

















IX. Repeating

The repeat function allows data collectors to copy feature attributes from the most recently collected data feature to the
one currently being collected. This function may improve efficiency in data collection if many roads, sidewalks and/or
trails are to be collected that share like features attributes.
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APPENDIX | - SAMPLE PROJECT SPECIFICATIONS

This entire appendix is based on the British Columbia Standards, Specifications and Guidelines for Resource Surveys
Using GPS Technology, Appendix A, with some minor reformatting.

I. APPLICATION
The Content Specifications facilitate standardization and quality control for geo-spatial data acquired via GPS
technology for Agencies contracting out GPS data collection. This document is provided for use by Contracting
Agencies without a pre-established specifications geared to GPS data collection using differential GPS
techniques with resource/mapping grade receivers and having target accuracy requirements from 1m to 20m
horizontal accuracy classes (at 95% confidence) and the 5m to 20m vertical accuracy classes (at 95%
confidence). The actual target accuracies required for the project or application are to be entered below.

The Content Specifications are supported by two documents: the Accuracy Standards and the Guidelines:

A. Accuracy Standards
Document outlining target accuracy categories in a standardized and uniform manner. Using the
Content Specifications document, one may specify the target accuracies to be achieved based on the
standardized categories established within the Accuracy Standards document.

B. Guidelines
The Guidelines support document provides relevant background information in order to complete those
areas of the Content Specifications that vary project by project. This Specification document, when
completed using the Guidelines, will form the technical section of a GPS survey contract.

[I. INTERPRETATION
These Content Specifications may be interpreted with the help of the accompanying Guidelines document. In
order to interpret the Content Specifications correctly, the reader must have prior familiarity with GPS
operations. The Guidelines are intended to assist users in this regard.

In this document, the following definitions and abbreviations shall be used:

Agency Agency, Department, Section or other entity administering the Contract.

Contractor Corporation, firm, or individual that provides works or services to the Agency
under terms and conditions of a contract.

Contract Agency representative who has authority for issuing and managing the contract

Administrator and for receiving the items or services delivered by the Contractor.

Data Processor A trained employee of the Contractor who performs the calculations to

convert raw field GPS data into processed maps / databases using DGPS
procedures and QC checking / editing.

DGPS Differential GPS (i.e. pseudorange code positioning differentially corrected
either post-mission or real-time).

Dynamic-mode Collection of GPS data while traveling along a linear feature to be surveyed
(e.g. a road or watercourse).

Field Operator An employee of the Contractor who performs the field portion of the data
collection.

Geoid The equipotential surface approximating Mean Sea Level. Consult GDBC for
provincial standard geoid model.

GPS Global Positioning System as operated by the United States Department of
Defense (US DoD). Also called NAVSTAR.

GPS Event A GPS Event is a single position instead of a group of positions averaged to a

single position (i.e. Static survey). Events are typically used when the
antenna cannot, or need not, be stationary over a point.
GPS Reference A GPS receiver located at a known location collecting data continuously to be
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Station

used for correcting field data (either in real-time or post-mission). Also
known as a basestation.

NAD27 North American Datum of 1927, based on the Clarke 1866 ellipsoid.

NADS83 North American Datum of 1983, based on the Geodetic Reference System 1980
(GRS80) ellipsoid and as defined by the GRS in British Columbia.

NADV88 North American Vertical Datum of 1988

Static-mode Collection of GPS data at a discrete point while remaining stationary.

Supplemental Supplemental Traverses are conventional traverses (e.g. compass and tape)

Traverse that are integrated with GPS surveys.

UTM Universal Transverse Mercator projection (map projection system).

The statements in this document have been structured according to two levels of compliance:

required Used to describe tasks that are deemed necessary and are good practice.
Exceptions are possible, but only after careful consideration by the contracting
Agency.
recommended Used to describe tasks that are deemed desirable and good practice, but are
left to the discretion of the contracting Agency.
lll. GOALS

1.

2.

3.

To establish realistic, reasonable levels of accuracy by task assignment, and to classify the surveys to be
performed by end specifications aimed at achieving target accuracies.

To provide a capacity for integrating requirements across Vermont and to standardize those requirements
where common standards are applicable.

To qualify GPS Systems (i.e. equipment, processing methods, and personnel) by a Contractor GPS System
Validation survey to establish the accuracies achievable under various conditions.

IV. PRE-QUALIFICATION AND VALIDATION

1.

