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Albrstract—Im this paper, ilbe researchers bave presented a
Spatial Database Medel for Geonetrie Patl Plannkng sultable
for facilltsting Disasier Manapemest activitbes. The spatial
guerbes enecited using the preposcd approach can redsce e
conyputational tme secded to And am sptimsl collisien free path
for metwerk analysis. The framewerk is applieable o 2
dimensional amd Edimensional werkspaces. The sirategy used
devouples the motion plasnisg problem into small traciabde
prebdems. which are sehved wsing kmow path  planming
abparithm.

fndex  Ferms—Avoldasee, disasier management, path
plasming. guery processisg, spatial datshase, visibility graph

L INTROMICTIN
Gre-Spatiol Detmhirse Model

To understand the real world, #s characteristic features
musst be studsed and modeled. In the real world features are
described by some descriptive terms, by physscal location and
by their abality to connect both physically and logically to ather
features. Thus a -road festurel could be desoribed by
atinbwies {name and length), by geometry (#s physical
location], by topalogy (kow it is physically commected to other
features) and by jomn relatonships (s logical connections
with oiber features).

8. Geometric Pmtk Planring

Geometric Path planming are geometrical metbods used for
computing a collsion or obstacke free path connecting the
instial and fial point in 213 and 30} environments. Given a
mapping and a descripiion of the obstacles they provide a
peometnc  descripbion of the path in the warkspace.
Advantages of using geometrical descriptions are obstacles
can be represented by arbitrary polygons, arbitrary mobion
anghes. Also it is possshle to find optimal paths for circular
objects =ing topological ahstmctions. Successful attempis
are made to reduce the computation time needed o find an
optimal collision-free path for robot motions [1], [2]

. Review of Beloted Literature

Existing gec-spatial dalmbase models comssder only fixed
obstacles in 2-dimension workspace. In-2 dimensional work
space motion plan from Py 10 P does pot cross the mienor
of any ohstacles (. Even the visibality graph is pre- computed
and maintained in the memary thereby cccupymg the
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Memory space. In-3 dimensional work space obsiacles with
significant height can be considered, since the path can go
aver ohstacles and not just arpund them. Hence we meed an
Integrated Frame work that is applicable to 2 -dimenssonal and
Jedinmersional workspace and computes the visibility graph
in a dymamic envirenment [3].

0. Otestwcle Tdentification

Obstacle in geometrical path planming refers to abstruction or
hlockage that arises in finding or traversing the path. Matural
and crested objects in geometric path planming problems are
usmally drvided into moving amd fived objects called as
absmcles. In many applcations, physical obstacles like
mountairs, rvers, water logging. disaster sites  ofbc
substantzally affect the geometnic path plamming. In our paper
we have classified obsiacles as matural ohstacles and created
abstacles. Matural ohstacles are those obsiacles that canmat be
moved and altered such as such ax rocks, sea, stream, ledges
and mourtains. Created ohstacles are those obstacles that are
formied mainly due o environmental and geographic changes
such ax water loggmg formed due to improper land elevation.
Pedestrian movement, public buildings, indoor areas, vehicles
navigating through narrow lanes restncting the tmaffic and
disaster affected sites can alo be classified as created
obstacles. In real warld most obsicles are not fixed but
movable. A buman planmer would take into account that he
can move these obstacles 1o solve geometric path planming
problem. lgnorng these obstackes will affect the performance
of geometric path plamming algorithmes, clusterng algonthms
and produce imappropriate resalis. Thus the ability o hamdle
such real life constraints im a Geo-Spatial Data model is very
important.

E. Disasfer Management

Mzaster management is skillful handling of crisis, danger

or an umexpected situation demanding instant action which
can be handled under a controlled sshmticn in case of a
Jumcture. It is a cychbe of activities begmning with planming the
Disaster Mamagement plan, mitigating the vulnembalsty and
negative impacts of disssters, preparedness m responding to
aperations, responding and providing relief in emergency
situations such as search and rescue, ctc.

F. Importmace of Geometnc Paik  PMlamming i

Dizaster Maragement Sysiem

During the disasier response phase, response activities ane
designed o provide disaster assistanoe for victims. Disaster
response activities can be facilitated by providing the best
route and closest Bucility required at the time of emergencies.
Hest Route means the shoriest'fastest geometrical path o be
identified among different alternate paths avadlable in
different situabions. For example, while people are affecied
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During disaster. they need io be resosed by any means. So
theselectson of the quickest and shortest rowie io the disaster
site, hospital or shelter & very important at that moment.
Mavigation is one of the main applications of metwork
analysis in bocation based systems. In order 1o navigate io a
destimation, a shortest path amaly=is technigue is used. The
netwark analyse considers all possible paths and determimes

the shoriest and quickest path to reach @king into
cansideration all the obstacles.

