6

100

Year CMB ACl AC2

Q0P AT

2016 88.7 86.5 88.9

i i

8ok Liy e et
LR S ¢ .t
-~ . . »* -

2017 92.1 91.0 92.0

7o

2018 91.7 90.3 915

60

Narrow—lane fixrate(%)

2019 95.0 941 94.5

(o)}
[=]

2020 959 95.2 95.8

Narrow-lane

40

2016 2017 2018 2019 2020

Year

1) PRIWE Lab 5&‘ ,'é # %ﬁ



Static daily PPP from 1995 to 2015
e Daily position RMS (mm) for GPS from 1995 to 2015

. RMS Year CMB AC1l AC2

T e [Ee 43 - 38

e AC 244em)| [+AQ 0B 1995 N 3.0 _ 24

... $2000.153 . - >2000.153 U22.7 - 23.1

2000“ T 2008 i T 010 T 01 E 20 _ 1.8

) 2000 N 1.8 - 1.6
iop e [ o2l 20
S126, | e AC2 0.55 (cm)| |+ AC2 0.19 (cm) E 1.1 1.7 1.2
gos L <2000.153  >2000.153 2005 N 1.3 1.8 1.3
=5 ‘ L AR St i U 4.3 5.7 4.5
{995 2000 2005 2010 2015 E 11 15 11
3; : : —cme 3ssem) [~amoszem 2010 N 1.5 1.8 1.5
§2:4 | " AC 354 (cm)| |+ AC 053 cm) U 3.9 4.8 3.9
216 % . <2000.153  >2000.153 E 12 14 1.2
08 . bnainiiisiimmiivaiiiiags 2015 N 1.6 1.7 1.6
1995 2000 2005 2010 2015 U 3.8 41 39




Static daily PPP from 2016 to 2020

e Daily position RMS (mm) for GPS/GLONASS/Galileo from

2016 to 2020
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sSummary

e 26 years of combined satellite clock/bias products have been
accomplished
= 1995--2000d123 (legacy clock)
= 2000d124--2020 (phase clock && phase bias)

e The clock/bias consistency improves over the years

= GPS/Galileo can now reach 6-10 ps
= GLONASS can now reach around 60 ps

® 26 years of daily PPP validation show that the combined clocks
and phase biases can provide more robust solutions than AC-
specific products




