APPLICATION OF FUZZY LOGIC AND TRANSSHIPMENT MODEL TO SPATIAL LOAD FORECASTING
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Abstract: This paper presents a novel landuse basedased SLF methods divide electric customers into several
spatial load forecasting method. Two major improvementdasses, called landuse classes, according to their load and
have been made for the landuse simulation process, whiamduse characteristics [1]. Given typical load curves,
is the core of spatial load forecasting. Firstly, fuzzy logitanduses can be easily converted into loads, and vice versa.
technology is applied to address the suitability evaluatiomherefore, the landuse simulation process, which simulates
problem, then transshipment model is used to produce #re future development of small areas, is the core of spatial
optimal landuse allocation scheme. The proposed methtwhd forecasting [1, 6]. This paper will focus on addressing
has been applied to a real distribution system, anthis process.

reasonable results have been achieved.
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Figure 1. Land Use Simulation Process

As shown in Figure 1, landuse simulation process

involves four stages [6]: 1) collecting spatial attributes for
1. INTRODUCTION each small area, such as distance to urban pole, highway,
etc.; 2) setting up each kind of customers’ preference and

The first step toward successful distribution planning ifequirement on spatial attributes, for example, industrial
the correct anticipation of load growth which the system isites preferred to be close to highways; 3) evaluating how a
expected to serve. The distribution load forecast musnall area is suitable to develop some kind of customers by
predict not only the future loads, but also their locations, Whatching small area’s attributes against customers’
sufficient geographic detail to allow the planners to locatgreference and requirement; 4) allocating total landuse
and size distribution equipment additions such &grecast to small areas. In the wake of geographic
substations and feeders. During the last decades a brg@gdrmation system, spatial data collection is no longer a
spectrum of computerized approaches, called spatial l0gfhjor problem. In the second stage, expert knowledge and
forecasting (SLF), have been developed for accomplishim@guistic descriptions are often used by planners to set up
such forecast, ranging from simple extrapolation-baseghduse classes’ preference on spatial attributes. We are
trending methods to the most complicated landussiten heard of such kind of expressions as: if a small area is
simulation based SLF [1-6]. No matter which method ifoderately close to highway and urban pole, then it is very
employed, the SLF aims to provide a forecast of spatigliitable for a residential site. Most of these linguistic
load distribution which establishes the Ioading reqmremeﬂbscriptions such adoseandsuitableare fuzzy in nature
that long and short range planning must meet [5]. [3, 4, 6].

SLF is accomplished by dividing the utility's service |n this paper, fuzzy logic technology and transshipment
territory into a grid of small areas, either uniform ofmodel are applied to address the landuse simulation
irregularly shaped, and then forecasting future load fjrocess. Firstly, we use fuzzy expert systems to simulate
each area [1]. The trending methods predict each smalich kind of customers’ preferences on spatial attributes,
area’s load by extrapolating its historical load curve int@hich are best to be represented by fuzzy rules. Then
the future, and are only applicable to short-range plannimgzzification, inference and defuzzification methods are
[1,2]. Almost all modern SLF methods for long-rangntroduced to produce a “score”, which reflects how
planning are based on allocation of previously forecaste@itable a small area is for the growth of some kind of
total system load into a grid of uniform small areas. Thelgnduse. After suitability evaluation process, transshipment
are two reasons to do so [1, 2, 6]: 1) Compared with smallodel is employed to produce an optimal scheme to
area load, which seldom exhibits smooth continuousiiocate total landuse forecast to small areas, so that all
growth, system load is easier to be predicted; 2) Loaghall areas make the best uses. The second part of this
forecast for distribution system should be consistent witfaper shows landuse simulation process fits well into an
that for transmission and subtransmission system, whigplication of transshipment model.
are planned on system load forecast. The proposed method was tested on a real distribution

In order to simulate which kind of customers and howystem in north China, and advantages over traditional ones
much landuse will be developed in small areas, simulatiofere demonstrated.



