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PART IV - GPS Survey Planning

GPS survey goal, plan, and schedule

CORS (active marks)

National Spatial Reference System
OPUSS, OPUSRS, OPUSDB (publishing)

Using passive marks
Mission Planning



GPS survey planning

What Is the survey goal?

V

Single point; small network; large network

V Project specifications; standards (FGDC); accuracy required

V Horizontal and vertical datum

V Geoid model choice; hybrid or pure gravimetric

V Survey Style; static; fast static; RTK; RTN

V What will control the survey?
V CORS; HARN; other passive marks or a combination?
V What software will be used?

Then make a mission plan and schedules

»P376



GPS survey planning cont.

Standards for Geodetic Networks

V Federal Geographic Data Committee standards,Part 2

V FGDCGSTD-007.2-1998
V Maintained by the National Geodetic Survey

V Sponsored by: Federal Geodetic Control Subcommittee

http://www.fgdc.gov/standards/projects/FGDC -standards -
projects/accuracy/part2/index_html



GPS survey planning cont.

Standards for Geodetic Networks

V Objectives
V To provide consistency in reporting the accuracy

of point geospatial data collected by different

activities  (e.g., geodetic surveying, topographic
mapping, bathymetric mapping, facilities
management mapping, cadastral surveying, etc.)
and develop a FGDC document with a single
methodology that defines how to report the
positional accuracy for all point geospatial data
collected, produced, or disseminated by the

Federal government and the Nation.

http://www.fgdc.gov/standards/projects/FGDC - standards -
projects/accuracy/part2/index htmi
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GPS survey planning cont.

Standards for Geodetic Networks

V Scope

V Part 2 applies to accuracy reporting for geodetic
networks. Geodetic control surveys are usually
performed to establish a basic control network
(framework) from which supplemental surveying
and mapping work, covered in other parts of this
document, is performed. Geodetic network
surveys are distinguished by use of redundant,
interconnected, permanently monumented
control points that comprise the framework for
the National Spatial Reference System (NSRS) or

are often incorporated into the NSRS.

http://www.fgdc.gov/standards/projects/FGDC -standards -
projects/accuracy/part2/index_html



GPS survey planning cont.

Standards for Geodetic Networks

VTable 2.1 -- Accuracy Standards
Horizontal, Ellipsoid Height, and
Orthometric Height

Accuracy 95 -Percent

Classification Confidence When control points in
""""""""""""""""""""""""""" a survey are

Less Than or Equal to: tlaskifidd thet e
1-Millimeter 0.001 meters ’ y

2_Millimeter 0.002 * been verified as being
5-Millimeter 0.005 " consistent with
1-Centimeter 0.010 " all other points in the
2-Centimeter 0.020 " network, not merely
5-Centimeter 0.050 " those within that
1-Decimeter 0.100 " particular survev.

2-Decimeter 0.200 "
5-Decimeter 0.500 "
1-Meter 1.000 "
2-Meter 2.000 "
5-Meter 5.000 "
10-Meter 10.000 "

http://www.fgdc.gov/standards/projects/FGDC -standards -
projects/accuracy/part2/index_html



GPS survey planning cont.

Standards for Geodetic Networks

V Section 2.2.2 -- Accuracy Determination I Four Steps:
|. The survey measurements, field records, sketches, and other documentation
are examined to verify compliance with the specifications for the intended
accuracy of the survey. This examination may lead to a modification of the
intended accuracy.
2. Results of a minimally constrained, least squares adjustment of the survey
measurements are examined to ensure correct weighting of the observations
and freedom from blunders.
3. Local and network accuracy measures computed by random error
propagation determine the provisional accuracy . In contrast to a constrained
adjustment where coordinates are obtained by holding fixed the datum values
of the existing network control, accuracy measures are computed by weighting
datum values in accordance with the network accuracies of the existing
network control.
4. The survey accuracy is checked by comparing minimally constrained
adjustment results against established control. The result must meet a 95
percent confidence level. This comparison takes into account the network
accuracy of the existing control, as well as systematic effects such as crustal

motion or datum distortion. If the comparison fails, then both the survey and

network measurements must be scrutinized to determine the source of the
problem.




