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1. PURPOSE

The purpose of this standard is to establish Main Roads requirements for mapping work that is captured through photogrammetric mapping techniques.

This document addresses aerial photography, photogrammetric control and mapping capture requirements.  These topics can be used in isolation or in conjunction with each other to produce products to meet Main Roads accuracies and existing operating system requirements.  
2. SCOPE


This standard must apply to all work related to Mapping.  

Advice and further information on this standard can be obtained by contacting the Senior Mapping Surveyor, Road and Traffic Engineering Branch, Main Roads.

3. REFERENCES


The following documents relate to this procedure:

“Land Administration Act”  

4. DEFINITIONS AND INTERPRETATIONS

The following terms used in this procedure have the specific meanings indicated:

Mapping – spatial survey data captured from photogrammetric techniques.
Photogrammetry – mapping created from photographic images.

Contractor - the party named in the contract to perform the Services

Main Roads - Main Roads Western Australia.
MRWA - Main Roads Western Australia

Survey Portal – Software found online within the Main Roads Western Australia web site that contains information on coordinate systems and road reference marks.

UTM - Universal Transverse Mercator coordinate system.
Landgate – the Statutory Authority which maintains Western Australia’s official register of land ownership and survey information and is responsible for valuing the State's land and property for government interest. 

GPS - Global Positioning System.
GNSS - Global Navigation Satellite System.

Cross Sectional Ground control – Control targets that are placed in pairs either side of the flight line - approximately opposite.
Strip Mapping – A single run of over lapping aerial photographs from which mapping is derived.
RTK GPS – Real Time Kinematic methodology used Global Positioning Systems
GDA94 – Geocentric Datum of Australia 1994 

MGA94 - Map Grid Australia 1994 

Local Project zone - a local transverse mercator projected plane coordinate system created by Main Roads to meet tolerances for building roads and bridges on the earths curved surface.
AHD - Australian Height Datum.

Hard Surfaces - An area where the upper soil profile is no longer exposed to the actual surface of the earth.  Hard surfaces include, but are not limited to, the formation of the road i.e. road shoulder, road surface, kerbs, sidewalks, ramps, driveways, buildings, bridges concrete structures and other features. 

Soft Surfaces - An area where the upper soil profile is exposed or can be said to be natural surface.  Soft surfaces include sand, banks, fields, paddocks, rock outcrops, levees etc. 

TIN – Triangulated Irregular Network.  Three dimensional points that are joined to the nearest surrounding points by vectors to create planes and thus define a surface.
3D ‑ Three Dimensional (Easting, Northing and height)
2D ‑ Two Dimensional (Easting and Northing)
MX – Road design software formerly known as MOSS software

SLK – Straight Line Kilometres.  The location system defined by Main Roads to define features along a road.
Left and Right hand rule –Defines what side of a feature a symbol is plotted.
Thalweg – From a longitudinal perspective it is the deepest point of a water feature that defines a river/stream/creek.  The lowest point of a stream in any given cross section
Soffit level – The height of the underside of a bridge.
Project Manager – Is the Main Roads individual that is responsible for the overall road project.

Contract Manager – Is the Main Roads individual that has a responsibility to provide a specific service through a contract for the project manager. 
AERIAL PHOTOGRAPHY CAPTURE

All new aerial photography captured must cover the areas outlined in the Main Roads requesting technical brief and if applicable must ensure that all mapping requirements are met.   

All new aerial photography requested by Main Roads must have:

· 60% forward overlap and if applicable, a minimum of 30% side overlap.

· The requested road alignment located within the central 60% of the photographic frame.

· Be in colour.

4.1 Landgate Registration
All photography must be registered at Landgate, being film or digital, with all rights assigned for public access.  It is the contractor’s responsibility to request Landgate’s 6 digit project numbers and to comply with Landgate’s requirements for film registration.
4.2 Aerial photography prints
Aerial photographic contact prints and digital images are not required to be supplied to Main Roads unless specifically requested.
5. Entry Onto Land

It is the consultant’s responsibility to seek and obtain permission from landowners, occupiers or management authorities before entering any property to undertake survey work.  Property includes Crown land which may consist of Reserves, National Parks or State Forests.  Survey work may include, but is not limited to, investigation, placement, coordination and removal of survey control targets and the collection of field audit points.   
If access onto land is refused by the owners, the consultant will be required to immediately contact the Main Roads contract manager to discuss the need for entry onto the land.  If entry is required for the completion of the contract and there are no other alternatives, then Main Roads will arrange formal notification using delegated powers under the Land Administration Act.  A formal notice of entry requires Main Roads to provide 7 days notice to the owners.  The process to arrange the formal notice of entry may take some time and the consultant must liaise with the Project Manager to ensure disruption to the contract schedule is minimised.  

6. LANDOWNER CONTACT
The consultant shall maintain a written record of all contact made with landowners while working on the mapping contract.  This includes, and is not limited to, anything written via letters and emails, contact made verbally via phone calls or door knocking on properties. 

Brief written records of all contact must be supplied as part of the mapping report.  Please see Appendix B Mapping Report for details to be recorded.
If further queries are required to be made by land owners with respect to the mapping project, then all questions are to be referred the Main Roads project manager.
7. ENVIRONMENTAL IMPACT

All work must minimise any environmental impact.  Any breach of environmental and heritage legislation during the execution of works is the sole responsibility of the consultant. 
The consultant shall ensure any disturbances are kept to an absolute minimum, and shall reinstate, clean-up and leave the site as close to its pre-disturbed condition on completion of any work or investigation.  All mapping target material must be removed before the completion of the contract.
New tracks shall not be formed, existing tracks altered, fencing cut, clearing carried out, or damage or disturbance made of any kind unless approved by the Main Roads project manager.

The Consultant shall be responsible for the cost of reinstating any damage to property resulting from their work.

8. Photogrammetric control TARGETS
The planning, placement, size and coordination of photogrammetric control targets are to be determined by the contractor.  Sufficient control must be used to ensure that the required accuracies for the requested mapping are obtained.  The minimum requirement for photogrammetric control is defined in table 9.2.  
The location of targets on the ground must minimise the entry and use of private property.  The placement of targets on private property must minimise the disturbance to the property.  For example, targets should be placed at the edge of tracks or sides of paddocks - not within cropped areas.

8.1 Control Target Material

Due care must be taken to ensure that materials used for targets will not damage the environment or cause any harm to humans, animals or machinery.  Plastic targets must not be used in livestock areas.
All mapping control target material and fastenings (i.e. pins, wire, nails etc) must be removed from the field as soon as possible after the aerial photography has been captured to minimise the impact on property owners.  However, preplanned control points (but not target material) may be retained in urban areas if they are suitable for future works.  These remaining control points must be pre-approved by the Senior Geodetic Surveyor within Main Roads.

8.1.1 Painted Targets on Roads

Painted targets are not to be used on any roads controlled by Main Roads.

Painted targets may be used on local or private roads where permission has been granted from the appropriate authority or owners.  

8.2 Photogrammetric Control Configurations.

The following are Main Roads minimum requirements for full cross sectional control configurations for single strip mapping photography.  
Cross sectional control must be established on all bends and no further than the number of models listed in the following table.
	MAPPING CLASS
	HORIZONTAL
	VERTICAL

	A
	4
	2

	B
	5
	3

	C
	6
	3


For example, Class A requires cross sectional horizontal targeting on every forth model and cross sectional vertical targets on every second model.

8.2.1 Photogrammetric Ground Control for Class A.

Class A photography must have cross section ground control placed in accordance with the requirements of the table in 9.2.  
Class A photogrammetric control must not use GPS coordinated exposures.  

Horizontal control targets must be coordinated by using a network of distances to adjacent horizontal control marks.  The network must have redundant observations and be adjusted by the least squares method.  Horizontal and vertical control points must not be coordinated by radiation.  
Horizontal and vertical control points can not be established by RTK GPS.  
Vertical values for control points must be spirit levelled between at least two known and verified bench marks.  The difference between two known bench marks in a single run shall not exceed:

Difference = 12 √K, where 

The maximum allowable difference is expressed in millimetres and K is the distance levelled in kilometres.

