GIPSICAM - Road Data Capture
Using Stereographic Videography

Steve Greening B Surv
Land Information Officer

Kim Pett B Surv
Spatial Information System Coordinator

Geomatics Section
RTA Technology







Gipsicam 1

ABSTRACT

GIPSICAM (Global/Inertial Positioning Systems Image Capture for Asset
Management) was trialled by the NSW Roads and Traffic Authority between January
and July 1996 on the Pacific Highway in order to update the Road Information
System (RIS) for the full length of that road and the subsequent GIS analysis. It is a
system developed in Australia for acquiring attributes and positions of road inventory
data using stereographic videography. Twin video cameras 1.4 metres apart are
mounted atop a vehicle which is constantly positioned and oriented from the
integration of Global and Inertial Positioning Systems. The video images are
accurately synchronised with GPS time, and the cameras calibrated, so that feature
images viewed through a special VCR-linked computer can be located by the
intersection of convergent rays (monocular pointing with a mouse cursor). Feature
positions and associated predefined attributes are recorded into a Microsoft Access
database using a simple point-and-click windows-based program for subsequent
loading into the GIS.

BACKGROUND

For some time it has been apparent that there has been little success in the gathering,
collation and storage of adequate road inventory information within the Authority. A
number of database systems have been developed which offer useful tools for the
storage of the data, but no satisfactory means of data collection and entry has been
available. As a result significant expenditure on these tools has not provided the
returns forecast during the project development stage.

Fig.1 GIPSICAM vehicle with twin CCD cameras atop
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Development of GIPSICAM was initiated in January 1996 as a possible means of
gathering basic road inventory cheaply and accurately. Between January and June
1996, it has been demonstrated that GIPSICAM provides a tool which, in conjunction
with the corporate GIS (ARCINFO), can be used to efficiently and effectively collect
and place relevant data in the RIS (Road Information System).

The RTA has been involved with ARRB Transport Research over the past two years
in developing GIPSITRAC (Global/Inertial Positioning Systems Integration for
Tracing Road Alignment & Crossfall). By merging the best of GPS and an ARRB-
developed inertial system data, the GIPSITRAC vehicle can be positioned at the
metre-level in absolute, and at decimetre-level relatively, with camera orientations
accurate to 0.1 degree. GIPSITRAC is used for centreline mapping and 3-D
alignment surveys.

It soon became apparent that GIPSITRAC was an excellent positioning platform for
road inventory video-logging, and that by using two appropriately pointed cameras to
obtain stereo images features could be mapped for GIS input.

THE TRIAL PROJECT

Approval was given in January 1996 to carry out a five-month trial of road inventory
data aquisition on the Pacific Highway by stereoscopic videography aboard the
Authority’s GIPSITRAC vehicle.

GIPSITRAC hardware was modified by ARRB Transport Research for synchronised
video recording. Two video cameras, a digital video mixer, professional VCR, and
ancilliary equipment were installed alongside GIPSITRAC and two GPS receivers in
the Landcruiser.  Special third-party data collection software was chosen, then
modified by the developer to the RTA’s requirements.

Figure 2 below a shows schematic layout of the vehicle’s equipment.

Tests were carried out on a pre-surveyed 13 kilometre stretch of winding tree-lined
road near Sydney. These verified that GIPSICAM could indeed geo-locate road and
road-side features to sub-five-metre accuracy captured from a vehicle travelling at
speeds of up to 80 kph.

A “dry run” was then conducted on an 80 km section of the Pacific Highway. The
RTA’s Northern Regional office (client) was then able to assess the office capture
procedure with realistic data. The outcome was that the lenses were replaced, and the
software modified to meet revised requirements. After a successful trial to prove the
viability of the positioning and data capture method, a short ‘dry run’ on the Pacific
Highway was conducted. The software was fine-tuned, the data dictionary defined,
and data export to ARCINFO verified.
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This survey was conducted in April, where many practical lessons were learnt, some
the hard way. The trial was successful in proving that this method of road inventory
data capture for GIS is accurate, practical and cost-effective with several advantages
over conventional methods. The objective of capturing Road Inventory data for the
Pacific Highway has been met despite an extremely compressed timeframe for a

project with such a large R & D component.