2. MATHEMATICAL FORMULATION OF LANDUSE In making landuse decisions, we have to determine
SIMULATION PROCESS which kind of customer will be developed in each small
area, and how many. This procedure can be simulated by an
In order to find other alternatives to deal with landuseptimization model, which seeks an optimal landuse
simulation process, this section presents a mathematiedibcation scheme, while subjecting to two major
formulation for spatial load forecasting. constraints: 1) for each small area, the total landuses
Spatial load forecasting involves a lot of spatiasummed by landuse classes couldn’'t exceed the available
information collected from Geographic information system,q,ses L°

Let U Layer represents a collection of attribute layers in )
fanduses summed by small areas should equal to the

reviously forecasted total landuses of this clbss Thus,

(2) for each landuse class, the total

landuse mapap. A rasterization process creates a grid of

uniform small areas while collecting spatial attribute®
: landuse allocation stage can be formulated as:
F(x,y) with respect to small argg, y) 9

R(Map(| Layer)) =F,,, () max 2 2. Ploylin O

From the mathematical point of view, spatial Ioa%

forecasting problem can be represented as three mappingsl:JbJeCt to:
f f f Ly = L' (6)
I:(x,y) : L(x,y) : sx,y) : S (2) (xzy:) Xy
Where, f, maps spatial attribute to landuses . i d
1 P P F(x,y) Zl L(X’y) < L(X'y) (7)
Ly ! f, converts landuses to electric Ioeﬁéxvy). In
SLF, f2 can be further represented as: P(X'y) = fl(F(X‘y)) (8)

m m ' f
: —\i -\'g If f, is known, substitutind®, ., in equation (5) with
Sy =2l xLG =28, © L NGy In equation (5)
i=1 i=1 (8), the landuse allocation problem will become a
transshipment model. Therefore, we can use transshipment
where,mis the number of landuse classé<C. is the load model to simulate the allocation stage in landuse simulation

density of class, Li(x,y) and S(iX’y) represents class’s process. Withf, in hand, the only problem remained is to

landuses and electric load respectively. find the mapping fll, i.e. how to evaluate the suitability of
After all small areas’ loads are obtained, system loagmall areas for landuse classes.
S can be calculated by a simple aggregation operor Fuzzy logic technology has been widely used as

function simulators to deal with problems which are hard to
be solved by traditional methods. Here, fuzzy logic is used

Se= Ta(Sen) = (XZY)SW’” ( to simulate f, , which can be reformulated as:
In equations (3) and (4)f, and f, are two simple fo 1Py —202esp 9)

mappings, whose purpose is to convert landuses to electric

load. However, f, is highly nonlinear, stochastic, spatial  Through procgdures of fuzzification, inference and
and time dependent, and too complicate for us to find &efuzzification, f; produces scores by matching spatial
accurate mathematical expression. In fad:tr is the attributes with preference rules, one score for each class.

landuse simulation process, which can be further

f lated iti ft th ings;
ormulated as a composition of two other mappings; L o\v DIAGRAM OF SPATIAL LOAD

fi=fiofi. Where, f:F,,—R,, maps spatial ForecAsTING

attributes to preference scofg, ), and f, : R, xy) This section presents a flow diagram for spatial load
converts preference scores into landuses. It's obvious thefecasting. As shown in Figure 2, SLF consists of four
fll and f1" correspond to the suitability evaluation andnterrelated modules. In the first module, rasterization

landuse allocation stage, as shown in fig.1, respective '_vides utility's service tgrritqry in.to. a grid of uniform
The key to landuse simulation process is to find these t all areas, and categor|z:_:1t|on distinguishes one landuse
mappings class from another according to both landuse and load



characteristics. In the second module, end-use load forec@able 1. Spatial attributes of small areas

is to provide the future typical load curves of landuse Factor Spatial Attributes

classes, which plays an important role in converting systemcal Undevelopable areas due to geographic
load forecast to each class’s landuse forecast, and Agtributes governmental and environmental
translating landuse decisions to load distribution. As|to restrictions, etc.

system load forecast, a variety of forecasting methods |cRfoximity Distance to highway, road, school, urban
be used. Although all these steps mentioned above are |[VEBEGtor pole, district center, etc.

important in producing correct distribution load forecaSisurrounding| Residential areas within 0.5km and 1.5Km,
the following sections will concentrate on applications |ofactor commercial areas within 1.5km, etc.

fuzzy logic technology and transshipment model to landuse
simulation process.

| 13, DataBase | 3.2 Preference Fuzzy Expert System
t After spatial data collection, we have to set up
Basterization L;:i;ﬁisofs preference expert system for each landuse class. In spatial
L | [ -aesonmabon | load forecasting, linguistic descriptions are often used to
; * express landuse requirements and preferences. For
example, residential customers in Beijing prefer to live
Spatial Data | | Fumzy Expert | ! ilsvstem Load)| | near urban, to be close but not too close to road and
Collection SystemFetup | || Forecast | | subway in order for easy traffic but avoiding noise, to be in
|\ Suitability J EndUss | | vicinity of school and marketplace, and in beautiful
Evaluation i || Forecast | surroundings. From this example, we can see that
¥ : Landuse | | suitability evaluation is multi-objective. A community in
;ﬁf;f;n 4 Forecasts By] : good surroundings may be far from urban. A compromise
' Classes | | is needed to make a final decision.

