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What is VECTOR??

e Network of Continuously Operating GNSS
Reference Stations.

e Provides access to the National Spatial Reference
System (NSRS)

e Access available for post processing (Static) and
Real-time.



VECTOR EXpansion

e 1996 - VCAP
- 2004 - VTUV

2006 — VTD2, VTSP, VTWR,
VTOX, VTD7, VTD9, VTC1,
VTSA, VTRU, (VCAP Upgrade)

e 2008 — VTBE, VTDA, VTMI,
VTIP

e Minimum of 1 station needed
to fill out network (Eden),

== ideally another (Dover,
é; Stratton, Jamaica, or

— Wardsboro)



VECTOR
Site Criteria

e =40-50 km spacing

e Masonry building <= 2 story

e Secure location

e State owned

e Clear view to sky

e Stable/dedicated power source
e High speed internet connection

e Antenna location < 100
meters from receiver location



Static Component of VECTOR

Hourly files (1-sec)

— DAT, RINEX v2.1 (no more SSF)

Online for 45 days (VT-web)

New download interface (similar to NGS UFC)
10 stations are National CORS

All stations submitted to National CORS

Preliminary coordinates derived from average of
OPUS observations



Real-time Component of VECTOR

User registration required (form on web)
RTK data available via IP (cell connection)
Single baseline RTK

User must specify which site to receive corrections
from by selecting mountpoint

Field equipment must support NTRIP (Networked
Transport of RTCM via Internet Protocol)

Data streams available in CMR+ and RTCMv2.3
formats.









National CORS as of 12/08



How is VECTOR being used

Static Download from VT and NGS Servers (web)
Static Download from VT and NGS Servers (ftp)
Used for OPUS and OPUS_ RS Solutions

Used for OPUS_DB

Real-time

Incorporated into other networks (NY, Keynet, MTS)
Contributing to NOAA weather forecasting (PWV)
Contributing to the computation of GLONASS orbits



What is OPUS?

e On-Line Positioning User Service

e Processes Dual-Frequency (and
single frequency) GPS data

e Global availlability (masked)

e 3 goals:
— Simplicity
— Consistency
— Reliability



Flavors of OPUS

OPUS_S (Static)

— Operational since 2001

OPUS_ RS (Rapid Static)

— Operational since 2007

OPUS DB (Database)

— Initial Operational Capability (10C) in 2008
OPUS_Projects (Network campaigns)

— Beta (internal testing)

OPUS_ Mapper (L1)

— Alpha



OPUS_S - Current Status

e Accepts GPS Data in

— Native receiver format

— RINEX format (versions 2.0 & 2.1)
e Data Processing

— Uses three CORS stations

— Minimum of two hours of dual-frequency data
e Provides

— NADS83 & ITRF coordinates

— State plane coordinates

— UTM coordinates

— US National grid designator

— G-file, statistics, etc.



How Does OPUS Compute Position?

A

NGS-PAGES software used
L3-fixed solution w/ tropo adjusted

& 3“best” CORS selected
3 separate baselines computed
3 separate positions averaged

Position differences also include any
errors in CORS coordinates






Results not always good...Why?






OPUS-Rapid Static (OPUS-RS)

15-minute to 4-hour sessions

ties to 3 — 9 CORS (< 250km)

uses RSGPS vs. PAGES software

P1/P2 code & L1/L2 phase observations

resolves all ambiguities with LAMBDA (Least
Squares Ambiguity Decorrelation Adjustment)

similar to Real-Time Network computations
RSGPS solution modes:

— network: solves ambiguities, tropo, iono
— rover: tropo and ion interpolated to rover
~10,000 lines of code



OPUS-RS Reference Station Search Algorithm



OPUS-RS Output

NGS OPUS-RS SOLUTION REPORT

USER: william.stone@noaa.gov DATE: October 29, 2007
RINEX FILE: 1207287x.070 TIME: 14:39:04 UTC

SOFTWARE: rsgps 1.09 RS11.prl 1.12 START: 2007/10/14 23:27:15
EPHEMERIS: igr14490.eph [rapid] STOP: 2007/10/15 00:00:15
NAV FILE: brdc2870.07n OBS USED: 1962 /7 2082 : 949

