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Large-scale 3D Data Needed by Urban Areas
Geo-information for Disaster Manc

The tsunami in Asia has once again demonstrated that human beings are at

risk at any time, anywhere. Disasters in highly populated environments are
difficult to manage using only small-scale (1:10,000 to 1:250,000) 2D geo-
information. Innovative technologies and working procedures are thus

urgently required for the response phase of disaster and emergency

management. International attention is drawn to the use of large-scale (1:500

to 1:2,000) 3D geo-information and 3D geo-information technology for

disaster management in urban areas.
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Time constraints, stress, and lim-
ited-capacity equipment are
among many factors affecting res-
cue operations. Early warnings
may help in evacuation and safe-
ty. Good collaboration and under-
standing is needed between
teams in the health sector, the po-
lice, the fire brigade and civil res-
cue personnel; rescue teams of
different countries should be able
to collaborate as one unit. 3D geo-
information plays a key role in
the solution of these issues. Prior
to the application of 3D geo-infor-
mation, many problems concern-
ing institutional, legal, structural

LIZRM platform.

VA

and standardisation/exchange
aspects have to be resolved.

Multi-user Groups

Organisations with normally dis-
tinctive mandates today design,
store and manage geo-informa-
tion. These organisations com-
monly operate independently
and work only partially within a
multidisciplinary environment;
the interoperability of their sys-
tems is limited. Yet the real barri-
ers to unified response lie not in
lack of data or insufficient techni-
cal capabilities but rather in diffi-
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culties in making data available,
providing the most appropriate
data and making systems work
co-operatively. Often there is au-
tomation, but only for carrying
out dedicated tasks. To date, no
mature system is able to support
multi-user groups. With respect
to multi-users, two categories of
‘outdoor’ users can be distin-
guished: rescue teams and citi-
zens. ‘Indoor” users include dis-
aster managers, advisors, and
observers such as local residents
and media. The requirements de-
manded of a disaster manage-
ment centre to serve these users,
include:
- assembly and effective use of
various information sources for
planning and control
provision of updated informa-
tion to community and public;
information on the current situ-
ation should be provided by
on-site rescue teams
transfer of on-site information
in almost real-time to the centre
for further analysis and redis-
tribution
- rapid decisions on warnings
and determination of evacua-
tion routes using accurate and
reliable geo-information
- communities at risk should be

Figure 1, Dynanmic, real-time, drag and select recipients (left) and portable, distributed, high-redundancy, ad-hoc WLAN (right).

Image courtesy of FORTHnet, Greece.
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informed within minutes of any
decisions.
An intelligent disaster manage-
ment system should thus be able
to assist in the administration and
analysis of data, predict trends and
advise on any change of plans. The
associated requirements of the in-
formation system include:
- information at all times, any-
where
- search, analysis and processing
of all data sources
real-time integration and pre-
sentation of data on all mobile
and stand-alone systems
alerting and guiding endan-
gered people to safe area and
guiding rescue teams to the en-
dangered and to co-workers,
under any circumstances
individual and intuitive inter-
faces.

3D Data Collection

Anumber of surveys have shown
the advantages of 3D models over
2D maps which contain just out-
lines of objects:

- users can better and faster ori-
ent themselves

users get an adequate percep-
tion of the situation; the many
3D games which are part of the
daily life of youngsters indicate
change for real-world applica-
tions

more sophisticated analysis
and high realistic presentation
of data.

Images collected from ground-
based, airborne and space-borne
digital imaging sensors, such as
digital cameras, multi-spectral
scanners, radar, and laser scan-
ners are a major source of 3D
data. Objects can be mapped
from images directly geo-refer-
enced by integrated navigation
and positioning sensors. Mobile
mapping meets the need for real-
time data collection driven by in-
tegration of direct-geo-referenc-
ing, multi-sensor integration,
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data fusion, information extrac-
tion, mobile data management
and value-added services. No
single sensor system offers stand-
alone information solutions.
Moreover, the semantic contents
of the various image types do not
fully overlap with information
needs. A practical solution is
image coverage at multi-resolu-
tions. For economic reasons, com-
plete image coverage of the re-
gion should thus be done at
coarse resolutions; where detail is
insufficient additional higher-res-

quirements of risk analysis. Never-
theless, 3D information services
for disaster management still need
extension of the spatial functional-
ity with generic structures, func-
tions and operations for perform-
ing 3D routing, generalisation,
adaptation of different types of
data and consistent on-site update.
Extending management function-
ality into 3D is not a new research
topic, but it is attaining critical im-
portance for fighting crisis situa-
tions in urban areas. Research top-
ics include:
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Extending management functionality into 3D
is attaining critical importance