Landuse 3imulation Process

Table 2 Preference Fuzzy Expert System for Residential

Tanduse Customers
Decisions : Evaluation Weighting Fuzzy Rules for
¥ i Criterion Factor Evaluation
~Load Distance to urban 0.9 VH-SP; H-MP; N-NT;
Distuibution ; pole ' L-MA; VL-SA
§ Landuse-Load Conversion : Distance to VH-SP; H-MP; N-NT;
district centers 038 L-MA; VL-SA
Fig 2 Flow Diagram of SLE Distance to 0.8 VH-SP; H-MP; N-NT;
. nearest road ' L-MA; VL-SA
3.1 Example System and Data Preparation Distance to o8 VH-SP. H-MP. N-NT-
In order to help reading, a real distribution systemmearest school ' L-MA; VL-SA
located near Beijing, China, is given as an example. At |tlResidential areas VH-SP; H-MP; N-NT;
present time, the system’s service area is abdut20he | within 0.5km 0.7 L-MA:; VL-SA
planning area is about BOF, including a high-tech zone in Commercial areas VH-SP: H-MP; N-NT;
the south and another development area in the east. Thgf&in 1.5km 0.7 L-MA:; VL-SA

are no developable areas in the west and north due to

geographical, governmental and environmental restrictiongotes: VH very high, H high, N Normal, L low, VL very
As ShOWn in Figure 5, the SerVice area iS d|V|ded intO 1Q8W, SP Strong'y prefer, P preferred, NT norma'y A against’
small areas, each 0.5km long and 0.5km wide. F@&$A Strongly against. Actual meaning depends on which
simplicity, we classify electric customers into four landusgpatial attribute it is being applied to.

classes: industrial, commercial, residential and institutional.

Spatlal attributes are collected from GIS platform for each In order to make mu|ti_objective decisionsy We|ght|ng

small area, and grouped into three factors, as shown fifttors with respect to evaluation criteria are set based on
Table 1. Local factors are attributes of the small area |tsq|ﬁe decision-maker’s preference_ For examp|e, We|ght|ng
mOStly related to the land’s SUItablllty to be built upon irfactor 0.9 for “distance to urban” means it is a very
any manner. To have any possibility of development, jmportant criterion in deciding whether a small area is
small area must have terrain that can be built upon. It mugfitable for residence. Table 2 lists the residential
not be precluded from development by law and oth@ustomer’s preference rules we used in the example system.
factors. Proximity factors measure influences that arphe last column of this table presents a set of fuzzy rules
mainly a function of distance. Surrounding factor indicategsed by each criterion. VH-SP is a rule, which means if VH

the residential and commercial activities around certatien SP. VH and SP are fuzzy sets, which will be described
small area. If commerce around a community iS OV&f the next section.

developed and saturated, no business would like to enter.



3.3 Fuzzy Logic Techniques Applied to Landuse enough. For example, for “distance to urban”, suppose the
Simulation Process universe of discourse is between 0 and 10km, we can still
use the fuzzy set template mentioned above to describe
In order to use fuzzy logic technology to solve landuskizzy variables “very close”, “close”, “Normal”, “Far”,
simulation problem, there are several issues needed to“®ery Far”, by normalizing [0, 10] to [0, 1].
addressed:
1. How to implement linguistic descriptions such as |V H N L \C
“close” and “far"?
2. How to evaluate a small area’s spatial attributes against

each criterion using fuzzy rules extracted from \
distribution planner’s knowledge and experience, such o
as those listed in table 2? 0 0285 om0 10
3. How to judge the suitability of small areas by Figure 4 Membership functio n
compromising all evaluation criteria, and produce a gyzzification process converts actual numerical value
final preference score? (in this case spatial data) to its membership value (fuzzy).

