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Improved Multi-dimensional Grey Prediction Model Based on

Background Value and Structural Compatibility
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Abstract The background value estimation error of the existing multivariate gray prediction model and the single
model structure are important factors that lead to the unstable prediction performance of the model. Therefore, the
model is not widely used in the actual prediction field. In this paper, by analyzing the geometric meaning of the
background value function, combined with the integral geometric area formula, an improved background value op-
timization method is proposed to make the prediction model more flexible in the selection of background value coef-
ficients. On this basis, the gray effect is added to the model, and a new multi-dimensional gray prediction model
called improved background value and structure compatibility of grey prediction model (IBSGM(1, N)) is proposed.
Through the analysis of the change of model parameters, the new model can theoretically achieve compatibility with
traditional univariate and multivariate gray prediction models. In order to test the performance of the new model,
this paper conducts a comparative analysis of three cases. The experimental results show that compared with the
existing grey prediction model (GM) GM(1, 1) and GM(1, N), the proposed IBSGM(1, N) model has significantly
reduced error in background parameter estimation, stronger structural compatibility, better generalization perform-
ance, and higher prediction accuracy.
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tH IBSGM(1, N) HRSEHL T sk LRI, H GM(1, N)
PR A AR GM(1, 1) B2, BAE T GM(1, N)
PR BE 4 AT B HE R M, OGM(1, N) 5 IBSGM
(1, N) LR 2 250 5 SEBrfE 22, (5 IBSGM(1, N)
AR [ R FDL AT T 2 R B 4

B 2. SCHR [13] 3R 7 A s ST RE R
# OBGM(1, N) B, i Wi #F HVE R R Gl
X 1R 22 i /IME LGSR AR TS SUE R EL, F T Z A X
SCHR (23] g i R E O ZE 45 P N BOR He A
s R 3R PR O 3R AT T LTI, Se 30 M N3k 6

DU ol 20 TIN5 SRR 2% L

Comparison of prediction results and errors under the four models

IBSGM(1, N)#7

OCM(1, N7

GM(1, N)fisd GM(1, 1)#5%Y

e R BAME X 22 M i M X 22 BAME b=
1 897 897 0 897 0 897 0 897 0
2 897 897.013 0.0015% 896.782 0.0243% 791.446 11.7674% 911.544 1.6214%
3 890 890.421 0.0473% 890.882 0.0991% 1013.103 13.8317% 886.265 0.4197%
4 876 874.707 0.1476% 874.589 0.1611% 919.923 5.0140% 861.687 1.6340%
5 848 849.283 0.1513% 848.921 0.1086% 854.567 0.7744% 837.790 1.2040%
6 814 813.571 0.0527% 813.797 0.0250% 797.161 2.0686% 914.556 0.0683%
7 779 779.005 0.0007% 778.952 0.0062% 798.870 2.5507% 791.967 1.6646%
T IR 0.0573% 0.0606% 5.1438% 0.9446%
PR e HxtiRE e xR HiE FXHRZE FRE HAXHRZE
8 738 735.263 0.3709% 742.147 0.5619% 787.425 6.6972% 770.004 4.3366%
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Fig.3 Curves of simulated prediction results of the four models in Example 1
F 6 HEITCEEE SRR R
Table 6 Number of wireless communication users and related factors in China
’?% Xl(l!) XQ(U) X3(0] X4(U) Xs[()]
1 8453.3 13985.6 99241.6 563.5498 17825.6
2 14522.2 21926.3 109655.2 703.5769 25566.3
3 20600.5 27400.3 120322.7 773.01 28656.8
4 26995.3 33698.4 135822.8 869.3998 35082.5
5 33482.4 39684.3 159878.3 1262.998 42346.9
6 39340.6 48241.7 184937.4 1371.631 47196.1
7 46105.8 61032 216314.4 1442.343 50279.9
8 54730.6 85496.1 265810.3 1709.221 51034.6
9 64124.5 114531.4 314045.4 1690.719 50863.2
10 747214 144084.7 340902.8 1684.903 49265.6
11 85900.3 150284.9 401.202 1641.464 46537.3
7, ZSCHR AR T 2000 4E 4 2010 SEAH S HE, %7 IBSGM(1, N) B2 ¥l
BT /REAREESE. A CRHBIAEFKEIEL S T Table 7 Parameter values of IBSGM(1, N) model
IBSGM(1, N) #5815 HoAth A (0, Tl A5 A 0 A5 400 1 a by bo bs ba ¥ A
ToE P RE. 0.5083  0.2095 —0.0067 0.7883 0.2811 —533.748 0

TR A9 S HE eh o DO A AR R, e X0 SR AE
FEHI NS (i P, Mm% X Ak shs i
Mzst (5 7), X3k GDP(Zt), X\ Kkigss
ik (), X AR & (7). BT
THEARAE N BB AR, B+ — A BRI
A, B MATLAB 237 IBSGM(1, N) T 3k
TR SR R 250 [a, b1, ba, bs, ba, 7, A"
SERUWNER 7 FroR, BEALTN 5 B iR 2= Ll R 8
Fis.