(= Sgnificonce ed Chjective of e Sady

Une of the challenges considered for the effective and
efficient implemeniation of disaster management =
= MNo acoess or limited access io amd usage of relmble,

accurate and up-io-daie spatial information for Desaster
Mamagemeni.

# [Mism=ier Management activities are camed ow in
isolation and mo efforts are made to optimize the data ar
information for improved decision making.

Far example:

The factors affecting disasier management - lack of timeky
up=to=date imformation. lack of accurate spatial information
describhing the situation (available resource, access to roads,
damaged areas, required resource and required responding
aperations), lack of sharimg of information betasen myvolved
parties, lack of synchronizatiom between involved parties,
highly dense populated areas. These fciors resulted in
Uncertainties at every stage decision, there by introducing
Informatson emrars.

This model will presemt the overall sinscture, comcept and

advantages of facilitaling disasior management activitses

using the Geo-Spatial data model

H. Geographicel Region ander Sivdy

The mumbai metropolitan regeon ko= & iotal area of 4355
square kilometer, consisting of 1273 square kilometer urban
area [4]. The Urban regiom has a population of 17.7 mallion,
out of the iotal population of 18.9 million. Mumbai is drvided
inta 13 wards. Mumbai [} Wand is selecied ax study area [5].
The Ward covers an area of 6.63 sguare kilometers. The
approximate populatson of the ward is 3, 99,911 {as per 1991
cersus ] with an additional day-time floaiing populaton of 1,
000, D ward has 23 buildings that are old and are identi fied
as dilapsdated and dangerous for oocupation. The ward =
selected as it covers historical, religious and tounst”soenbers.
The ward also covers slum affected by floods. The ward =
also made up of low-lying areas that are affected by flooding.
In 2005 flopds claimed almost 1,100 lves im the stale. most
of them coming from wrban concentrations of Mumbai and
Thape [6].

1. PROBLEM DEFINITHEN

JOmr, problem cap be specified as follows: Givag a gpt
Or=fe e @, | of fixed obstacles, a set @ ={o -

.......... o™, | of moving ohstacles and a moving ohject o™

with start configumiion ¢ and goal configumation o=
compuie a collision free motion p* for o™ with respect ba (F
and (M apd a motion plan MP ic. a sequence of coordinabed
collizsion free {with respect to all the ohpects in the scene)
motson for object o . S0 thet p™ becomes collision free
considering OF U O after executing MP. We utilize the
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Findings for efficiemt spatial guery processing n the
presences of obstackes. The spatm] database model developed
is applicable disaster marsgement system m a dynamic
EnVITanment.

I METHODMLOGY ADWFTEDR

A Cremtion of Spesial Dnta

The spatial data required for the current study was prepared
by referring o the landuse/settlerment map of Mumbai OF ward
[7]. the mumbai islamd city disaster maragement plan [8] and
ather maps on varows themes of the area. The mumbai island
city disaster management plan on 1: 2500 scales has been
digitized usimg scanning lechmigue. The map being on the
scale of 1: 25,0 the minutes detaals missimg, were plotbed
referring 1o the satelliic map and oiker land use
map/setilement map of 0 Ward. The real world entities from
the map were abstracied into three basic shapes: podes, arc,
and regson. The sireets were ientified as arcs and the areas
as polygon. The roads are a combimation of multiple arcs.
Each arc has a start node and anend node. Each node bax been
assagned a mnigue id and the coordinates for each mode & is
obtaimed usimg the graph theory. The spatial relationships
berareen points, arcs and areas are them expressed using
topology as shown in Fig 1ia). Adpcency matrix, incidence
matrix and coverage data structure is prepared using topalogy.

Faz: Ik Miap of Sudy Arcs - Membs D Wand

using the information of adjacency matrix and mcidence

Matrix the coverage data structure is prepared. The coverage
model incorporates the topological relationships into the
sinscture of feature data. The coverge data mode] is prepared
for the points and lmes in the study area from the digitized
map and the sstellibe map. To make the digiied map usable
it & converied mbo a projecied coordinate system. Affine
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Transformation s used to implement the following

geometnc
Transformations:

X=Ax+By+CY=Dx+Ey+F (1)
where x, y are the input coordinates obtained from Fig 2 and
Fig 3 and X, Y are the new user projected valwes respectively
represented in Fig 4.The transformations coeffscient A, B, C, D,
E, and F are calculsted using the following matrix equation:

i(n Tx Iy\[IX T¥) (C F
| Zx T Z.\;v|2x.\’ Txy'="4 DI(I)
sy s =yl syrl 1z El
\ A X y,

where n = the number of control poants. Substituting the
valoes of o, Yx. ¥y, ¥, Yo, 337, TX, Y ¥, ¥xU ¥y¥, Yok,
Yy¥ m (3) the values of tunsformation cocfficient A, B, C, D,
E, F are obtained. The values of 4. 8, C, D, E, F, x. y arc
substituted in (1) and the new user coordmates U and V
obtained are shown in Fig. 4. They represent the actual
coordinates for cach mode. The devations between the
computed X and Y coordinates values and the imtial x, ¥
values are calculated using root mean square error method.

