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cocmaenAarouwiue UHMeEeHCU6HOCmu
noJiuTex MPAHCROPMHO20 NOMOKA

n nepMCKMM ﬂemepmuuupoeauuaﬂ U cmoxacmuueckasn

WutencuBHOCTh moToKa Tpancmopra N(t) = n(t)/A. 3mecs n(t) — KOIMYECTBO aBTOMOOMIICH,
TIpowIe/IIINX Hepes KOHTPOJIbHBIA pPyOesk 3a mepuoj BpeMeHu oT t —A/2 no t+ A/2.
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nepMCKMﬁ ﬂemepmuuupoeauuaﬂ U cmoxacmuueckasn

cocmaeiAaouiue UHMEHcCUGHocmu
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nepMCKMﬁ ﬂemepmuuupoeauuaﬂ U cmoxacmuueckasn

coCmaenanuiue UHMeHCcueHocmu
noJiuTex MpPAancnopmmno20 NOMoKa

\ [IpeanonoxeHue: B KaXIblii MOMEHT
L BpPEMCHU MHTCHCUBHOCTb N

\ 6\ TPAaHCIOPTHOTO  IIOTOKA  MOXKHO
\\ / PEACTABUTH B BUJIE CYMMBI

\ N = Np + Ng
v W e rme Np — OemepmunuposanHas

1000 1500 2000 2500 500 1000 1500 2000 N

a 6 (criaxeHHas ) COCTaBJIAIOIIAsd
WHTEHCUBHOCTH TPaHCIIOPTHOTO

0.0012 ? Y WZ
ﬁ noroka, Np — cmoxacmuueckas

L ?ﬁ COCTaBJIAIONIAsA, TO €CTh OTKJIOHCHHE
\ ! WHTCHCUBHOCTH TPaAHCIIOPTHOTO

\ oo f D}%\h ﬁ?f IIOTOKA OT CINIAKEHHOM KPUBOW.

T
500 1000 1500 2000 2500 N 500 1000 1500 2000 2500 N

6 2
Craructuyeckue nokazarei HHTeHCUBHOCTU N TpaHCHOPTHOIO MOTOKA: @ — TUCTOrpaMMa,
6 — 9aCTOCTH, 8 — dKCIIEpUMEHTaIbHas (—0—) U TeopeTudecKas (rayccoBa, —0—) KPUBbIE TIJIOTHOCTH P
pacrpeieNIeHHus] BEpOSTHOCTH, 2 — SKCIIEPUMEHTaIbHasl (—0—) U TeopeThdecKasi (—0O—) KpUBbIE
pacnpeaeiaeHus BeposiTHocTu P

0.0008

pstu.ru - - --aw- - = --a- - -



A ﬂéﬂ’lépM”HleOﬂ(lﬂH(l}l U cmoxacmuueckasn
nepMCKMM cocmaeiAaouiue UHMEHcCUGHocmu

nosiuTex MpPAancnopmmno20 NOMoKa
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NnepMcKu " Jlemepmunuposeannan u cmoxacmuueckas
coCmaenanuiue UHMeHCcueHocmu
NnoJiInTex MpPAancnopmmno20 NOMoKa
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nepMCKMﬁ ﬂemepmuuupoeauuaﬂ U cmoxacmuueckasn

coCmaenanuiue UHMeHCcueHocmu
noJiuTex MpPAancnopmmno20 NOMoKa
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Onyénuxosano. bospwunose M.I., Basunun A.C., Lllymxose A.I. Hcnonvsosanue komniexca gomogudeogurxcayuu Hapyulenuti npasui
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n NepMCKUHU
nonuTex

Dypve-ananu3s

dypbe-aHaau3 UHTCHCUBHOCTH TPAHCIIOPTHOIO IOTOKA
OCHOBaH Ha pAa3JOXKCHUU (YHKIMH HHTCHCHUBHOCTHU
N(t) (BpeMeHHOTO psifa) O rapMOHUYECKUM (DYHKIIHSIM

(psn @ypbe)

N(t) =ay + Z a cos(2mnit + @y),
k=1

Ime a, — CpeaHee 3HAuYeHUE paccMaTpuBaeMoil
byHKIUY;
a, — aMIuaTyga u @, — cABUT (¢a3bl TapMOHUKH,

COOTBETCTBYIOIIME YaCTOTE Ny.