ANT NAME: ASH701975.01A
ARP HEIGHT: 0.0 NORMALIZED RMS:

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) ITRFOO (EPOCH:2007.78627)
LAT: 36 252.79767  0.008(m) 36 2 52.81498 0.008(m)
E LON: 252 218.45532 0.013(m) 252 2 18.41156 0.013(m)
W LON: 107 57 41.54468 0.013(m) 107 57 41.58844  0.013(m)
EL HGT: 1974.304(m) 0.005(m) 1973.396(m) 0.005(m)
ORTHO HGT: 1995.280(m) 0.026(m) [Geoid03 NAVDSS]

“HFixed Ambiguities” replaced by “Quality Indicator”
eaverage of W-ratio (separation between candidate
sets of ambiguities) of last 3 epochs
ereported as network mode / rover mode
e|look for values = 3 for confidence in solution




OPUS-RS Output

NGS OPUS-RS SOLUTION REPORT
USER: william.stone@noaa.gov [DYAN I = October 29, 2007
RINEX FILE: 1207287x.070 TIME: 14:39:04 UTC

SOFTWARE: rsgps 1.09 RS11.prl 1.12 START: 2007/10/14 23:27:15
EPHEMERIS: igr14490.eph [rapid] STOP: 2007/10/15 00:00:15

NAV FILE: brdc2870.07n OBS USED: 1962 /7 2082 : 94% ANT
NAME: ASH701975.01A QUALITY IND, 34.21/ 37.91

ARP HEIGHT: 0.0 « NORMALIZED RMS: 0.307 e

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) ITRFOO (EPOCH:2007.78627)
LAT: 36 2 52.79767 0.008(m) 36 252.81498  0.008(m)
E LON: 252 218.45532 0.013(m) 252 2 18.41156 0.013(m)
(WARGINE 107 57 41.54468 0.013(m) 107 57 41.58844 0.013(m)
EL HGT: 1974.304(m) 0.005(m)  1973.396(m) 0.005(m)
ORTHO HGT: 1995.280(m) 0.026(m) [Geoid03 NAVDSS]

“Overall RMS” replaced by “Normalized RMS”
eunitless quantity, “expected” = 1
eaka standard deviation of unit weight
eif > 1, noisy data somewhere
etypically <1, meaning noise less than expected




OPUS-RS Output

NGS OPUS-RS SOLUTION REPORT

USER: william.stone@noaa.gov DATE: October 29, 2007
RINEX FILE: 1207287x.070 TIME: 14:39:04 UTC

SOFTWARE: rsgps 1.09 RS11.prl 1.12 START: 2007/10/14 23:27:15
EPHEMERIS: igr14490.eph [rapid] STOP: 2007/10/15 00:00:15
NAV FILE: brdc2870.07n OBS USED: 1962 /7 2082 : 949%
ANT NAME: ASH701975.01A QUALITY IND. 34.21/7 37.91

ARP HEIGHT: 0.0 NORMALIZED RMS: 0.307

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) ITRFOO (EPOCH:2007.78627)

LAT: 36 252.79767 :0.008(m): 36 252.81498 :0.008(m):

E LON: 252 218.45532 :0.013(m): 252 218.41156  :0.013(m)"
WARe]\} 107 57 41.54468 :0.013(m):Jk 107 57 41.58844 50.013(m)§*

EL HGT: 1974.304(m) :0.005(m):  1973.396(m) :0.005(m):

ORTHO HGT: 1995.280(m) :0,026(m): [Geoid03 NAVD8g] “**"**"r*"*”

Peak-to-Peak replaced by Est. Standard Deviations
eapproximately 95% confidence
ederived from scatter of single baseline solutions
eformal standard deviations (optimistic) available in Extended Output




Estimated Vertical Standard Errors — f(IDOP & RMSD)

15-Minute OPUS-RS Sessions

Estimated Horizontal Standard Errors —
divide by 3.6




OPUS DB

Uses OPUS processor

Minimum of 4 hours of dual frequency data

If criteria is met mark can be published> 4 hour duration
— > 70% observations used

