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New generation of land imaging satellites

Satellite Launch Sensor Resolation (m) Color

system type* bands
M R o

Space Imaging 08,99 P&M 4
IKONOS 1,2

EarthWatch 97,98 P&M
EarlyBird 1,2

EarthWatch "8, 99 P&M
QuickBird

Us NASA ‘08 P&M
Landsat 7

us TRW Lewis ‘97 P&M

Us QOrbimage ’98,99 P&M
OrbView-3,4

France Spot 4 ‘97 P&M
France Spot 5 AB '99, 04 P&EM
India IRS-1CD 05, 97 P&M

India IRS-P6 ‘99 P
(CARTOSAT-1)

India CARTOSAT 2 02

Russia SPIN-2 ‘96

Russta Almaz 1B ‘a8 41
Canada Radarsat ‘95 R

Korea KOMPSAT ‘98 P&M 10 20
Japan ADEQGS ‘96 P&M 8 16

* Sensor type: P = panchromatic, M = multispectral, R = radar.

an image 100 times bigger than the 10-metre mesh one As the resolution of an image:
increases, the area on the ground represented by each pixel decreases, and the number of
pixels increases. In the case of transport route planmng, higher resolution shOlll'd be
reserved for more detailed planning once corridors have been identified mOTe precise
Figure 2 shows a satellite image with 2-metre resolution from the Russian SPIN:
satellite. Although SPIN:2 failed to make orbit last year, the archived database contal
more than a terabyte of satellite and aerial images of most urban areas. A new Russ!
catellite called Almaz 1B and scheduled for launch in 1998, will opesate with 2 31
and 4 I-metre resolution '




provides a permanent recording
the human eye

®as (SweetSPOT 1998). This y is derived from aerial film sources, which
ned and ortho-recrified with 0.5, 1.0 and 2.5 metre resolutions. The imagery can
de_d_- and displayed in accurate position and scale as a backdrop layer in the GIS,
8 the user to trace roads, footpaths, fencelines, buildings and other fearures from the
i Ws an aerial photography with 0 5-metre resolution. At this level
s of cars and trucks on particular lanes are easily viewed, as are

ther smaj) features in the urban landscape
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Geospatial Imagery in T ransport Planning

Airborne spectrographic imaging

Satellites and even aerial photography are limited in the nature of data that can be collected
and the conditions under which it can be collected. Cloud or haze can be 2 major pioblem
ollection for months An alternative or complementary data

act Airborne Spectrographic Imager) CASI is an airborne

is essentially a digital camera, which acquires imagery data

i red region from

Aerial photography, digital camera and airbome video data collection, as wel] as
- extensive ground survey, in order to produce accurate base maps {typically two ground
- control points for THEMAP compared to around 60 for equivalent products per
- 30,000 ha surveyed to meet high accuracy mapping requirements)

- Extensive ground sampling to measure communities, species, locations, water quality
-and environmental parameters {compare waditional 1% and 5% forest sampling over
say 4 months for 200,000 ha with 4 hours for a 100% survey with THEMAP).

THEMAP produces high resolution engineering, urban planning and management maps

:Which can be used for:

Residential planning and development, including existing land use

Urban and regional highway route selection, planning, environmental impact and
detailed design.

Transmigration settlement design and construction management.

! ected by the target in question. For
rount and spectral characteristics of incident light reaching the target are established
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through atmospheric tzansfer modelling. This results in an accurate measurement of trye:
reflectance at the target, allowing further spectral processing The effect of theg
corrections is to provide a spectrographic signature which assists identification of the
nature of the target

Softcopy photogrammetry

Softcopy photogrammetry takes a stereo pair of images and uses computer algorithms t

identify corresponding points on the two images. By measuring relative changes in:
position, it can estimate the altitude of different points to produce contour maps, of by
draping an ortho-image over the 3D model it can produce views of the terrain viewed::
from other perspectives. Tt can be applied to either satellite images or aerial photography. :

As a guide, the vertical accuracy of the DTM obtainable from softcopy photog[ammet'ry__"
is approximately the same as the horizontal resolution. Thus satellite images with a 10 _'
metre resolution will produce a DTM with a vertical accuracy of £10 m While this may ;
seem coarse to someone with a background in surveying or design, it is important to:
remember that the DTM is being used to identify low-cost alignments and corridors, no
to undertake design. The aim is to focate a road that, in the case of a freeway, will hav
2 minimum radii of curvature of more than 1000 m horizontally and 10,000 m vestically;
through hills that may stand hundreds of metres above the surrounding land In this
context the 10 m accuracy represents an additional texture imposed on the general shape.
of the terrain, and while it may affect the final location of the alignment it will not change:
the location of the low-cost alignments by more than a few metres e

