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ABSTRACT:

The optimization of land-use structure is the cofeptimizing the allocation of land resources,liing the optimization of
quantity and space. However, traditional method$ as multi-objective programming model, gray syste&andscape ecology are
very difficult to make the space structure and dbantity structure unified effectively. To avoicetdeficiencies mentioned above,
this paper brings forward the land-use space opditiin model based on particle swarm evolutiongggrghm. The results show
that this model can analyze the data of multidiritered discrete decisionspace with good space sdaatbires and high accuracy in
parallel. It can implement the quantity structufdamd in a specific geographical space effectivatyl realize the optimization of

regional land-use.

INTRODUCTION

The optimization of land-use structure is the cak
optimizing the allocation of land resources, whichas long
been widely concerned by many researchers. It tiasetl a
number of decision methods based on quantity sirect
optimization such as Linear Programming, Multi-aiiee
Optimization, Multi-criteria  Optimization and Syste
Dynamics etc, and spatial optimization methods Whinclude
Landscape Ecology and Cellular Automata (CA) modelfLVY
etc, 2006 and Liu R X etc,2005 and Xu X B etc,2007).
However, the traditional optimization models ofdamesources
are mostly limited to optimize the structure of gtity or space,
lacking the effective unification of the quantityruscture and
space structure. The development of computer téagpand
geography information has offered a strong techrsoaport
for the analysis of spatial data when making spatia
optimization decision for land-use. Combine the reathtical
methods with GIS and realize the reasonable altmeaif the
land resources both in quantity and space, hasnbeca
hotspot to these researchers concerned, and ipedsaotes the
development of scientific research about the lagel-uAt
present, there have been several models such aisdjgctive
Genetic Algorithm (Dong P J etc, 2003) and Multjesiive
Cellular Automata (Dong P Jie etc, 2008), etc. Althio
genetic algorithm has strong capability of globptimization,
it involves complicated map spot coding, which nsakbe
program difficult to realize, and it doesn't havérosg
capability of spatial correlation; the multi-objiet cellular
automaton model performs timing simulation by CAdmhsn
the results of multi-objective optimization, whiaten not
realize trans-space search. Particle Swarm OptiioizdPSO)
is a kind of evolutionary algorithms, derived frahe research

on the predation behavior of bird flock and it [ideato analyze
the data of multidimensional discrete decisionspagearallel.
Some scholars have already introduced the pardalarm
optimization into spatial optimization, such as BGwoming
Chen Xiaoxiang and Li Xia did the research about location
decision using particle swarm optimization algaritin 2006,
which verified the feasibility of making spatial tirpization
based on PSO; Yian and HeJianhuabrought forward the
thought that combining the game theory with pastisivarm
optimization to make spatial optimization of lansku In this
paper, we try to resolve the unification of quansitructure and
space structure of land-space effectively based $0.

1 PSO FOR LAND-USE SPATIAL OPTIMIZATION

1.1 Model design ideas

Particle swarm algorithm requires distributing psin
(particles) random in solution space and participdate their
position and velocity througPRb that is the optimal value of
the history andPg that is the global optimal value. All the
particles are controlled by inertia weight to skafor the
optimal solution constantly. When PSO is taken ilatod-use
spatial optimization, each land-use map spot isratted to a
particle by its center of gravity and each partiches its own
species includingi, locationx andy. The particles of same
species (such as construction land) constitutestibsystem of
particle swarm system and all the particles makéhepparticle
swarm system. Each kind of particles searches thimal
values in solution space through the informatioarisiy of
interspecific and intraspecific. If the target @gis made up of
n map spots, then initialize all the map spots imto
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particles, k species. Particles constantly fly to adjust their together till meet the iterative requirements, aheén the

position as to the optimal value of history thataledPb and
the current global optimum values that is calgl which are
determined by the fitness function. All the pasglwork

particles’ position vector is just the optimizatioesult. PSO
model of land-use spatial optimization is showrfriggire 1.
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Figure.1 The model of land-use spatial optimizatiased on PSO

1.2 Key technology of the model realization

PSO model of land-use spatial optimization is tetit the
land-use map spots into particles that searchheir bptimal
locations in the space by the iterative computatidihe
particles update their velocity and location witte thistorical

These two values compose the information center ti@r
particles to update their positions. The historiogitimum
value is the succession of its own information &mel global
optimum value is the information sharing betweenmtiglas,
and the particles control their own flight accoglito the two

optimum valuePb which is the particle’s own best value in values. We can use updating rule of inertia wefghttion to

history and the global optimum valdg which is the optimal
value of all the optimal values of the similar jets in history.