olution imagery can be acquired
on an area-by-area basis. For ex-
ample, lacking detail in high-res-
olution satellite imagery can be
supplemented by small-format
digital images from ground-
based and airborne platforms.
When adequate data from previ-
ous surveys is available, re-map-
ping of unchanged areas becomes
unnecessary. Multi-resolution cov-
erage also presents image analy-
sis challenges that go beyond
change detection. These include
automated geo-referencing of
high-resolution images using GIS
data or lower-resolution imagery,
data fusion, 3D information ex-
traction, rapid retrieval, integra-
tion, and representation of data
from sensors and from servers
using web technology.

3D Data Management

Systems maintaining geo-informa-
tion are becoming more elaborated
and richer in multiple functionali-
ty. Most software dealing with
geo-data offers 3D visualisation on
desktop and mobile devices. The
integration of geometric data with
administrative data in one model
is well recognised by the industry;
DBMS, CAD and GIS software can
be easily integrated at database
and product level for seamless ex-
change of data. Models such as
geometry, topology, network in
DBMS, CAD and GIS enable the
performing of more complex
analyses. With the rapid develop-
ment of ICT, capacity for response
has improved enormously; today
this can meet the time-critical re-

- 3D data structures and applica-
tions addressing short-time re-
sponse

ontology for 3D data integra-
tion (multi-resolution, multi-
temporal, multi-topology, in-
door/outdoor, multi-domain)
3D analysis, especially in 3D
navigation considering envi-
ronmental and human factors
data standards for import/ex-
port based on XML and GML
context-aware engines and
agents for query and analysis
with respect to the front-end
(content of situation, content of
devices, content of human con-
dition).

3D Positioning

Many possibilities for 3D posi-
tioning may already be under
consideration, such as GNSS,
telecommunication networks and
LAN of hybrids of them. Advan-
tages and disadvantages include:
- GNSS being operational out-
side, and quite accurate
telecommunication networks
being available inside but very
inaccurate; companies are seem-
ingly unwilling to invest in
further developments towards
accurate 3D positioning
WLAN, which is broadband,
being possibly mobile but re-
quiring further research for im-
plementing 3D positioning.

3D Visualisation

One challenging issue is the de-
velopment of interfaces for hand-
held devices. The use of 3D city
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models on handhelds is pro-
gressing fast. Viewers for 3D data
already exist but these are cur-
rently adopted in some specific
mobile terminals with small size
and low resolution. The 3D data
should be presented on a mobile
device in an easily readable way
for rescue teams and untrained
users. Providing 3D navigation is
a very important aspect for end-
users. However, visualisation of
a 3D route on handheld devices
is still a tricky research challenge.
This is because 3D representation
increases the amount of data and
hides information significantly
when compared with 2D maps.
Novel interfaces for mobile de-
vices need further investigation.
Topics may include intuitive
graphics user interfaces for mo-
bile workers and messaging
(common-alert), as suggested by
FORTHnet, in Greece (Figure 1).

3D Data Transmission

Communication of information
between end-user and the central
system is another important as-
pect. 3D models are large and
make information communica-
tion more difficult. The bottle-
necks of current data transmis-
sion will be reduced by the third
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generation of wireless communi-
cation networks (UMTS) with im-
proved bandwidth. There will be
an increasing demand for reduc-
tion of data volume, especially
for communication on different
networks, such as UMTS, and
GPRS. Research and develop-
ment, which is critical for disaster
management, includes

- intelligent switching between
different types of communica-
tion networks, and approaches
for positioning systems
compression of 3D data
context-aware user profiles for
monitoring status of mobile de-
vices, emergency status of situ-
ations, etc.

Concluding Remarks

The development of a 3D system
requires the united effort of users
directly involved in the manage-
ment of disasters, researchers,
software developers and legal
authorities. As (co-)chairs and
scientific secretary of ISPRS WG
IV /8, we have initiated a series
of symposia which aim to open
up broad discussion on ad-
vanced 3D geo-information tech-
nology able to support managing
bodies, rescue teams and citizens
in disaster management. The
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ing, Web-based environmental visualisation,

series kicks off with a ‘First Inter-
national Symposium on Geo-in-
formation for Disaster Manage-
ment’ to be held in Delft, The
Netherlands, from 21st to 23rd
March 2005.
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