Spirit levelling misclose is to be distributed proportional to distance.  The final heights of the photo control points is to be the adjusted level.
Any errors or movement detected in existing road reference marks or Landgate survey control (benchmarks or standard survey marks) are to be reported to the Senior Geodetic Surveyor at Main Roads.
8.2.2 GPS Photogrammetric Ground Control for Class B and C.

GPS exposures can be captured for Class B and C mapping as an alternative to the ground control configurations stipulated in table in 9.2.  When GPS exposures are used, 3D cross section ground control must be located on all bends and be no more than nine models apart.  Additionally, a minimum of one 3D control point must be established mid way between consecutive cross section pairs when there are more than 4 models between cross sectional control.

8.2.3 Block Configuration

Control configurations for block photography must ensure that Main Roads classes for mapping are met.

9. AEROtriangulation

A Least Squares bundle adjustment will be used on all strip aerial photography and a Least Squares block adjustment is to be used on a block of photography.  The resulting control outputs are to be of a standard to ensure the required mapping accuracies are met.

10. MAPPING

Full detailed mapping must be captured and presented in accordance with this standard.  
Main Roads requires the true shape of the natural surface of the earth and all man made features to be captured within the project area to enable it to improve existing roads and to plan and or design new roads.
To meet Main Roads requirements for mapping the consultant must comply with the following;
10.1 Mapping Format

All mapping data must be supplied in MX Genio file format which must be compatible with Main Roads MXRoads design software.

10.2 Coordinate System and Datum

Mapping data shall be lodged in the local Main Roads coordinate system.  This will be defined within the mapping brief.  

If a mapping project runs through a number of adjoining zones, a minimum of 500 meters overlap is required between project zones.   The mapping data for each project zone must be supplied as seperate MX genio files.

Parameters for all project zones are available from the Senior Geodetic Surveyor and or through the “Survey Portal”, within the Main Roads web site.  
10.3 Data Capture

All mapping data captured will consist of point or string features.  Except for the features described in “11.8.5 Linear Features Codes”, all point features are defined by their centre and all string features are defined by the edge of the feature.  In some cases, Left and Right hand rule string code labels are available.  

10.4 Mapping Accuracy

Captured mapping must comply with the following accuracy table and the following 11.4.1 and 11.4.2 point comparison statements.

	
	HARD SURFACES
	SOFT SURFACES

	MAPPING CLASS
	VERTICAL
	HORIZONTAL
	VERTICAL
	HORIZONTAL

	A
	SYMBOL 177 \f "TmsRmn (LG)" 0.07 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.10 m
	SYMBOL 177 \f "TmsRmn (LG)" 0. 10 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.20 m

	B
	SYMBOL 177 \f "TmsRmn (LG)" 0.20 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.25 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.30 m
	SYMBOL 177 \f "TmsRmn (LG)"  0.50 m

	C
	SYMBOL 177 \f "TmsRmn (LG)" 0.30 m
	SYMBOL 177 \f "TmsRmn (LG)"  0.70 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.50 m
	SYMBOL 177 \f "TmsRmn (LG)" 1.25 m


When vertical comparisons are being made, any field audit point that falls into the horizontal tolerance of a mapped point is deemed to be the same point, unless it is proven otherwise. 

10.4.1 Direct comparison of audit points and mapping points on hard and soft surfaces.
95% of all audit points directly compared to mapping captured points must be within the tolerances of the requested class listed in table 11.4.
10.4.2 Audit points and mapping interpolation points
On hard surfaces, 95% of all audit points compared to interpolated mapping points on a triangulated model should be within the tolerances of the requested class listed in table 11.4.
And 

On soft surfaces, 95% of all audit points compared to interpolated mapping points on a triangulated model should be within twice the tolerances of the requested class listed in table 11.4.
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10.5 Out of Tolerance areas
Where large areas on the ground cannot be observed due to vegetation (i.e. thick tree foliage or lakeside reeds), an out of tolerance boundary string (Main Roads code XX**) may be observed.   
All out of tolerance areas must have text contained within it and must provide an estimation of the accuracy of the area.  For example “Area out of tolerance -/+0.5m”.  

The out of tolerance string must consist of ground points that meet the ground accuracy of the requested mapping.  The out of tolerance string must also be a closed string unless it passes out of the area required to be mapped.

Every effort must be made to observe ground points within the out of tolerance area even though they will exceed the maximum distance between mapped 3D points (see section 11.6) for the requested accuracy class.  
The Senior Mapping Surveyor must be immediately notified when the out of tolerance string is used within a mapping project.
The mapping report must clearly state that there is an out of tolerance area.  In addition the metadata table must contain a note clearly highlighting this issue.
10.6 Terrain Definition
Points and break lines are to be used to accurately define the shape of the earth’s surface.  Points and strings must define changes of grade to enable the mapping accuracies in section “11.4 Mapping Accuracies” to be met.  The maximum distance between 3D points on the same string or distance between terrain defining points shall not exceed the following values.
	MAPPING CLASS
	POINT SPACING

	A

B

C
	20 m

60 m

100 m


10.6.1 Digital Elevation Models

If a Digital Elevation Model (DEM) is requested in the technical brief, then the maximum horizontal distance between spot heights (Main Roads code “PRL*”) shall be as shown in the following table.
	MAPPING CLASS
	SPOT HEIGHT POINT INTERVAL

	A
B
C
	8 m

20 m

40 m


Spot heights (Main Roads code PRL*) must not be captured or supplied on road surfaces.
10.6.2 Contours

Contours must be supplied.  Contours must define the natural terrain and be smooth continuous strings.  Contours may be directly observed or generated in flat or undulated areas.  The methodology of contour production must be clearly stated within the survey report.
All new mapping contours must butt join existing Main Roads project contours if an existing mapped area is extended.   

All contours must be presented as a “special purpose” three dimensional format when supplied in a MX genio file.
All index contours must be labelled as Z strings with all other contours being labelled with 0 (zero) strings.  The following table denotes index contour intervals;
	MAPPING CLASS
	 INDEX CONTOUR INTERVAL 
	CONTOUR INTERVAL

	A

B
C
	2 m

5 m

 10 m
	0.5 m

1.0 m 

2.0 m


10.7 Detail strings

Full detail is required on all mapping projects.  The topology of the natural surface plus all man made features must be collected.
When detail strings are captured, all common point features must be grouped into a single string label.
10.7.1 Road capture

All sealed and unsealed roads must be defined by the edges of carriageways and the centreline of the road.  All captured strings on a road shall be 3D.  
Individual spot heights points (Main Roads code PRL*) are not to be captured on road surfaces.
Points on a road string must be no more than the distances listed within the table 11.6, unless the string passes under a bridge.  All points captured on a road must adhere to the hard surface accuracies listed in “11.4 Mapping Accuracy”. 
10.7.2 Road markings

Road markings must be captured for class A mapping.  All white line road markings (including internal chevron lines) and turning arrows must be captured in accordance with codes listed in Appendix A and are 2D in nature (i.e. have -999.000 null values).  
Mapping class B and C do not require road markings to be captured.

10.7.3 Bridges
When a road passes under a bridge the captured road strings must be continuous.  Points captured on the road strings passing under the bridge must be as near as possible either side of the bridge to minimize the string length under the bridge.  No ground points under the bridge are to be captured and no soffit levels are required unless specifically requested.

Mapping contours are to be produced on the surface of bridges.  All embankment contours to be edited and clipped at the intersection of a bridge.  No contours are to be produced under bridges.

The centreline of expansion joints are to be captured on all bridges. (Main Roads code EX**).
10.7.4 Watercourses and High Water Marks
Watercourse features must be three dimensional directional strings.  The thalweg (lowest point) of a stream must be captured where possible in conjunction with break lines and spot heights to accurately define the watercourse shape.  If visible, the high water mark (or flood level debris) must be captured.  (Main Roads code PFL* for points or WJ** for strings.)
10.7.5 Vegetation


Individual trees are not required to be captured unless specifically requested.  The outer edge of vegetation information shall be captured using the GT (tree line) feature code.  

