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Evaluation Method of Train Diagram
Quality Based on Overall
Transportation Potency of Regional
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Abstract: The regional rail network is characterized by
numerous lines and sections, complex composition of
transportation capacity resources and great differences in
passenger and freight demand. The quality of train
diagrams is directly related to the overall transportation

potency of the regional rail network. Based on potency in
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terms of capacity, efficiency and quality, a five-level
evaluation index system is built. For version difference
analysis, a version comparison evaluation method is
developed, integrating the gray relevancy and the
horizontal pull-off grade methods. For quality inspection,
a section comparison evaluation method is developed
based on the K-MEANS++ and the improved TOPSIS. Case
studies on three different versions of the railway network
train diagram in Shanghai Railway Group show the 0620
version is the best in version comparison and performs
well in section comparison. The evaluation results are
multi-dimensional and hierarchical, and provide a
decision-making basis for the preparation and adjustment

of the train diagram.

Keywords: train diagram; evaluation index system;
gray relevancy;
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BB d =0,

d:/iw/(xfxf)zz/iwj(le)z (15
j=1 j=1

dZ/iwj(xjxf)ZZ/iijI (16)
=1 =1

(DAL G TEME PP AME . B8 T4
N Quins Quuas L FEX AT LNMEFLAATEIPFIME Z 7]
BE L PEOME R AR R R I R b e 5 T AL
A AL I 4 A AP BRI A TR, OB NS BIPE BY )= IR
NIXBZ WA AR E B R R,
SAPR(D—(4), il 43 8) ir Ay X BUZE o,

Qmin_Qmax

Z: d7d+ max —— min
el )+ Qua=(Q

Qmax )d + Qmax (17)

(VHEIARAIZN . T KB
VAT 1 B0 AT, 1 4 B AR RV R R
ML 43 (1) 5 B bR 2 IR, 755
SRR
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3 ERBI5aHr
3.1 RfFEE

TP I TR % SR A RS R N s R D T IR
Il N IE S R SR Sy T B e 1S o g
TR VT TN CEREA T B ARV W m L

THIX B, AN RS 1 42 Jmy i 5 A7 B AL 5 91 42 0
7 00051 . 8l 44 A2 BT 300 4% o
3.2 MIAIFLLLER

(D) T2 WA i IR i . Gl %) L
TR I SRy R I TAE N LRV Tl & 58, XU )2
X4 2 RS2 v 45 L 0 G 4% BROJL bR S 1R 4T

VIS M AR AL TSGR RE . M5 15640 o0 IR ZAR B LA B4R A UE ANk 2 s .
Fx2 AENER WHEMMMEZNERNE
Tab.2 Weight values for criteria, object, and category layer
JEW () WE
HENZ e G2 E RS RSS ERAIACE R [0. 540, 0. 297, 0. 163]
ROE I HIZE R IALE R [0. 667, 0. 333]
FhIE)2 (F AR B R B R A AT THE R ST ACE S (0. 419, 0.262, 0.160, 0.097, 0.062]
FEZE (G2 S5y s e AN [0. 625, 0. 239, 0.136]
FAJZ (Euh M) JCRHAR AL 425 ALl AR [0. 667, 0. 333]

(2) XS % P 51 232 4 7 B RRAS XS EEiEf . 34 Rl
AR HEAT RS B4 44 4 0110 18,0620 [ . 1011 &1,
RBP4 T RRAR 2 [B) AN [7] 2 53 B 1) S BHAIR
0110 & i I 5[] >R FH L vfg 42k B Jmy 4 i 161, 0620
1011 i MRV BB A T — 2 5 K, S k)=
B RETL ] K JR 4 B 11 AN E— il | O A 56 B EL
FEEPR 2 W KT 0110 &, i FIFA 8RR R A 5
S5 35052 R Z e AR B 18 524 R 11T 5
B (1) —OIMULAistife 1—5 4 —m s LA iR %
S ESSp =21 N At e el R = K

