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A Preliminary Study for Design of Automatic Block
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Abstract—Land reallocation is one of the most important steps in
land consolidation projects. Many different models were proposed for
land reallocation in the literature such as Fuzzy Logic, block priority
based land reallocation and Spatial Decision Support Systems. A
model including four parts is considered for automatic block
reallocation with genetic algorithm method in land consolidation
projects. These stages are preparing data tables for a project land,
determining conditions and constraints of land reallocation, designing
command steps and logical flow chart of reallocation algorithm and
finally writing program codes of Genetic Algorithm respectively. In
this study, we designed the first three steps of the considered model
comprising four steps.

Keywords—Genetic algorithm, land consolidation, landholding,
land reallocation.

I. INTRODUCTION

ARCELS of landholdings in the agricultural areas are

jointly owned, fragmented, away from each other and in
irregular geometric shapes. As a consequence of that,
agricultural landholdings can’t use modern farming methods.
Because parcels of landholdings are not monolithic, work
force demand increases, a great loss of time and areas that
can’t be cultivated occur. Therefore, agricultural productivity
drops constantly. Besides, agricultural parcels continue to be
fragmented through inheritance provisions, sale, newly opened
roads and irrigation channels. This situation entails land
consolidation on agricultural areas.

One of the most important aims of land consolidation
project applied in order to reform agricultural areas is to
increase the agricultural productivity. However, this activity is
carried out on the land that is fundamental for life and it is to
be used sustainably to meet the needs of future generations
[1].

Land consolidation is a necessary project to modernize rural
area, to make it economically livable place and to ease
environmental management [2]. This process can be
performed by thinking of economic, environmental and social
factors sophisticatedly [3]-[5].

The most complicated and the hardest step of land
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regulation projects is land reallocation. In constitution of new
parcels and their placement on lands, there are some technical
obligations such as farmer’s wishes, fixed installations, roads
and irrigation network, the most suitable parcel dimension,
parcel geometry, parcel size and parcel direction [6]. At the
same time relationship of adversary and relative, difficulty in
leaving the lands that inherit from fathers and grandfathers are
to be taken into consideration [7]. Land owners do not want
their lands to change place not only because of economical,
but also emotional reasons [8].

The developments in computer technology have enabled to
analyze complex and economical relationships and unclear
events, and to apply techniques to submit analyses as decision-
making help for users. These methods, which provide to detect
mathematical models of the systems and them to be optimized
to an applicable status for planning, have been the subject of
numerous studies in the purpose of eliminating the gap at this
stage and reallocation to be the most economical [9].

In the literature, several methods have been developed for
block (land) reallocation. Some of these are; Model Based on
Block Priority, [10]-[12] Special-purpose interface program to
perform land reallocation, [13], [14] Algorithm development
for land consolidation software, [15]; Use of transportation
models, a special case of linear programming in block
reallocation, [16] A new model approach in reallocation, [17]
Application of fuzzy logic in reallocation, [15], [18]
Application techniques of spatial decision support systems in
block reallocation, [19], [20].

Because it is not possible to use mathematical operations
for a problem that cannot be solved with the help of
continuous mathematical functions, development of methods
that function numerically has overly been seen recently. The
most actual of these is the modern optimization method,
named as genetic algorithm [21].

In this study, required preliminary studies were done for
being able to apply land reallocation with genetic algorithm in
the land consolidation projects. In this design, the first three
steps before stage of writing codes with genetic algorithm for
land reallocation were completed. Data tables were prepared
for a project land and reallocation conditions and constraints
were identified for an example landholding, and then
instruction steps and flow chart of block reallocation
algorithm were prepared.

I1. DEFINITION OF BLOCK REALLOCATION PROBLEM

In the area for land consolidation, Fig. 1 (a), roads and
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irrigation channels are firstly passed according to land’s
topography. Blocks are properly polygonal areas, which roads
and irrigation channels surround, Fig. 1 (b).

The remaining amount after deducting the share from the
total land amounts of each landholding in land consolidation
area is placed in blocks, if possible, in a single piece and as
parcels in proper geometrical shapes. In this location process;
preferences of farmers, fixed installations and provisions of
related legislation must be taken into account. As for this
situation, new parcels can be placed in blocks in many
different ways. Therefore, multiple options and solutions
emerge in this process. The aim is to find the most appropriate
solution for our goals. For this reason, block reallocation can
be defined as an ‘optimization’ process. Because the
optimization is to investigate the perfect solution in a direction
that is approaching the goal by considering the additional
information that can be obtained using information and data
emerging after determining the goal. At the same time, the
optimization is coexisting of multiple solutions of a problem
that are not equivalent but slightly near [21].

