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Abstract

As a core measurement indicator in the field of freight logistics, the accurate prediction of railway
freight volume is of great value for optimizing freight resource allocation and guiding operational de-
cisions of railway departments. Single prediction models often suffer from insufficient information
comprehensiveness in practical forecasting. To improve the accuracy of railway freight volume pre-
diction, this paper innovatively proposes a combined prediction model based on GM(1,1)-NGO-SVM,
aiming to overcome the limitations of single prediction models. Taking the railway freight volume
data of Zhejiang Province from 1982 to 2017 as training samples, GM(1,1) and SVM models are con-
structed separately. The GM(1,1) model is used to capture the linear characteristics of the data series,
while the SVM model captures the nonlinear characteristics. To further optimize the performance of
the SVM model, the Northern Goshawk Optimization (NGO) algorithm is introduced to intelligently
optimize the hyperparameters of the SVM model. Finally, based on the reciprocal of the average rela-
tive percentage error of the two models, a weighted summation approach is adopted to form the
GM(1,1)-NGO-SVM combined prediction model. To validate the prediction performance of this model,
this paper selects the freight volume data of Zhejiang Province from 2018 to 2022 for prediction and
compares it with traditional SVM, NGO-SVM, and GM(1,1) models. The experimental results show that
the proposed GM(1,1)-NGO-SVM model provides more accurate predictions of railway freight volume
in Zhejiang Province and can better estimate the future development trend, thereby assisting railway
departments in Zhejiang Province in operational decision-making.
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dx(l) Ax(l)
5 — _Ax® _ y (0 . s AR
() AXY =X (t) . MAKXEB)EZEH
X (t)+ax"(t)=u 4
AT BRER A BENL R, X F X Y S AR A R R B, A ez
2% ={z29(2),29 (), 2% (n)} )

DOI: 10.12677/0rf.2024.145496 563 BE 51


https://doi.org/10.12677/orf.2024.145496

AREERE

zW(i)=05X Y (i)+05x W (i-1),i=2,3,--,n (6)
1 2 (t) Zommo ke X O (t), @RA.
XO(t)=u-az®(t) @
FIF SN TR, SRAGBHOM L B = (4,0) .
p=(XTX)"(XTY) ®)

B, x=z%(1),y =x(1).
®

R RS THERN B E o 77 d);t +axXW=u, IR

2m0+n={ﬂ”@%£}e st ?
a a
L B, TR H g X

XO (i +1)= X® (i +1)- XU (i),i e[Ln] (10)

2.2. kFEEHEEINGO)

1677 & AR AL 57 2 MOHAMMAD DEHGHANI %5 A7 2022 42 1 —Fla R A, HRBOk
ATt B ERIE R, FEAREE A B R B RS R RE T 55k T[8].
VSR 5RTB B
6 ELE %I B AT Rk B — RIS AT Bt o 120 B A i an A :0(11)~(13) i«
P=X.,i=12--N;k=12,-,N (11)

XTeWR — Ko r(py = ix,). B <F (12)
N Xi,j+r(xij_pij)1 Fo2F
xR, R <R -
X =
Xi’ Finew P > Fi

A, PRSI R GERIEMIENE, p, 258 1 RIS LSS | 4 RS A B, x5 2
0 R GEAN j 4R EAEYI R SN E AL E: r 20, 1NN 1
B 182 Ry 25 1 WAL SIS Y b BTN R HAR BB RrR 5§ L G4l Py
B B BT A o B ) B AR R BB s Py RoR b T G 18 FE R — I B R 5100 Horbor AL L #R

SR A B R BENIE, Hhn 1 A6 Ty 1 1 SR A 4 R A A F R R AR AR BE T .

SER S Y2

SV A6 DT I R S e, R L RS, FEIE T B R, BT I AT R AR AR,
JUPRT DA SE S T B8, X RKIRTE 1 4677 G 8 B R = A ) B AL 77 G G i Y i JE
RBGET — AR R SO E . R B T
X =x  +R(2r-1)x; (14)

L]

t
R =0.02 (1—?] (15)

DOI: 10.12677/0rf.2024.145496 564 BE 51


https://doi.org/10.12677/orf.2024.145496

AREERE

(16)

new, P, new, P,

= X4 R <R

=
Xi , Finew,Pz > Fi

Horp, xRS | R EEAS | 4% LT SR T BUR ERNAE; P RnIt i g
EEE I BOB TR ST B t AR AR T AR REA IR xi?ejw’Pz REFEH I Rt &
it P M BAHIBT L E s B RS | HAL B LT P B B B B R K

2.3. THEENEE(SVYM)

EFFEENL(SVM) 2 —Fh DL B 2 ST A R 21T — o 2800 Ltk or 958y, RNz Ak RE
775 RIS A FOAE S ) TR RS Rf B e v, 0 5 ONAZ BRI B80T LUK AR 4 25 1] B 2R P AN ] 43 B B L B 31 i 4 2
[EIARRERVERT 4y, DL RGBS R Ef AR MR i i, TSR SE SR O V2 N A - 25N 8] 77 37 T ) R .