2.

3.

4.

Total System - It is required that any Contractor expecting to undertake GPS data collection be prepared
to fulfill the requirements of the full “System”, including: GPS hardware and software for field and office;
field and GPS Reference Station receivers; and reporting techniques. All parts of the System are to be
capable of meeting the contractual specifications below.

Field Operator Training - It is required that Field Operator(s) have a demonstrated proficiency in GPS data
collection methods or, if the operator is in training, be accompanied by an individual meeting this
requirement.

Data Processor/Project Manager Training - It is required that Data Processor/Project Manager(s) have
demonstrated proficiency in the planning, management and execution of GPS projects - this includes the
processing and management of GPS data.

It is required that any GPS System used be proven to meet the accuracy requirements through a GPS
Contractor System Validation survey as outlined in Section C Content Specification-IV. For accuracy levels
established during the validation and the conditions under which they were established, it is
recommended they apply for all subsequent projects.
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V. PRE-FILEDWORK PROCEDURES

VI.

1.

It is recommended the Contract Administrator conduct a pre-fieldwork conference for all potential and
qualified contractors. It is recommended the Contract Administrator provide a clear definition of the
feature(s) to be surveyed, which point features are to be considered “High-Significance” and which are to
be considered “Standard-Significance”, boundaries of the features, guidelines for interpretation of special
features - if necessary, it is recommended a specimen layout for interpretative purposes. It is
recommended the Contract Administrator also provide a clear definition of the deliverables, services, work
quality, payment schedule, and other relevant contract issues. There should be no doubt or confusion as
to the nature and quantity of work expected.

It is recommended the Contract Administrator advise the Contractor of the Audit process (i.e. the method
and frequency of data/field inspections and surveys that will be used in determining achievement of end
specifications in compliance with the conditions of the contract).

It is recommended the Contract Administrator conduct a field inspection with the Contractor, advising
them of specific details to include or exclude in the contract work so that there is no doubt as to the
nature and quantity of work expected in the contract.

If physical reference markers are required to be established, it is required that the interval and type of
markers be stated in the contract, and be established according to existing Agency guidelines or
requirements (e.g. the Forest Practices Code guidebooks for forest road engineering and boundary
marking).

It is recommended all projects include sufficient map ties such as creek junctions, road intersections or
other features to enable accurate geo-positioning and to provide reliability checks. It is recommended the
Agency representative specifies the number of tie points required, and if possible, specify where and what
these tie points should be.

An official land survey may only be legally defined by a licensed land surveyor. None qualified
individuals attempting to present a survey as official can result in legal action being taken against
the Contractor or the Agency if damages occur on adjacent lands.

The required survey accuracies (i.e. target accuracies at 95%) for the project are:

Network Horizontal Accuracy = (Class = meter )
m

Interpretative Horizontal Accuracy = (Class = meter )
m

Network Orthometric Height (Class = )

Accuracy = m

Interpretative Vertical Accuracy = (Class = )
m

For clarification, the definition of meeting the above accuracy class is that for GPS point features, at least 95%
of the individual position fixes are within the above-specified accuracies (horizontal linear measure) of the true
position of the point according to the National Spatial Standards for Data Accuracy. See Section B: Accuracy
Standards.llI.B “Determining the NSSDA”.

Similarly, for GPS traverses done in dynamic linear mode, at least 95% of the individual GPS position fixes are
within the specified accuracies (horizontal measurements perpendicular to this line) from the true position of
this line.

FIELDWORK

1.

The field GPS receiver is to be set to position or record observations with a minimum of four (4) satellites
without constraining/fixing the height solution (sometimes known as “3D” positioning mode).
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2. The minimum satellite elevation angle/mask for the field GPS receiver is 15 degrees above the horizon.

3. Itis required that the DOP not exceed the following values:

DOP Figure Maximum DOP Value
Geometrical DOP (GDOP) ---
Positional DOP (PDOP) 6.0

Horizontal DOP (HDOP) -
Vertical DOP (VDOP) —

Not all DOP values are required to be completed.
VDOP limits need be followed only in surveys where accurate elevations are required

4. During Static (point-mode) surveys, occupations will adhere to the minimum values below, or the values
used during the Validation survey, which ever is higher.

Point Significance Minimum Minimum Number of Fixes
Occupation Time
(sec)

Standard- 30 seconds 30 fixes

Significance Point

High-Significance 250 seconds 50 fixes

Point

5. Itis required that position fixes for linear features mapped statically (i.e. static or point-to-point
traverses) be no more than ___meters apart, with the traverse points defined as Standard Significance
Points.