In this situation, genetic algorithm, which is one of the
optimization methods, can be used in block reallocation.
Because genetic algorithms offer different solutions based on
natural probabilities [22].

A. Design of Automatic Block Reallocation Algorithm with
Genetic Algorithm Method

A design of genetic algorithm for developing block
reallocation may consist of four steps: (1) preparing data
tables for a project land, 2) determining the conditions and
constraints in block reallocation, (3) designing command steps
and logical flow chart of reallocation algorithm; (4)
developing the program codes of genetic algorithm according
to this flow chart. In this study, first three steps were
completed.

B. Preparation of Data Tables

Two data tables were prepared. The first table consists of
landholdings’ first degree areas, their fixed installations,
landholdings’ remaining areas from fixed installations and
preferences of landholdings, Fig. 2 (a). The second table has
been created from the first degree areas of blocks, in which the
landholding areas will be placed, Fig. 2 (b).

In Fig. 2 (a), three preferences for landholdings have been
made. For the areas of landholdings that have fixed
installations, one preference has been made; for the remaining
areas, three preferences have been made. In Fig. 2 (b); block
areas are shown, in which landholding areas are placed.
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Fig. 1 (a) Land Consolidation Project Area and (b) Block Plan
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Fig. 2 (a) Table view of Landholdings’ 1.Degree area, fixed
installations and preferences (b) Table view of Landholdings’
1.Degree areas

C. Reallocation Conditions and Constrains

In order to apply genetic algorithm in block reallocation,
conditions and constraints in block reallocation are needed to
be determined at the first step. If these conditions and
constrains are determined for block reallocation of a
landholding, they can also be used for that of other
landholding areas. The conditions and constrains identified for
modeling are preferences of landholdings and fixed
installations. At the second step, two genetic algorithm data
tables have been prepared.

If reallocation conditions and constrains for one
landholding are determined, they will also apply to other
landholdings. These are shown as follows;

A = Landholding Areas.

F = Block Areas.

AS5g = Remaining land out of the landholding’s fixed
installation lands.

The fixed installations areas of landholdings will be placed
at the first step. Because fixed installations areas are
determined on land or orthophoto maps given in Fig. 3, area at
the first preference will not be bigger than its own value and
will locate. Otherwise, the program should give an error
message, because it means that there is an entry error.

At the second step; the remaining areas from fixed
installations of landholdings will be placed in three
preferences that are specified at the first table. Because places
of landholding areas are fixed at the first step, genetic
algorithm will be applied for the remaining areas of

landholdings at the second stage. In Fig. 2 (a), landholding no.
5 has been chosen as sample.

FIXED INSTALLATIONS

Fig. 3 Condition of Blocks and Fixed Installations on Orthophoto
Map

The reallocation conditions and constrains for this
landholding have been created according to fixed installation
and preferences:

1) If there is a fixed installation, if AS5-1 is less than or equal
to F108, place it at the first preference. If not, give an
“entry error” message.

2) Continue with this operation, until the parcels that have
fixed installation areas are over.

3) Take the next step.

4) If landholding has a remaining area, if ASg is less than or
equal to the l.preference area (F119), if there are fixed
installation parcels choosing the same block (F119) at the
l.preference, determine the number of them. Divide the
areas preferred for this block into the parcel number
preferring the same block. For ASg, place in the
1.preference as much as the emerging area. If not (if there
are no other fixed installation parcels choosing the same
block (F119) at the first preference), place AS5g in its
1.preference. If ASg is greater than the 1.preference area
(F119), if there are fixed installation parcels choosing the
same block (F119) at the first preference, determine the
number of them. Divide the areas preferred for this block
into the parcel number preferring the same block. For
ASg, place in the 1.preference as much as the emerging
area. If not (if there are no other fixed installation parcels
choosing the same block (F119) at the first preference),
place from ASg as much as F119 area in the 1.preference
(F119).

5) Calculate the remaining area of ASg. If the remaining area
of ASg is less than or equal to the 2.preference area (122),
if there are fixed installation parcels choosing the same
block (F122) at the 2.preference, determine the number of
them. Divide the areas preferred for this block into the
parcel number preferring the same block. For the
remaining area of AS5g, place as much as emerging area in
the second preference. If not (if there are no other fixed
installation parcels choosing the same block (F122) at the
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second preference), place the remaining area of ASg in
the second preference. If the remaining area of AS5g is
greater than the 2.preference area (F122), if there are
other fixed installation parcels choosing the same block
(F122) at the second preference, determine the number of
them. Divide the areas preferred for this block into the
parcel number preferring the same block. For the
remaining area of AS5g, place in the second preference as
much as the emerging area. If not (if there are no other
fixed installation parcels choosing the same block (F122)
at the second preference), place from the remaining area
of A5g as much as F122 area in the second preference.

