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Abstract — In this paper we consider the application of grey model to solve more effectively and accurately problems which are 
difficult to solve by traditional statistical methods, such as competitive sports performance prediction problems with ‘poor 
information’, ‘small sample’ and underlying ‘dynamics’. However, the application of grey model here also has many problems, and 
traditional GM (1, 1) model cannot reach the corresponding precision in the prediction of many applications. We therefore further 
consider in this paper the application of GM (1, 1) grey model based on residual correction in competitive sports. We do this by 
taking the annual best performances of World Men’s 200 Meters from 2003 to 2013 as samples, where the prediction precision 
reaches the first-class precision and prediction modeling for best performance of World Men’s 200 Meters in 2014. Our results 
show the prediction performance obtained is 20.59 seconds, which shows good agreement with actual figures. 
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I. INTRODUCTION 

Since 1982 when Professor Deng Julong founded grey 
mathematics, application of grey mathematics and its 
theoretical research have had great development and the 
modeling fields have involved decision-making, control, 
planning and prediction and its application field has involved 
medical treatment, economy, education and sports and other 
relevant fields just in over 30 years. However, in the athletics 
field, application of grey model develops very rapidly. 
According to statistics of relevant papers, in current 5 years, 
the number of competitive sports papers with grey model as 
research methods will grow at a rate from 9.81% to 10.10% 
per year [1]. The research and application of grey model has 
become one of topics with most rapid development in 
application in the field of sports. In this paper, performance 
of World Men’s 200 Meters is taken as example to research 
application of grey model in competitive sports performance 
prediction. Establishment of GM (1, 1) grey prediction 
model of residual correction is determined finally with 
research and analysis, which improves application and 
development of grey model in competitive sports field at the 
same time of providing reference for Men’s 200 Meters sport 
in our country. 

II. ANALYSIS ON PERFORMANCES OF 

CHAMPIONS OF WORLD MEN’S 200 METERS OVER 

THE YEARS 

In order to predict the development trend of athletic 
performance of World Men’s 200 Meters, the method of 
documentary is used in this paper for statistics of annual best 
performances of World Men’s 200 Meters from 2003 to 2013 
and based on this, the GM(1, 1) grey prediction model of 
residual correction is conducted. Its statistical data is shown 
in Table 1: 

TABLE 1. BEST PERFORMANCES TABLE[7] OF WOMEN'S 
PENTATHLON FROM 2003 TO 2013 

Year 2003 2004 2005 2006 2007 2008 

Performance 20.13 20.58 20.69 20.91 20.58 20.91 

Year 2009 2010 2011 2012 2013  

Performance 20.94 20.74 20.82 20.7 20.63  

For sports performance prediction, only the modeling of 
performance data of different development and change trend 
is conducted with different and corresponding gray models 
needed, the prediction results can reach corresponding 
prediction precision. In order to build a prediction model of 
high precision for annual best performance of World Men’s 
200 Meters, the change and development trend of annual best 
performances of World Men’s 200 Meters from 2003 to 2013 
needs to be analyzed first so that the corresponding grey 
prediction model can be determined. 

 

Figure 1. Change diagram of best performances of men’s 200 meters from 
2003 to 2013 

From the figure, it can be seen that change range of best 
performance of World Men’s 200 Meters is from 20.13 to 20. 
94, and from 2003 to 2006, the performance change showed 
a downward trend in general and in 2007, the performances 
increased, which is higher compared with that of 2006 and 
2008. Performance of 2009 has not great change compared 
with that of 2008, however, from 2009 to 2013, the 
performance change showed upward trend. Because the 
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change showed volatility with increase and reduction and it 
fluctuated unsteadily without rule to be followed, moreover, 
the data amount and information amount are less, at the same 
time, development and change of annual best performance of 
World Men’s 200 Meters is a dynamic process, and the 
requirements of traditional mathematical methods such as 
regression analysis, interpolating fit and other traditional 
mathematical methods in sample data are higher with need of 
the sample containing large amount of data, certain change 
rule and static development, it has been difficult to analyze it 
and judge the change trend. Through the analysis on the 
trend of its development and change, it is decided to use GM 
(1, 1) grey prediction model to build model for it in this 
paper and to predict the best performance of World Men’s 
200 Meters in 2014. 