6. It is required that position fixes for linear features mapped dynamically (i.e. dynamic traverse) be no more
than____ meters apart.

7. It is required that dynamic traverses begin and end on a physically marked static High-Significance point
(commonly referred to as the Point of Commencement (PoC), and the Point of Termination (PoT)).

8. All significant deflections required to delineate linear features at the required accuracy are to be mapped.
This includes significant vertical breaks if elevations are required.

9. Times of GPS Events (i.e., interpolated points) on dynamic traverses should be accurate to at least
____seconds.

10. Itis required that for point offsets, the following specifications be observed:

7
0’0

The Field Operator is to record the following information: slope distance; vertical angle; and magnetic
or true azimuth from the GPS antenna to the feature.
Magnetic Declination is to be applied to all compass observations before computing offset coordinates.

X3

%

% The maximum distances for point offsets are ____ meters, and ____ meters if offset observations are
measured forward and backwards.
% Bearings are to be accurate to at least ____ degrees, and distances to at least ____ meters.

11. Itis required that for linear offsets, the following specifications be observed:
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VII.

VIII.

12.

13.

14.

15.

7
0’0

The Field Operator is to record the following information: horizontal distance and the direction (left or
right) perpendicular to the direction of travel.

The maximum linear offset (i.e. horizontal distance) allowable is ____ meters.

Linear offset distances are to be checked and adjusted periodically.

X3

S

X3

S

It is required that supplemental traverses meet these following rules:

% The supplemental traverse is to begin and end on physically marked High-Significance GPS static points
(PoC and PoT).

The distance traversed is to be less than ____ meters.

The supplemental traverse is to close between the GPS PoC and PoT by __ meters+1:_ 00_ of the
linear distance traversed.

The supplemental traverse is to be balanced between the GPS PoC and PoT by an acceptable method
(i.e., compass rule adjustment).

X3

S

X3

S

7
0’0

Physical reference markers are to be established every ___ meters along linear features (enter N/A if
not applicable). These markers must adhere to contracting Agency standards, or be accepted before the
work commences.

It is required that static point features be collected at all physical reference markers. These static point
features are to be collected as STANDARD / HIGH (circle one) Significance points.

It is required that the GPS receiver’s default Signal to Noise Ratio (SNR) mask (6) for high accuracy be
used. This CAN/ CANNOT (circle one) be relaxed during traversing of linear features.

GPS REFERENCE STATIONS

1.

If the Contractor chooses to establish or use a previously established reference station and not a CORS Base
station then it must be monumented (physically marked) to allow the contracting Agency or other
Contractors to re-occupy the same location. Physical reference marks are to be left and the station
referenced using adjacent features (i.e. road intersections, sign posts, bearing trees, etc.) to assist in the
future location, and in determining that it has remained undisturbed. Suitable markers include iron bars
driven into the soil, spikes in asphalt or concrete, or other markers that the Contractor and Agency
determine will remain stable during and, for a reasonable time, after project completion.

It is required that the separation distance between the GPS Reference Station and field receivers be less
than kilometers, or the separation distance used during Validation, whichever is less.

The minimum elevation angle/mask of the GPS Reference Station should be 10 degrees.

If real-time corrections are used, it is required that the Contractor validate the GPS Reference Station
according to accepted industry procedures.

If real-time corrections are used, it is required that the RTCM-Age of the rover GPS system not exceed
seconds. See Table IV-1: Suggested Maximum RTCM Correction Age Settings for information on
correction ages appropriate for various accuracies.

PROCESSING AND QUALITY CONTROL

1.

All GPS positions are to be corrected by standard differential GPS methods (pseudorange or navigation
corrections). If navigation corrections are used, the same set of GPS satellites are to be used at the GPS
Reference Station as at the field receiver for all corrected positions.

If the GPS receiver and/or post-mission software provides the option for dynamic filtering, the filters are to
be set to reflect the speed of the operator or vehicle, and the software versions and filter settings are to
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be noted in the project returns. If filtering is applied to GPS Reference Station data, this is also to be
noted.

3. It is recommended the Contractor implement a Quality Control (QC), or reliability assessment, program in

order to show compliance to specified standards (i.e. positional accuracy, content accuracy, completeness,
data format adherence, and data integrity assurance).