In densely vegetated areas, all visible ground detail (i.e. MRWA code PRL*) must be captured.  
10.7.6 Circular and Square Manholes for Class A Mapping

Man holes captured under class A must be defined by the outer border of the man hole.  NOT the internal lid/cover.  The man hole must be captured as a closed linear feature.  That is, the first and last point of the string is to be the same point. (Fig A.)
If a circular manhole in the field does not have a rectangular concrete border then the perimeter of the circular man hole shall be defined by sufficient points in the data file to create a smooth circle when it is drawn. (Fig B)
Fig A
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X – Denotes survey point to be captured.
Fig B
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10.7.7 Circular and Square Manholes for Class B & C Mapping

Circular and square manholes are to be defined by a single point.  The point shall be located in the centre of the lid/cover to define the feature. 
10.7.8 Power Lines
Overhead power lines must be captured as 2D strings (Main Roads code EA**).  Individual wires are not to be mapped.  A single EA** string must denote the location of power lines between poles and or structures (such as buildings).  Power lines must be captured to the edge of the requested survey boundaries.  

10.7.9 Power Poles / Telegraph poles
The base of power and telegraph poles are to be captured as 3D points.  

10.7.10 Light poles
All light poles lining freeways are Main Roads controlled lights and must be coded with the linear code EM (single electric light pole).  All remaining lights within suburbs shall be coded with EL (single electric light pole), LM (multiple electric light pole) or PLP (single light on light pole).

10.7.11 High Tension Power Towers
High tension power towers shall be captured at ground height by a closed string (Main Roads code EP**) and are to bound the outer edges of the tower feet at ground height.  
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If the power line structure is built on a concrete block then the concrete structure must additionally be captured (MRWA code for concrete SE or SF) under the high tension power tower.
10.7.12 Side Entry Pits for Class A Mapping

Side entry pits shall be collected in accordance with the diagram below.  The outer extent of the concrete shall be collected and not the inner concrete lid. (Main Roads code DX00).
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10.8 Mapping Codes

All mapped features must be defined by Main Roads codes (Appendix A).  All codes must be compatible with Main Roads MX design software and be a maximum of 4 digits.  All codes starting with “P” are treated as points.  All other codes (except text) become lines and are treated as break lines by Main Roads software when triangulating.  

If a mapping code does not exist for a specific feature, then Main Roads requires the feature to be captured using an existing “undefined” code and accompanying it with descriptive text.  As a last preference, and on request, a new feature code can be created by the Data Manager of Main Roads.  All new feature codes must be clearly noted in the survey report.
10.8.1 Main Roads mapping code table.

Appendix A lists all Main Roads codes, defines them as 2D or 3D points, allocates which class relates to which code (A, B or C) and specifies any other special requirements for codes (i.e. Linear Features or special 3D).

The codes for mapping and digital ground surveys are the same.  However some codes will not be relevant to mapping.  
10.8.2 MX code compression.

Main Roads has developed a string compression program that ensures that the number of captured strings for a single code does not out number the number of code labels available.  
This ensures that a single string label does not change into a different code when being run into MX.

All genio files must be run through the MX code compression software before being supplied to Main Roads.  A note must be made within the mapping report that the MX code compressor has been run on all supplied MX genio files.

The free MX code compression software is available on request from the Data Manager within Main Roads.

10.8.3 2D and 3D codes.
All 2D points must have null (-999.000) heights attached.  Under no circumstances is a single feature to be supplied as a mixture of 3D and 2D points (i.e. measured heights and        -999.000 values).  If any Main Road code can not be captured as listed in Appendix A (i.e. a 3D point needs to be captured in 2D) then a note must be made in the mapping report to highlight this issue.

10.8.4 “Special 3D” codes.

Special 3D codes relates to the format of presenting contours, Z and 0 (zero) labels in a MX genio file.  This consists of grouping strings with the same height under a single contour label.  The AHD height is only stated once in the label header and not repeated throughout the coordinate body of the data file.
10.8.5 Linear Feature Codes
Linear features are Main Roads codes that have symbology attached to them and need to be captured in a specific way.  Linear feature codes are highlighted in Appendix A code list by observing the “code type” column.
The features defined below will be represented in Main Roads software by dynamic symbols and shall be defined by the points indicated by ‘X’ in the diagrams for the specific feature. The nature of these features and/or the method of definition may not provide a true representation of the surface area, and as such, features of this nature will be classed as non-contourable (2D Strings).  
10.8.5.1 Centrally Located Linear Features

A number of linear features are defined by a string running through the centre of the feature.

The strings denoting the features have symbology automatically attached to them when they are run into MX by Main Roads planners and designers. 
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       GH01
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X’s represent capture points.
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10.8.5.2 Electric Light Poles

MX Codes LM01, LR01, EL01 and EM01.  

These codes represent multiple and single electric lights on a pole.  These are defined by a first measurement (1) at the centre of the pole post with a second measurement (2) under the over hanging light.  In the case of a multiple light the second measurement is taken towards one light only.


Multiple light electrical pole   
       
     Single light electrical pole
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code LM (Western Power) and LN (MRWA)
           codes EL (Western Power) and EM (MRWA)
All light poles lining the freeway, bridges and control of access highways are lights owned and controlled by MRWA (LN01 and EM01).
10.8.5.3 Pavement Arrows


MX Code ARØ1, ASØ1, ATØ1, AUØ1, AVØ1, AWØ1 AXØ1 and AY01
These codes represent various pavement turning arrows. These are defined by a first measurement (1) at the start or base of the arrow with a second measurement (2) taken along the axis of the arrow at its point or extremity.
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10.8.5.4 Left and Right Handed Features


Certain features are described by left and right codes.


E.g.
Code SZØ1 BUILDING (RIGHT)




Code SYØ1 BUILDING (LEFT)

These different codes define what side of the feature its symbol is plotted.  If the feature is defined by two points the feature is either on the left or right of the points in the order they are being surveyed.  In the example below, two codes are used to define two walls of a building to show the different symbology associated with the code.  Please note, only one continuous code should be used to capture an entire building.
[image: image14.jpg]



10.9 Text Data

Text / annotation is required within all mapping.

At a minimum the following features must be labelled with text

· Road names.

· Rivers, water bodies and water courses.

· Bridge names if known.

· Names of survey control if used – SSM’s, RRM’s, BM’s

· Out of tolerance areas

· Major features – hospitals, shopping centres etc

· Provide additional information on features – i.e. fence types if requested etc.  
Text shall not be placed on spot heights (Main Roads code PRL) or contours.
10.10 Mapping Extent String
An outline of the mapping extent must be supplied within the mapping data file.  This string must be labelled as a two dimensional “B” string.  The string must form a closed polygon around the mapped area.  

10.11 Features not required to be captured.

Guide posts on the verge of the road.
10.12 Verification Survey.
An independent verification survey is required to be performed by the contractor on all mapping projects.  Class A mapping requires a “Verification String Survey (11.12.1)”.   Class B and C mapping will require a “Verification Cross Survey (11.12.2)”.  The contractor will statistically analyse the verification survey with the produced mapping and provide a verification statement. (See “11.12.3 Verification Statement”.)  The mapping report must confirm the compliance of the mapping with the requested accuracy.  A template mapping report is provided as Appendix B.
The verification survey capture must be an independent survey that is performed by a method other than mapping.  Additionally, the verification survey must be of a higher accuracy than the requested mapping.  Ideally the accuracies required for verification strings will be:

± 0.03m horizontally and ± 0.03m vertically.

The verification strings must endeavor to capture varying features and terrains (i.e. not all on the bitumen road) and ideally must follow the proposed alignment of the future road as demonstrated in “11.12.1 Verification String Survey” and “11.12.2 Verification Cross Survey”.  
The strings must have sufficient suitable points to define and follow the ground surface and changes of grade.   The verification strings will additionally, where possible, capture detail (i.e. corner of fences, power poles, road edge etc) to compare horizontal and vertical accuracies of detail within the mapping model.