Softcopy photogrammetry can also be a very cheap approach to the problem of producing .
DTMs. The low cost means that it may be more cost efficient to create several DTM:s for:
the one study. The first, based on satellite data, is used for concept planning The seco
from more accurate satellite images or aerial photography, can be limited to the area 0
interest that was determined from a global perspective of the first model. T
introduction of a second more accurate model then raiscs the question of how accurat
the first model needs to be At the moment the number of firms (worldwide with @ __
established record in creating accurate DTMs from satellite images 1s very lim :
they have been able to charge high prices for the services However, if the first mode
based on the satellite image is not going to be the last model, it may make more ¢
compromise on accuracy and cost in the first phase and concentrate on the accuracy !
the second phase when higher resolution images provide better data. "' :

Software-based photogrammetry systems such as ERDAS IMAGINE (1998) OFY‘IF“
(1997) can rapidly derive a digital elevation model (DEM) and orthorectified 1Mage
from airborne and satellite visible spectrum sensors The dominant use of Virto Z
create DTMs and Contoured Orthoimages for mapping purposes, Of as 2 da? ource
proprietary Geographic Information Systems. These packages and many Ot
ATEC 1996; Land Form 1997), can integrate a DEM and image dafa
physically accurate, highty informative perspective view. Satellite or ;egal_

be superimposed on three-dimensional terrain representations Lo




Geospatial Imagery in T ransport Planning

. Geosptial imagery technology and G1S

geographic information system (GIS}) is a computer-based too] for mapping and analysing
ings that exist and events that happen on Earth (ESRI 1998) Many GIS software
‘packages have been published over the last few years and many more are expected to be
-commercially available GIS technology integrare
‘query and statistical analysis with the unique visualisation and geographic analysis
-benefits offered by maps and geospatial images. Geospatial imagery technology has been
closely related to GIS and it has been provided unique GIS data sources, ft collects data
the form of images and provides added power

mcluding aerial photography, digital ortho-imagery and satellite data, perform image
isualisation and enhancement, map registration, feature extraction and image
ategorisation, and simple change detection

”a'liy features of remotely sensed images make them unigue GIS data sources, viz

.-.R_cmote sensing provides a repetitive look over a regional area or a samil area

\emote sensors can focus in on a spectfic band width of Jo.

Simultaneously.

Remote sensors often record signals clectronically and provide geo-referenced, digital
ata,

Remote sensing satellites operate in al seasons, cover whole range of the earth image data

* Tecent trend in geospatial imagery technology, GIS and other IT industries has been
vard a client/server architecture. Internet-based online service hosted by powerful servers
0 the norm Table 2 shows currently commercial geospatial images available on

haging EOSAT announced the avatlability of its Interactive CARTERRA Archive
/) online browsing system in 1997, which enables Custorners to view samples of the
Y’s satellite and aerial image products via the World Wide Web, and place

UCt orders. The CARTERRA Archive provides a wealth of Earth imagery and inform-




Gu and Gipps

Table 2 Geospatial images available on the Internet

Satellite Internet server

systems

Catalogue DALL
hitp://www.spot com/
anglaise/otfer/ catalo/
oc_consu htm

CARTERRA Archive
www spaceimage.
com/browse

ACRES Digital
Catalogue
http://acs. auslig gOV
aw/intro html

TerraServer
http://www.tefraser ver.
com/

Spot Image,
SPOT1.2.4

Space lmaging
EOSAT
CARTERRA

Landsat and
SPOT

SPIN-2

*p = panchromatic; M = multispectral

ation products for a wide variety of uses

monitoring, forestry, land-use mapping,

urban planning, trans
disaster management CARTERRA Archive contains appr
satellites and aetial mapping systerns Irages are availab.
colour and have resolutions ranging from sub-metre 1o 180m
be added to the archive as Space Imagin

Tmages available

More than 4,000,000
SPOT images and
more than 1,000,000
with Quick Looks

300,000 images from
satellites and aerial
mapping systems

Covers images
collected from
SPOT1,2.3

and Landsat 5

2 million sq km of
the SPIN-2 imagery
40 km by 160 km
200 km by 300 km

Resolution (m) o

p* M

10 20

<1-180  <1-180

10

such as agricultural assessments, environmenta
portation management, an
oximately 300,00 ]
le in both black an