The average RMS error can be computed by averaging crrors
from all control points

{{Z( _ ):+Z(y

-
wl i

o )

‘a (3)
=t Ycus) 5

where n &s the number of control points, ¥ ., ; and y . are the
x and y values of the actual location of control point 4, and x
caiand y o jare the x and y values of the estimated location of
the coatrol poant ¢. The average RMS error in the present study
i1s 2.379121. Since the avernge RMS crror is < 6 the values of
X, ¥ are acceptable. A spatial database s created presenting
the data strocture, path list, und arc-node list for ward region,
disaster prone regson, and the roads. Impedancesmatnx of the
travel tsme between nodes on a network 1s also prepared.

B. Integrated Framework

The strategy used for developing the spatal database
model uses four major steps:
1) ldentifyang the sct of movable obstacles and fixed
obstacles: We first identify a set O'= |0~ =o' | of

fixed obstacles and a set M= [} = oM.} of moving

abstacles from the set of obstacles O~/ o, O]

2) Compute paths for moving objects which are collssion
free with respect to fixed obstacles: In this step the moving
obstacles are ignored and visibility graph G is computed for
the moving object consadening only the statx obstacles

3) Determine the sct of moving obstacles obstructing the
previously computed paths: Using the result of step | and 2
we identi fy the obstructing moving obstaches. The result is set

O™, subset of O™ of colliding moving obstacles.

4) Independently compute paths for obstructing moving
obstacles which clear the paths of the movang obstacles:
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The colliding moving obstacles O™ Needs to be moved

cul
at different location to clear the path for o™ We
mdependently compute visibality graph G, for obstructing
moving obstacle which will clear the path for o™

Fig 4. User projeriad coonlmatos.

C. Spatial Queries for Geometric Path Planning
Given a sct of O of obstacles in 2.dimensional and 3-
dimensional workspace, a starting point P, and a

destination point pg the goal is to find the shortest path from
pas and ped for o™ Dijkstra algocithm (1959) is wsed for
computing the shortest path between pug: and poy using the
visibility graph G and the visibility graph G1. Spatial quenes
arc executed to locate the nearest neighbor and the nearest
facilities.

D. User Interface

User interface were created to facilitate information entry

and retrieval: Addmng and eoditing of path information

obstacle mformation. Using the user interface it & possible to
retricve and assess shortest path using Fig. 5 and Fig. 6.
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E.  Gev-Spatiol Waps
Maps provide interfaces to spatial system. Maps are plotted
o examime the results of queries and analyss. Maps are also
plotied for presemtation and reports. In the present study the
rescarcher has oreated geneml referemce maps as well 2=
thematic maps 1o represent spatial featsres shoriest path

amalysix, closet Facility.

IV. FispmsGs

A Geo=Spatiol Deie Meds'

The d=asier maregement system B chamctermed by
unceriainties at every stage of imformation processing and
communication i.e. data origin, dala conversion, owtpuat,
decizion making stage. A geo-spatial data model to facilstate
the development of an infrastnacture for disaster maregement
is developed. the geo-spatial data model desigmed and
developed facilitaies the dsaster management activities based
on damfinformation sharmg and analyse for decsions
making, coordination, command and controd.

B. Faolitmion of Diveser Wenegemend willh (rees

spatin! Diwta Maode!

Gioo-Spatial data mode] is an imitiative intended to create
an enviromment that will enable easy access. retrieve amd
dissemimaie spatial data and information in an easy way. It =
designed o assist response during a disasier, recover from the
damage, mamage ongoing hazardous conditions, plan and
miutigate for future hazards, and impact policy and decision
making. It will alzo kelp us understand the future geographic
information challenges for this application area It s an
appropriate information infrastructure framewaork forbringing
the disasier management components together amd
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facilitating decsion makimg im disaster management. The
mam feahmres of geo-spatial data model

a) Providing infermafion fer dizavier response: Activilies
following am emergency or disasier are called as respomse
activities. These activities are desigmed to provide disasier
assetance for victims. In the current study an attempt has been
made in facilitsie the dsaster response activities by providing
the best rowie and closest fcility required at the time of
CMETEERCIES

by Finding bexi ronte: Best route means different alternate
route in different situations. For example, while people are
affected under disaster. they need o be resoued by any means.
S0 the selechom of the quickest rowie o the disaster site,
hosptal or shelter is very mmporant at that moment. The
netwark analysis was engaged to caboulate the shoriest way to
reach in term of time and distamce. The metwork analyss in
the cumemt study suppors differemt chjectives such =
travelling quickly and tmavelling by the shortest route. In the
cumrent study the shorest path in berms of Tme in minubes as
well as distance in meters is caboulated w=ing dijkstra’s
algorithm.