J{ns monydeHus: 3HaYEHUN aMIUTATY/I, YaCTOT U CIIBUTOB
da3 ucrmoap3yeTcs ajJropuTM Ha OCHOBE ObICHIPO2O
npeobpazosanus Oypbe.
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nepMmCcKu n Dypve-ananus
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n nepMcCKu n Dypve-ananus

NnoJiInTex
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NepMCKH 7 Dypve-ananus
noJsinTex
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NepMCKUHU dypve-ananus

noJiuTex
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Onybnuxosano:. bospuunos M.I., Basurun A.C., I[llymxos A.I'. @ypve-ananruz unmencusnocmu mparncnopmuoz2o nomoka Il Humennexm.
Hunosayuu. Uneecmuyuu. — 2021, — Ned. — C. 46-59. DOI: 10.25198/2077-7175-2021-4-46.



n NepMCKUHU Beiisenem-ananus

nosiuTex

Beiiner-ananu3 ¢yakiun N (t) HHTEHCHBHOCTH TPAHCIIOPTHOIO IIOTOKA OCHOBaH Ha
WCIIOIb30BAHUH UHTErPaIBLHOr0 TPE0Opa3oBaHUs

W (a,b) :Tla JN(t) v (t;b> dt.

rIe a U b — mapameTpsl, ompeaeisione pasMmep (MacmrTal) BEHBIIETa U €r0 BPEMEHHYIO
JIOKaJIU3alnio (CABUT) COOTBETCTBEHHO;

y(t) — aHaTu3HpYIOIMKKA BEUBIET (AP0 HHTETPAIBLHOIO IIPeoOpa3OBaHMs);

t — Bpems,

CHMBOJIOM «*» 0003HaYeHa MPOoIeaypa KOMIUIEKCHOTO COIPSIKCHUS.
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NepMCKUun Beiienem-ananu3

noJimTex

t—b\ 2 _l(ﬂ)z )
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NepMCKUun Beiienem-ananu3

noJimTex
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n NepMCKUun Beuenem-ananus

nosiuTex

Amnamu3 BeiiBner-oopasza W(a,b) mntencuBHoctH N(t) TpPaHCHOPTHOrO IMOTOKA BBITIONHSAETCS, Kak
IPaBUJIO, C UCIOIB30BAHUEM NIOMHOCU CNeKmpad SHEPTHH (CKan10zpammost) BpEMEHHOTO psizia

E(a,b) = [W(a,b)I?,

2Nn006aNbHO20 CneKkmpa YHEPTUH (cxewzozpaMMbl)

Ep(a) = ]E(a b)db = jlW(a b)|%db,

U CKeéiemoHa
ecJu E(ai_l, bj) < E(ai; bj) < E(ai+1rbj)
Y E(ai, b]), )
SC(al, b]) = HUJIHU E(al-,bj_l) < E(ai,bj) < E(ai, bj+1);
0 B IPOTMBHOM CJIy4ae.
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NepMCKUHU Beiisenem-ananus

noJiuTex
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NepMCKUHU Beiisenem-ananus
nonuTex
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NepMCKUHU Beiisenem-ananus

noJiuTex
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NepMCKUHU Beiisenem-ananus

noJiuTex
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NepMCKUun Beiienem-ananu3

NnoOJINTEX
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NepMCKUHU Beiisenem-ananus

noJiuTex
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Onyéonuxosano:. bospwunose M.I., Basunun A.C., Lllymxos A.I. Hcnonvsosanue kommniexca @omosudeopurcayuu Hapyulenutl npasui

00POICHO20 OBUINCEHUSL I BbLOCLEHUS OeMEPMUHUPOBAHHOU U CMOXACMUYECKOU COCMABNAIOUUX UHMEHCUBHOCMU MPAHCHOPMHO020 nomoka I/
Humennexm. Hunosayuu. Mneecmuyuu. — 2021, — Ne3. — C. 61-71. DOI: 10.25198/2077-7175-2021-3-61.



n NnepMCcKuu Memoo nopmupoeannozo pazmaxa

noJiuTex

B ocHoBe memooda mnopmupoeannozo pazmaxa (nonxoma XEpcra) JIEKUT —aANMPOKCHUMAIIUS
0e3pa3MepHOro Mmokaszaress