III. GM(1,1) MODEL OF BEST PERFORMANCE OF 

WORLD MEN’S 500 METERS 

A. Inspection of data 

Original data sequence of grey model is generated for 
best performances of World Men’s 200 Meters from 2003 to 
2013 through data statistics. Generated data sequence is 
shown as follows: 

 ))11(,),3(),2(),1(( )0()0()0()0()0( xxxxx    

In order to ensure the accuracy and precision of GM (1, 
1) grey prediction model, inspection processing needs to be 
conducted to original sequence data obtained in modeling. 
Step ratio )(k of the original data sequence is required to 

be in the range of ),( 2

2

1

2




nn ee , or the data can not be used 

for grey prediction modeling. If the data sequence of step 
ratio is not in the required range, original data sequence shall 
be processed. Range (0.8465，1.1663) can be obtained by 
substituting 11n  into it. 
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From the formula of step ratio of data sequence 
It can be obtained that data sequence of step ratio 

obtained is in the range (0.9781，1.0096), thus, original data 
sequence can be used for direct modeling of prediction 
system. 

B. Establishment of GM(1,1) model 

(1) Cumulative and mean processing for new data 
sequence 

Cumulative processing is conducted to new data 
sequence by accumulating operator 0AG  to weaken its 
randomness and cumulative data sequence can be obtained. 

 ))13(,),2(),1(( )1()1()1()1( xxxx    

The generated mean data sequence )()1( kz  is obtained 

with formula )(5.0)(5.0)( )1()1()1( kxkxkz  . 

(2) Construction of data matrix B and data vector Y 
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(4)Establishment of model 

 
(1)

(1)-0.0002 20.7291
dx

x
dt

   

It can be obtained 

 122801-122821)1( 016880300.0)1( kekx 
  

（5）The obtained grey model prediction value is 

 )1()()( )1()1(
)0(^

 kxkxkx   

Where 13,,3,2 k , then it can be obtained that the 
prediction vale of best performances of Men’s 200 Meters 
from 2003 to 2013 is shown in following table: 

TABLE 2. PREDICTION TABLE OF BEST PERFORMANCES OF 

MEN’S 200 METERS FROM 2003 TO 2013 

Year 2003 2004 2005 2006 

Performance 20.1300 20.7342 20.7388 20.7412 

Year 2007 2008 2009 2010 

Performance 20.7447 20.7482 20.7517 20.7553 

Year 2011 2012 2013  

Performance 20.7588 20.7623 20.7658  

C. Inspection of GM(1,1) model 

All inspection indexes of model are shown as follows: 
From Table 1, it can be obtained that the maximum 

relative error of the prediction model is 0.9%, and the 
maximum deviation of step ratio is 0.0217. 

TABLE 3. INSPECTION TABLE OF GM(1,1) MODEL 

Year Original 
value 

Model 
value Residual Relative 

error 

Deviation 
of step 
ratio
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2003 20.13 21.3000 0 0  

2004 20.58 20.7342 -0.1542 0.0075 0.0217 

2005 20.69 20.7377 -0.0477 0.0023 0.0051 

2006 20.91 20.7412 0.1688 0.0081 0.0104 

2007 20.58 20.7447 -0.1647 0.0080 -0.0162 

2008 20.91 20.7482 0.1618 0.0077 0.0156 

2009 20.94 20.7517 0.1883 0.0090 0.0013 

2010 20.74 20.7553 -0.0153 0.0007 -0.0098 

2011 20.82 20.7588 0.0612 0.0029 0.0037 

2012 20.70 20.7623 -0.0623 0.0030 -0.0060 

2013 20.63 20.7658 -0.1358 0.0066 -0.0036 
 
(1) Qualified residual model 
Relative error sequence is 

 ）（ 111 ,,,     

then mean relative error can be obtained as 

 0051.0
n

1
 k   

(2) Qualified model of association degree 
Absolute association degree g is the absolute association 

degree of original sequence  

 0.9947g    

)0(x  and corresponding grey prediction sequence 
）（0

x , 

and it is obtained that 
(3) Qualified model of mean square deviation ratio 

2
1S and 2

2S  are variances of the original sequence )0(x
and the residual sequence )(k , and the mean square 
deviation ratio can be obtained as 