calculate the velocity, and the function is showrtte formula

2):
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Function of position adjustment:
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Where:i =1,2Ch; t=1,2,00) ., — 1, tis the iteration times
and I...represents the largest number of iteratioit) is the

inertia weight when it runs totimes; rand() is a random value
between [0,1) ; c,C

Fitness Function

represent  different  inertia
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The land-use spatial optimization aims to implemére
various types of land use in specific space, andope
suitability evaluation to the positions of variotgpes of
particles which are created at random. Every garfiollows
the optimal particle which is evaluated by thed#s function
to update their positions and velocity to search tiptimal
location in the solution space. Fitness functiomarsimportant
parameter for particles to update their positi@ms it not only
reflects the factors that impact the spatial optation,

weights; P (1), P, () are the historical optimum values of
appropriateness onx-axis and y-axis; Pu(1), P, (1) are the
historical global values orx-axis and y-axis; 0;,0, are

modified parameters of location.

but also reflects the information shared betweenpérticles,
otherwise particles will fall into a dilemma of gie-objective
optimization. Land-use spatial optimization is algem of
multi-objective optimization, and the fitness ofckaparticle
can be described as the following multi-objectivegpamming
model (Liu H T etc, 2006 and Guo P etc, 2005):

n
Minimize q( :_g G % (3)

Minimize $ = m|n( g X) (4)

i =1



i
Minmize Z = > D% 5)
iy =1,] Ky = 0,j00T; h=1
F=(C.,M,.Z) (6)
Subject to:
A<D a% < AL %003 )
1=1

Where:n is the total number of land unitsj is the expense
that required to turn the land-use from the presgm intok
for thei-th units;sy is suitability evaluation index for thieth
units used ak-th type;T;is the set made up of adjacent units of
thei-th units;n; is number of the public edge of uniand unit

js liin is the length oh-th public edge between uniand unitj;

g; is the area of land unif AlkandA2kis the total area of the
upper and lower limits for thieth land-use typex,=1 if uniti

is justk-th land-use type, ox,=0:;C, is the object of expense
for the land-use changeS;is the suitability target for thk-th
land-use type;Z, is the shape target for land units, which
represents the compaction of land unksjs comprehensive
evaluation for all the particles’ fitness.

1.2.2 Inertiaweight

Inertia weight is an important parameter that castthe
inertia of particles’ velocity and its role is toalance the
particles’ capabilities of global and local seardihe most
popular one is the inertia weight decreasing lilyeformula

proposed by Shi, which is showed as formula )., is the
largest weight andv,,,, is the smallest; is the current iteration

times; |, is the total number of iterations for the algamith

The weight will be getting smaller and smaller withe

iteration proceeding. The larger inertia weight eamance the
PSO'’s capability of global search at the beginninbich can

make the particle explore in a large region and@pmate to

the optimal solution location quickly while the dieainertia

weight can strengthen the PSQO’s capability of Iamdrch in
the late stage, which needs the particle to slowndior precise
local search.

1.2.3 Thelocation updating mechanism

As mentioned above, the particles which representain
types of land-use are searching for their most @mmte
location in the land-use space, so the best way lisnit every
particle to fly between the gravity centers of eksid-use spot,
which will guarantee each particle just represems land-use
spot during each flight. If particles update thealocity by
formula (1), we can see that the updating velocityone
particle is a random value, which can not guarartes
particles just land in next gravity center in adzce with
Newton's mechanics. However, we won't allow pagsclto
update their velocity in the discrete space corehtetwhich
will destroy the information sharing. In this papke particles
updated their position based on the nearest neightt® that
requires the particles to update locations in at@oce with the
random velocity first, then modify the location thle random
result with nearest neighbor rule as is descrilpethé formula
(2).As is shown in Figure 2, the particle may updg location
to point A, which is not out of the primary spdigtefore, the
particle should modify its location from A to Al;eanwhile,
the particle may also fly out of the primary spat klid not
exactly fall into the gravity center of next landeuspot, for
example, it reaches point B, so in accordance withrtearest
neighbor rule, the particle should be modified frdnto
B1.While the particle update its position in accortiawith the

nearest rules from B to B1 can not guarantee thet gdinis the
gravity center of land-use spot which contains p8irbecause
of the special shape of spot.
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Figure.2 Sketch map of location update

The nearest neighbor rule can deal with the is$updating
the location of one particle, but if two or evenrngarticles
fall on the same gravity center according to tharest
neighbor rule, and which particle should the spotepted?
Therefore, the game theory should be consideredeeest
neighbor particles when using the nearest neightube.
Secondly, a class of particles represents a laadsasthe total
area of a special land-use is different accordinthé particles’
updating, so we should control the scope of thal &rea in the
fitness function in order to reflect the flexibleeahanism of
land area control well.

