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Fig 1 The franework of spatial ntelligence
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Abstract

Notw ithstand ng the astound ing grow th achieved by G eographic Infom ation Systems (G IS) m recent decades

san e critical bottlenecks still continue to pose challenges to the advancement of this technology The nability to handle

large and diverse datasets and the lack of functionalities to solve canplex spatial problans such as canbnatorial location

problans is essential one anong these hurdles Recent advances in Canputational Intelligence ( CI) and Operations

Research have however opened up new avenues to overcan e these obstacles to the development of G IScience
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Judicious itegration of the aforan entioned techniques nto G IScience could possibly lead to an mnovative discipling
nanely spatial mtelligence This paper presents our prelin mary mvestigation on this subject mncliding its framework
major acquisition methods and sanple applications The basic concept of spatial mtelligence derived fran psychology
refers to the mental process associated w ith the bram’ s attampts to mterpret certan types of mfomation received This
mfom ation basically ncludes any kind ofmental mput such as visual pictures maps and plans Based on this concept
we propose that the mtroduction of spatial mtelligence w ithin the danain of G Science is an ability to discover and apply
spatial pattems which is usually elicited through analysis/m ning optin ization and smulation Two characteristics of
spatial mtelligence are hichlighted here Ome is the ability of spatial cognition and the other is the self leammng
capabilitv  Spatial cognition refers to the process of recognizing encoding saving expressing decamposing constructing
and generalizing spatial objects which can be obtamed fran spatial observation spatial perception spatial ndexing and
spatial deductive nference Self leaming ncludes enforcing leaming adaptive leaming and know ledge acquiring ab ilities
to actively dig up know ledge fran observation data Pranoting spatial mtelligence is a logical requiram ent for higher level
analysis and application of GIScience Through active leaming and searching process in canplex spatiotenporal data
spatial mtelligence discovers unknown spatial pattems trends and regularities

Fran the technical perspective we emphasize the use of meta-heuristic and other intelligent algoritms to address
canplex geospatial problans A three-tiered structure is proposed for the spatial ntellisence franework At the bottan of
the franework spatial statistics progranm ing and ntelligence canputation are used to provide the foundation of spatial
analysis smulation and optim ization The middle level consists of spatial mtelligence self leaming and spatial
cognition for analyzing smulating mterpreting and decision mak ing for geospatial processes and phenanena At the top
of the franework GIScience laws and regularities are used to m ne unknown pattems To realize the goal of spatial
mtelligcence a solid research that ntegrates key topics with the concepts and modelng approaches derived fran
Infom ation Science and Operations Research to advance GIS theories have been developed The core supporting m ethods
and techniques pertinent to the proposed framevork mclude spatial analysis smulation and optinization The
development of spatial analytical models to represent spatial and tenporal features and their relationships foms a vital
aspect of this research Spatial optm ization is enployed to maxim ize orm inin ize a planning objective given the lin ited
area f[nite resources and spatial relationships for a location-specific problan, once spatiotanporal pattems have been
discovered Smulation is an mportant tool to evaluate and mprove models and spatial pattems

San e successful applications of spatial analysis optin ization and sinulation are also reported in this paper Logistic
regression models e g, bmanial multmanial and Nested Logit are applied and examn med to predict various
spatiotan poral changes ncliding rural to canmercial rral to recreational and mral to other land uses A range of
heuristic algoritms such as Genetic A lgoritms (GA) and Ant Colony Systems (Ant), to troubleshoot canplex routing
and location problens and muliirobjective optim ization for spatial decision m ak ing are studied A case study of ntegrating
agent-based modeling w ith analyticalmodels by draw ing upon m icroscopic traffic smulations for enulating real-tme traffic
conditions is also conducted

Key words spatial ntelligence spatial cognition self leaming spatial optm ization