Figure 2
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STEREO VIDEO DATA CAPTURE SYSTEM

Two Australian data capture systems (both apparently embryonic) were looked at for
suitable adaptation to GIPSITRAC. The chosen system was one under development
as a potential adjunct to the GIPSITRAC vehicle operated by ‘ARRB Transport
Research’. The composite system, called “GIPSICAM™, appeared to most meet the
Authority’s needs, with the software developer K&M Consultancy Services being
agreeable to modifying the capture software to meet specific RTA needs.

Fundamentally, the method mixes two video images onto one frame of the tape which
is precisely synchronised to GIPSITRAC time. In the office the tape is replayed
through a PC equipped with a video frame-grabber board. As the precise location
and orientation of each camera is known at every instant (+/- 1/25 second), the
operator locates the road feature in question by simply pointing to it in both images.
The attributes of the feature are chosen from predetermined or user-defined menus,
and the attributes and their position then populate a Microsoft Access database that is
ultimately loaded into the GIS.

The GIS enables display and analysis of the inventory data in conjunction with other
information and returns a ROADLOC Reference for each feature thus facilitating
population of the corporate Road Inventory System database.

The MS Windows based ‘feature-attribute-value’ menu system of data entry is a
familiar ‘point and click’ mouse controlled format. Drop-down menus are selected
from a pre-defined corporate data dictionary that mirrors the Road Inventory System.
User defined features, and keyboard attribute values are also permitted. Point and
linear features are stored with various logical warnings to enhance data integrity.
Geographical location is an automatic attribute of each feature. Features can have
many atrributes and multiple entries for a given location are possible. Widths of
features such as shoulders, lanes, and medians can easily be determined and stored as
an attribute value.

Vehicle Coordinates
Latitude: ...
Longitude: ........ccooeviniinnnnnnn..

Bearing: ......coooeiiiiieiiii,

Feature Coordinates
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Longitude:...
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| Figure4.  GIPSICAM SCREEN LAYOUT |
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Data is stored in Microsoft Access files for reviewing in Access, or porting to
ARCINFO.

An ARCINFO script was developed that performs further logical checks then
converts the data to points and lines on the corporate digital road centreline and
returns a ROADLOC reference. The data can be displayed and analysed in
conjunction with other information in the SIS environment whilst the ROADLOC
reference enables export to the Road Inventory System.

LENSES & CAMERA CALIBRATION

Lenses of differing focal lengths from a variety of manufacturers were evaluated.
There appears to be a trade-off between field-of-view and image quality. There was
insufficient time to optimise the lens configuration for this project. ~Auto-iris 4 mm
lenses, which give 50 degrees lateral field of view, were chosen for the initial survey.
Though superior clarity was obtained with more expensive ‘aspherical’ auto-iris
lenses, they were extremely susceptible to vibration which caused unacceptable
flickering of the light intensity when used from a mobile environment.

An important part of the GIPSICAM positioning method is the precise calibration of
the camera lens/chip combination. An accurate grid was marked on a 4.4 x 0.8
metre white screen positioned precisely to occupy the bulk of the view of each
camera. A short recording of the grid was made, followed by a short recording of a
verification scene featuring identifiable points of known coordinates.

The software computes the calibration by scanning the image and noting the screen
pixel coordinates at each grid intersection. Thus a relationship between pixel
coordinates and horizontal and vertical angles from the lens centres is determined.
This enables 3-D intersections of vectors from the lens centres to determine the
coordinates of selected points. Calibration was conducted before and after each
survey.

THE SURVEY

The highway was surveyed (in both directions) during April, at speeds of around 70-
80 kph. The survey was conducted during fine weather and was to be confined to
8:30 AM to 4 PM daily due to the suns altitude at this time of the year. One rather
late finish however (about 4:45 PM) almost jeopardised a section because of the long
shadows and poor quality of the image.