cl Clesext fecility: Closest facility refers o amything
providing a certain types of service that is closets to a given
location. The disaster zone and setthement map are imtersected
i idemtify the closet facilities sich as hospitals and shelter.
) (rick imformation poriod: Fesponse activities can also be
facilitated if the emergency responder staff gets approprate
estimated miormation about the damage caused before
amving to the disaster location. In the cumment study an
attempt has been made to provide this mformaton 1o the
emergency respanders by executing queries o the daabase.

V. GEO-SPATLAL DATA MODEL AT WORK

A Regwivements ond Architeciure

Geographical Information Systems require the following
four compomenis o work with geo-spaimal data: computer
system, GIS software, people, data. and infrastructure. Geo-
spatial data model to be mapped on io the sdentified scenamos
needs to be supported by some basic requirements and general
systemn architecture. As there are mo standard solutions
regarding the integration of heterogeneous data andservices,
the system needs t© remain open for fimber extensson
(fancisomal, regional., techmicall. Disaster marsgement
communscation amd information sysiem for handlimg disaster
need i be realized on the basis of a Geo- Spatial
infrastructure. Based on that we idemtified the following top
requirements  with  respect o dsaster  mamsgement
communication amd information  syslems:  mEximm
rabusimesshigh scalabilsty, handling of geo- spaiml on each
PC. miegration of extermal data and simulation models,
support for heterogencows berminalks

B. Techmology

For this research scamming techmigue is used for digitization
of mumbai iskand city disaster management plan. Open souarce
map server of the google is used to obiain the Satellite map in
arder 1o determine the real world coordinates. In the current
prototype the disaster informaticnmteractive vecior maps are
plotted using ISP, HTML and FHP. The datasets for everyday
busimess are created using MyS{L. Dambase conmins
attributes of the spatial objects
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Required to facilitate disaster management

. Software Customization

The model was customized to make it user friendly,
interactive using ISP, PHP. User friendly graphics and
symbols have been used where ever necessary. The project

=

L7

windows contain view, tables and command buttons. Mew Cairo, Egypt . )

data can be added as well as the existing data can be edited in 14 :::E::D'Mﬂ Plan Volume jllsﬂa;"m':wl Camparation "TDG"ET
the database. Dynamic queries can also be executed by the huP._,-,.mw_mmmmbﬂl_q.{ui:;mfmmm_mm ’
user. The methodology and the database have been (5 Relief and Rchabiltation- Mumbai  Plan, 2007, [Online].

hitp/' mdnu mabarachia_gov.in

Maokareskirg Floods 20T Stares Report «F and Samtus Reparts2, Relef
and Rehabilimtion and Department,  Mumbai  [Onlise]
hitp/ mdnm mabarashia_gov.in

Satellite map of Mumbai D ward (hitp:/maps. googhe com’), 2008,
Information Documents from  Disaster Mamagement Deparment,
MCGM, CST, Mumbai, 2008

customized in above mentioned solution for user fmendly

interface and easy implementation. o

D, Disaster Management Communication
andlnformation System- Mumbai D Ward

During the disaster there is a need of a system that would
provide updates of the spatial extent of the disaster very

o
8

Her specializatons include Resesarch methodology

rapidly to all the interested parties. The Land Use
map/Settlement map of [ ward was analyzed to identify all
the important things in the community. Using overlay
technique the disaster map of the arca was intersected with
the Settlement map to identify the important things in the
study area that could be at risk from disaster. The spatial data
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15 also linked with a tabular data storing its attribute toprovide
information required at the time of emergency. Datasets are
created storing the information about all the facilitiesin the
study area. Attempt is also made to calculate the shortest path
between the facility and the disaster site
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V1. CoNCLUSIHN

This paper tackles geo-spatial quenies for facilitating
disaster management activities in the presence of obstacles.
given a sct of entities and obstacles our aim is to answer
spatial queries with respect to the obstructed distance metric,
which corresponds to the length of the shortest path them
through obstacles. The geo-spatial database model proposed
has real life application in terms of disaster management
systems. We proposed an integrated framework that answer
most of the spatial queries such as closet facility, shortest
path, nearest neighborhood subject to obstacle avoidance
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