MRAESE 15 0205 (1) L (2) X R IR Es #1715
— AL ER, FHERASIE GO AE RRAS , 45 AN 3 TR

MRAESE 1R (3) (DI EA R K ST
FSCAR X6 17 P49 K 8, B0 AL, - €8 DGR 3 4 o
A R A U A BB TR TR BiET T
P BRI E 51 R G ) B WA E A [0. 323, 0. 353,
0.324], ML BIZEGIEME AR 4 BT

FRE S 1795 19 2 38 (5) 15 52 4 3503 A [ 60,
100], iz § fe 1 e R 51 G2 X0 G 24T/ 3k 5
FR

K3 BEIFAHEA—UER

Tab.3 Normalization results of high-speed multiple unit data

. 0110 & 0620 [# 1011 [ B
LN . " " & DIZEIS
SRR H—1k Nz H—1k LA K H—1k
HATHE 1455 0.567 1480 0.577 1509 0.588 0.588 0. 567
KitE T HR 761273 0.549 817 079 0. 590 820 467 0.592 0.592 0.549
S R i 591 352 744 0.557 627 778 175 0.591 618 644 854 0.583 0.591 0.557

T4 SEHIFEAREXEERGETNE

Tab.4 Grey correlation degrees and comprehensive evaluation values of high-speed multiple unit

o 0110 & 0620 [#] 101114 IEHAE AR fAR A

EE2N e, - o - o . o . o -
PRI FrifEfk PRI FrifEfk R hrdEfl OCIRE bR OQHEE Frififk
CAR BRI 0. 504 —0.907 0. 654 —0.311 1. 000 1.063 1. 000 1. 063 0. 504 —0. 907
SitEfT LR 0.333 —1.087 0. 896 0.525 1. 000 0. 825 1. 000 0. 825 0.333 —1.087
St b1 0. 384 —1.013 1. 000 0. 986 0.713 0. 055 1. 000 0. 986 0. 384 —1.013
LA THE —1.005 0.404 0.652 0. 954 —1.005

#=5 THEEIENTIEITS
Tab.5 Scores of train based on transportation capacity criteria
[ENE] 4] | AR ATHBA T4 WY BN

0110 & 60. 00 60. 00 71.14 60. 00 60. 00 61.78

0620 88.78 73.67 96. 07 100. 00 99. 22 87.72

1011 A 93. 84 100. 00 62.79 65.97 97. 41 88. 00




1596 RPN X R ) 52 %
HREES 19 BB BR (6) X & 2 BT E T RIBCR A, BRI Z T 0 G

TSGR AN, vl 15 248 2 B 00 M HER I35 6 s

FH 45 )2 PEH 485 SR AT AT B A MR AR 1 B 1 T
i il o1 1 HE 44 H e B YR 0620 L 1011 &
0110, 0620 E5 1011 AH# T 0110 Wi & , 18
BV B A W BT, 1011 BIAHEL T 0620
R 5 , fe8 G et o, LR R s Al s
MR E A iz Hiae S 45 DAL (AR E

*6

A s TENRSS i Jr 1T, 1011 BRI SCHERX 4] 4 3l B2k 4
S, {5 2 3 K 8 AR Sk ] W S, A
TT7E AR A A2 i AP 2 b 3RAT R o0, T A 44 4L
PR o i b, 1011 PETRR AR G ] BOR VE KT
0620 . 7T das T g, ol Z B 4 ikia
PR, 7 2 20t 50 P22 HETC e Th e 51 4
WAL S 28 3 R F 52 T )

R A3 EE VY T B AR EMN R E TS K HEE

Tab. 6 Scores and ranking of goal, criteria, and object layer in version comparison evaluation

