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Overview

e Stability of GNSS monuments. Two aspects to be
considered:

— Physical stability: We will concentrate on local (<50 m)
stability. Assess with L1+L2 solution

— Electrical stability: Assess by comparing L1+L2 solution
with ionospheric free (LC) solution. Site separation is
small enough that LC=L1+L2 (+<0.1 mm)

* Specific sites:

— UNAVCO GAGE monument tests:

 P591,P811,P812 ; P565,P809,P810 ; (P804,P805,P806)

— Goddard Geophysical and Astronomical Observatory
(GGAO)



Analysis Methods

The analyses here will concentrate on short-baseline
processing. Site separations are less than 50 m.

For these lengths compare L1+L2 phase solution with
ionospheric free phase (LC):
— For GPS: PC=2.5P1-1.5P2 Range equation

— LC=25L1-2.0L2 Phase equation (resultin Ll
cycles, 190 mm wavelength)

Noise amplification of ionosphere observable makes it
useful for seeing electrical effects at site (multipath and
other frequency dependent errors).

LC is observable used standard processing.
In these analyses, atmospheric delays are not estimated.



P591+P811+P812 GPS sites

* These sites are part of the
UNAVCO GAGE/PBO monument
stability test that has been running
for about 1 year so.

* P591: Deep drilled braced P591 (Southern
monument; P811: Pillar design; California)
P812 short drilled braced e S
monument. pat,
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Short baseline processing

Number in 1680, After sigma limit cut 1678, RMS 1.22 mm
I

Append P811.mit.mon1__zerov+P811.mit.dual__zerov+P812.mit.mon1__zerov+P812.mit.dual__zerov North
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Results are relative
to P591 deep drilled
braced monument
Colors:

Brown and Green
are P812 short
drilled braced,
L1+L2 and LC

Blue and black are
P811 pillar, L1+L2
and LC

Pillar is unstable at
1 mm level; physical
motion implied
similar L1+L2 and LC
changes. Offset
between L1+L2 and
LC suggest antenna
element centering

. problem.



North [mm]

Individual sites: P811 Pillar

P811 - California City, CA - Pillar
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Individual Sites P812 short drilled braced

Number in 840, After sigma limit cut 839, RMS 0.55 mm

Append P812.mit.mon1__zerov+P812.mit.dual__zerov North
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This monument is
stable relative to
P591 although still
some motion at
sub-millimeter
level. RMS
scatters are 0.10,
0.08 and 0.20 mm
in NEU for the
L1+L2 solution.
Difference
between L1+L2
and LC 1.1, 0.4 and
1.5 mmin NEU
Error bars not
shown for clarity.
Height variation
similar to P811
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Av 30.0 days, # 15, WRMS 0.07 mm NRMS 1.3
Number in 419 After sigma limit cut 418, RMS 0.10 mm

30-day averages of P812

Data P812.mit.mon1__zerov North

2013.2 2013.4

Av 30.0 days, # 15, WRMS 0.05 mm NRMS 0.8
Number in 419, After S|gma limitcut 418, RMS 0.08 mm

2014.2

Data P812.mit.mon1__zerov East

2014.4

L] L] L]
2013.2 2013.4
Av 30.0 days, # 15, WRMS 0.14 mm NRMS

Number in 419 After3|gmallm|tcut 418, RMS 020mm

7
2014.2

Data P812.mit.mon1__zerov Up

2014.4
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2014.2

30-day
averages show
systematics at
the 0.15 mm
level in N and E;
0.2mminU
RMS of 30-day
averages:
0.07, 0.05 and
0.14 mm in
NEU

If trend and
annual
removed RMS
reduce to 0.02,
0.03 and 0.05
mm.
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Long term view: Standard processing
http://pbo.unavco.org/station/overview/P591

nmt.final_nam08+P812.cwu.final_nam08 North

wrMs: _0.88 mm NRusData Pagil-nmtdinal 1nam08&R &1l ,nmt.final_nam08+P812.
T I T I I
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WRMS:
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1.08 mm NRMs:Data:PR1 pmbiinalnam08+Péll.nmt.final_nam08+P812
I T I I

2006 2007 2008 2009 2010

WRMS:

2011

2012 2013 2014

5.46 mm NRMs: Daia. BB finab mamQg+RB11.nmt.final_nam08+P812.nmt.final_nam08+P812.cwu.final_nam08 Up
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Results for
standard
UNAVCO GAGE
project
processing.
These are
available on
web.

Linear trend
removed. RMS
scatters 0.9, 1.1
and 5.5 mm in
NEU



P565+P809+P310 GPS sites
P565: Deep drilled braced "*f -

monument; P809: Pillar <
design; P810 short drilled | =

braced monument.

A L 151! .
.Numlnal .Warrllng IFail re IManual ﬁ-ms‘mn

P565 (Central
California)
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Short baseline results: P565+P809+P810

Number in 1668, After sigma limit cut 1658, RMS 0.44 mm
|
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Again the
blue/black pillar
monument is less
stable relative to
deep drilled braced
monument than
short drilled
braced.