 5710.0/ 12  SSC   

Inspection data of model precision can  be obtained as 
shown in following Table 2 from data of Table 1: 

TABLE 4. PRECISION TABLE OF GM (1,1) PREDICTION MODEL 

Precision 
class 

Relative 
error 

Absolute 
association degree 

Mean square 
deviation ratio

Third 
class 0.0051 0.9947 0.5710 

From Table 4, it can be known that for the performance 
prediction of World Men’s 200 Meters by using traditional 
GM (1, 1) grey model directly, the relative error is 0.0051 
with first-class precision and the absolute association degree 
is 0.9947 with first-class precision and mean square 

deviation ratio is 0.5710 with third-class precision, and in the 
general, the model prediction precision is better. In order to 
guarantee the precision of established prediction model, in 
this paper, the precision of minimum precision index among 
three indexes is taken as that of prediction model. Then from 
Table 4, it can be known that prediction precision of GM (1, 
1) grey prediction model is at the third class. 

IV. ESTABLISHMENT OF GM(1,1) MODEL OF 

RESIDUAL SEQUENCE 

A very important problem in application of grey model is 
the precision of prediction model. In practical applications, 
the precision of prediction model of grey model can not meet 
corresponding requirements due to the change and 
development characteristics of data itself, model application 
and knowledge quantity of problem solver himself and other 
limitation, and there is exception for competitive sports 
performance prediction model. How to solve the prediction 
precision problem of gray model and how to improve and 
process grey model effectively is a significant problem in 
development of grey model. From computing results in the 
last chapter, it can be known that for grey model modeling 
for annual best performance of World Men’s 200 Meters, its 
inspection index of mean square deviation ratio is 0.5289 
with third-class precision, and prediction precision of 
prediction model is lower. There have been many methods 
and theories of performance aiming at improvement ways of 
prediction precision problem of grey model, and most of 
them are to process sample data and select albinism 
differential equation of grey model. In order to improve 
prediction precision of annual best performance of World 
Men’s 200 Meters, GM (1, 1) grey prediction model is 
amended by conducting grey prediction of residual sequence 
for the model in this paper. 

A. Establishment of GM(1,1) prediction model of residual 
sequence 

TABLE 5. PREDICTION MODEL RESIDUALS OF BEST 
PERFORMANCES OF MEN’S 200 METERS FROM 2003 TO 2013 

Year 2003 2004 2005 2006 2007 2008 

Performance 0 -0.1542 -0.0477 0.1688 -0.1647 0.1618 

Year 2009 2010 2011 2012 2013  

Performance 0.1883 -0.0153 0.0612 -0.0623 -0.1358  

Residual refers to difference between the prediction value 
and actual value of grey prediction model, and grey 
prediction model of residual sequence refers to that residual 
sequence is taken as the original sequence of grey prediction 
model for modeling of GM(1,1) model to obtain the 
prediction model, and then residual prediction model is used 
to amend GM(1,1) grey prediction model established 
originally to  improve the precision of prediction model. 
From above calculation, the residual of annual best 
performance of World Men’s 200 Meters is shown in Table 5。 

Residuals from 2007 to 2013 are taken to generate 
residual sequence of best performance of World Men’s 200 
Meters: 
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From Table 5, it can be known that parts of residual 
values are negative and can not be used for modeling of GM 
(1, 1) grey model directly. At the same time, if grey 
prediction modeling is conducted for them, step ratio of the 
sequence )(k  will be required to be in range

),( 2

2

1

2




nn ee , or the data can not be used for grey 

prediction modeling. Where 7n , range (0.7788，1.2488) 
can be obtained by substituting it. 