4. It is recommended the Contractor be prepared to entirely re-survey those areas that do not meet the

compliance standard at their own cost.

PROJECT DELIVERABLES

1. It is recommended the Contractor submit a project report that includes the following information, as a
minimum.

% A brief description of the Contract particulars, including the contracting Agency that commissioned the

work, the Contract Administrator, a project name (if available), and a project identifier (e.g. provincial

government’s ARCS/ORCS number, etc.).

A brief description of the project work (i.e. purpose, target accuracy, location, etc.).

A key map showing the project area and a description of any GPS Base Stations used.

» A schedule of events showing key dates/milestones (i.e. contract award; field data acquisition; problems

encountered; data processing; delivery of results; etc.).

% A listing of all personnel (Contractor and Subcontractors) involved in this project detailing their particular
duties and background (i.e. their educational background; formal GPS training details (courses with dates);
their experience on similar projects, etc.) - this could be a copy of what was provided with the pre-
qualification package.

% A list of all hardware and software used on the project; including but not limited to:

0 GPS hardware (i.e. receiver model, antenna, data logger, firmware versions, etc.);
o0 GPS software (i.e. name, version number, settings, etc.)

0 Mapping software (i.e. name, version number, settings, etc.)

o Utility software (i.e. name, version number, settings, etc.)

% Detail regarding the GPS Reference Station used (i.e. private, local and/or government, validation status,
etc.).

% A summary of the project including planning, field data collection methods and parameters (i.e. GPS

receiver settings/defaults), data processing methods and parameters (i.e. post-processing

settings/defaults), any project problems, anomalies, deviations, etc.

An explanation of deliverables (digital and hard copy) including data formats, naming conventions,

compression utilities used, media, etc.).

A copy of all field-notes (digital or hard copy).

A list of all features that have been mapped or surveyed.

X3

8

7
0’0

B

7
0’0

X3

%

X3

S

2. It is recommended the Contractor submit the following digital deliverables in the indicated format and
datum (see APPENDIX D - DIGITAL MAPPING and GIS INTEGRATION for details).

Deliverables Format Datu Notes
m
GPS Reference Proprietary or WGS84 Merged if possible
Station Data RINEX
Raw Field GPS Data Proprietary WGS84 Unedited
Original Corrected Proprietary or NAD83 Unedited
GPS Data ESRI Format
Final Interpreted ESRI Format NAD83 Edited
GPS Data
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As noted in the table above, two digital and/or hard copy data sets should be submitted. One dataset must
show all the GPS data collected after it has been corrected; before there has been any “cleaning” (i.e.
filtering, pruning, averaging, etc.). The second dataset must show the resulting GPS data that has been
“cleaned” (and is eventually used in the final survey plans/plots). The provision of these products will allow
the Contract Administrator to do a visual Quality Assurance check on the GPS data.

3.

The Final Interpreted GPS data is to be provided in a digital format to be specified by the contracting
Agency, and a hard copy map/plan may also be required. Map hard copies are to conform to Agency
cartographic standards.

The following map submission is provided as a suggested minimum:

o0 Map Surround, which includes the following project information: Project Title; Project
Number/ldentifier (e.g. provincial government’s ARCS & ORCS identifier); contracting Agency name;
Contractor name; and date of survey.

Plan datum (e.g. NAD83) and the Map Projection (e.g. State Plane Long Island).

Plan scale (e.g. 1:20,000) with BCGS map identifier.

Plan orientation, (e.g. north arrow annotating True North, Magnetic North and Grid North).
Geographic (e.g. latitude/longitude) and/or Mapping Projection (e.g. VCS) graticule as requested.
Source of any non-project information (i.e. TRIM backdrop, Forest Cover data, etc.).

O o0o0oo0o

Final data (i.e. Original Corrected GPS data and Final Interpreted GPS Data) is to be reduced and presented
referenced to the NAD83 datum. If the Contract Agency requires data to be provided on the NAD27 datum,
then it is required it be a copy of the data. If the Agency requires any other local datum, the methods

used to transform the data are to be explicitly described in the project report and approved by the Agency.

If orthometric elevations, i.e., Mean Sea Level, are required for submission, vertical data is to be
referenced to the NAVD88 using the standard geoid model for the United States - with local geoid modeling
if required (i.e. for high vertical accuracy projects).