2 THE PROCESS OF LAND-USE SPATIAL
OPTIMIZATION BY PSO

The land-use spatial optimization is to find thestbe
combination of land-use by combining the computstlo
intelligence with GIS technology on the base oaddhe main
process of PSO land-use spatial optimization mddehs
follows (Du G M etc, 2006 and Zheng X W,2008):
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Figure.3 Flow chat of PSO model



1) Extracting GIS data

The essence of land-use spatial optimization by BES©
carry out arithmetic operations on the land-uset syth the
support of GIS platform, so a lot of factors shoulé
considered about the optimization process sucheagesults of
land suitability evaluation, area and perimetemaf spots, the
limits of each land type in area and so on. All taetors that
impact land spatial optimization must be collectedo
database to meet the need of spatial analysis.
2) Set parameters of PSO

These parameters include the number of particlagpek,
the maximum speed of the particles in the directibr andy,
the acceleration weightl and c2 and the largest number of
iteration| max
3) Initialize the position, velocity and attribudé each particle

The initialization is a key job when optimize lande, and
how the particles are created has a significanaohpn the
PSO model. Each particle is flying in space witfoimation in
the optimization model. The position of each péetics
randomly distributed when initialize, so we shouldialize n
particles which are flying to search their optifwaations until
termination conditions are met. In this study th&resome
difficult work because of the uncertain shape ofpnspots
which bring a lot of inconvenience to initializatioand
updating of the particles’ location. Each partifties in space
to search a map spot suitable for it, and he upgatf each
particle should be limited between gravity centdrgnap spots
in order to ensure that each particle is on bedfadf single spot
at its each flight. However, we can not make thadet in the
discrete space completely, or the information sigabetween
particles will be destroyed. In this experimeng farticles first
update their locations at the random speed and thedify
their location with the nearest neighbor rule, s should get
all map spots’ gravity centers and store them i dhtabase
then initialize each particle’s location in the atzse. The

initialization typek is a factor of statistical relationship between

the particles’ number and the average area of thp spots,
and both the area of map spots and the regeneratam of
particles are uncertain, so the scope of area dhda
controlled. And the initializing velocity can be rectly
expressed as fellows:
Uyi =rand* Uy max
Uyi =rand* Uy max

©

Where: U,; andU,; represent the speed of particles in the

direction ofx andy.
4) Calculate inertia weight
The inertia weight is calculated according to therfula (8),

where:t is the iteration times add=1, 2,0Jl ., | ..is the

largest number of iterationSo. IS the maximum inertia
weight which is usually set 0.9 ang,, is the minimum inertia
weight which is usually set 0.4. As to the form(8), we can
see that the inertia weight decreases linearly Withiteration
times. From the whole process of the optimizatitde pre-
expansion of search need a large inertia weightevthe latter
stage needs a smaller inertia weight because tinécles
mainly search in the vicinity of the optimal soauti
5) Calculate the fitness value for each particle

The fitness value of each particle is calculatecbeding to
the formula (3) - (7).
6) Select current optimum value and global optinuatoe

To the optimal spatial distribution of land-usee tburrent

optimum valuePb is the largest fithess value of particle of the
history before the-th iterations which could be described as

MaxF(t) and global optimal valuBg is the maximum optimal

value of the current optimal value of all the typdsparticles
which could be described as Méx wheret =1, 2,101 .

7) Update each particle’s velocity and the currkdation

The particle should be updated its velocity andafion
according to the current optimum vali®h and the global
optimum valuesPg under the control of the nearest neighbor
rule. In order to prevent particle’s velocity fromcreasing
infinitely and presenting a disordered state, augroof
constraints should be added which are describéallews:

if U> Umax

{ Ui =Umax (10)

U="Unax if u<-umay

Maximum velocity of flight limits the speed of pafes,
which determines the particle’s searching accuracythe
search space. If the value is too large, the pestiare easy to
miss the optimal location; while if the value itemall, the
particles fly slowly and are easy to fall into lbsaarch and can
not get global optimal solution.