H# 8 LA i, IBSGM(1, N) Tk 75 1%
H SIS HE T AR EN 0.25%, TifE 4
GM(1, N) BRI AR 2 ik 21.59%, FHET1%
4t GM(1, 1) f1 GM(1, N) K& TR IBSGM
(1, N) B B 300 A 22 K TN 45 SR AR iR 22 85

HUNEZ | H IBSGM(1, N) B R0 & F00 4
REELSCHR [10] FF A OBGM(1, N) ALV AE B 4T

VU b ASE AL PRSI T 25 SR A P 4 PR, T RUR
F/E DA AR B IBSGM(1, N) TR R B A e
I FRIRS FE, 5 S bRfica 400 & 2 dwe e, SUE R 2 0
BT GM(1, N) 5 GM(1, 1) #5, B4 OBGM
(1, N) B IAS T &m RS 2, (H IBSGM(1, N)
RS B T 1 S (B OB B 0 RV, 45 A A 1 T
ToE e B 4F

B 3. SCHR [24] FR T —F e ) 2 A8 5N
GM(1, N) FRIUEERL ] 25 R0 Wi AR 22 5%
PR [ e B AR B AU AT TN, SeR R ik 9
Fiw, T BT BRI LA S SR A T
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Table 8

Comparison of prediction results and errors under the four models

IBSGM(1, N)A!

OBGM(1, N

GM(1, N)fsi#d GM(1, 1)#7

5 JR 45 Ko

FEAUE AR R 7 FHE AR R 2 FEAE AN R 72 FEAE AHXF R 2
1 8453.3 8453.3 0 8453.3 0 8453.3 0 8453.3 0
2 14522.2 14487.37 0.24% 14522.13 0 13547.07 6.71% 18836.59 29.71%
3 20600.5 20703.43 0.49% 20767.87 0.81% 26762.83 29.91% 22465.68 9.05%
4 26995.3 26927.63 0.25% 27021.5 0.10% 36603.21 35.59% 26793.96 0.75%
5 33482.4 33346.36 0.41% 33260.96 0.66% 44119.87 31.77% 31956.14 4.56%
6 39340.6 39540.97 0.51% 39664.41 0.82% 50502.83 28.37% 38112.87 3.12%
7 46105.8 46149.15 0.09% 46512.32 0.88% 57002.66 23.63% 45455.77 1.41%
8 54730.6 54533.32 0.36% 54578.75 0.28% 66192.81 20.94% 54213.37 0.95%
9 64124.5 64228.94 0.16% 64095.54 0.05% 77398.69 20.70% 64658.22 0.83%
10 74721.4 74706.12 0.02% 74999.45 0.37% 88385.60 18.29% 77115.40 3.20%
AR 0.25% 0.4% 21.59% 5.36%
i MIE=2 Tl E HMRRE T HMRE T HXRE HiuE FARHRE
11 85900.3 86179.62 0.32% 85586.72 0.37% 95722.40 11.43% 91972.60 7.07%
10 x10* | | | | | | |

i 8

=

ﬁ 6

=,

1)

R 2

0 ! ! ! ! ! ! !
1 2 3 4 6 7 8 9 10
4 A5 2 v PO AR (R RDL T 2 S it 2 =
Fig.4  Curves of simulation prediction results of the four models in Example 2

£ 9 2003-2011 LEWLE L5 77 H 5 [ 2 %= #¥ 3

Table 9  2003-2011 Zhejiang province's total economic
output value and fixed asset investment
i X XY

1 9705.02 4180.38
2 11648.7 5384.38
3 13417.7 6138.39
4 15718.47 6964.28
5 18753.73 7704.9

6 21462.69 8550.71
7 22990.35 9906.46
8 27722.31 11451.98
9 32318.85 14077.25

(1, N) A58 5 T Ath R €00 TS 28 FrR AU, T 44 .