In this paper, three popular fuzzy logic techniques af€q; “gistance to urban”, a relative value of 0.3 has a
used to answer these questions. Membership functions W{bmbership value 1 for “close to urban’. After the fuzzy
be used to convert the input values (crisp spatial data) ifjerence process, the results should be converted back to
the linguistic descriptions and membership values. Thgal crisp output (in this case, suitability score) by a
Mamdani inference is used to aggregate inputs and fuzgyscess called defuzzification. In this paper, the most

rules. Centroid rule, which is the popular method tgreyalent centroid rule approach is adopted.
perform defuzzification in fuzzy logic, will be used to

evaluate the fuzzy output into a crisp one. Fuzzy mult 3 2 Min Fuzzy Inference

criteria analysis is employed to give a compromise Min fuzzy inference is a popular approximate reasoning
suitability evaluation. The suitability evaluation processechnique, whose purpose is to aggregate fuzzy information

where fuzzy logic techniques are applied, is shown igng fuzzy rules. Suppose there are 2 rules in a knowledge
Fig.3. For each small area, suitability evaluation igase which are described as [8]:

accomplished by judging spatial attributes against eagh . . . . .
criterion using the min fuzzy inference method, and thecrél' If xis A andyis B;, thenzis Cy;

doing fuzzy multi-attribute analysis. R,:If xis A, andyis B,, thenzis C,;
| P | Where, A, B, and C, are fuzzy sets, whose meanings
A utes
* depend on where they are applied. Gixerk, andy=Y,,
I e s e s s e 1 I
! Crriteria 1 Criteria n ! the fuzzy outputC of z can be written in membership form
1 1
! | Fuzzification | | Fuzzification | ! as:
: | | i
1
1 1 .
| [ Femymier | [ Tamymiee ] | p )= magmind 1y () s (v oo OB
1
E | Defuzmification | | Defuzmification | i
e o ;—---------------' Applying this technique to each criterion’s knowledge
Tl tribate base illustrated in table 2, we can obtain a fuzzy suitability
Analysis evaluation with respect to that criterion. The
1 defuzzification process described in section 3.3.1 will
o _ output a crisp suitability value.
Suitability Evalaation

3.3.3 Fuzzy Multi-Attribute Analysis

It has become more and more obvious that comparing
) . L different ways of action as to their desirability, judging the
3.3.1Membership  Functions,  Fuzzification — and g jtapility of products, determining “optimal” solutions in

Defuz?mcatlon . - | hat h decision problems can in many cases not be done by using
A fuzzy set is a set containing elements that have qingje criterion or a single objective function [7]. As to

varying degree of membership in the set. Elements ofyg, |anguse simulation process, whether or not a small area
fuzzy set are mapped to a universer@mbership values g g jitahle as a residential or commercial sites should be

usuqlly [0, .1]’ and is t(_armemembersmp functiof8, 4, 7]. judged by a number of criteria, such as proximity and
In this section, we define five trapezoid fuzzy sets, and U@ ounding factors. Fuzzy multi-attribute analysis, which
them as a template. As shown in fig.4, n.ot onl% ncentrates on decision making with several criteria, is
membership values of fuzzy sets but also universe g plied in this paper to aggregate single-criterion

discourse are normalized to interval [0, 1]. Using thi§, 5 ation results obtained by fuzzy inference technique
technique, we don't have to define as much fuzzy sets gs..ribed in 3.3.1 and 3.3.2.

the number of spatial attributes previously defined, five is Recalling the fuzzy expert system illustrated in table 2,

Fig 2 Suitability Fraluation Process



let W, denote the weighting factor with respect to criterion The proposed model is exactly an imbalance
_ _ o _ transshipment model. Using suitability score as “prices”,
i, 0 denote the single-criteria judgement with respect tgevelopable areas as “capacity” and landuse forecast as
criterioni. The multi-criteria evaluation can be written as: “requirement”, the optimal landuse allocation problem can
be easily solved.
E=minma{l-w,,o 1 By contrast, the traditional r_nethods in I|terat_ure [1, 2,
" i X 10l (11) 5] solve this problem by allocating landuses to high-scored
areas for each class until all the forecasted landuses are
Where, E is the final multi-criteria evaluatiow, acts as a allocated. Study shows that the allocation scheme given by

. . this kind of allocation methods is equivalent to the initial
threshold to let unimportant criteria have less effect Ofbution

judgement.
Using table 2 as an example, there are six criteria
judging small area’s suitability for residence. We use sm

area 55 in our example system to illustrate the process@fye 4 Transshipment model applied to optimal landuse
multi-attribute analysis, as shown in Table 3. allocation stage

obtained by northwest corner rule in
transshipment model [9]. Obviously, transshipment model
aéﬂves more reasonable results.

