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Fractal Characteristics Analysis of Urban Rail
Transit Line Network Morphology and Pas-
senger Flow Distribution

CHEN Peiwen, QIN Guodong, GAO Dehui
Abstract To study the spatial and temporal distribution char-
acteristics of urban rail transit line network morphology and
passenger flow, a fractal measurement method of urban rail
transit network and passenger flow characteristics is established
based on fractal theory and passenger flow distribution theory.
Four radius dimensions and two branching dimensions are pro-
posed to describe the complexity and variation characteristics of
urban rail transit network and passenger flow. Taking Beijing
Metro as an example, the rationality and validity of the method
are verified on ArcGIS platform. The calculation and analysis
show that both the metro network structure and passenger flow
distribution within the Fifth Ring Area of Beijing have fractal
characteristics, and the network supply primarily matches the
demand of passengers. However, the overload of certain inter-
vals and transfer stations is critical, meaning that the network
requires densification.

Key words urban rail transit; fractal dimension; line net-
work morphology; passenger flow distribution

Author’s address Comprehensive Traffic Design Institute

= R AT B L B AT B RI B AT 2 A R A (Y77 T19418)
- 132 -

of China Urban Construction Design & Research Institute Co. ,

Ltd. , 100120, Beijing, China

Mandelbrot # i %) 43 J& # i ( Fractal Theo-
ry) "R R A AT AR SRR S B0 4y A A2 2 R
GRIZ R T AL S U M K R A
SCHR[4-5 1SR T 3k T 9018 52 38 I 48 R T B 25
P EMEPE L5 25 B 3R WA BT 52 38 X 48 7778 53 B
MG, AT WF5E 22 DN 52 38 28 I 1) ) L 25 /) A
F BB H I ERE AT . I, AR SOR 53 T2
S SR NGRS AH LS A, 36 TR -R 8Os o &
TOTHCRIRL R 1 B NI 3 AL dE bR
FUA 3 i 2 I 235 44 T 25 Uk 53 A1 D42

1 HERELEMS MR

ST SR A3 T AR T A AR AR R
BB 6 B S T O AN [ %
A 3H 2% 1 43 TR R
1.1 FR4EHER
L1.1 Esb%ef Aok %4t

FE 100 r (IRDE X3k, Gn S5 b ) 22
W2 S 43 T, AT 3 2ok 0] 2 A28 v SR A2 38 I 4% 1) O
TELEE, E LAk AR BRI £k B AR5

S(r) =81 (1)
L(r) =L (2)
{re
SCr)——RAE Lo Gy, B r A
PN PRI P Al
L(r) ——LHS L o B r =836
AL I B 5

S —— 4l W R A
L—&R BRI 28
Dy—— iR e R



D,—— LA
1.1.2  #tsh2Efin b sh4e g
RO, B R 1 P %
S Bt R 2 A S, () S, (1)
Su(r) = 8,75 (3)
Sou(r) = 8,75 (4)
LA R0 A B, FHEER IR % 32 4
S (P AN S (7) G LI (1,8, (1)) (F, S (7))
44 S A P D531 1 2 e X B 2
BE DB, FL R BB A B D, T HH S 45
Dy o Dy T Dy o BERE T R 35555 2 i 3% 0
RS (b, U AEAE— PRI 1 BRI A 1 1 4213
1L
1.2 Shi s
1.2.1 48
RO T X 8 L 2R 1
S UL BT B B HO AL (PR Bl 2 M2 0 0 45
ARAS . SRR 4 S0 73— Fh T, 2%
I V24 4 40 2 52 2 L 4R 2 M o
AR A 1 R, B R IERERC, L
PR A SRR ST

N(r) = N;r™ (5)
N(r) =in(k),k$r (6)
X
N(r)—3H B 2T

DN—ﬁﬁéﬁéﬁz,
n(k)——25F k 5 PR v i) T 20T A 0 ) 4%
IIBEGR =121,

BT [l ison g

1.2.2 A=K

T AR 0 B A A L 4 s dnl i i
A B L 0 245 B A5 A B) B2 2Rk o R SO AR AR
Dy,

F(r) = kz,lf(k) = Fir’r (7)
flk) = Zf (8)
K
F(r) ——f7 fp oA A W 1 203 O 70 5

fCk)—55 k 5 347 v I 2% 70 K 1) % O 1
Z
S k 5 A A3 M 45 A RECE
=55 i A4y B R Wi & i, nl A T
TH S 90 £ B A AR AL 3
1.3 SREHmENE
N T AL LR W 25 R I 25 N R % AT R AE Y DT
PR REIE i SCLR 5 R0 IR P Fs bR
2Dl o
o = D, TN (9)
0, D, >2D,