R/S
JUIA M3BECTHOrO BpeMeHHOro psjga N(t;) crenenHoii 3aBucuMocTsio at!, rne a u H — xoHCTaHTHI, T —
BpeMsi. 3/1eCh 0003HAYEHO:

1

M
5 = MZ[N(ti) - ()12,

— CpeIHEKBA[APATHYECKOE OTKIOHEHHE 3HAYCHMI CiydaiiHoi Beauuudbl N(t;) HHTEHCHBHOCTH OT
1

cpennero 3HadeHus (N) = 7 ’i"ilN (t;); M — KomM4ecTBO CllaraeMbIX BPEMEHHOTO psija CIydaiHON
senmunHbl N (t;) Ha oTpe3ke BpeMenu Habmonenus t € [0, T].
R = max Z(t) — min Z(t).
telo,1] ©) te[o,1] ©)

— HAKOIUIGHHBIH pasmax ortkiaoHenmit Z(t) = Yii,[N(t;) —(N)] cnyuaiinoii Bemmumusr N(t;) oT
cpeanero 3HadeHus (N) Ha oTpe3ke BpeMEeHH HAOIIONCHU.




NnepMCcKuu Memoo nopmuposannozo pazmaxa

noJiuTex

B 3aBucumMocTu oT 3HaueHusa H mokasatens CTeneHU (3TO U €CTh MoKa3aTeab XEPCTa) pa3andyaloT TpU
BHJIa BPEMEHHBIX PSJIOB!

0<H<O05
— GHMUNEpPCUcmeHmHuple TMPOUECCHl, U1 KOTOPBIX XapaKTepHA 3HAKONEPEeMEHHAsA MEeHOeHUUs, U
(dakTH4eCKU pedb UAET O HEYCTOMUUBOCTH 3HAYEHUN pacCMaTpUBAEMOro BPEMEHHOTO P/,

H = 0,5
— paccMarpuBaceMbIe MPOIECCHI SBISIOTCSA CAYUAiHbIMU W HE UMEIOT KaKoro-Tnbo TPeHa, TO eCTh
ucmopusi (opmuposanus CjlaraeéMbIXx pacCMaTPpUBacMOro BPEMEHHOIO psjia HE BIMSAET Ha
MOCJICIYIONINE 3HAYCHUS,

05<H<10
— nepcucmenmmsple IpouccCChl, I KOTOPBIX HaGHIO,Z[aeTCH COXpAaHCHUC Ha6HIOI[a€M0ﬁ TCHACHI MU, TO
CCTb ucmopun qbopmupoeauuﬂ CllaraCMbIX pacCMarpuBacMoOro BPCMCHHOI'O psda oOKa3svleaem
6/lusiHUe Ha NMOCJICAYOIINEC 3HAYCHMUA.
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n NnepMCcKuu Memoo nopmupoeannozo pazmaxa

nonunuTex
N =——
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. _ IToxazarenu K Xépcra nis
1+ piver statistic — peunsix cTokoB (K = 0,75),
e 01° _ -2 — muBHeBBIX qoxaci (K =0,70),
f“ Enm{ — |, — TeMIIEpaTyphI U JaBJICHHs (K =10,70),
RS =770 — romoBbIx Koiell AepeBbeB (K =0,80),
0 e ressU’? _ 7 Caxu, K = 0,69
x e P 0 x rps3eBbIX oTiIoKeHu# (03epo Caku, K = 0,69),
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I INTRODUCTION

More than one million people are losing their life evel
year because of car accidents in the world, and the mumber
ﬁ\lnhw is predicted to mcrease to 1.9 million m 2020 [
Traffic accident prediction is not only the key to ntelligd
transportation system research. but also the foundation
intelligent taffic systens. The theory of traffic analysis af
forecasting. and the effective method of quickly af
accnmlelw prediction and discrimination of road traffic st
from traffic information obtained. remains challenging tod{
Compared to all other factors. such as xoad condition. vehis
condition,
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Abstract—In this paper, we propose a new traffic flow model,
aiming to provide a possible explanation and meanwhile &
useful simulation tool for the multi-fractal network traffic. It
is shown that the Hurst exponent for the mainline traffic flow
appear crossover phenomena, if it consists of several self-
similar components with different exponents. Therefore,
crossover phenomena are pervasive in practice, since the
inflows from the branch lines are usually heterogenous and
may have similar yet distinct Hurst exponents. Our results
indicate that this model is useful in network traffic modeling

tion.

