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Outline

* Survey setups
* Potential errors

— Human error
— Monument error
— Seasonal error

— System error

* Hands-on equipment



Survey setups

* May be done with:
— Tripod
— Spike mount
— Pole

* |ntentions:
— Set antenna horizontal

— Ensure antenna is centered above survey mark
(necessarily requires that the antenna mount is set
horizontal)

— Align antenna conventional mark to true north



Surveyor’s tripod

* Advantages:
— Easily portable
— Stable on flat ground

* Disadvantages:

— Inconsistent height
setup (variable
multipath)

— Easily disturbed
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Fixed-height mast (e.g. Tech2000)

* Advantages:
— Automatically centered

— Fixed height (reduces
human error)

— Stable

— ldentical multipath
environment each setup

* Disadvantages:

— Difficult first-time
placement due to anchor
installation (also requires
large, hard surface)

http://facility.unavco.org i



Spike mounts

* Advantages:

— Fixed height (reduces
human error)

* Disadvantages:

— Awkward to level
precisely and orientate
antenna

— Proximity to ground may
increase direct multipath
signal

http://facility.unavco.org
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Basic rules for any setup

Know how well your equipment is calibrated, and how to
calibrate or verify its accuracy if necessary

— A 1-D level is a very useful tool to have!

Iterate using finer and finer adjustments

— It’s a rare day that the best of us find an acceptably accurate
setup the first time

Always work upward from the base of a tripod setup

— Fix the legs once an approximate (within a few cm) position is
achieved

— Work exclusively with the tribrach on the platform thereafter

Always level the (optical) plummet before assessing the
centering, especially after making adjustments



Human error



Location errors
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Setup errors

* Episodic survey setups can
mean that measurements
are not centered perfectly
over a mark or the antenna
height not measured
accurately

e These measurements tend
to exhibit an independent
and random nature
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Archive errors
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Monument error
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Monuments for tectonics (best)

Drilled monuments Shallow rod in bedrock
e Attached to solid bedrock  Attached to solid bedrock
* \Very stable  Cheap and easy to install

e Must be secured somehow e Must be secured somehow




Monuments for tectonics (other)

High metal masts Roofs of buildings
* Generally secure * Easily accessible
e Suffer from heat expansion * Generally secure
and contraction * No knowledge of building
* May suffer from unstable foundation stability
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Seasonal error



Groundwater variations
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System error



Propagation effects

* lonosphere

— Frequency-dispersive layer causes
differential delay of L1 and L2 as a
function of (unknown) total
electron content (TEC)

* Troposhere

— Delay through medium, especially
water in atmosphere

e Clock errors

— Offsets and drift of receiver and
satellite clocks affects time, and
therefore phase/distance,
measurement

 Multipath

— Back-scattering of signal interferes
with direct signals

— Random: no good method for
mitigation or modeling
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Atmospheric effects

* lonosphere
— delay oc 1/f?
* Troposphere
— “Dry” delay
— “Wet” delay
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Time series noise characteristics



Survey timing

Cont|nuous 0 | / 0 IISurvey” 2
10 J ! 10
; s
Xo v Ao T A; T; €
1.88 5.65
Input -12.5 mm 5 mm/yr 2 mm (0.3 yr) 1 mm (0.45 yr) 3 mm
1.93 5.48
. * _
Continuous 12.41 mm 4.93 mm/yr 1.82 mm (031 yr) 0.91 mm (0.44 yr) 3.07 mm
“Survey” 1 -9.55 mm 4.72 mm/fyr |- - - - -
“Survey” 2 -8.21 mm 3.21 mm/yr |- - - - -
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“Unknown” error?

* A potential error is anything that is not
accounted for by a modeled or estimated
parameter