6) Calculate the rest of the ASg area.

7) If the rest of the ASg area is less than or equal to the
3.preference area (F123), if there are fixed installation
parcels choosing the same block (F123) at the
3.preference, determine the number of them. Divide the
areas preferred for this block into the parcel number
preferring the same block. For the rest of ASg area, place
in the third preference as much as the emerging area. If
not (if there are no other fixed installation parcels
choosing the same block (F123) at the third preference),
place the rest of the ASg area in its 3.preference. If the
rest of the ASg area is greater than the 3.peference area
(F123), if there are other fixed installation parcels
choosing the same block (F123) at the 3.preference,
determine the number of them. Divide the areas preferred
for this block into the parcel number preferring the same
block. For the rest of ASg area, place in the third
preference as much as the emerging area. If not (if there
are no other fixed installation parcels choosing the same
block (F123) at the third preference), place from the rest
of the A5g area in its 3.preference.

8) Calculate the area of AS5g, which can’t be placed in it
preferences. Compare this area with block areas that have
free space (from F101 to F126) and place them in any
block, provided that they are less or equal to the ‘block
area’.

9) Ifthe area of AS5g, which can’t be placed in it preferences,
is greater than block area (from F101 to F126), place as
much as the free space in the blocks.

10) If there are no fixed installations, carry out the operations
from 4 to 9.

11) Print the placement table.

D.Command Steps of Block Reallocation Algorithm

The command steps of block placement algorithm have
been created according to the reallocation conditions and
constrains determined for the landholding no.5 as follows:

1) Read the following block number.

2) Calculate the total amount of area per block by basing on
the fixed installation table.

3) Compare the block area information with calculated total
area information.

4) Update the area information in placement table and the
remaining area information in block table, if area

information in the block sequence number is less or equal
to the parcel value to be placed.

5) Ifnor, program should give error massage (HALT).

6) Is block number over? If so, take the next step; if not,
return to the first step.

7) Sum the remaining area information at the table of
preferences.

8) Is the remaining area information zero? If not, take the
next step.

9) Gets the value of the column information of the following
preference area.

10) Is the information of the following preference area zero?
If not, find out whether there is any landholding in the
preference list making the same choice.

11) Find out the remaining area information of landholdings
making the same choice and the remaining area
information in block, and compare them.
If the information of the remaining area is less than that of
in block, place the areas of landholdings making their
choices and update the placement table. If not, divide the
remaining area information in the block number of this
preference into landholding number preferring the same
row, and write the emerging area information in the
placement table for landholding showing them in their
preferences. Update the remaining area information in
preference table and placed preference information.

13) If the preference list is over, go on the next step; if not,
continue from 14.step.

14) Is the remaining area information zero? If not, go on to
the next step.

15) Get the remaining area information of the following
landholding that has also remaining area.

16) Read the following block information that has remaining
area.

17) If the area information of the following free block is less
or equal to the remaining area of the following
landholding, assign this area to that block. Update the
placement table and the remaining area information in the
list of preferences. If the block list is not over, return to
16.step.

18) Is the remaining area list over? If so, go on from the next
step. If not, return to 15.step.

19) Is the remaining area information zero? If not, go on to
the next step. If it is zero, end the program.

20) Get the remaining area information of the following
landholding that has also remaining area.

21) If the area information of the following free block is
greater than the rest of the landholding area, assign as
much as free area in block area from the rest of the
following area to block. Update the placement table and
the remaining area information in the list of preferences.
Then return to 19.step.

E.The Flow Chart of Automatic Block Reallocation
Algorithm

12

~

The flow chart has been created according to the command
steps of block reallocation algorithm given in Fig. 4.
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Fig. 4 Flow Chart of Block Reallocation Algorithm

III. CoNCLUSION

In this study, required preliminary studies were done for

being able to apply land reallocation with genetic algorithm in
the land consolidation projects. In this design, the first three
steps before stage of writing codes with genetic algorithm for
land reallocation were completed. Data tables were prepared
for a project land and reallocation conditions and constraints
were identified for an example landholding and then
instruction steps and flow chart of block reallocation
algorithm were prepared. In the following study, the genetic
algorithm codes will be written according to command steps
of block reallocation algorithm.
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