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ABSTRACT

In order to accurately predict the ownership of CNG automobile, Grey System Theory GM Model and Elastic
Coefficient Method were investigated to and compared in terms of their prediction errors. . A new Combined Model
was established based on the Weight Factor, which is calculated by using Suboptimal Combination Method and the
Linear Combination Model. Compared to the Sngle Model, the prediction accuracy of the new Combined Model is
greatly improved when it was applied to predict the CNG automobile ownership in S province and the errors
achieved are no more than 10% than before Thus the study demonstrated that the new Combined Model was
effective and practical in its application on the rational layout of the gas stations.
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INTRODUCTION

In recent years, with the increase of the vehideutation in China, a large amount of automobilbaaist has been
discharging which leads to the serious atmospheletipn. The development of compressed natural (G:$G)
automobile is the important way to solve the probl€ompressed natural gas automobile has advanthgasety
and environmental friendliness. After years of depment, the technologies of CNG automobile and gfaton
have become increasingly mature, but the theothiefayout of the CNG stations is still in the eogakion, it brings
adverse effect to the development of CNG automabdastry in our nation.

Taking Sichuan province as an example, during tlexelith Five-Year period, the number of CNG statimty
increased by 57 which is far less than that of Ci@mobiles [1]. The shortage of gas station ndy poses an
obstacle to the CNG vehicles 'refueling, but alas in unfavorable impact on the development of @NtBmobile
industry. We should focus on the study of the reabte layout of gas station so as to effectivebnpote the use of
natural gas resource, the prediction of CNG autalm@opulation is a prerequisite for the planniid®NG stations.
According to that prediction, the more precise @ctipn of the needs of gas station can be madedp the balance
between developments of both gas station and CNG@vabile and avoid overbuilding and deficient byl as
well.

EXPERIMENTAL SECTION

The combined model

There are many prediction methods, some of themusgd commonly in many fields, including: grey theGM (1,
1) model, regression analysis, elasticity coeffitimethod and etc. Among those theories, the dregry model
which requires a small sample size, has been ugbdywn data forecast, such as prediction of iroick, electricity
demand forecasting and traffic volume forecast. tBatprediction accuracy is acceptable only whensdmple data
conform to the index under the condition of inciregsand decreasing, it is different from the actitlation of the
growth of the natural gas car ownership, Secondiynemic development is an important factor fordegelopment
of CNG car ownership, the grey theory model castalgish direct contact between CNG automobile osltip and
the speed of economic development. Elastic coefficmethod can indicate the relationship betweerettonomy
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and prediction result. Although elastic coefficieméthod has been applied in many fields, it cafléct the impact
of other factors and the prediction accuracy ishigh.

Combined model can integrate the advantages ofesmgdels, it improves the prediction precision. p¥edicted
the CNG automobile ownership through adopting licembination model to establish new model on theisbaf
those two methods.

The grey system GM (1, 1) model

The "Grey" in the grey forecasting method meansnmglete information. grey prediction method is blshed
based on the uncertainty of information, the eshbient of the grey prediction model does not nexlots of
sample data, so the application range is very {@dtle

The GM (1, 1) model is used usually, Here is hoig @onstructed:

Assuming a time serie¥ © have N observations:
XO ={X @), X @), X}

)
We can get a new series through accumulation:
k
X®(k)=> X (k)
=1 )
X® ={X 9D, X9(2),--, X Y1)} @)
The corresponding differential equation of grey @Giddel is:
@
95—-+0X“)=A1
dt 4)
a ——developing gray scale H___The endogenous control gray scale
@ is estimated parameter vector, we can got it byehst square method:
~ T -1
a=[a u :(BTB) By, -
=[x © (0) (0)
Ynisa column vectoPn ~ [X (2, X ) @, X (n)]T
_%[x @ @+ X () (2)] 1
lxog+xo@)] 1
B=| 3 @ (€)
1 o . @ .
——[X (n-1)+ X (n)] 1
L 2 _ (6)
Solve the differential equation, got the GM(1,1¢dlict model:
XOK+1) =| XO@) - £ | + £
a a (k=012---,n-1) )
Restored the model to get:
0(0) o® g@
x (k+)=x (K+1)-x () )
0(0)
X (k+1)