= =t MR RIEbR TR R 0110 [# 0620 & 10111 P43t v BSR4

Y il o 1 1.000 66. 25 89. 41 81.86 0620 &, 1011 &l 0110 &

BHE S 0. 540 64.58 90. 14 79.90 0620 [ . 1011 /€ .0110 &
il I B ERER 0.297 66.95 89.63 84. 30 0620& . 1011 & .0110 &

55 i 0.163 70. 52 86. 57 83.89 0620& . 1011 & .0110 &
. G| 2 0.667 61.78 87.72 88.00 1011 & .0620 [ 0110 [&]
= TR 0.333 70. 16 95. 00 63.68 0620 .0110 & 1011 &
g s H%: 0.667 67.76 87.75 82.23 0620& . 1011 & .0110 &l
=R IR 0.333 65. 32 93.39 88.43 062041, 1011 & .0110 [&]
IR 55 o i ek 1. 000 70.52 86. 57 83.89 0620 [ . 1011 5] ,0110 [&]

3.3 XEXFELIEMER [60,100]

(DANE#E . B—RET WX EHA LA
A, T SRR AT SR R TS ER IS T T
MR T 2 LA . T R
I, FEAR S BT A PEM AR AR R A T R AR R
[ S A

(2) X3 % W 51 4232 17 16 X BT P . LA
0620 s A7 KB s 2201, Tz d7 F 34 75 156
AXB, W RIRITE AR — R P3N X B AE
HRFCGRTD) IEEE 2R (D) —(L) LI E R
32 RER A AR ARG A R

FRAEEE 2 15 25 5 (1) —(4) 45 BRE X Iz 1) X
BEbRUE I — 1RG5 5L DL K 45 X BEXT Ry 5 1 FEAR X B

FRAE S 2 95 (20 B8 (5) X 4% 2 43 Btk A 732 2
BERA, 38 & R RLE R I N, Wil s
HEPEM 25 R, A SOV 7 138 W A5 31 45 IX B g A7
P 1) b il Jo B 25 2R . 6 10 91028 T ZEAR RPN TR T
A5 (KT 90 43 ) FLPE 43 88 IR (I T 80 43 ) Y
X Bt

IR ZEPE3 AT, 0620 8 A o] o ek R4, (5L
HAz B RINEA AL, H B2 2 KRR IX
Besgmn %26 X Befras i ie 1 7 A 1 ek 8L E
HRAr X ;’a”f ZAH O o AN BT R AR A3 AR, T
MR Va A EERIX BRI s TR IX Bk A
%f)utﬂmﬁiﬂ’\]ﬁ%]7k¥,éﬁﬁjﬁﬁl_&ﬁ]ﬁbEZ

[ B S AP oAb in 3 8 o , Ferh o B B o Ao T A 2 40 VA, (R AR is B IX B LT
xR7T REXBEZEEER
Tab. 7 Selection results for representative sections
el XE1 X B2 X Bt 3