TR SRR A WA e X0 S RE
R BIWIT A 235 7l (1278), MEEE R X0
NI E PR A (12 78). BURT )\ LB 1 A
FEAS, S LA EHEE IR FE A, FIFH MATLAB
LM IBSGM(1, N) BEABHAT MG, 3 BB 5
B [a, b1, v, \|T SR W 10 Fros, HEA T 45
S ZE0 nER 11 B,

# 10 IBSCM(1, N) BRI HE
Table 10  Parameter values of IBSGM(1, N) model
a by v A
0.0048 0.3268 8.6375 1

2003 ~ 2011 4 [ [ B~ BB A, B /IMEAR
AL, ASCRA FIREREERFEA LR 1 IBSGM

H# 11 A LUE H, IBSGM(1, N) BEARIZEZ%4H
SEESHAR NP AIRZEA 1.52%, TiifE4: GM(1, N)
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R AR 2 A 11.01%, 1548 GM(1, 1) R
WA IRZEN 2.22%, HARF T SCHk [24] H 32 H B
it GM(1, N) TRIUBLRL, ASCATR H 1) IBSGM(1, N)
O ASE Y AE LA ROR B TR A AR R
B, b = AR R T 45 5, IBSGM(1, N) #iAY
(TR AT 15 22 0.66%, ST T ek FEE TR

DU iR Y A AL T &5 SR an 1 5 fo, AT DU
FIZE YRR AL IBSGM(1, N) PR B AT e g
(TG B2, 5 S BREE LG FE e, AR 2 A
BANTFAEGH GM(1, N)s GM(1, 1) TR K i
i GM(1, N) TR, A sk LB, IBSGM
(1, N) BER i 95 SeEBUE N R TG, A
B o, AR R T R R R

4 ZEig

WA BIES GM(1, N) 2 45K (0 T AR B 7 S
PR TN U b B AN 2, BT HIRER

5 2 A 3 A7 A R AR 22 A R 45 M) A7 (E S
P& G5 IR A TR R Ry fe A A et 7, o B RIE
2 52 B LT B T AR BT Rk R, AT
SUE R B UTE R, ME T — s s E
ik, K MATLAB ${8 5 #8540 R 500
BUE AT E, FENERE FAER T8 1 e R AL
FHE AL GBI S E R B R 22 . B R EIE 4
GM(1, N) TR AE 540 5 GM(1, 1) 554
OO AR TS AN He 25 1) [l i, AEBE RS A N T K €A A
&, DU AR SRR R, dd IR,
BRI IBSGM(1, N) BB 5% 40 o Ar s il 2247
RTINS Y () S A AR A 1. AR SCE I e = AN
I R B IWFIT, tHE T IBSGM(1, N) HIREALE A
TR 22, 5 FAH LI K 6 T BT 247 1 %)
LA, AT LAE H, BT AT IBSGM(1, N) 1
TS S U S 0 R, ZE AN A T B A AR
TR REA 2 T

L1 DURRBLR T BN AR 20 L
Table 11  Comparison of prediction results and errors under the four models
e - IBSGM(1, Nl I GM(1, Nz CGM(1, N GM(1, 1)
BHE AR R 2 BHE AR R 2 BE AR R 2 RAUE AR R 2
1 9705.02 9705.02 0 9705.02 0 9705.02 0 9705.02 0
2 11648.7 11660.78 0.10% 9554.96 17.97% 9991.74 20.43% 11562.08 0.74%
3 13417.7 13602.45 1.38% 12461.41 7.13% 16856.45 33.23% 13911.74 3.68%
4 15718.47 15802.97 0.54% 15718.47 0.00% 18698.06 10.94% 15882.74 1.05%
5 18753.73 18230.98 2.79% 20665.31 10.19% 19884.38 2.99% 18133.00 3.31%
6 21462.69 20922.41 2.52% 20773.85 3.21% 21595.31 8.91% 20702.07 3.54%
7 22990.35 24049.57 4.61% 25883.56 12.58% 25006.36 8.77% 23892.54 3.92%
8 27722.31 27659.11 0.23% 27355.39 1.32% 28491.67 2.78% 27293.70 1.55%
FH AR 1.52% 6.55% 11.01% 2.22%
LR i AR RE W AARHRE TUE AR RE e AR RE
9 32318.85 32104.52 0.66% 31523.81 2.46% 34864.8 7.88% 31179.03 3.53%
3.0 x10* | : | |
— o — LR E
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Curves of simulation prediction results of the four models in Example 3
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AR 4 A S AL 5 SO AR 2 R A
BNVETTE, AR PRI AN SR IG 7 M h B AT TR
(4 . A SCAERS 22 4t TN Y 1 gt 7 vk -
BEAT T 00T, BTt IBSGM (1, N) RS 7E
A AN SE A A A T T A B A3, 3 T
FAF TR Z AR EOHN, KT FR AL 7
T A St RE B AR R OR B — 2B T T R AR A ]
SR LA G R SO TT i S, FER AN
PP 5308 HR e A1C F) LA 7R

FEREFE R BL, X T30 s R4 i =241
il IBSGM(1, N) R [ SAH A BB O
T 0 A1, RAEH AR AR B 0 E V73 B R,
WA Z A FSLIRAGE T, B RERMNREE
T BN R R T B4R SR e T (1 AR
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