GPS survey planning cont.

Standards for Geodetic Networks
V Section 2.2.3 -- Accuracy Reporting

When providing geodetic point coordinate data, a statement should
be provided that the data meets a particular accuracy standard for
both the local accuracy and the network accuracy

For example, these geodetic control data meet the 2 -centimeter local
accuracy standard for the horizontal coordinate values and the 5 -
centimeter local accuracy standard for the vertical coordinate values
(heights) at the 95  -percent confidence level. A similar statement
should be provided for these same data reporting the network

accuracy.

http://www.fgdc.gov/standards/projects/FGDC -standards -
projects/accuracy/part2/index_html



GPS survey planning cont.

Horizontal and Vertical Datum

V Horizontal Datum
VNAD 83(CORS96)Epoch 2002 [Current NSRS]
VNAD 83(CORS96a)Epoch2010 [Mid 2011)
VNAD 83(2007) [Most recent national adjustment of passive marks]

VNAD 83(1998) [Oregon HARN]

V Vertical Datum
VNAVD 88 [Current NSRS]

V Geoid Models
V Geoid09 [Current NSRS Hybrid Model]
V Geoid03 [Previous NSRS Hybrid Model]
VUSGG2009 [Current NSRS Gravimetric Model]



GPS survey planning cont.

GPS (GNSS) Survey Styles

V Static Survey I > 20 minutes logging data at each station (typ. ~30
250km baselines)

V Fast - Static Survey I <20 minutes logging data at each station (typ.
< 30km baselines)
V Both styles requires simultaneous observations for all stations in the
current session

V Real -time kinematic Survey I (RTK) Base station setup
required with either radio or cell phone connection with all
rovers. Single base line differential correction performed

V Real -time Network I (RTN) Rovers communicate with RTN
servers via cell phone data link. Network solution possible



GPS survey planning cont.

Continuous Operating Reference Stations (CORS)
@ CORS The CORS term is

Hational Geodetic Survey .
tied to the NGS
st | s | oy | | e - B

— Continuously Operating Reference Station (CORS) Off|C|a| national

] "r";"‘;."l Map | Satellite | Hybrid | Terrain | Statlons Where
] | | data for the
o station is archived
s , v on NGS servers
curore for all users.

CORS Home
Data Products
CORS Map
Newsletter
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General Information ! N oacine America i

CORS Site Guidelines : Australia D oo 2
GPS Links ey -
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The National Geodetic Survey (NGS), an office of NOAA's National Ocean Service, manages a network of
Continuously Operating Reference Stations (CORS) that provide Global Navigation Satellite System
(GNSS) data consisting of carrier phase and code range measurements in support of three dimensional
positioning, meteorology, space weather, and geophysical applications throughout the United States, its
territories, and a few foreign countries.



GPS survey planning cont.

Oregon CORS and CGPS stations
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GPS survey planning cont.

Other geodetic datum to constrain your network
t ooeé

VHARN = High Accuracy Reference Network
V Passive marks available in the NGSIDB via datasheets.
VIn Oregon the latest horiz. HARN datum = NAD 83(1998)
V Older Oregon HARN were in 86 and 91

vV NAD 83(2007) = The most current national
adjustment of ~70,000 passive monuments.

V others



GPS survey planning cont.