New images will co

g EOSAT’s constellation of satellites

mapping systems replenish it with newly collected imagery from Indian Remote Sensing;

satellites and Landsat satellites and the latest

The ACRES (Australian Centre for Remote Sensing) digital
1997) is a database of archived satellite data acquisitions over
and SPOT earth observation satellites New acquisition
catalogue within four working days of data reception at

days of reception at Hobart

The TemaServer (1997) is the first and largest database ©
imagery available on the Internet. The servet will contain more
and aerial images of most urban areas of the world fr
The availability of these images gives anyone acces
images via the Internet. The TerraServer site will allow people to
£ull resolution and detail prior o purchasing,
methods used in purchasing sateliite imagery.

of the images and downloading of the images for a small fee.

catalog

which has beena Hmi
The Web site allows

tation of 2
free onling viewin

1 m satellite, IKONOS 1

e system (ACRES
Australia from the Lan:ds
s are routinely added to'¢

Alice Springs and withil tefi

¢ full resolution satell
than a terabyt®
om the Russian satellite >F

s to and the ability to purchast
preview the imagefs

of satellite

I} previ




Geospatial Imagery in T; ransport Planning

: Application of geospatial imagery technology

ation package, blends the state-of-the-art geospatiai imagery technology and computer

echniques Align3D can substantially improve route planning because it can accurately
: determine ground topography and optimise the ‘fit’ of road or rail to landscape Figure 5

hows a generated route superimposed onto a satellite image or digital terrain model

ar technology is capable of penetrating foliage and allows
the tetrain to be located beneath dense tree covet, something that could not previously be
achieved without expensive land survey

ignments that satisfy defined
©s, rather than a single least-cost solution, to
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algorithm makes it easy to handie complicated cost functions Optimisation is fast, and. -

once the initial data files are prepared, the entire operation is automatic. A single -
alignment of 100 km of freeway with hundreds of constraints may take only 15 minutes.

It consistently produces lower cost alignments than is possible with conventional - '

techniques The potential for savings increases with the complexity of the transport:
corridor and can exceed 30% in rough terrain.

The relationship between these technologies is more complex than a simple one—way' :
flow, and the cycle should be repeated at least once with more accusate and focussed data”

Data based on 10 m resolution available over 60 km square areas from current generation
of satellites, suffices for concept planning, where the aim is to identify the most suitable

corridots Provided the images are not intended to be the final source of data it is not -

important if they are file copies that are a few years old This can mean saving months
of project time in tropical areas where petsistent cloud cover or haze can delay data
collection for months Once the cotridors are identified, the cycle should be repeated
using more accuraie SOUIces of data, such as THEMAP. The large-scale satellite images
used in the first stage allow the problem to be viewed in context (Figure 5), and provide
a relatively cheap means for identifying the most likely transport corridors. The mo:

expensive and detailed data gathering techniques employed in the second stage can then
be confined to limited areas (Figure 6} In addition to providing the raw material for
softcopy photogrammetry, the images can provide the data for the constraints employed
in Align3D (Align3D has the tools to enter data by tracing linear features or zote

Figure 6 Detailed view of an alignment on aerial photography
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Geospatial Imagery in Ty ransport Planning

boundaries and filling in data dialog boxes ) The flows can also be reversed The
alignments produced by Align3D can be used to edit the DTM and the image, and the
~iresulting data is used by the softcopy photogrammetry package to create 3D perspective
- views and flythroughs of the proposed alignment Tt is also likely that remote sensing
techniques will allow the collection of preliminary information about the boundaries of
:geological areas

“Conclusions

Geospatial imagery technology offers spatial resolution, spectral coverage and temporal
frequency that have never before been available The advances of geospatial imagery
‘technology, geographic information systems and computer power have changed the
‘paradigm of conventional transport planning. New technologies are also bringing the
cost of data acquisition within reach of more users. The new technologies have enabled
transport professionals not only to visually analyse and review transport projects, or
make public presentation, but also to use the data for urban planning, infrastructure
:'df_:velopment and environmental assessment

perfect environment to distribute data Today Internet-
rovide images in both black and white and colour and
-metre to a few hundred metres. This provides a great

preview and purchase the images according to their
em of geospatial imagery technology, GIS, GPS and
one of the most necessary information management

'he application of geospatial imagery technology in transport route planning has shown
eat benefits in terms of savings of both plamning time and cost. Iransport route
plimisation tools such as Align3D integrate geospatial imagery technology and
phisticated optimisation techniques, to automatically generate low-cost troute
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