Verification survey string data is required to be lodged as a separate data file.  It is not to be included within the mapping MX genio file. 

10.12.1 Verification String Survey – Class A.
A verification string survey must be used to verify class A mapping.  A verification string survey must consist of a series of three dimensional points that are captured along the entire length of the mapping corridor defining the ground shape.  Ideally the verification string is to cover the proposed alignment of the future road.  This alignment can be provided by the contract manager.  
In addition to the continuous verification string there are to be cross section strings.  All cross sections must be perpendicular to the continuous verification string and must be a minimum of a third of the width of the mapping corridor.  There must be a minimum of three cross sections per mapping project or cross sections no more than seven kilometers apart.
In the diagram below, an example of verification strings are indicated as orange lines within the mapping corridor.
[image: image15.jpg]



10.12.2 Verification Cross Survey – Class B and C.
The verification cross survey must be used to verify class B and C mapping. 

A verification cross consists of two lines (strings) of three dimensional points defining the ground shape perpendicular to each other to form crosses.  Ideally, each cross is to cover the proposed area of the future road design on the ground.  Cross sections are to be no more than ten kilometers apart.  Regardless of project extents, a minimum of three cross sections is required per mapping project.  

Verification crosses must be a minimum of one-third the width of the mapping corridor.

An example of verification strings are indicated as orange lines in the diagram below.
[image: image16.jpg]



10.12.3 Statistical analysis and verification statement.
The verification strings and the mapping model are to be statistically analyzed using a normal distribution curve.  
The consusltant shall compare the verification statistics with the requested mapping accuracy class.  To achieve this, separate statistic values will need to be generated for hard and soft surfaces.
The minimum type of statistics required to be presented on each accuracy requirement are the;
Number of audit points

Mean

Median

Standard Deviation

Range 

Minimum value
Maximum value
The contractor shall produce the above statistics and present a comparison to the relevant accuracy requirements stated in 11.4.1 and 11.4.2.    
All outlier’s greater than three standard deviations must be investigated to determine if it is an error in the mapping model or a blunder.  
If blunders are identified and confirmed, then these values must be removed and the statistics rerun to produce new statistics.  The original statistics, blunders and justification of removing the point must be noted within the report.
An example of statistical analysis and a verification statement are presented in Appendix C Mapping Report Example. 
10.13 Verification Survey String Data File

The verification data must consist of all strings used to produce the statistics in the verification statement.  String label must be VS**

11. FINAL data supply.
All mapping data and reports must be lodged with the Data Manager or Senior Mapping Surveyor, Road and Traffic Engineering Branch, Main Roads.

The following materials must be presented to Main Roads with each mapping project:

· Mapping report 

· A MX Genio mapping data file in the local Main Roads coordinate system
· A MX Genio verification string data file.

· Mapping base material (i.e. diapositives, scan, contacts, control information etc)

11.1 Mapping and Verification Report.
A mapping report must be supplied with the MX Genio mapping data files.  

All mapping reports must be lodged as a .doc (Microsoft word) and a Pdf file.
The mapping report title must match the data files and make reference to the fact that it is a mapping report.  For example

H6_SLK_25_55_Mapping Report.doc

A mapping report template is located as Appendix B.
11.2 Naming MX Genio files.
The requested mapping area will be provided to Main Roads in a compressed digital file and must be labelled only with alphabetic, numeric or underscore characters (i.e. symbols are not to be used within the name).  The file is to have a logical name that is associated with the mapping project and must end in the extension .gen.

For example, if the Great Northern Highway (known as H6 within Main Roads) was mapped with a corridor from SLK 25 – 55 then the data files would be labelled:  

H6_SLK_25_55_HUG94.gen

H6_SLK_25_55_AUDIT_HUG94.gen

Road numbers and SLK’s can be provided by the contract manager.
11.3 Mapping Base Material.
At the completion of the mapping project all controlled contacts, controlled diapositives, control details, electronic scans or any other information pertaining to the Main Roads project must be supplied to the Senior Mapping Surveyor, Road and Traffic Engineering Branch, Main Roads.

12. MERGING MAPPING AND DIGITAL GROUND SURVEY DATA.
If Main Roads requests a survey of an area using a combination of mapping and ground survey techniques, then the data must result in a seamless complete homogeneous 3D model with all detail captured.  There must be no feature captured twice or features missing between the adjoining mapping and ground survey data sets.
When a combination of mapping data and ground survey data are collected then the following must apply:  

· The mapping data must conform to the Mapping standard 67-08-44 and the ground survey must adhere to the Digital Ground Survey Standard 67-08-43.

· The mapping and ground survey data must NOT be supplied as a single combined file.  Separate files must be supplied for the mapping and the ground survey.  
· The mapping data files must contain holes (no data) where the ground survey has been performed within the requested survey area.  
· The digital ground survey must include headwalls, culverts, drains, road formation (i.e. shoulder, drain and road surface).

· All mapping contours are to be cut from the ground survey data area.  
· No data feature shall appear in both the mapping and ground survey unless they are butt joining points for strings.  

· All string features changing from mapping to ground survey must be seamless with strings joining.  The join point must be the point captured by the Digital Ground Survey. (I.e. the higher order ground survey point included in the lower order mapping data.)   String features must not overlap.  I.e. a single string can only contain one common point when passing from the mapping survey to the ground survey.

· Individual spot heights (Main Roads code PRL) are not to be captured on the road surfaces.
· Where an island occurs between traffic lanes all ground features must be captured and must include natural surface points (PRL’s). 
· Separate meta data sheets are to be supplied for the mapping and the ground survey and both are to be included in the final report.

· Individual boundary strings are to be supplied for both the mapping and the ground survey areas.  These must denote the outline of the area of each survey technique.
13. SUPPLY MEDIUMS FOR DIGITAL DATA.
Digital Data must be presented on either of the following mediums:

CDs


-
CD-R or CD-RW




-
700 MB 

· Main Roads Windows compatible (Windows XP)

and / or

DVDs



-
 DVD-R or DVD-RW





-
4.7 GB


-
Main Roads Windows compatible (Windows XP)

Files may be supplied in compressed format provided they are self extracting.
APPENDIX A – Main Roads feature codes.
Definitions
2D - two dimensional capture (E, N).
3D - three dimensional capture (E, N and height).
SPECIAL 3D - A special three dimensional string format to save space within the MX ascii genio data file.

CLASS - codes required to be captured under requested mapping class.

LINEAR FEATURE CODE - special capture requirements for Main Roads symbology. Please see section 11.8.5.
	CODE
	DESCRIPTION
	2D
	3D
	CLASS
	CODE TYPE

	*
	 TEXT STRINGS
	2D
	 
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	AM
	AMCOM CABLE
	 
	 
	 
	 

	AR
	 ARROW 
	2D 
	 
	A
	LINEAR FEATURE CODE

	AS
	 ARROW LEFT AND STRAIGHT
	2D 
	 
	A
	LINEAR FEATURE CODE

	AT
	 ARROW RIGHT AND STRAIGHT
	2D 
	 
	A
	LINEAR FEATURE CODE

	AU
	 ARROW LEFT
	2D 
	 
	A
	LINEAR FEATURE CODE

	AV
	 ARROW RIGHT
	2D 
	 
	A
	LINEAR FEATURE CODE

	AW
	 ARROW LEFT RIGHT & STRAIGHT
	2D 
	 
	A
	LINEAR FEATURE CODE

	AX
	 ARROW L & R 
	2D 
	 
	A
	LINEAR FEATURE CODE

	AY
	ARROW U TURN
	2D 
	 
	A
	LINEAR FEATURE CODE

	 
	 
	 
	 
	 
	 

	B
	MAPPING EXTENTS
	2D
	 
	A, B & C
	 

	BC
	BARRIER, CONCRETE
	 
	3D 
	A & B
	 

	BI
	BIKE RACK
	2D
	 
	A
	 

	BP
	BRICK PAVING
	 
	3D
	A & B
	 

	BS
	PARK BENCH / SEATING
	2D
	 
	A & B
	 

	BT
	GUARDRAIL - THRIE
	 
	 3D
	A & B
	 

	BW
	BARRIER STEEL WIRE ROPE
	 
	 3D
	A & B
	 

	 
	 
