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Visibility graph approach for multi-fractal series analysis
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2. Department of Physics , Xingtai College , Xingtai 054001 , China)

Abstract: Visibility graph method is used to map multi-fractal series to complex networks. Intrin-
sic traits of multi-fractal series generated by different dynamical mechanisms were compared. It is
found that mixture series constructed by superposition of several mono-fractal Brownian motions
behave generally with multi-fractal character and the corresponding networks are scale-free. While
for the multi-fractal series generated by theoretical models, the corresponding visibility graphs dis-
play complicated behaviors rather than scale-free. In order to distinguish between these different
generators, joint use of wavelet analysis and visibility graph is required to make clear the dynamical
mechanisms embedded in multi-fractal time series. Visibility graph method is a necessary comple-
ment to traditional time series analysis approaches, which has potential use in detecting dynamical

mechanisms of complex systems from output series.
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Fig.1 Illustration for the algorithm of visibility graph
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Fig.2 Multi-fractal and scale-free characteristics for mixture series of fractal Brownian motions

TR Z AR AL O T A B AR R
DR 9895 S8 w LL 0. 05 S TaIBE. A 0. 55~
0.95, BTy n] DLIET A EE I3 A 45 R WP 3 B

B 3 2t T BMIF AL A (s ] 751 ) ) DL P
E’JT“ oA o] DA S A B S A A B O R HE
Ak HATE w HGE T 0.5, W /2 i a] 5 51 #2231 T .



360 b TR AR R 2011 4 45 33 4

A e Ly N = % A e ‘
ST B s BE 53 A1 328 A0 3 B AR RE R A0 A K425 T DMF LRI ™ A {1 Bisf ] 7 471 A O 14
104 104 10!
LR J . .. . .
1000 %, W=055 10° o  W=0.60 10°0 e, W=0.65
- - Py
g 102 » ... g 102 ° ... gloz 0.0.
o ey S0 "% 100 AL
L] .
®e .:o. . : ., . * : .
10° | e ceeeces o 10° secme w oo 10° seem o sooe
100 101 102 10‘) 101 10& 100 101 102
k k k
() (b) (©
10° 10 10°
00 vy W=0.70 10° m'a. W=0.75 1077 &N W=0.80
Y Y
< 102 LN 210 $
: ST S *
1 . 10'[ . 10° ) 7 3
10 ZEREN ifis,, It
es o0 .
100 . .~..‘~... . . 100- . .o .‘ o eo0o |. . . ~l - .-I. e o
100 100 102 10° 100 100 100 10° 10° 100 10° 10° 10*
k k k
(D (e) )
10* 10* 10*
3 10° - 10 A _
10 F 4 W=0.90 & W=0.95
m o ¢ m * 4
AT £ 10 e OB T ¢
= 10 = . "' ’ s * 0‘3; .
.
10! 10 ‘:.:. 10 -.5-;.
0 b . : oo L] 0 . LN ] * LR ]
104) ‘ 10 . . |. .o.‘. . .‘ 10 , . -‘ [ our . o‘
10 100 102 10° 10° 10 100 10 10°  10* 10° 100 102 10°  10¢
k k k
® ) ®

B3 ZHmABREFEZHEHNALEES
Fig.3 Degree distributions for visibility graphs of BMF model generated series
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Fig.4 Degree distributions for visibility graphs of DMF model generated series
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