K

D, —55 1 B0 48k, R HC4: 3 24 50 sk o0 B
i

D,—55 2 R I8k, mTHGHE H 3l 4 5k i
AR

o—2 BT AE BN Hh I PE S 5, o (K,
PR A DR
1.4 WHHESERRSNA X

FER AT P 28 R G, e R AR TR — IR
WATHR RS 2, L, A SO Tl B 4G
SRR AT R T A AL, B E A
i, Ik B 2 T Logit & Ui 43 Fid A5 U Ok i 17 % U
S3HL

2 E=BISH

L 2016 46 50 2k W 45 Ry 2 1) (18 4kiz & 4K
% ,329 JEAZE ), AT W 5 K Y B
FRAE
2.1 ERENHIFE
TEHL 2016 4F 3 7 L TAE B 8K 55 R g 88
- 133 -




H1 22000 Logit % i 73 A B A5 3] Wy i 2 37t 12 2341 Al
R+ 9 25 0 AR L B A8 X A v Bl ) 2 3
HRC XS IX ] 2™
2.2 SREHHEST

AT IE T G vl XA N e A il ) 3K 4 ) H:
At 2l i L AR ) P 2 2 M e /MR PR 3R, e
FER A TTPY s A A AT BRI 25 I s o

BT LA B FBR S ) ] > 428 3 o 2 1)
AT I3 o0, OF i i e/ IR A T H R E 4
S0 AR D0 RE T N 2R o AR HE BRI 3 b 4
BOTRASRINIE 2 ~ B 7 fros. KPR AR
SR BOS U BB R Ge it R 738
R

y=1.587x+1.189 | Y LLLN
5| R*=0.990 | bt i |
| YA | |
~ 4} | P | |
1 ' P i 1
= 5L | P | |
I | ] 1 ] |
I I | 1 | I
: I ! 1 ! I
2r T ZHIUR AR ANHEREE
i l} ! ! 1 ! |
| .
0 1 2 3 4

y=1.679x+1.679 | ol | |
| [ ) oo ?®
I I 1 o 1
I I ] I 1
I I I 1
| | ] 1
) | bl |
2 ‘ Pl |
- | | | I 1
I I | ] 1
| | ] | 1
i L i
=393 A 5
l L L
4
or | Do ; ;
y=1.660x+1.808 | [ | I I
sk R=0.976 | i1 A o040 ?
| o A | :
< 4l | T | :
oF | P I |
A
£l Coib
| 1 I | I 1
I 1 I I ] 1
2 L 1 . | | | N I | e
ZRNF AR A EHHEE
. . ! R L
0 1 2 3 4
Inr

4 EshdERE
134 -

y=1.659x+1.826 | Pl i i
sk R*=0.977 | | | A oooegoced
Y < R
T 4t I .
P
%)
Z A T
] | |l 1 1 ]
I I 1 1 1 ]
L | Lol | j
2 =H IR R AW M
l 1 ! I} ! : 1 ! : J
0 1 2 3 4
Inr
5 A
Tr | [ | | I
y=1.459x+1.796 | L i i
6 i I i |
1 | 1 ) ?
| | 1 ® © | 1
1 I I I I
3 5+ I [y I I |
= i Lo i i
EA ‘ o L
I I I I I I
i o i i
3r | Lo | 1
SR E A E i
2 11 Il Il Il Il J
0 1 2 3 4
Inr
B 6 Al
10' | | | Il |
y=1310x+5243 | o i i
R*=0.976 | L i i
9_ I I I I I
A e
1 I 1 1
< 8F I G R
< Pl
=gt ! b L
| | I | | 1
I I I 1 1 I
1 1 ] ] I 1
ok ! . .
B =EHNREF ANH BEUE
5 1 ‘ I} : : 1 1 ! J
0 1 2 3 4
Inr
B 7 A
2.2.1 FRER%GHHH

HITE 4 FNPS mI1: (D Jbn H BREk i 45 44 76 1
LA EA WA TR RRAE , 78 TR LU 73 TR 1R
TR IRG , BV S b 5% 1) 24 3l 2 J32 AR 0 42 J32 347 g )
Frhu e e @ AT B R, B Sl
W2 1.7 2o B S AR T LI ) e 2 E 25
SEMSERERERY 1 ANBO G I EE AR, JE 5T Bk
TohRE XA T 4E /N T 1.7, B R TR
BT A R N R (AT A A

HIP 6 AL 7 R (D % o ARl 5 26 1
GEAE ST TR ARFAEARRL, LR LA N AR 2R 0 B 3 25 I bk
TELR I P ) 70 AT HAT AR EEA LT 3 @) A RAE 4 4
ol A L R A A5 EL A 1, R e 7 il 4 0 3 7 U
i B R P D i A T o R R
B, 1M Dy > Dy 1y Dy > Dy o, Bt WIS K i35 % i