Keywords-network flows; scaling: Hurst exponent; erossover

L. INTRODUCTION

Since the last decade. the bursty and fractal properties
of network traffic received extensive atientions, from both
physicists [1] and network designer/engineers [2J-3]. It is
now widely believed that the dynamic behavior of network
flow under re-scaling needs to be carefully considered in per-
n the ground
traffic networks. the degree of multifractality and long-range
of traffic flows tends 1o increase as congestion

Abstract

characteristics of the driver are more dlreclly related to

driving behavior. Unstable psychological and physiologid
characteristics or even worse conditions may eventual
result in traffic accidents. Ordinarily. emotion and cogmitif
are coordinated fo guide the decision-making behavior. H
in some cases, the conflict of emotion and cognition mal
decisions and human behavior abnormal. Research sugge:
that emotional response to dangerous situations often devig
from cognitive assessment. Emotional responses in fl
situation are often dominant. Under various

present in traffic flow. usually connected with irregular scaling behavior and self-similarity. A

tifractal spectrum is used to classify traffic behavior measurements. The width spread and the maximum of spect
1wo measures characterizing the spectrum of observations, are proposed as the distinguishing features among the

ples. Data, observed on Beijing Yuquanying highway over a period of about 40 months, from January 16, 2001 to

17, 2004, were used in the study. Analysis based on descriptive s provided to obtain the statistical descrif]
of the inherited multifractality. The multifractal process was validated to be appropriate in the classification of the
fic flow.

@ 2005 Published by Elsevier Ltd.

grows [4]-9].

Numerous explanations and models were proposed for
the origins and appearances of fractality for network traffic;
e.g. [10]-{15] and the references therein. However, there are
still many interesting yet challenging problems that need
10 be answered when we further explore the dynamics of
network flow. One of such problem is the crossover phe-
nomena which appear in the estimation of Hurst exponent
for network traffic.

As well known, Hurst exponent H. which refers to the
index of dependence of a time series, is the main attribute
describing the fractals of network. Thus, & variety of tech-

driver may produce psychological traits such as ups|
anxiety, nervousness. fatigue ete [2). A large number
traffic accidents showed that drivers in negative emotiof
account for a large portion of accidents.

Paper [3] observed driver’s physiological parameters af
its relationship with traffic congestion. However. the study]
only qualitative analysis. Paper [4-6] applied fiactal theo)
into the traffic flow prediction, proved that the imegulary

078-1-4799-6078-1/14/$31.00 £2014 IEEE

1. Introduction

The investigation of the temporal fluctuations of traffic flow signals has recently revealed its potential in giving i
mation related (omﬂm flow prediction [11,13,15, m} In lhe study of’ v.emmgl) cmnplu phenomena such as traffic
fractal analysis to draw and from time series. have
applied recently to the study of a large of variety of irregular, nonstationary signals and by now have proved to be
useful to detect deep dynamical features. These methods are mainly useful to detect the presence of long-range po
law correlations that have been found to exist in a wide variety of systems [10,11,15. As soon as they are found. the]

niques were proposed for estimating H: e.g. [16]-18]. The

ssover phenomena means we can observe a dichotomy
ling behaviors in estimating H (the detailed definition
of the crossover phenomenon is given in the next section):
c.g [14].[19]. of the crossover p is
of both theoretical and practical interest. On one hand, the
crossover phenomenon. while empirically observed in many
important real world systems. is not predicted by existing
theory or simulation models. This discrepancy between real

78-0-7695-4690-2/12 $26.00 © 2012 IEEE
o1 10.1109C50.2012.103

generally ified by a scaling exponent. By estimating the scaling coefficient we are able to obtain
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—

Department of Electrical and Computer Engineering

ppears Crossover

Yudong Chen

University of Texas at Austin
Austin, TX 78712, USA
Email: ydchen@utexas.edu

system
of the
this o
mechaf
with 1
impord
flows.
design|
Und
flow of
Result
tually
networ
better