In addition to choosing a datum you need to
choose a coordinate system made up of:
-map projection
-geoid model

V Oregon Station Plane Coordinate System (2 zones)

V Oregon Coordinate Reference System (20 zones new 2010)
VUTM Zones

V others



GPS survey mission planning

V Research available control

V Set any new monuments for the network, and write
descriptions on how to get to and access the mark

V Recon the site and make notes, sketches and visibility
diagrams

V Take digital photos of the monument
V Close up of the cap
V Horizon shot of each setup on the monument




Make notes, sketches and write

descriptions at all monuments observed
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Figure 8-5. Sampie—sila reconnaissance sketch

SITE RECONNAISSANCE/REPORT ON CONDITION OF SURVEY MARK

Project for Which Reconnaissance was Performed DNORSH Al Di’n-‘\

ORoOFINO

Station Name Year Established 1233

State Code LD county _ Porrer Map Scale _l:24, coo
Organization’s Mark _C £ G S Map Sheet CLcGAR W ATER
Search Performed By _ K. SmiThH pate _“4 /12 /89
Organization Warea WaLLa DisrricT

Exact Stamping OroeriNno  |9373 Condition __ G oo

Please report on the thoroughness of the search in case the mark was not
recovered. Suggest changes in description, need for repairing or moving
the mark, or other pertinent facts. Record letters and numbers found
stamped in (not cast in) the mark.
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Figure 8-6. Reconnaissance report on condition of survey
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Make a visibility diagram in the field

STATION DIAGRAM

ava' MENASHA CORPORATION

STA. NAME
OBSERVER
DATE
DESCRIPTION

LAT. /7 LONG.
[
SEC/TP/RGE

150

1515 Sheridan St
PO Box 588
North Bend OR 97459-0102
1-503.756-1193
1-503-756-7833 Fax

STATION VISIBILITY DIAGRAM

STATION NAME NORTH
AGENCY (CAST IN) HORIZON
OBSERVER

DATE

Observer’s Height
L. i

EAST

!
!
1
1
]
1
1
|
1
1
1
\

MAP SCALE
MAP SHEET
ELEV (NGVD___)
LAT (NAD__)
LONG (NAD___) SOUTH

Indicate the horizontal and vertical 1imits of all objects obstucting veiw
of the sky exceeding 15 degrees above the horizon.

NO.AZIMUTH,VERT ANGLE! DESCRIPTION ! :iNO.!AZIMUTH!VERT ANGLE'! DESCRIPTION
T ! : L ! [
2= : : ETIE : :
& : ! EF ! :
ar : : 5T : )
5 : ; BETH : :
T [ : g ! : :
7 : : EEFIE : :
g 0 : BRI : ;
CT : ' TETTE : :
10 ¢ H H 1120 ¢ H H

Indicate distance, direction, frequency and power of known RF sources.
Indicate distance, horizontal and vertical limits of any object in the
vicinity that may cause radio signals to be reflected (multipath).

1.
2.
3

Figure 8-9. Worksheet 8-2, Station Visibility Diagram



STATION VISIBILITY DIAGRAM

STATION NAME _ OROFING 13373 NORTH
AGENCY (CAST IN) . C i &S % ‘Homzow | ©
OBSERVER _ K. stai—+H - b
DATE _H/12 /89

Ob§erver's Height

' 10Y £2.,9n.
Resal & 4 H G EETTEUNS
- 28¢° o
3 5\
7‘5.»:& wa R @s°”
WEST EAST
24 000" S J i
MAP SCALE _/-£9 000 = N\ ™V m=eee--

MAP SHEET _CegarwaTmR N\ /["~~eo -~
ELEV (NGVD29 ) __3/2./182 m : '

LAT (NAD$3) _ 44 ° 30'05." 786733 ¥
LONG (NAD8D) //¢6°/9°'27" 34405 SOUTH

Indicate the horizontal and vertical limits of all objects obstucting veiw
of the sky exceeding 15 degrees above the horizon.

1__1347°00" 1 /8% 30" \Fpour semvee 'iqy ! ! H
2 __1358°30') 24°00' !|Pgax Seevcz ! '12 ! [ ]
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Indicate distance, direction, frequency and power of known RF sources.
Indicate distance, horizontal and vertical limits of any object in the
vicinity that may cause radio signals to be reflected (multipath).