	 
	 
	 
	 

	D
	 DRAIN
	 
	3D
	A, B & C
	 

	DA
	SEWER PRESSURE MAIN
	 
	3D
	A, B & C
	 

	DC
	 CULVERT
	 
	3D
	A, B & C
	 

	DD
	 EDGE OF DRAIN (LEFT)
	 
	3D
	A & B
	 

	DE
	 EDGE OF DRAIN (RIGHT)
	 
	3D
	A & B
	 

	DF
	 FLOODWAY
	 
	3D
	A, B & C
	 

	DG
	 GULLY
	 
	3D
	A
	 

	DH
	 HEADWALL
	 
	3D
	A
	 

	DL
	 LGA DRAINAGE MANHOLE
	 
	3D
	A
	 

	DM
	 SUMP (LEFT)
	 
	3D
	A
	 

	DN
	 SUMP (RIGHT)
	 
	3D
	A
	 

	DP
	 DRAINAGE PIPE
	 
	3D
	A
	 

	DR
	 MAIN ROADS DRAINAGE MANHOLE
	 
	3D
	A
	 

	DS
	 SEWERAGE MANHOLE
	 
	3D
	A
	 

	DT
	TRAFFIC DETECTOR LOOP
	 
	3D
	A
	 

	DU
	 UNDEFINED MANHOLE
	 
	3D
	A
	 

	DV
	 SEWERAGE PIPE
	 
	3D
	A, B & C
	 

	DW
	WATER CORP DRAINAGE MANHOLE
	 
	3D
	A
	 

	DX
	SIDE ENTRY PIT
	 
	 3D
	A
	 

	DZ
	 RAIL CABLE MANHOLE
	 
	3D
	A
	 


APPENDIX A
	CODE
	DESCRIPTION
	2D
	3D
	CLASS
	CODE TYPE

	EA
	 OVERHEAD POWER LINES
	2D
	 
	A & B
	 

	EG
	 GAS MANHOLE
	 
	3D
	A
	 

	EH
	 GAS LINE
	 
	3D
	A, B & C
	 

	EK
	GAS CYLINDER / TANK
	 2D 
	 
	A & B
	 

	EL
	ELECTRIC LIGHT POLE
	 2D 
	 
	A & B
	LINEAR FEATURE CODE

	EM
	MAIN ROADS ELECTRIC LIGHT POLE
	 2D 
	 
	 A & B
	LINEAR FEATURE CODE

	EP
	 HIGH TENSION POWER TOWER
	 
	3D
	A, B & C
	 

	ET
	 TRANSFORMER (DOUBLE)
	 
	 3D
	A
	 

	EU
	 MAIN ROADS ELECTRIC MAN HOLE
	 
	3D 
	A
	 

	EX
	 EXPANSION JOINT ON BRIDGE
	 
	3D 
	A & B
	 

	 
	 
	 
	 
	 
	 

	F
	 FENCE OTHER
	 
	3D
	A, B & C
	 

	FC
	 KOPPA LOGGING FENCE
	 
	3D
	A & B
	 

	 
	 
	 
	 
	 
	 

	G
	 UNDEFINED FEATURE
	 
	3D
	A, B & C
	 

	GA
	 RECREATION AREA
	 
	3D
	A, B & C
	 

	GB
	 LEVEE BOTTOM
	 
	3D
	A, B & C
	 

	GC
	LAWN
	 
	3D
	A, B & C
	 

	GD
	GARDEN BED
	 
	3D
	A, B & C
	 

	GE
	 EARTHWORKS AREA
	 
	3D
	A, B & C
	 

	GF
	 FOOTPATH
	 
	3D
	A & B
	 

	GG
	 GATE
	 
	3D
	A, B & C
	 

	GH
	 HEDGE
	 
	3D
	A, B & C
	LINEAR FEATURE CODE

	GI
	 MINE WORKINGS
	 
	3D
	A, B & C
	 

	GJ
	 GROUND SUBSIDENCE
	 
	3D
	A, B & C
	 

	GK
	 VENT SHAFT
	 
	3D
	A, B & C
	 

	GL
	 LEVEE TOP (LEFT)
	 
	3D
	A, B & C
	 

	GM
	 LEVEE TOP (RIGHT)
	 
	3D
	A, B & C
	 

	GN
	 BORROW PIT (LEFT)
	 
	3D
	A, B & C
	 

	GO
	 MINE SHAFT
	 
	3D
	A, B & C
	 

	GP
	 BORROW PIT (RIGHT)
	 
	3D
	A, B & C
	 

	GQ
	 ROCK OUTCROP (LEFT)
	 
	3D
	A, B & C
	 

	GR
	 ROCK OUTCROP (RIGHT)
	 
	3D
	A, B & C
	 

	GS
	 BUSH LINE
	2D
	 
	A, B & C
	 

	GT
	 TREE LINE/CANOPY(.1.5m)
	2D
	 
	A, B & C
	 

	GU
	 ORCHARD
	 
	3D
	A, B & C
	 

	GV
	 VINEYARD
	 
	3D
	A, B & C
	 

	GW
	 PLANTATION
	 
	3D
	A, B & C
	 

	GX
	 RAIL BOOM GATE
	 
	3D
	A, B & C
	 

	GY
	 MARKET GARDEN
	 
	3D
	A, B & C
	 

	GZ
	 NURSERY
	 
	3D
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	HB
	HYDRANT BOOSTER BOX
	2D
	 
	A & B
	 

	HD
	SHED
	2D
	 
	A & B
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	CODE
	DESCRIPTION
	2D
	3D
	CLASS
	CODE TYPE

	 
	 
	 
	 
	 
	 

	K
	CADASTRAL BOUNDRY 
	2D
	 
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	L
	 BREAKLINE
	 
	3D
	A, B & C
	 

	LM
	 MULTIPLE LIGHT POLE (Western Power))
	 2D
	 
	A & B
	LINEAR FEATURE CODE

	LN
	MULTIPLE LIGHT POLE (MRWA)
	 2D
	 
	A & B
	LINEAR FEATURE CODE

	LR
	RAIL SIGNAL BOX
	 
	3D
	A
	 

	 
	 
	 
	 
	 
	 

	N
	 LINE OF NATURAL SURFACE LEVELS
	 
	3D
	A, B & C
	 

	NB
	 BANK BOTTOM
	 
	3D
	A, B & C
	 

	NR
	 RIDGE
	 
	3D
	A, B & C
	 

	NT
	 BANK TOP (LEFT)
	 
	3D
	A, B & C
	 

	NU
	 BANK TOP (RIGHT)
	 
	3D
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	PAC
	ROAD REFERENCE MARK
	 
	3D
	A
	 

	PAN
	 ANTENNA
	2D
	 
	A, B & C
	 

	PBB
	GRASS TREE 
	 
	 3D
	 A
	 

	PBF
	 FUEL BOWSER
	2D
	 
	A, B & C
	 

	PBH
	 BOREHOLE
	2D
	 
	A & B
	 

	PBL
	 BOLLARD
	2D
	 
	A & B
	 

	PBM
	 BENCHMARK
	 
	3D
	A
	 

	PBS
	 BUS STOP FINGER POLE
	2D
	 
	A & B
	 

	PBU
	 BUSH
	2D
	 
	A, B & C
	 

	PCA
	CONTROL OF ACCESS SIGN
	 
	3D
	A 
	 

	PCC
	CONSTRUCTION CONTROL POINT
	 
	3D
	A & B
	 

	PCM
	 MRWA CABLE MARKER
	 
	3D
	A & B
	 

	PCT
	 TELEPHONE TOWER (CENTRE)
	2D
	 
	A, B & C
	 

	PDL
	DECK LEVEL
	 
	 3D
	A & B
	 

	PDM
	DIEBACK AREA MARKER
	 
	3D 
	A 
	 

	PDT
	PETROLEUM TANK
	 2D
	 
	C 
	 

	PEC
	 SEC ELECTRIC CABLE BOX
	 
	3D
	A & B
	 

	PED
	ELECTRICAL POWER DOME
	 
	3D
	A & B
	 

	PEP
	EMERGENCY PHONE
	 
	3D
	A & B
	 

	PET
	 TRANSFORMER (SINGLE)
	2D
	 
	A
	 

	PFB
	 TELEPHONE BOOTH
	2D
	 
	A & B
	 

	PFG
	 FLAGPOLE
	2D
	 
	A & B
	 

	PFI
	 FLOOD LEVEL INDICATOR
	 
	3D 
	A
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	CODE
	DESCRIPTION
	2D
	3D
	CLASS
	CODE TYPE