8) Check the conditions of termination

If the iteration times exceeds the largest iteratimmber (it
is an experience value, for examplg,=150), then the process
stops iterating. This condition is used to ternendte cycle
compulsorily in order to prevent the process falloi dead
circulation. What's more, we can also use othemiieation
conditions such as controlling the average erraoafiracy etc.
The particles’ vector location that correspondshvtite global
optimum value we get at last is the optimal comtidmaof the
target types of land-use.

9) Mapping and Analysis

When the particle swarm meets the termination doord,
the particles’ position vector is the location béttarget types
of land-use in space. This model is suitable fadase spatial
optimization because it can optimize on the miengl such as
land-use spot.

3 CASE STUDY

A township land-use planning was chosen as
optimization object to verify the model under thranfiework
mentioned above. The current land-use map is as/rsho
Figure 4 which has a total of 781 map spots ancxperiment
is supported by MO2.4 and VB6.0; other parametezssat in
accordance with previously introduced. We just celihe
maximum number of iterations which is set 150 &sitbration
termination conditions in order to make the modéhwa high
operating efficiency and the maximum flying spegtimited at
one tenth of the height of the region. The updatifhtpcation
is decided by optimum game under the control ofritbarest
neighbor rule, which makes sure that when two gasi or
more compete for the same land-use spot, the vistdhe
particle which has the highest fitness value. Ttme$s value is
computed by function formula (3) to (7). The optirsalution
of PSO is shown in Figure 5, and from the resukkscan see
that all the particles have reached their optireiters. For
example, the unutilized land is developed if thestcts
reasonable; the land around the city is generalycaltural
land. Overall, the layout in line with the prinaplof
concentration and the area is controlled in thexibile
framework, and the spatial structure is reasonabte But
there are also some problems, such as some longamnolw
plots are zoned for general agricultural land whishnot
suitable in the space and the total area of eauh &ie varying
at each flight.

Compared with other models, PSO has significant
advantages: the particle can make cross-spacehsgader the

the



control of fitness value which breaks the resioicsi that limits
in neighborhood and can make the quantity strucncespace
structure close-coupled. Although the model hasy \god
space search ability, how to use the particle swiesm vector
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Figure.4 The current map of land-use
4 SUMMARIES

The space structure optimization is an importapees of
land-use planning and a difficult point for it. @raonal
planning methods are difficult to solve this prabldecause
land-use planning is multi-objective, external aspatial
decision-making system project. In this paper, A&@i-use
optimization model is brought forward based on iinfation-
sharing mechanisms and
optimization. The case study has shown that thithotehas
following advantages: 1) Good intelligence. Thetipbr can
just take the code of conduct of the particles taasideration
and have regard to both quantified factors and quoamtifiable
factors. The particles can make discrete jumpiragcbeng, too.
2) Simple implementation.
algorithm which involves complexity coding, the ficle
swarm optimization is able to finish all the op&as just
according to two values. At the same time, this eh@dso has
some shortcomings which need to be improved latigr:
Location updating mechanism. Particle swarm alforiitself
requests the distribution of particles is completandom, but
there is no continuous state in land-use spacepdticles are
advancing by leaps and bounds. Although we propbse
nearest neighbor rule to deal with it, the rule nahdeal with
the loosing of information as well as the issueth® games
between particles. 2) Algorithm efficiency. The ades mainly
do spatial analysis in practical applications, aride
computation is growing geometrically with the numbé map
spots increase, which has been the bottleneck tenéxthe
model in bigger regions. To solve these probleregvant
literatures (Wang J W etc, 2009 and Wang W L eta72and
Gong Q,2008)have given us good directions, suchaifying
the parameters, quantum PSO, grid computing arbvgagtor
data model, etc. In short, PSO has strong spacehsahility,
could deal with non-constant factors and couplesstinucture
of quantity and space effectively. However, howd&al with
the discrimination space as well as the algoritffficiency is
the key point that we need to solve.

the characteristics of ploba

Compared with the genetic

space to discrete space and information-sharinghamsms,
the number and area of particles and the gamesebatw
particles need further study.
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Figure.5 The optimizationpvat land-use

Overall, land-use planning plays an important role in

China's land resource management and economic macro-

control. The techniques and methods of land-usenpiag
should be improved constantly, which has bettediption
ability, high credibility and accurate spatial Itioa, to meet
the development of land-use planning.
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