The precise trajectory of the vehicle was determined by firstly differentially
correcting the GPS data then merging it with the inertial sensor data (from precise
odometer, two orthogonal accelerometers and two fibre-optic yaw-rate gyros) using
conventional surveying adjustment methods.
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After the original survey, it was realised that GPS synchronisation with the VCR had
failed on a 300 km (20%) section of the highway. These failures were the result of
procedural naivety. That section had to be then resurveyed (unfortunately in winter).

| Figure 3. GIPSICAM Processes }
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GIPSICAM produces Microsoft Access tables that contain a WGS84 co-ordinate for
each point and attributes such as lane widths, or whether the point is the start or
finish of a linear feature. This product contains all the required data in tabular form
but yields no information in a useable format. Unfortunately, the GIS software does
not read Microsoft ‘Access’ database files directly. Therefore it is necessary to
export the data from ‘Access’ in ‘dBase’ format, each feature being a dBase table
which is easily imported to the GIS.

A Geographic Information System (ARCINFO in our case) enables this information

to be analysed and displayed in conjunction with other business information. We

have adopted the following process.

¢ For compatibility with ARCINFO, convert the Access tables to dBase and import
into ARCINFO as a point coverage.

* An ARCINFO script does some error trapping & logical tests, then snaps the
points to the existing digital centreline and returns an event table that references
each event to our linear referencing system (ROADLOC).
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e The event table consists of point events (one co-ordinate only), or linear events (a
start co-ordinate and a finish co-ordinate).

e The GIS can then read the event table for display or analysis of the GIPSICAM
information in conjunction with any other geo-referenced information.

e The event table can also be read directly by other corporate databases that use
ROADLOC as a referencing system.
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Advisory Speed Sign

NOTES

Point features located in geographical coordinates by
GIPSICAM

Old digital road centrelines dataset may be inaccurate or
out-of-date (hand digitised by third party)

Attribute data are attached to each point in the GIS
database
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Arcinfo routines have been developed for converting
geographical coodinates to the ROADLOC linear
reference system

Figure 6. ARCINFO REPRESENTATION OF TYPICAL GIPSICAM OUTPUT - POINT DATA
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Starts and Ends of line features captured by coordinates
then snapped to graphics

GIPSICAM software keeps track of which features have
been started (but not ended) as data is captured

Various line data can be superimposed onto scanned
maps and aerial photography or satellite imagery

Figure & ARCINFOOUTPUT of TYPICAL LINE FEATURES COLLECTED BY GIPSICAM
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CONCLUSIONS

Stereoscopic video capture from the GIPSITRAC vehicle is a promising method of

road inventory data capture. The following positive conclusions were drawn:

1. It is completely proven as a cheap, reliable, and fast feature location tool.

2. It yields a permanent time-stamped visual record that facilitates retrospective data
capture.

3. It enables a quality data capture methodology that is readily auditable.

It is positionally accurate to within 3 metres horizontally.

Carriageway, shoulder, and lane widths can be determined to +/- 0.1m on the

viewing PC.

It is cost-effective in that one field survey allows multiple dataset acquisition.

Carriageway centreline mapping to +/- 2 metres (or better) is a by-product.

It is safer than previously used methods.

Alignment curvature, grade and crossfall (RGDAS) data are also produced as a

by-product.

10. Video viewing of predetermined sites based on ROADLOC (RTA’s linear
referencing system) or geographical positioning is possible (with fast
forward/rewind to required locations).

11. GIPSICAM can be adapted to compute and display the following additional

information on the screen:-Dynamic road geometry (grade, curvature, crossfall

etc.); Heights (overpass clearances, height of signs etc.).

bl
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Limitations that became apparent were:

1. Legibility of sign text was limited in this project and more investigation is
required to optimise the lens configuration.

2. Videography is weather and light dependent, the following conditions limit
capture times: Rain and fog; Low-angled sun positions ( when shadows are long,
or when driving into the sun); Extremely overcast conditions. The period of
May-August is not conducive to good quality images, except with very selective
runs away from the sun.

3. Because of the amount of technology on board, there is risk of survey failure.
Strict quality field procedures and contingency measures are required.

4. There are discrepancies with the first-generation digital road centreline used under
licence from a third party vendor. Typical positional inaccuracies in rural areas
are in the 40-70 metre range, and the graphics dont reflect recent deviations or
realignments of the road network. An accurate digital road centreline is a cost-
free byproduct of GIPSICAM.
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