	PFL
	 HIGH WATER MARK POINT
	 
	3D
	A, B & C
	 

	PFP
	 UNDERGROUND TANK FILLER
	 
	3D
	A & B
	 

	PFR
	FLOOR LEVEL
	 
	3D
	A & B
	 

	PFS
	FINGER SIGN
	 
	3D
	A
	 

	PGF
	 GROUND FLOOD LIGHT
	 
	3D 
	A & B
	 

	PGG
	POINT GATE
	 
	3D
	C
	 

	PGM
	 GAS MARKER
	 
	3D 
	A & B
	 

	PGU
	 GAS TEST VALVE
	 
	3D
	A
	 

	PGV
	 GAS VALVE
	 
	3D
	A
	 

	PHG
	 HYDRANT (GROUND)
	 
	3D
	A & B
	 

	PHL
	 HIGH MAST LIGHTING
	 
	3D
	A & B
	 

	PHP
	 HYDRANT (PILLAR)
	 
	3D 
	A & B
	 

	PHT
	 HIGH TENSION POWER POLE
	 
	3D 
	A, B & C
	 

	PHU
	 HIGH TENSION PYLON CENTRE
	 
	3D
	 C
	 

	PIA
	 ILLUMINATED ADVERTISING SIGN
	 
	3D
	A & B
	 

	PIS
	 SIGN ONE POLE
	 
	3D
	A & B
	 

	PJB
	 TRAFFIC PAVEMENT JUNCTION BOX
	 
	3D
	A & B
	 

	PLB
	 LITTER BIN
	 
	3D 
	A & B
	 

	PLP
	SINGLE LIGHT ON A SINGLE POLE
	 
	3D
	A & B
	 

	PLW
	 WATER LEVEL
	 
	3D
	A, B & C
	 

	PMB
	 MAIL BOX
	 
	3D 
	A & B
	 

	PML
	 LGA MANHOLE CENTRE
	 
	3D
	C
	 

	PMM
	MINE SHAFT 
	 
	 3D
	C
	 

	PMR
	 MRWA DRAINAGE MAN HOLE CENTRE
	 
	3D
	C
	 

	PMS
	 SEWER MANHOLE CENTRE
	 
	3D
	C
	 

	PMT
	 TELEPHONE MAN HOLE CENTRE
	 
	3D
	C
	 

	PMU
	 UNDEFINED MAN HOLE CENTRE
	 
	3D
	C
	 

	PMW
	 WAWA DRAINAGE MAN HOLE CENTRE
	 
	3D
	C
	 

	PMX
	 RAIL CABLE MAN HOLE CENTRE
	 
	3D
	C
	 

	PPB
	 TELEPHONE PIT OR BOX
	 
	3D
	A & B
	 

	PPC
	 PHOTO TRIANG. POINT
	 
	3D
	A, B & C
	 

	PPE
	 MAIN ROADS ELECTRIC SUPPLY POLE
	 
	3D 
	A & B
	 

	PPG
	PEG
	 
	 
	 
	 

	PPH
	 PHOTO TARGET CONTROL POINT
	 
	3D
	A, B & C
	 

	PPM
	 PARKING METER
	 
	3D 
	A
	 

	PPP
	 POWER POLE
	 
	3D 
	A & B
	 

	PPR
	 RAIL TELEPHONE BOX
	 
	 3D
	A & B
	 

	PPS
	PEDESTRIAN SIGN
	 
	 3D
	 A
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	CODE
	DESCRIPTION
	2D
	3D
	CLASS
	CODE TYPE

	PPT
	 TELEPHONE POLE
	 
	3D 
	A & B
	 

	PRB
	 RAIL CABLE PIT OR BOX
	 
	3D 
	C
	 

	PRC
	 RAIL TRAFFIC CONTROL BOX
	 
	 3D
	C
	 

	PRG
	 BOOM GATE
	 
	3D 
	C
	 

	PRK
	 SLK POST
	 
	 3D
	A
	 

	PRL
	 NATURAL SURFACE SPOT HEIGHT
	 
	3D
	A, B & C
	 

	PRS
	 RAIL TRAFFIC SIGNALS
	 
	 3D
	A, B & C
	 

	PRT
	 RETICULATION SPRINKLER
	 
	3D 
	A
	 

	PRX
	 RAIL CABLE MARKER
	 
	3D 
	A
	 

	PSA
	SEWER INSPECTON SHAFT
	 
	 3D 
	A 
	 

	PSC
	SECWA UNDER GRND CABLE MARKER
	 
	3D 
	A
	 

	PSD
	STOCK TROUGH
	2D
	 
	A & B
	 

	PSM
	STANDARD SURVEY MARK
	 
	3D
	A, B & C
	 

	PSN
	TRIG POINT
	 
	3D
	A, B & C
	 

	PSP
	 STAY POLE
	 
	3D 
	A & B
	 

	PST
	 STANDPIPE
	2D
	 
	A & B
	 

	PSU
	 RETIC. CONTROL VALVE
	 
	3D 
	A
	 

	PSV
	 STOP VALVE
	 
	3D 
	A
	 

	PSW
	 SEWER VENT
	 
	 3D
	A
	 

	PSX
	 SEWER LINE MARKER
	 
	3D 
	A
	 

	PTB
	TEMPORARY BENCH MARK
	 
	3D  
	A, B & C 
	 

	PTC
	 TRAFFIC CONTROLLER
	 
	3D 
	A
	 

	PTE
	 TRAFFIC EARTH PIT
	 
	3D
	A & B
	 

	PTH
	TICKET MACHINE
	 
	 3D
	A 
	 

	PTK
	 TANK
	2D
	 
	C
	 

	PTL
	TREE (0.3-1.0m dia.)
	 
	3D
	A & B
	 

	PTM
	 TELEPHONE MARKER
	 
	 3D
	A & B
	 

	PTP
	 TELEPHONE PILLAR
	 
	3D 
	A & B
	 

	PTR
	TREE (1.0 -1.5m dia.)
	 
	 
	A & B
	 

	PTS
	 TRAFFIC SIGNALS 1 ASPECT
	 
	 3D
	A & B
	 

	PTT
	 TRAFFIC SIGNALS 2 ASPECTS
	 
	 3D
	A & B
	 

	PTU
	 TRAFFIC SIGNALS 3 ASPECTS
	 
	 3D
	A & B
	 

	PTV
	 TRAFFIC SIGNALS 4 ASPECTS
	 
	 3D
	A & B
	 

	PTW
	TREE (0 – 0.3m dia.)
	 