173! WE—ELAR Rt —E s WL T

kg2 T AR HNEE—IEAR G —RKZE

L3 JEW—IIH WERAR—EhIR ERI—ra vy

4 L5 A e M AR —IE R IR — AL
Wkttia T4 1 HER P —EE 5K 4 PRT—ZPR B —K 24

WPt is LR YE 2 WHEIE—Tv ] B &lrailfind THA—IE

Wk DTis L3 P F— T R 2E—T M WLl —4 bz v
ERE RIS IR —Hd R BB —fErg v
TERE DR B 2 TR W —f 35 PANG bty | USRSy R UEP
ﬁ%%ﬁﬂ TR 3 BN % 12— il B —d
PR F IR 4 MR — e Ir ml 5 JEW R—E I
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Tab. 8 Intermediate calculation results and scores of samples in section comparison evaluation
~ S ERAERTIE o RE K% ) .
23 S - - - ——— SEMMKEIE
H—fk bR R TA H—fk AN LN
FEI— M 0. 644 0.710 0.325 87.01
RS 3 WL IR—E 1. 000 118. 00 70. 25 0.997 80 334 48 521 0. 002 99.91
Rk — 8 PG 0.874 0.638 0.271 89.17
L g A 1.000 1. 000 0 100. 00
= Y e 5 —eE 3 g 1.000 316. 50 274.00 1. 000 266 736 209 020 0 100. 00
M —ZALFT 0. 400 0.623 0.501 79.95
IEFRAR X B 1. 000 1. 000 0 100. 00
FEIX B
SR 7 A X P 0 0 1.000 60.00
F®9 XEXILIEM T BiREN . ERHETS
Tab. 9 Scores of goal, criteria, and grade layer in section comparison evaluation
S
Hr)Z 485 HARE S HEN 28R HENZ 15 —— -
T HRPE)
iBHihe ) 90. 06 89.81 90. 31
il JoT bt 87.57 B ER 85.35 85.95 84.75
AR 55 o i 87.38 88.99 85.77

B AR—ILE o B, R s & beis iR I, mHha
JPBAER ARAE I M TS TR Ak HHE

A HIE GRS Ay R, S SR R e ) A 55
Bt A

F10 EHEFIESBRXEBIIFHEITSFR
Tab. 10 Scores of some excellent or inferior sections
X B [X Bt 44 FK izlirhE BEE M55 o Gl ST i
HWEWLR 97. 36 85.72 94. 20 92.43
R it —E =i 100. 00 94. 80 96. 35 97.05
RN A —IE R R 100. 00 96. 80 100. 00 98.93
TG —K 4R 90.00 90. 32 100. 00 93. 44
P , R FH—(r 50 100. 00 89.76 100. 00 96.59
Wk Lk > "
Hrekftin e aek 2E—T 1R 100. 00 85. 99 100. 00 95.33
TEA—LE 75.93 84.45 76.07 78.81
IR AR —dg 100. 00 88.65 90. 69 93.11
TAE—RBH 100. 00 91.28 82.53 91.27
Az e Ay A E
BEE SRR % — 100. 00 84.73 100. 00 94.90
JEIR—T Ik 83.79 78.55 65. 50 75.95

4 Hie

HENT T S DX )RR A BB Y is e ) i
B SR 55 o =y TR DX 9 A2 A 7 R 3
AARELR G VPR AR R o Ry SN [RIRRAS 2 1 471
T TR Z [ B AR A O, Rl I DI B A )
PEFFRGUR L, BETT T RRAS K FEIEM 7 , DA Do 4 f
FABEHEAT VRN, PR 45 2R 70 o (AR Ik [ 52 B iz 5 s
ANEGNE R0l RGP E T, I KRR Ry
AN MAZ T Z B 22 AR . Rl 2 DO TR X
Bz A7 A B ARG 06 8 32 47 IR i A VT T R,
T 7 X B H P 7 i, it K-MEANS+ -+ 7%
X X B A AP IR A 43, 43 28 e PRI AR , R H

2 TOPSIS 753 [ Wiz 17 ] 9 X B EE1F o 45
Fo WS DL AR B U RNIX BE 24 f BE Xz A 7
(M ZHE[E )2 PE . DA IR R 3 A
I LA 114 4 B 0 1) 231 5 LR SR SE 81 43 BT a1

AN HCPEHY, 25 5 2 B 0620 [ % 1A i ol B 1 e 12
{H 1011 EIFEZ R e 1151 42 4 B R B AL 5 X Bx L
TR 453 0620 EIFEiZ S RE I IE BT  (Hiz Bl i
WA A AR G i o i R Ao AR SO
ST 217 R4 58 RIS A DGR b, fEAB T RS2 T2
T, SB35k % 0 3 1 7 1] s o) 6 ) B A DAY
ST, T B il R SRR . BT I Y
B , A5 L — 2 A s AT R ST =2 R X R Y
I SEPRs AT B A S B AR B B A 4 R
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