In order to conduct modeling of GM(1,1)grey prediction 
model for it, the residual sequence needs to be processed to 
obtain new data sequence meeting establishment condition of 
grey model. In this paper, translation transformation is 

conducted for residual sequence 0 , namely a suitable 

positive value c is taken to meet ckk  )()( 0
)0(

1  , and 

in this paper, make 15c  so that the transformation 
sequence can be obtained as shown in Table 6: 

TABLE 6. NEW RESIDUAL SEQUENCE VALUE 

Year 2007 2008 2009 2010 

Performance -0.1647 0.1618 0.1883 -0.0153 

Year 2011 2012 2013  

Performance 0.0612 -0.0623 -0.1358  
Through inspection of step ratio, it can be obtained that 

step ratio range of new residual sequence is [0.9785，
1.0136], which meets establishment condition of 
GM(1,1)grey prediction model. Namely the modeling can be 
conducted for it according to above modeling steps of GM 
(1, 1) grey prediction model. 

B. Result and inspection of GM(1,1) model of residual 
sequence 

GM(1,1 ) modeling is conducted for the new residual 
sequence and assumed that the cumulative data sequence is 

)1(
1 , solution of the albinism differential equation can be 

obtained as: 

 )2(-.00410963703.27exp-3718.11)1(
)1(^

1 kk    

Comparative analysis and inspection are conducted for 
obtained prediction value and original value to get error 
value table of the model as follows: 

Error value and residual value of obtained model in Table 
7 are used to calculate residual GM(1,1) model to get all 
inspection indexes for calculation and the results obtained 
are shown in Table 8: 

TABLE 7. ERROR VALUE OF GM(1,1) MODEL OF NEW RESIDUAL 

SEQUENCE 

Year Original 
value 

Model 
value Residual Relative 

error 

Deviation 
of step 
ratio

2007 14.8353 14.8353 0 0.0035  

2008 15.1618 15.1878 -0.0260 0.0002 0.0255 

2009 15.1883 15.1255 0.0628 0.0025 0.0058 

2010 14.9847 15.0635 -0.0788 0.0079 -0.0094 

2011 15.0612 15.0017 0.0595 0.0052 0.0092 

2012 14.9377 14.9402 -0.0025 0.0088 -0.0041 

2013 14.8642 14.8789 -0.0147 0.0013 -0.0008 

TABLE 8. PRECISION TABLE OF RESIDUAL GM(1,1) PREDICTION 

MODEL 

Precision 
class Relative error 

Absolute 
association 

degree 

Mean square 
deviation 

ratio
First class 0.0023 0.9978 0.3272 

From Table 8, it can be known that relative error of 
model is 0.0023 with first-class precision and absolute 
association degree is 0.9978 with first-class precision and 
mean square deviation ratio is 0.3272 with first-class 
precision. Precision of residual GM(1, 1) grey system in 
conducting color prediction model is very high and it can be 
used for residual prediction. 

Restore the residual sequence and assume the residual 
prediction values from 2003 to 2006 are zero and predictive 
residual value can be obtained as shown in Table 9: 

TABLE 9. RESIDUAL PREDICTION VALUE OF BEST 

PERFORMANCE OF MEN’S 200 METERS FROM 2003 TO 2013 

Year 2003 2004 2005 2006 2007 2008 

Performance 0 0 0 0 -0.1647 0.1878 

Year 2009 2010 2011 2012 2013  

Performance 0.1255 0.0635 0.0017 -0.0598 -0.1211  

V. ESTABLISHMENT OF GM(1,1) GREY 

PREDICTION MODEL BASED ON RESIDUAL 

CORRECTION 

From calculation of last chapter, it can be known that the 
solution of albinism differential equation of new residual 
sequence is： 