	3D
	A & B
	 

	PTX
	 POLICE TRAFFIC CAMERA
	2D
	 
	A & B
	 

	PWA
	 STEEL WIRE ANCHOR
	 
	3D
	A & B
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	CODE
	DESCRIPTION
	2D
	3D
	CLASS
	CODE TYPE

	PWB
	 WATER BORE
	 
	3D 
	A & B
	 

	PWD
	 WINDMILL
	 
	3D 
	A, B & C
	 

	PWL
	 WELL
	 
	3D 
	A, B & C
	 

	PWM
	 WATER METER
	 
	3D 
	A
	 

	PWR
	 WATER MAIN MARKER
	 
	3D 
	A & B
	 

	PWT
	TAP
	 
	3D
	A & B
	 

	PWV
	AIR VALVE
	 
	3D
	 
	 

	PZM
	PEIZOMETER
	 
	3D
	 
	 

	 
	 
	 
	 
	 
	 

	R
	 ON ROAD
	 
	3D
	A & B
	 

	RB
	 KERB FRONT BOTTOM
	 
	3D
	A & B
	 

	RC
	 CENTRE OF ROAD
	 
	3D
	A, B & C
	 

	RD
	 EDGE OF DRIVEWAY
	 
	3D
	A & B
	 

	RE
	 EDGE OF BITUMEN UNKERBED
	 
	3D
	A & B
	 

	RF
	 PARKING BAY / REST AREA
	 
	3D
	A, B & C
	 

	RG
	 CATTLE GRID
	 
	3D
	A & B
	 

	RH
	 OVERHEAD SIGN
	2D
	 
	A & B
	 

	RI
	DOUBLE BARRIER LINE MARKING
	 
	3D
	A
	LINEAR FEATURE CODE

	RJ
	OVERTAKING LANE LEFT
	 
	3D
	A
	LINEAR FEATURE CODE

	RK
	TOP OF KERB REAR
	 
	3D
	A & B
	 

	RL
	 RAIL (CENTRE OF TRACK)
	 
	3D
	C
	 

	RM
	 LINE MARKING BROKEN
	 
	3D
	A
	 

	RN
	 SIGN MULIPLE POLES
	 
	3D
	A & B
	 

	RO
	OVERTAKING LANE RIGHT
	 
	3D
	A
	LINEAR FEATURE CODE

	RP
	 PEDESTRIAN RAMP
	 
	3D
	A
	 

	RQ
	TURNING LANE (1M line with 1M gap)
	 
	3D
	A
	 

	RR
	 SINGLE SOLID LINE
	 
	3D
	A
	 

	RS
	 SHOULDER
	 
	3D
	A & B
	 

	RT
	 TRACK
	 
	3D
	A & B
	 

	RU
	 EDGE OF UNSEALED ROAD
	 
	3D
	A & B
	 

	RV
	TURNING LANE (1M line with 1M gap)
	 
	3D
	A
	 

	RW
	 AERIAL ROAD SPEED MARKER
	 
	3D
	A
	LINEAR FEATURE CODE

	RX
	 CROSSWALK
	2D   
	 
	A
	LINEAR FEATURE CODE

	RY
	RAILWAY LINE (ON TRACK)
	 
	3D
	A & B
	 

	RZ
	 RAILWAY PLATFORM
	 
	3D 
	A & B
	 

	 
	 
	 
	 
	 
	 

	SA
	ABUTMENT
	 
	3D
	A, B & C
	 

	SB
	 BUS SHELTER
	 
	 3D
	A, B & C
	 

	SC
	COLUMNS
	 
	3D
	 
	 

	SD
	 BRIDGE
	 
	3D
	A, B & C
	 

	SE
	 EDGE OF CONCRETE LEFT
	 
	3D
	A, B & C
	 

	SF
	 EDGE OF CONCRETE RIGHT
	 
	3D
	A, B & C
	 

	SG
	 GUARDRAIL
	2D
	 
	A, B & C
	 

	SI
	 MEMORIAL
	 
	3D
	A, B & C
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	2D
	3D
	CLASS
	CODE TYPE

	SJ
	 WALL (LEFT)
	 
	 3D
	A, B & C
	 

	SK
	 WALL (RIGHT)
	 
	 3D
	A, B & C
	 

	SL
	 RETAINING WALL (LEFT)
	 
	3D
	A & B
	 

	SM
	 RETAINING WALL (RIGHT)
	 
	3D
	A & B
	 

	SN
	 RUIN
	 
	3D
	A, B & C
	 

	SO
	FOOT BRIDGE
	 
	3D
	A, B & C
	 

	SP
	PIER
	2D
	 
	A, B & C
	 

	SR
	 RAMP
	 
	3D
	A, B & C
	 

	SS
	 STEPS OR STAIRS
	2D   
	 
	A, B & C
	LINEAR FEATURE CODE

	ST
	 CONVEYOR
	2D
	 
	A, B & C
	 

	SU
	 UNDERPASS
	 
	3D
	A, B & C
	 

	SV
	VERANDAH
	2D
	 
	A, B & C
	 

	SW
	AWNING (LEFT)
	2D
	 
	A, B & C
	 

	SX
	AWNING (RIGHT)
	2D
	 
	A, B & C
	 

	SY
	 BUILDING (LEFT)
	2D
	 
	A, B & C
	 

	SZ
	 BUILDING (RIGHT)
	2D
	 
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	VC
	 TELEPHONE CABLE
	 
	3D 
	A, B & C
	 

	VM
	 TELEPHONE MANHOLE
	 
	3D
	A & B
	 

	VS
	VERIFICATION STRING
	 
	3D
	A, B & C
	 

	VT
	 TELEPHONE TOWER
	 
	 3D
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	WA
	 WET AREA
	 
	3D
	A, B & C
	 

	WB
	 CREEK (UPSTREAM)
	 
	3D
	A, B & C
	 

	WC
	 CREEK (DOWNSTREAM)
	 
	3D
	A, B & C
	 

	WD
	 DAM (LEFT)
	 
	3D
	A, B & C
	 

	WE
	 DAM (RIGHT)
	 
	3D
	A, B & C
	 

	WF
	 EDGE OF CREEK/RIVER (RIGHT)
	 
	3D
	A, B & C
	 

	WG
	 EDGE OF CREEK/RIVER (LEFT)
	 
	3D
	A, B & C
	 

	WH
	 SWIMMING POOL
	 
	3D
	A, B & C
	 

	WJ
	 FLOOD LEVEL LINE
	 
	3D
	A, B & C
	 

	WK
	 EDGE OF WATER (RIGHT)
	 
	3D
	A, B & C
	 

	WL
	 EDGE OF WATER (LEFT)
	 
	3D
	A, B & C
	 

	WM
	 CL OF CHANNEL D/STREAM
	 
	3D
	A & B
	 

	WN
	 CL OF CHANNEL UPSTREAM
	 
	3D
	A & B
	 

	WP
	 WATERPIPE
	 
	3D
	A & B
	 

	WS
	 SWAMP
	 
	3D
	A, B & C
	 

	WT
	 TANK PERIMETER
	2D
	 
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	X
	 SPECIFIED WATERWAY SECTIONS
	 
	3D
	A, B & C
	 

	XX
	OUT OF TOLERANCE STRING
	 
	3D
	A, B & C
	 

	 
	 
	 
	 
	 
	 

	Z
	 INDEX CONTOURS
	 
	 Special 3D
	A, B & C
	 

	 0
	 CONTOURS
	 
	 Special 3D
	A, B & C
	 


APPENDIX B – Mapping report example
MAPPING   REPORT

PROJECT TITLE:  Cut / paste from Main Roads request.
Survey Panel Contract No / ETS No: Cut / paste from Main Roads request.
Date mapping submitted: The date the mapping and this report is lodged at Main Roads.

This report was compiled by:  John Smith





Senior Photogrammetrist

Phone number

This work was performed by: Your company logo

Address

Project Brief. 

Cut / paste from Main Roads request – “project brief”.
Methodology

A brief outline can take on the following point form –

· X photo control points were coordinated. (see flight diagram)
· X runs were flown and Y frames were exposed.  (see flight diagram)
· A film/digital (name i.e. RC30) camera was used.
· Photography was registered with Landgate and the Registration number is: 123456.
· Triangulation was performed with X software.

· The residuals on the points were X, Y and Z RMS.

· Photo control points were horizontally surveyed using static GPS

· Photo control points were vertically surveyed to achieve 12 root K accuracies using level and staff.

· Aerial photography was scanned at X microns producing a pixel size of Y meters on the ground
· X models were mapped to achieve class X mapping.

· Mapping was captured using (name of) work stations.

· Contours were directly observed or Contours were automatically generated.
· Verification points were captured using RTK / total station.

· Verification point layout shown in attached diagram X

· Audit statistics were generated using excel spread sheet / X software.  Details of the verification survey are outline in the Verification Survey Analysis section.
· Mapping data was edited with ground survey data and gen files generated.
The following subcontractors were used:

XX to fly photography.