is the predict result of CNG automobile ownership.
Elastic coefficient method

CNG automobile ownership and economic developmawe¢ ftlose relations, With the development of econdhe
CNG automobile ownership is increasing. economiebigoment is characterized by GDP. Elastic coeffitis the
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key of elastic coefficient method [3, 4], Elastmefficient is the ratio of CNG automobile ownershite and GDP
annual growth rate.

Elastic coefficient e can be calculated by the fdenbelow:
e=£
a )

'Gis the annual growth rate of CNG automolffieis the annual growth rate of GDP, usually we get Aerage
value as sample data.
To predict model is:

— t-to
M =M ,1+exa) (10)

M s the predict result of CNG automobile ownersMﬁ’, is the CNG automobile ownership in base year,

Elastic coefficientp is predicted annual growth rate of GDP, t is tredjcted yeart,0 is base year.

The new combined model

Bates and Granger combination forecast theory grutefrd for the first time in the 1960s [5-7], a dined model
can improve the prediction accuracy, it has beeatelyistudied and applied. According to the functielationship
between combination prediction and single predigtid can be divided into linear combination modeld the
nonlinear combination model, the linear combinatioadel is more suitable for the application.

Linear combination described as:

=i

(11)

f(t) As the combination model predictiOIti,(t) is the first | forecast model in t time, is the weight of the modél
the scope ofv is 0 tol,and the sum is 1.

Got the weight factor

The key of combined method is determining the weitirere are two methods to determine the weightinl
combination method and the suboptimal combinaticethad, the calculating process of optimal combarati
method is relatively complex, the suboptimal coralion method is simple, and the prediction accudpe two
methods are almost same[8], the suboptimal combimahethod is more convenient. The optimal comlbamat
weights calculation formula is:

1 n
o, =,/— (% — )
e (12)

g=> 0
i=1 (13)
_o-o _ 1
(. — X
o m-1 (14)
g is the standard deviation of the error of moigelis the sum of the standard deviation of the erfamodels ,
W

I'is the weight of model
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RESULTSAND DISCUSSION

Examples of application

Predict the CNG automobile ownership in S provihgerhe grey system model, the elastic coefficientiet and
the new combination model .Select the CNG autoreabivnership in the S province from 2003 to 200g8aamples.
The CNG automobile ownership and economic develaoypsria the S province from 2003 to 2007 such alethb

Tablel Sprovince CNG car owner ship and economic development

GDP growth CNG automobile  Growth rate of CNG

time GDP(16vuan) (Annual %)  population(16) automobile (annual %)

03 5456 11.8 4.71 18.64
04 6379 12.7 5.55 17.83
05 7385 12.6 5.95 7.2
06 8690 13.5 8.58 44.2
07 10562 14.5 12.98 51.28
average 13.02 27.83

Grey system method
First, We used sample from tablel to make the maigtime series

X© ={4.71,5.55,5.95,8.58,12.B,
translated it to a new time seri¥s” ={4.71,10.26,15.85, 24.43, 37}4established matriB andy, :

-7.485 1
-13.055 1
1
1

-20.14
-30.92

y, =[5.55,5.95,8.58,12.98
We got @ =[-0.3315, 2.3318]by MATLAB and established the model:

X®(k+1)=11.748%% - 7,03.(k = 012,---,n-1)
M, =XOk+1)=XPk+1)-XPK)

M, is the predicted result of CNG automobile owngrdly grey system method

According to the model, we got the predicted restif province CNG automobile ownership from 2002011 by
grey system method as shown in table 2:

Table2 The predicted results of the grey system model

time 2008 2009 2010 2011
The predict result(f) 17.15 24.21 36.89 46.98
Actual value(16) 17.8 20.6 25.2 31.4
error -3.8% 17.5% 46.39% 49.61%

As table 2, in the first year the result is verguwate, the error is within 5%, but in the secoedryit is close to
20%, with the passage of time, error is biggerlaigder, the grey system model is not suitable fedimm and long
term prediction of CNG automobile.