10 L P 2k 1) A i R 110 i R R
R, BV A 2 I 18 o3 A SE R P45 D) 34 kv
PR B St AR SR G B R 5 A i A 4 K

S B M VLI D~ D LA 1 1L
TR . Al 5 25 S0 3 B o 2 2 0 B 2
T
2.2.2 pH BB

(LS I 9 TR (D) FE3F LI OLE R4
HUL AT ST AFEE , LB - (00K, TEAR
FE X 1A 104 P 2 e B TS5 @
SR B O B SRR T R 1 L
e K O BT T 26 B 16 Dy > D,
BN AN T, KB - K,
LRI [ B WL 1L R 2R R R
B5® Dy > Dy Dy > Dy, BEIILe B 10T %
VL B G T 0 T BRI, o X
SRR K ) ) 2T L 2 B
23 BREHRERAHEONBE S

A AR B A R ek
(26 R RS Pt 1 81 1 25
{5 B E L ST W 60 £ 25
HEGAEC AR B A O T 2 et T
WHFTRAFIE . BB bRAT LU 2 4504
SOOI .0 0 P30 O R A 38, 72—
BE LIRS RO B A 0 7o R %
5 R AT DM S I e 1 B

&1 SRELHEEER

s WA
gﬁé& DS DL DS,in DS,oul DN DF
DS

D, 0.95

Dy iy 0.96 0.99
Dy out 0.96  0.99 1.00
Dy, 0.91 0.85 0.8 0.8

Dp 0.79 0.72 0.73 0.73 0.89

Fh%% 1 ﬂ%ﬂ ,DS \DL \DS,in \DS‘OU(%H DN ZI‘ETJTJ}‘UEJ
PEAE DR PR T 0. 85, Dy 5 H A AR B P 45 B 1
ER0.77, XUl Jb st kL M k25 Fisfe & %

SRILADC L , {HL 5L g e ) Be 2k [0 43k 25 30 T 125 56 42 1
FEIRF TSR, T BUR DX [ 45 3 4 v ™
(2) Vit ek 245 55 LAl 245 250 14 I 0] P AR A A T2 25 0
XA R I 2 — , R v e 3] ] /D B DX T]
AR A 2 09 %R, S BOR I A e
PG LR SRR = A 22 5

3 #ie

1) {EEARERRN R AR L a4 I3 T
I ST U S 14 3 Ol 2 L o 2 ORI o A
B, W B0 A BE AL T 3T B S0 2 O Y I s
Gy AR, G5 S B L I 45 4 AN Ik 43 A AR Ay
e

2) RIAEHTH A B, Bk T2k A5 A I
A S TR A B P S A i & Bk . BT B,
Jb b A 2 I 235 K SRR R 25 O k4 AT AR R 3 AR AE
JChRBE DA R R A Dl FUERJE 2 AN X K
B L, TR LIS IX IR 0 oK K

3) AEdb R TLIR LN A Xk, 2 R 3k 25 19T
F AR EEA DT, LR g e of B 2k I ik 2 38 G ik 52
A AL IR oK, T BRI DX [ 45 e 4l A
JEHL

S22 3Tk

[1] MANDELBROT B B. Fractals; form, chance, and dimension
[M]. San Francisco: Freeman, 1977.

[2] MANDELBROT B B. The fractal geometry of nature [ M]. San
Francisco; Freeman, 1982.

(3] =0, X Rm , 260, 55, 3CE M4 i AR 1], B3
i, 2015(4) :12.

[4] FEM,PRICE, SRE. R HHE 28 [ 4% 5 T R 25 B
PR AL T[T Bl TR, 2008 (11) :11.

(5] A, g2 HN, B 05 . 261 438 B IR 14 30 T L3 5238 55 7l By
PESTLT]. REELARE,2018(10) :118.

[6] WA, X, #/NAE. SEF A BE Y 38 58 I 4% 53 T 4 5L
[J]. BaR45 228, 2007(4) :32.

(7] PHAR. Wi scl MEE SR T HEDISET]. 3@ iE
RHETRSFEE, 2007(1) :29.

(8] XUWbJe, FAEM. i R AT 338 W4 43I 1) s 2 FRRAE 25 F
FE[J]. shERL ) 2004(2) <144,

(Wi H H#7:2019 -08 - 11)

- 135 -



	06_时评+目次+论文GD2108 137
	06_时评+目次+论文GD2108 138
	06_时评+目次+论文GD2108 139
	06_时评+目次+论文GD2108 140