Please note: The shorter this section the better.  You can adopt or be as brief as the points above.  
Project issues. 

Two areas of thick impenetrable vegetation were encountered within the mapping project area.  These have been outlined by XX00 strings.  Intermittent points were able to be observed within the vegetation.  Approximate accuracy of the out of tolerance areas is -+0.01m. 

The following features were not found in the Main Roads mapping code list.   After contacting the Main Roads Data Manager new codes were allocated for the following features.  
These are;

XXXX – for y structures

A number of complaints were received by our surveyors in the field these consisted of -

Our surveyors could not gain entry into the following areas … due to …

Aerial photography was flown on a number of days due to rain …

Cyclone delayed flying of photography and additionally restricted access by our surveyors into areas to lay and coordinate targets.

Data lodged. 

The string compression software has been run on the final lodged MX Genio mapping files.

The following data files were supplied for this project

H6_SLK_25_55_Mapping Report.doc

H6_SLK_25_55_PCG94.gen

H6_SLK_25_55_AUDIT_ PCG94.gen

Verification survey analysis and report.

A cross/string verification survey was performed on the mapping.  The verification strings were surveyed by total station / RTK GPS.
Class B accuracy was requested
	
	HARD SURFACES
	SOFT SURFACES

	MAPPING CLASS
	VERTICAL
	HORIZONTAL
	VERTICAL
	HORIZONTAL

	B
	SYMBOL 177 \f "TmsRmn (LG)" 0.20 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.25 m
	SYMBOL 177 \f "TmsRmn (LG)" 0.30 m
	SYMBOL 177 \f "TmsRmn (LG)"  0.50 m


The following statistics were generated from our verification survey vs. interpolated mapping points.  The interpolated mapping points were generated using Leica / 12D software.  Statistics on the differences were generate using excel (Data Analysis) / X software.  

	Mean
	14.7

	Median
	12.9

	Mode
	57.1

	Standard Deviation
	39.84702

	Kurtosis
	-0.42697

	Skewness
	0.316804

	Range
	185.5

	Minimum
	-67

	Maximum
	118.5

	Sum
	2794.6

	Count
	190


A number of outlier points were investigated as these fell outside acceptable tolerances.   When checked in the field / compared to SkyView imagery these were found to be very uneven rock outcrops and were isolated points. 

When these outliers were removed the statistics were regenerated the following results were produced ….

Any additional comments to be included …

Survey errors considered …

No survey error for GPS audit points have been considered but a value of -/+0.025m would be valid for the RTK methodology.

Summary.

In SUMMARY our resultant statistics are within the required tolerances of the requested mapping.

An individual page shall be used for mapping metadata.  An additional metadata table is required if ground survey if ground survey was requested.

MAPPING METADATA SHEET

	Metadata Category
	Core Metadata Element
	Description

	Dataset
	Title
	Photogrammetric Mapping of Great Eastern Highway between SLK 0  - 100

	
	Custodian
	Survey and Mapping Branch

	
	MAIN ROADS Contract number
	9999/99

	
	Description
	 1.5 km wide mapping corridor over Great Eastern Hwy for preliminary design



	Contact Address
	Organisation
	John Smith Aerial Mapping

	
	Contact Position
	John Smith

	
	Mail Address
	99 Smithdale Court

East Perth WA 6005

	
	Telephone
	9666 6666

	
	Facsimile
	9666 6665

	
	Electronic Mail
	John.smith@inett.com

	Photography Description
	Aerial photography title
	Great Eastern Highway SLK  - 00

	
	Film number
	WA 3566 (c)

	
	Scale
	

	
	Pixel resolution
	0.05 m

	
	LANDGATE job number
	059999

	Dataset Currency
	Date Flown
	 st Jan, 2000

	
	Date Mapped
	2nd Feb, 2000

	Dataset Status
	Progress
	Stage 1  of  2



	
	
	

	Access
	Mapping Dataset Format
	MX

	
	
	

	Projection
	Coordinate System
	Perth Coastal Grid

	Data Quality
	Lineage
	Joins stage 2 in Hills Upper Grid



	
	Positional Accuracy
	Class A

	
	Attribute Accuracy
	

	
	Completeness
	Stage three to follow



	Metadata Date
	Metadata Date
	

	Further Information
	Approved non standard codes
	None

	
	Problems encounter
	Fred Bloggs refusing entry to land (see attachment)

	
	Any relevant information or comment
	

	
	Further Information
	

	
	
	

	
	
	


ORTHO IMAGE METADATA SHEET
	Metadata Category
	Core Metadata Element
	Description

	Dataset
	Image file name
	Road2A.ecw  (or  Road2A.tif)

	
	Type of image
	Ortho photo/Mosaic/Single Image/Oblique Image

	
	Title
	Great Eastern Highway  SLK 1-100

	
	Custodian
	Mrwa Survey and Mapping Branch

	
	Main Roads Contract number
	9999/99 if applicable

	
	Description
	1 km wide Image centred around Great Eastern Hwy.

	Consultant Contact Address
	Organisation
	John Smith Aerial Mapping

	
	Contact Position
	John Smith

	
	Mail Address
	99 Smithdale Court

East Perth WA 6005

	
	Telephone
	9666 6666

	
	Facsimile
	9666 6665

	
	Electronic Mail
	John.smith@inett.com

	
	Reference number
	Smith 0999

	Image Description
	Resolution
	0.15M

	
	Width
	567.1 mm and 6698 pixels

	
	Length
	938.5 mm and 11085 pixels

	
	Format
	Tif / ecw

	
	Date of Construction.
	15/3/02  (Not date of photography.)

	
	Coordinate System
	Perth Coastal Grid 94

	
	Ground Accuracy or Class
	

	Source data 
	Source data
	Aerial photography: Great Eastern Highway SLK 1-100

	
	Film number 
	WA 3566 (c)

	
	Scale 
	1:40000

	
	DLI job number 
	019998

	
	Date Flown 
	1st Jan, 2001

	
	Original scan resolution
	1200 dpi

	Overlay Information if applicable
	Source data
	Verified Cadastral Data

	
	Source
	DLI

	
	Accuracy
	0.2m

	
	Date of acquisition
	15/1/2001

	
	File Format
	DGN / ERV / DXF / DWG

	
	Source data
	Topo – DLI 1:25000 digital mapping

	
	Source
	DLI

	
	Scale
	1:25000

	
	Accuracy
	1.5m

	
	Date of acquisition
	25/5/92

	
	File Format
	DGN / ERV / DXF / DWG

	
	Source data
	Design

	
	Source
	Main Roads

	
	Accuracy
	0.1m

	
	Date of acquisition
	10/1/2001

	
	File Format
	DGN / ERV / DXF / DWG

	Further Information
	Further Information
	

	
	
	

	
	
	

	
	
	


Flight Diagram

Mapping Boundary, Audit String and photo control diagram.
Can consist of a screen dump from a CAD package and would preferable a include SkyView background.. 
These tables for photo control points are only to be supplied on request and generally are only pertinent to urban projects when photo control points have been retained for future use

Final adjusted photo control coordinates
Heights are on the marks left in the ground and not ground / photo target heights.

This is to be in table form supplied in XXX local grid and MGA ZXX grid. 
.

XXX Local grid

	Point number
	Easting
	Northing
	Height

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Property Contact List
	Target Number
	Property Detail
	Owner
	Contact Methodology
	Date
	Target
	Comments

	110101
	Road verge
	N/A
	N/A
	1/01/2001
	Yellow plastic sheeting used
	 

	110102
	1265 Great Northern Hwy
	John Smith
	Knocked on front door spoke to Mrs Smith
	1/01/2001
	 
	Refused to allow target placement

	 
	 
	 
	 
	 
	 
	 Target placed in road reserve

	110103
	Lot 100 Great Northern Hwy
	Jack Thomson
	(08) 6666 6666
	1/01/2001
	Yellow tiles used in paddock
	 

	110104
	 
	 
	 
	 
	 
	 


Planning and Technical Services Directorate 


Road and Traffic Engineering Branch
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