Some differences
at pillar between
L1+L2 and LC
RMS scatters
P809: 0.35, 0.22
0.46 mm

P810: 0.18, 0.13,
0.36 mm

NEU

Offset between
L1+L2 and LC
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Position (mm) Position (mm)

Position (mm)

60

40

20

http://pbo.unavco.org/station/overview/P565

Number in 3684, After sigma limit cut 3684, RMS 27.03 miPata P565.nmt.fin
T T T T

Long term P565

al_nam08+P809.nmt.final_nam08+P810.nmt.final_nam08 North

‘I | \ l | \ | \ L
2006 2007 2008 2009 2010 2011 2012 2013 2014
Number in 3684, After sigma limitcut 3684, RMS 30.46 mmPata P565.nmt.final_nam08+P809.nmt.final_nam08+P810.nmt.final_nam08 East
T \ I | \ \ \ \ T
L]
N | \ \ | \ l ! \ A“\kk':'r‘ﬂ
2006 2007 2008 2009 2010 2011 2012 2013 2014

Number in 3684, After sigma limit cut

3684, RMS 38.99 mm Data P565.nmt.final_nam08+P809.nmt.final_|
\ I \ \

nam08+P810.nmt.final_nam08 Up

50

- A

2006 2007

2008

2009

2010

2011

2012

2013

Sites are in the
Central Valley
of California
and there are
large non-
secular
motions due to
ground water
changes (most
likely).

All monuments
types see this
motion.
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Goddard Geophysical and Astronomical

Observatory

e GGOS core site with VLBI, SLR and GNSS

* Multiple GNSS sites at facility: The original GODE/GODZ site and two
drilled braced monuments GODN and GODS (north/south)

......

13



Position (mm)

Position (mm)

Position (mm)

GODE/GODS relative to GODN

WRMS: 0.33 mm NRMS: 2.57 #: 3091 data Rate: -0.05+- 0.03 mm/yr
I

Data GODE.mit.gao4__zerov+GODE.mit.gdu4__zerov+GODS.mit.gao4__zerov+GODS.mit.gdu4__zerov North
I

2012 20125

WRMS: 0.32 mm NRMS: 5.57 #: 3091 data Rate: -0.30 +— 0.07 mm/yr

2013.5 2014

Data GODE.mit.gao4__zerov+GODE.mit.gdu4__zerov+GODS.mit.gao4__zerov+GODS.mit.gdu4__zerov East
I

: : :1ﬂi§:?g.. i ji
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Blue and black
are L1+L2 and
LC solution for
GODE.

We see large
differences
between the
two solutions
suggesting
electrical phase
center errors.
Green lines are
antenna and
dome changes.
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Position (mm) Position (mm)

Position (mm)

GODE L1+L2 and LC solutions

5 Nulmber in_1419, After sigma limit cut 1|418 RMS 0.71 mm : Data GODE.mit.?ao4_zerov+GODE.mit.gldu4_zerov North
I [ The L1+L2
| S s e e e .__:- o solution shows
o . i ‘ - 3¢ | small variations
“W=§" ! | but as the
' antenna and
5 01z 20125 20135 2014 radome are
5 Nulmber in 1419, After sigma limit cut 1418, RMS 0.72 mm Data GODE.mit.Igao4_zer0v+GODE.mit.?du4_zer0v East Changed we see
effects in LC
;.,; 1 by . _‘ . solution. |
R S Blpion iionnont dipeaiititiange..;  We are still
l h’iiff" = checking that
=] correct antenna
= 20|12 20112.5 20|13 2o1|3.5 20|14 types were used
Nurmber in_1419, e sigma it ut_1416, AMS _1.45 | Data GODE.mit.gao4_ zerov+GODE.mit.gdu4_ zerov Up (different logs
1o - have different
| » ] | information).
i g L . = 235 -"- '-::
i
| A 15

2013.5 2014



Position (mm)

Position (mm)

Position (mm)

WRMS: 0.18 mm NRMS: 2.52 #: 1589 data Rate: -0.23 +— 0.04 mm/yr
I

GODS L1+L2 and LC solution

Data GODS.mit.gao4__zerov+GODS.mit.gdu4__zerov North

15— |
10— ]
05 ol - —
0 R “ ;.: . . ‘ .
L Mt i WQ' o
05— |
) . |
-1.5(— —
oL | | | |
2012 2012.5 2013 2013.5 2014
> WR‘MS: 0.30 mm NRMS: 9.93 #: 1589 data ‘Rate: -0.44 +— 0.20 mm/yr Data GODS.mit.gao4__zerov+GODS.mit.gdu4__zerov East
15— |

2012 2012.5

o - v w
I

|
o
I

1 |
A ®
I

2012 20125

6/28/14

Herring UAW 2014

Relative positions
between two
drilled braced
monuments at
GGAO.

In this case we
see both
electrical and
presumably
physical motions
of sites.

RMS scatters are
still 0.2, 0.4, and
0.5 mm but still
systematic
Mean difference
0.5 NE, -0.08 U
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Conclusions

* Monument stability studies show that there can be
“motions” over short distances and in trying to achieve
mm level positioning these motions need to be
considered.

e We looked at

— Electrical “phase center” stability (enhanced with
ionospheric delay free solution) and

— Physical stability with L1+L2 solution.

 Some monument types show millimeter level motions
(pillars mostly but not always) and some good
monuments (drilled braced in the cases shown) have
stability at the 10s of micron level.
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