Elastic coefficient method
Got the elastic coefficient from the sample in tidlglel:

0,
oo B_2183%_, .,

a 13.02%
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14 is average annual growth rate of CNG automobilearship of the sample?, is average annual growth rate of
GDP of the sample. We got the elastic coefficiéht Set 2007 as base year, according to data releasexttie
government of S province in 2007, the growth rdtexpected GDP is 9%, established the new comhimadil:

_ 2007
M, =12.98x (1.1926) (t=2008, 2009...)

2 is the predict result of CNG automobile ownerdbyjpelastic coefficient method

To research the relationship between the growth shexpected GDP and the accuracy of the predigtsalt, we

established another modelY| 2 by using a more accurate the growth rate of exggeGDP, the value is 13%:

. _ 2007
M, =12.98¢ (L.2782)™ ;108 2009...)

The predicted result of S province CNG automobiaership from 2008 to 2011 by elastic coefficierdthod as
shown in table 3:

Table 3 The predicted results of elagtic coefficient method model

time 2008 2009 2010 2011
The predict result when the growth rate of expeGEWP is 9%(16) 15.48 18.46 22.02 26.26
The predict result when the growth rate of expeGEWP is 13%(1f) 16.59 21.21 27.11 34.65

Actual value(10) 17.8 20.6 25.2 314
Error (GDP9%) 13.03% -10.39% 12.62% 16.37%
Error (GDP13%) 6.8%  2.96%  7.58% 10.35%

We could see that the error of elastic coefficiengthod is smaller than the error of the grey syste@thod in
long-time prediction from table 3.usually the erodrelastic coefficient method is less than 15%gf can improve
the accuracy of the growth rate of expected GDdetinor will less than 10%. the error of elastiefioient method
become bigger as the predicted time become longer

The predicted result of combined model
Got the weight factor by suboptimal combined fosticey method

Standard deviation of grey system mood-éiz21.94

Standard deviation of elastic coefficient methc%]Z =13.49

g —0, 1
= L x =0.38
The weighting factor of grey system model: o m-1
g—0. 1
W, = 2 x =0.62
The weighting factor of elastic coefficient method: g m-

New combined modeM3;=0.38V1;+0.62M,

My is the predict result of grey theory model; is predict result of elastic coefficient methiddis the predict result
of new combined model. The predict result of S pro# CNG automobile ownership from 2008 to 2011bwn
combined model as shown in Table 4 (the growthohtxpected GDP is 9%):

Table 4 The prediction results of combined model

time 2008 2009 2010 2011
The predict result(104)  16.11 20.65 27.67 34.13
Actual value(104) 17.8 20.6 25.2 31.4
error -9.49% 0.24% 9.80% 8.69%

2426



You Lv et al J. Chem. Pharm. Res., 2014, 6(7):2422-2427

CONCLUSION

(1)Although grey system model can be used convégjahdoes not apply to the prediction of CNG @mbbile
ownership, especially for medium and long-term ptiah. The longer time we predicted, the more exrwe will
get. It just has certain accuracy when it is useshort-term forecast such as 1-2 years.

(2)Elastic coefficient method can accurately refldne relationship between the economy developraadt CNG
automobile ownership, if economy development tread be predicted accurately, it will improve thedgiction
accuracy greatly, especially in short-term predicti

(3)Based on the predicted results of combined model know the new combined model can synthesize the
advantages of the single model, improve the priegichccuracy, And the new combined model does eretira
quite big sample size, so that the new model camsbd simply and easily.

(4)We should control the prediction time in a smialige as far as possible the accuracy is badnop poediction
time, and we suggest that it is advisable to ptdiie within five years.
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