’

1. 320 285° To 296°  Vgar ¥ |2° Fire Tower
2's vQa) _ J L CVATION, ﬂ.«l‘of’ Tais s
3. FrogADLY T A THREAT oF Cavzipg MJeT? PaT )

Figure 8-8. Sample Station Visibility Diagram

Shows azimuth and
elevation of obstructions
to satellites. This will be
used in planning software
to optimize the
observation time schedule
so that satellites will be
available.
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Observation data logging times based on the number of
satellites available. These suggested times are still valid!

REID SUGGESTED OBSERVATION TIMES SUGGESTED OBSERVATION TIMES
MIDDLETON - STATIC METHOD MIDDLETON, FAST-STATIC METHOD
BASELINELENGTH | 4 SVS | 55VS | 6SVS | 7SVS BASELINE LENGTH| 4 SVS | 55VS | 6SVS | 7SVS
KILOMETERS | MILES FEET MINUTES | MINUTES | MINUTES | MINUTES KILOMETERS | MILES | FEET | MINUTES | MINUTES | MINUTES | MINUTES
<15 932 | 49,212 | 70 ) 50 50 <5 311 |16 404] 25 20 15 10
20 12.42| 65,616 | 75 65 55 50 11
3 [1e64[08425] B0 | 70 | &0 | % el T
20 24.85|131,233| 85 75 65 60 : :
0 37071164 04190 B0 =5 = 8 4.97 |26,246] 28 23 18 13
60 37.28|196,850] 95 85 75 70 9 5.59 129,627 29 24 19 14
70 43.50]229,658] 100 90 80 75 10 6.21 132,808 30 25 20 15
80 49.71|262,466] 105 95 85 80 11 6.84 |36,089| 31 26 21 16
90 55.92|295275| 110 100 90 85 12 7.46 |39,370 32 27 22 17
100 62.141328,083] 115 105 95 90 13 8.08 42,650 33 28 23 18
' 14 8.70 |45,931] 34 29 24 19
120 15 932 |49.212] 35 30 25 20
16 9.94 |52,493] 36 31 26 21
T 17 10.56|55.774] 37 32 27 22
100
. 18 11.18|59,055| 38 33 28 23
=0 19 11.81(62,335] 39 34 29 24
80 - = 4 SVS 20 12.42|65,616| 40 35 30 25
o —O— 58VS
L —+—65SVS —=— 4 SVS
40 < 7 SVS l —O— 58VS
B T
20 10iz~f* < ¢ 6 SVS
0 ——— 75VS
0 +——+—+—+—+—++—+—+— et =P ool RGO Ll
L O OO0 oo oo o o v i N
*\7 AN M <& VO O N O O 8




From Tri mble GPS Planning tool é& show

Number SVs and PDOP
Point: Corvallis Lat44:28:0N Lon 122:24:0 W Almanac: CURRENT.EPH 2/14/2000
Date: Thursday, March 16. 2000 Threshold Elevation 13 (deg) I'ime Zone 'Pacific Std USA' -8:00
28 Satellites considered : 1234567891011 1314151617 181921 2223 24 25 26 27 29 30 31
12
o - B
=
4]
: 4 “ u u
0
20
PDOP = Position Dilution of Precision
16 PDOP values considered good for positioning are
small, such as 3. Values greater than 7 are
= 12 considered poor .
-
= 8
4:00 8:00 12:00 16:00 20:00

Time: Major tick marks =4 Hours. (Sampling 2 Minutes) 21



Observation schedule shows: date; GPS day; session
number; monument observed; observers name; observation
logging time (maybe same for each session or different)
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GPS Planning T Additional Reading

http://www.ngs.noaa.gov/PUBS_LIB/pub_GPS.shtml

Guidelines for Establishing GPS - derived Orthometric Heights
(Standards: 2 cm and 5 cm) NOAA TM NOS NGS -59 Zilkoski, D.B.,
Carlson, E.E., & Smith, C.L. Mar 26, 2008 PDF