— > 70% ambiguities fixed

— < 0.04m horizontal peak-to-peak (VT 0.03)

— < 0.08m vertical peak-to-peak (VT 0.055)

— < 0.03m RMS

— IGS precise or rapid orbits (available next day)

metadata:

— quality survey mark

— photos of mark & equipment

— mark details (name, type, stability)
— description to aid mark recovery




























Almost Done

MHTML Document









OPUS-Projects

e Managers can define a project
— Process any number of stations under a project
— Project can span several days to weeks
— Contract work
e Project processing
— Each dataset sent to OPUS but identified with a project
— Results returned to submitter a few minutes later
— Manager can monitor processing and submission
e Final adjustment
— Entire project adjusted as one campaign
— Review & submission to NGS



OPUS_ Mapper

Compute a differential pseudo range solution for less
expensive GPS receivers

Aimed at the GIS community who do not require cm level
accuracies

Allows processing in a consistent approach and “certify”
their locations in the NSRS

Generate rapid static solution from seconds or minutes of
data

Accuracies: A few decimeters to a meter horizontally
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2008 Benefits of VT CORS as of Nov. 30

$2,000,000
UFCORS $200/dl
VTDL $50/file
$1,500,000 VT FTP $50/file
RTK $100/hr
OPUS $600/solution
$1’OOO’OOO OPUS_RS $600/solution
OPUS DB $400/station
$500,000
I
OPUS DB RTK OPUS RS VTDL VTFTP UFCORS OPUS S Total
B Bengfit $24,000 $178,400 $267,000 $291450 363100 $345,000 $394,800 $1863,750




QA/ZQC for LIDAR (Real-time)



Interstate Small
Culvert Inventory
2007-2008

189

— =4000 Culverts

— =2800 DI’s

— =10,800 Total Shots
191 (first 95 miles)

— =2700 Culverts

— ?2?2?? DI's

— =5400 Total Shots+DlI’s
59 crew weeks

— = $60k savings



189 Small Culvert Inventory









Other Uses — Jason Dattilio, L.S.,
Button Professional Land Surveyors

“As you are aware GPS surveying is the State of Vermont has come a
long way in the decade. | can remember when Montpelier was the only
CORS Station available, now we are well on our way to having a network
of coverage across the entire state. Gone are the days of the back pack
systems and utilizing survey grade equipment only to run control
networks or place a project on Vermont State Plane.”

“Currently at Button Professional Land Surveyors we’re utilizing our
Trimble R8 GPS System almost on a daily basis...”

“Many advantages can be provided by having a survey grade GPS
system. They will allow you to be more creative, and in most cases more
efficient. Checking your GPS work is critical, but with the proper
downloading and processing procedures you will feel confident that your
work was collected properly. Feeling comfortable with ;your work may
take a while, but certainly this is not uncommon with surveyors or with
anyone using something that is new.”



BPLS Applications

Establishing Control

Tying out Random Trav.
Elevations for Flood Cert.
Topo to generate surfaces
Locate boundary evidence
Locate wetlands

Establish True North on
tower site surveys

Horizontal and vertical
construction layout

Setting Property Corners
Searching for control
Static Observations
Forensic surveys
As-built surveys



BPLS Notes On Procedures and Usability

e Build in redundancy for important points

— Second shot taken with different initialization
and new tripod setup (rotated)

— View residuals, and field average if within
tolerances (0.03’) (0.03’-0.06’ typical)

— Topo pts. for 5 sec., control and property
corners for 15 sec.

e Field calibrations used when called for. Always
check into other points (H&V) to verify calibration

e Using CORS and Geoid for positions, try to verify
by checking into known NSRS control if possible.
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Questions/Discussion

Should VT surveying standards include provisions
utilizing GPS methodologies?

What about reporting/documentation?

Is it time to consider non-relative or “CORS relative”
accuracy standards? What positional error for 1:20,000
when positioning from 20km (12.5mi)?

What are the issues when mixing networks?
What are the issues when mixing methods?
What are the real benefits to the surveyor?
Are there benefits to using dual constellation receivers?

Are there real benefits or is it just another way to skin
the cat?