The data files created by this project are the property of the contracting Agency and access to all files
created in the completion of the works is required to be made available to the Contract Administrator or
designate. It is recommended the Agency forward a copy of none sensitive data to the Vermont Center for
Geographic Information for distribution to the GIS user community. In addition, the Agency should be
responsible for storage or destruction of the data files in accordance with government standards.

It is recommended the data provided be catalogued with the following information for archiving purposes:

7
0’0

General project information; such as: the contracting Agency; the Contract Administrator; a project
name; and a project identifier (e.g. Agencies internal project number, etc.).

Type, model and version number of hardware used to collect and store data.

GPS Reference Station used to correct field data (include coordinates and validation information).
Details of post-processing conversions used.

Software used in calculations and conversions and version number.

Any non-standard data handling method, technique or principle used.

X3

%

7
0’0

X3

S

X3

S

X3

S

Digital returns are to be submitted on the storage media and format as required by the Agency.

X. TECHNOLOGICAL/ PERSONNEL CHANGE

1.

If there are any significant changes in the Contractor’s GPS system components (i.e., hardware, firmware,
software, methodology, etc.) or personnel during the period of the contract, the Contractor should consult
with the Contract Administrator. A decision will be made as to whether the Contractor GPS System
Validation; the personnel qualification, and/or the GPS Reference Station Validation survey are required to
be repeated.
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APPENDIX J - SAMPLE GPS CONTRATOR REPORT

1.) Company/ Agency Information
Company/ Agency:
Contact:

2.) Eield Operator Information
Field Operator Name:
Company/Agency:

Formal Credentials:
Experience:

3.) Data Processor Information
Data Processor’s Name:

Company/Agency:
Formal Credentials:
Experience:
4.) Eield GPS Receiver Information

FIELD GPS RECEIVER - GENERAL INFORMATION
GPS Manufacturer/ Model:

GPS Mobile Software:

FIELD GPS RECEIVER - DATA COLLECTION SETTINGS
Data Rate Used:

Data Format:

Satellite Elevation Mask: ____ Degrees
PDOP Mask: ___

Minimum Number of SVs:

SNR Mask: ____

5.) GPS Base Station Used
GPS Base Station Used:

6.) Deliverables
GPS CONTRACTOR REPORT

DATA
1.) Uncorrected Data
2.) .SSF File
3.) Corrected Data (Shapefile or Geodatabase in NAD83 State Plane New York Long Island FIPS 3104 feet )
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APPENDIX K - FIELD EQUIPMENT LIST

GPS Equipment

___ GPS Datalogger
__Integrated GPS Antenna
___TSCI Data Cable
___Dual Battery Cable
___Data Power Cable

__ NMEA/RTCM Cable

__Real-Time GeoBeacon
___Antenna Cable
__Vehicle Magnet
__Backpack

___ GPS Carrying Case
___Range Pole

Safety Equipment

__ Safety Vest and Hats

__Cellular Phone

___Rotating Safety Light ___Tire Chains

___Rear Safety Sign __First Aid Kit

__Road Flare

___Sunglasses

Miscellaneous Items

___Pencils (standard and colored) __ Calculator

___Pens ___Extra Clothing

___ Compass ___Food

__Field book __ Water

__Highlighters __Bug Spray

___Tape Measure ___Sun block

___Road Maps ___Tripod

___Topographic Maps ___Property Access Papers
__Paper Clips ___Purpose of Project letter
__ Clipboard ___2-Way Radios
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APPENDIX L - EVALUATING GPS PROFESSIONALS

6.

7.

ITEMS TO BE CONSIDERED IN EVALUATING GPS PROFESSIONALS

Responsiveness to the specifications and the contractor's proposed plan of performance. The plan of
performance should include a schedule for accomplishing the work, including the time required for each
phase.

Experience. Request a client list. Review one or two of the most recent projects, by examining the work
and discussing the client's satisfaction with the mapping contractor's work.

Equipment and production facilities. Request a written statement of how maps are prepared. Ask for a
listing and description of equipment to be used on the project.

Personnel. Ask for a listing of full-time employees of the firm available to work on the specified project
and brief resumes of key mapping personnel. The caliber of workforce can be an important factor in a firm's
ability to produce acceptable products.

Financial status. Request a current financial statement. Check the statement and the contractor's credit
rating.

Bonding. Bonding should be required for the bid price and 100 percent performance.

Support programs. Technical assistance and questions regarding the delivered data should be provided.

8.) Cost. Cost should be measured in relation to the service to be provided.
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