Guidelines for Establishing GPS - Derived Ellipsoid Heights
- NOAA TM NOS NGS -58 Zilkoski, D.B., D'Onofrio, J.D., Frakes,
S.J. Nov 1997 PDF or HTML

NGS User Guidelines for Single Base Real Time GNSS
Positioning _ v1.0 Henning, W.E. Jan 2010 PDF



http://www.ngs.noaa.gov/PUBS_LIB/NGS592008069FINAL2.pdf
http://www.ngs.noaa.gov/PUBS_LIB/NGSRealTimeUserGuidelines.v1.1.pdf
http://www.ngs.noaa.gov/PUBS_LIB/NGS-58.pdf
http://www.ngs.noaa.gov/PUBS_LIB/NGS-58.html

GPS Planning 1T Free Software Tools

Trimble Setup Planning Software v. 2.9
Download at:

http://www.trimble.com/planningsoftware ts.asp

Download the latest ephemetris files, and almanacs at:

http://  www.trimble.com/gpsdataresources.shtml

ka Planning - Munich, Germany, 1/27/2011 - [Almanac.alm] - [Number of Satellites] =N X

5 File Almanac Satellites Graphs Lists Options Windows Help _a
P DM ed ruornE DE| &0

Satelite Systems: W GPS 7 Glonass I Galleo |7 Compass [T WaAS

Visibility
14 ! T
12 fommmmmmm e -. ---------- et it sEEE TP A et
B e T R |

Number of Satellites

[ RS (o] =]

1

0€:00 2: 24:00

[={=]
2
=14
o

Station Munich, Germany North 48° 8" East 13° 0" Height 550m Elevation cutoff 10° Obstacles 0%
Time 1/27/2011 00:00 - 1/28/2011 00:00 {UTC+2.0h) Satellites 30 GPS 20 [Almanac.alm (7/31/2010)]



http://www.trimble.com/planningsoftware_ts.asp
http://www.trimble.com/gpsdataresources.shtml
http://www.trimble.com/gpsdataresources.shtml

GPS Planning 1T Free Software Tools

ashtech

Satellites and DOP

mm SELECT SITE SELECT TIME | SELECT SATELLITES | VIEW MISSION PLANNING

Ashtech Web Mission Planning Tool

http://asp.ashtech.com/wmp/
ashtech

Polar Diagram

View Sat Positions at Time:

»n
12:12:00 pm
Visible Satellites
System PRN Azimuth Elevation

B s 289 36
[ |ISE 259 76
o 12 cs
B - 241 43
B 40 29
. 138 a9 ||| ||zror
B o 20 56
B o 253 72
N <o’ 232 14
B 320 8
B 358 12
B e 129 22
B o 93 74
B 335 53
. >
| seas  [NENRER) 141 a2 ||
[ spas | 138 154 47

Lat: 44°31'14.64251"°N. Lon: 123°16'21.57375"W. Alt: 72m. Date: 01-27-11 08:00 am (local). Duration: 6H. Almanac: 01-27-11. GPS: 31/32. GLONASS: 22/24. SBAS: 6/19
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Equipment Checklist

V Receiver V Reference list

V Antenna V Emergency phone

V Antenna cables numbers

V RTK radio modem or cell phone Vnames, addresses,

V Batteries telephone numbers of
V Battery -to-receiver cables V private -property owners
V Back - up batteries or cigarette light adaptor relevant to this

V Tripods V project

V Bipods V Gate keys or combinations
V Tribrachs V Maps

V Tribrach adaptors

V Flashlight VIf you plan to download and

V Measure tape or rod process data in the field, bring

V Station information the following materials.

V Observation log sheets

V Paper and pencil V Data Collector

V Two way radio or cell phone V Laptop

V Observation schedule VMemory i PC CARDs etc.

V Flagging, paint, PK nails, hammer
V Traffic control equipment



Record your observation

on every point.

REMEMBER THAT THE
ANTENNA HEIGHT IS
CRITICALLY IMPORTANT!!