BN SRR A S A={x,y,},i=1,2,.0, % € R", y, € R Fert x Fil y, 40 BIARZE T 40\ i B Ly s 1)

K VI ZRAE AR S AR 2R A B ST B K D (X ) ISR B e 4 1R), A e 4 2 ()R AT 2RV [, L e

f(x)=w'd(x)+b 17)

A, whNRERBEREER R, b ARE. 7 FREK w A b E, FERCBEATENERE,
PILSI AR SAR & &, AT A5 BDEAL )R A R R A N -

.1 2 N
min=|lw|" +CY &
wb 2 i=1

sty (W'x +b)21-&,5>0(i=12,,n)

(18)

X, CAHETIZSH. N7 ORI R g, 51Nk B H e 7 AL R 8, 73208 1 R EON -
f(x):iaiK(xi,x)+b (19)

WL R B A% s . 2 A% R 3. Sigmoid A% bR LA R e 0 R 80, A Sk B v 30T R KR
YEN SVM A% R 8 -

K (x, %) =e ol (20)
Hrh, g=1/(202), RFEMIZR IS, ) T HEE, xR G.
2.4. NGO-SVM 1&#I

SVM 178 i} D5 7 FHAZ bR 00 2 H50% B0 S5 B 00 M e PRS2 AR K, e AT B 4 DR B 81 T A 28 1) 52 2 3
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VWA 1982 4£% 2017 RIS T & 7 AT R RS, RIS T ARSI RS, %
X RGP FUHAT PR . PREJE P HIME R LU a0 R 3% 1 o

PR R, S BT AT 2% LB AT 7E(0.947, 1.056) (K5 Bl A, B2 LUAR S, %7 H1iE & F gk 4
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Table 1. Level ratio test
%= 1 Rliewis

Ay JRa{E VI yIME P e LA
1982 1609 9941 -
1983 1681 10013 0.993
1984 1736 10068 0.995
1985 1781 10113 0.996
2016 3332 11664 1.000
2017 3513 11845 0.984
GM(1,1) T 5 O-FUSH -O-AM T
4500
4000
Eg 3500
i 3000
1N
gg 2500
®
& 2000
§§
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Figure 1. The prediction results of the GM(1,1) model
[ 1. GM(1, )BT £5 R

NG, GMQ )RR SE AN IR ZE % 0.12 /M T 0.2, WABERRBIF. FKZHE 0.1985 /)
T 0.35, UEBHZARAURG B . DRI, AR R TS B SIS BT . R AR SRR 5 AR
(1) 5238 Bt T O &5 BUSE 1) 2018~2022 AF BRI R IAT R LA, 45 E 2 Fom . i B AE N AR
b, WTTRRZEE N 204.23, SPIAENTIRZEEN 160.6, P4 H R %N 4.08%.

Table 2. Actual freight volume (2018~2022) versus predicted values using GM (1,1) model
= 2.2018 £ & 2022 FEKLLIEE VS GM(L,1)FUR{E

Ay HIAE T L TRZEE
2018 3728 3931 -203
2019 3936 4014 -78
2020 4083 4098 -15
2021 4471 4182 289
2022 4602 4267 335
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3.3. NGO-SVM #RBIZEiE 54T
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ENIETI AT C=126.61, B Z3% g=0.011. NGO-SVM # A ZE )| 258 ERIRILAE 2 Fim. %4
BRI ZE N 181.75, “PIg4axiR 22N 139.73, ~FI4axt B 4 bR 224 5.3%. ML LRI 3 fr
e MRS I TTMRIR 28 216.31, TH4axtin 250 193.84, “FI4a%t 1 4 LRk 254 4.59%. 2018~2022
FEWTLAR Bk 07 S TIME 5 FUSEE X L, WA 3 B
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Figure 2. Prediction results of NGO-SVM on the training set
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Figure 3. The prediction results of the NGO-SVM model
B 3. NGO-SVM R BT L5 R
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Table 3. Actual freight volume (2018~2022) versus predicted values using NGO-SVM model
F 3. 2018 F£ E 2022 FELHIZE VS NGO-SVM FUlME

A HIAE T L TRIEE
2018 3728 3573 155
2019 3936 3781 155
2020 4083 3967 116
2021 4471 4088 383
2022 4602 4438 164

3.4. GM(1,1)-NGO-SVM &R @& 5347

R GM(1,1)F1 NGO-SVM FEAIEMIRAE RS 4a5%d 1 70 hiR 2, A A2 (1) i i & B (1AL
#H, 33 GML )AL E 2 53%, NGO-SVM A AL E /& 47%. FIH 2~ (22)# 2 GM(1,1)-NGO-
SVM A& AL, GM(1,1)-NGO-SVM ZH-& Tl #5524 %f 2018~2022 A8k Teig s i, 377 iR 2%
9190.8, “FIJAEXTIRZE N 140.6, “FIJLEXTH 4 LR ZE N 3.19%. TRMI&5 R W& 4 Frow.

Table 4. Actual freight volume (2018~2022) versus predicted values using GM(1,1)-NGO-SVM model
%< 4. 2018 F£ & 2022 FEHELIKRIZME VS GM(1,1)-NGO-SVM FU{E

A HIHE TE TREAR

2018 3728 3763 -35

2019 3936 3904 32

2020 4083 4036 47

2021 4471 4137 383

2022 4602 4347 255
35. HARBSH

T HGAE GM(1,1)-NGO-SVM 4H A TR Y (R 6 152, 43 A F4  SVM B  NGO-SVM B FT GM(L,1)
AR, RPRIIRIRZE . PR Z R P La0] B 5> LR Z2 MR Z VRS Fe bR, 45 Rk 5 Frox. AL
KI, GM(1,1)-NGO-SVM ZH A5 Pl AR 284 1) 44 T iR 22 FR AR 38 e /D

Table 5. The prediction errors of individual models

5. FRATMIRE

it B RRZE PR R L E I3t iR E
GM(1,1) 204.23 160.6 4.08%
NGO-SVM 216.31 193.84 4.59%
GM(1,1)-NGO-SVM 190.8 140.6 3.19%
SVM 551.56 453.37 10.37%
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