Table 3. Example for Fuzzy Multi-Attribute Analysis SitCelass IND COM INS RES | DA

.. | Weight Spatial 3
Critena Factor Data o max1-w;,0,) 1 M1 M2 M3 M4 a
1 0.9 027 | 0.75] 0.75 > p r r r |a
2 0.8 0.10 0.77 | 0.77 2 22 28 24 2
3 0.8 0.30 0.75 | 0.74 3 M3 I3 33 M | &
4 0.8 0.40 0.65 0.75

4 r r I r a

5 0.7 0.65 0.70 | 0.70 4 42 43 a4 4
6 0.7 0.94 0.81 | 0.81 LF b, b, b, b,
Multi-criteria suitability 0.70 Notes: IND industrial; COM commercial; INS institutional;

RES residential; DA developable areas; LF landuse
forecast by classes
3.4 Landuse Allocation Decision Using Transshipment
Model
3.5 Load forecasts for the example system
The last step of landuse simulation process is the
landuse allocation stage. This stage involves the allocation The proposed method has been applied to the example
of previously forecasted landuses to small areas accordiggstem to predict the load distribution of future 13 years. In
to scores obtained at the suitability evaluation stage. #ider to do multi-stage distribution planning, the forecast is
order to illustrate how well transshipment model fits into @one in three stages, i.e. year of 2000, 2005 and 2010.
landuse allocation decision, we make the following lisBesides, the authors believe that this stage-by-stage
(table 4), wherer; is the suitability score of small area forecasting style is more suitable for spatial load
forecasting. The load distributions, as shown in Figure 5,

with respect to landuse class-rom table 4, we can easily :
see that the following optimization model [9] is applicablé: learly demonsrate the load growth process, both spatially

to the landuse allocation stage. and temporally.

Max) > xr; (12)

Subject to:

Z X <8 Z X = b X = 0 (13) Figure 5. Load distribution for year of 2000, 2005 and 2010
j i

Where X; is the landuse allocated to small afewith
respect to landugeand is a decision variable.



4. CONCLUSIONS distribution system planning. Incorrect forecasts, either
wrong magnitudes or wrong locations, will make new

Spatial load forecasting is a fundamental part cfubstations and right-of-ways acquired at wrong locations,
leading to much higher costs. System, Vol. 13, No. 3, August 1998.

This paper presents a novel landuse based spatial log&#] E. - C. Yeh, Hahn Tram, “Information Integration in
forecasting method. Two major improvements have beerComputerized Distribution System Planning”, IEEE
made for the landuse simulation process, which is the cor@ransactions on Power System, Vol. 12, No.2, May 1997
of spatial load forecasting. Fuzzy logic technology is [6] Tianhua Wang, Pingyang Wang, Mingtian Fan,
applied to address the suitability evaluation problem, and‘Application of Genetic Algorithm, Fuzzy Logic and
transshipment model is used to produce an optimalTransshipment Model to Spatial Load Forecasting for
landuse allocation scheme. The proposed method has be@istribution Planning”, Power System technology, January
applied to a real distribution system in Beijing, and 1999 (in Chinese).
reasonable results have been achieved. [7] H. J. Zimmerman, “Fuzzy Set Theory and Its

This paper also have put forward a mathematicalApplications”, Chapter 12: Decision Making in Fuzzy
formulation for spatial load forecasting, which will help Environment, Kluwer-Nijhoff Publishing, 1995.

SLF researchers find other alternatives to deal with the[8] Guangsheng Wang, “Fuzzy Control, Neural Network,

landuse simulation process. As described in section 2, th&enetic Algorithm and Their Coordinations and

key to solve the landuse simulation problem is to find two Applications to Power System”, Chapter 2: Fuzzy Control,

mappings, which correspond to the suitability evaluationDoctoral Thesis of EPRI, China (in Chinese).

and landuse allocation stage. [9] Zhongxi Wu, “Linear Programming and Integer
Programming”, EPRI of China, 1986 (in Chinese).
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