 )2(-.00410963703.27exp-3718.11)(
)1(^

1 kk    

However, solution of this albinism differential equation is 
obtained by conducting GM(1,1) grey prediction model for 
residual sequence values from 2007 to 2013, and in order to 
combine with the results of GM (1,1) grey prediction model 
conducted for best performance sequence of World Men’s 
200 Meters from 2003 to 2013,it needs to be processed. 
Assumed that 
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40
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Assumed that )()0( ky  is the prediction value of 

GM(1,1) grey prediction model based on residual correction, 

where 13,,2,1 k . Then )()1( ky  is cumulative data 

sequence of prediction value of residual grey prediction 
model, namely it can be obtained that: 

 )4()()( )1(
2

)1(^
)1(  kkxky    

Restore the obtained prediction sequence )()0( ky  with 

cumulative data sequence )()1( ky , and prediction value and 

the error value can be obtained as shown in Table 9: 

TABLE 10. ERROR VALUE OF GREY PREDICTION SEQUENCE 

GM(1,1) MODEL 

Year Original 
value 

Model 
value Residual Relative 

error
2003 20.13 21.3000 0 0 

2004 20.58 20.7342 -0.1542 0.0075 

2005 20.69 20.7377 -0.0477 0.0023 

2006 20.91 20.7412 0.1688 0.0081 

2007 20.58 20.5800 0 0 

2008 20.91 20.9360 -0.0260 0.0012 

2009 20.94 20.8772 0.0628 0.0030 

2010 20.74 20.8188 -0.0788 0.0038 

2011 20.82 20.7605 0.0595 0.0029 

2012 20.70 20.7025 -0.0025 0.0001 

2013 20.63 20.6447 -0.0147 0.0007 
Error value and residual value of obtained model in Table 

10 are used to calculate GM(1,1) grey prediction model 
based on residual correction to get all inspection indexes for 
calculation and the results obtained are shown in Table 8: 

TABLE 11. PRECISION TABLE OF GM(1,1) PREDICTION MODEL 

BASED ON RESIDUAL CORRECTION 

Precision 
class 

Relative 
error 

Absolute 
association 

degree 

Mean square 
deviation ratio 

First class 0.0027 0.9980 0.3328 
From Table 8, it can be known that relative error of 

model is 0.0027 with first-class precision and absolute 
association degree is 0.9980 with first-class precision and 
mean square deviation ratio is 0.3328 with first-class 
precision. Namely obtained prediction precision class of GM 
(1, 1) grey prediction model based on residual correction is 
at the first class, thus, it can be used for exact prediction of 
annual best performance of World Men’s 200 Meters. 

Base on prediction of annual best performance of World 
Men’s 200 Meters in 2014 with obtained model and from 
formula 

 122801-122821)1( 016880300.0
)1(^

kekx    

It can be obtained that when 10k , 11k , 

5006.227)11(
)1(^

x ， 248.2699)12(
)1(^

x . 

Namely it can be obtained that the prediction value of 
GM(1, 1) grey prediction model in 2014 is

7639.20)12(
)0(^

x . 

Similarly, it can be obtained that residual prediction value 

in 2014 is 1821.0)8(2

^

 . Then it can be obtained that 

annual best performance value of World Men’s 200 Meters 
in 2014 is 20.59 with GM (1, 1) model based on residual 
correction. 

VI. CONCLUSION 

In this paper, grey prediction modeling is conducted for 
annual best performance of World Men’s 200 Meters and at 
the same time of prediction of performance in 2014, 
application methods of grey model in competitive sports 
performance prediction is discussed and application of grey 
model in competitive sports is promoted. GM (1, 1) grey 
model is suitable for modeling process of which sample data 
distribution shows index change, and through modeling 
analysis of statistical data in this paper, grey prediction 
model is expanded and GM (1, 1) grey prediction model 
based on residual correction is used to predict annual best 
performance of World Men’s 200 Meters and it is compared 
with GM (1, 1) grey model. From the results, it can be found 
that residual GM (1, 1) grey prediction model has low 
complexity and high prediction precision, which is suitable 
for competitive sports performance prediction. 
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