18
The

stocha
1201

sumilas
dimen:

mation on the strength of power-law fluctuations of the signal and to get insight into the kind of mechanisms wludu

be responsible of its generation. Safanov et al. [13]showed that fractal bel

and techniques
The above a

ased on phase space dynamiy be used 1o predict the trafli
s concern with the determination of a single exponent, le:

speed.
ing to a monofractal de:

temporal ﬂucluauon\ of such kind of signals. Monofractals are homogeneous in the sense that they have the same s
ing properties, characterized by a single singularity exponent [17]. The need for more than one scaling exponent to
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for in trafic can due to the delays in human
reaction. Nairetal. [11]and Shang and Li (15]indicated that fractal and chaotic characteristics exist in the traffic system
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Abstract

In this paper, we applied a fractal approach to analyze the traffic data collected from the Beijing Yuquanying. The power
spectrum, the empirical probability distribution function. the statistical moment scaling function and the autocorrelation function
are used dicators 1o investigate the presence of the fractal. The results from the fractal identification methods indicate that these
data exhibit fractal behavior. A fractal framework seemed well suited for description of the data observed here. but its suitability
for general traffic systems was not clear.
© 2007 Elsevier Lid. All rights reserved.

Keywonds: Fractal; Power spectrum; Probability distribution function: Statistical moment scaling function; Autocorrelation function

1. Introduction

Traffic flow often exhibits irregular and complex behavior [1-6]. It changes abruptly when entering or leaving a
congestion zone. Its current state and future evolution depend greatly on myriad properties of interacting. often highly
variable physical and human elements. Proper representation of all dynamics in a model is complex: while certain
relationships can be developed through analysis, i ion of i ities. such i
codes, creates further complications.

The presence of chaotic phenomena in traffic models has been reported in recent studies. Prigogine and Herman [7]
modeled traffic integrating statistical mechanics with individual choice behavior and showed it to exhibit a high degree
of complexity. Disbro and Frame [8] demonstrate how the theoretically derived, Gazis, Herman and Rothery (GHR)
traffic model [9] i highly chaotic. even when applied to small (cight-car) systems. Van Zuglen et al. discussed the
implications of human behavior, chaos and unp for urban and I ion planning and forecasti
Safanov et al. [10] showed that chaotic behavior in traffic can due to the delays in human reaction. Shang et al. [4]
indicated that chaotic characteristics exist in the traffic system and techniques based on phase space dynamic:
used to predict the traffic speed. And Weidlich [11] how random-utility-based models of rel

* Corresponding author.
E-mail addresses: pishang @

du.cn (P. Shang), ducn (M. Wan). Santi @1u-tokyo.ac.jp (. Kama).
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Abstrac—Traffic accidents occur  with  tremendous
Increase over the years. We propose an early warning method
combine the factors from both the drivers and their vehicles.
We extract data of physiological parameters and vehicle
parameters and analysis them with fractal theory. We use
Hurst index to verify that parameters of driver and vehicle
have a characteristic of fractal. The simulation demonstrates
that when the average box dimension value of the heart rate
volatility, rotational speed volatility, and the acceleration is
greater than 1.7, accident will probably occur so that we
should warn the driver that he should have a rational decision.

Keywords—Fractal theory; Hurst Index; Box Dimension

I INTRODUCTION

More than one million people are losing their life every
year because of car accidents in the world, and the number of
Tatality is predicted 1o increase to 1.9 willion in 2020 [1].
Traffic accident prediction is not only the key to mtelligent
transportation system research. but also the foundation on
intelligent traffic system. The theory of traffic analysis and
i and the effective method of quickly and
accurately prediction and diserinunation of road traffic state
from traffic information obtained. remains challenging today.
Compared to all other factors. such as road condition. vehicle
condition, the psychological and  physiological
characteristics of the dniver are more directly related to his
driving behavior. Unstable psychological and physiological
characteristics or even worse conditions may cventually
result in traffic accidents. Ordinarily. emotion and cognition
are coordinated to guide the decision-making behavior. But
in some cases, the conflict of emotion and cognition make
decisions and human behavior abnormal. Research suggests
that emotional response to dangerous situations often deviate
from cognitive assessment. Emotional responses in this
situation are often dominant. Under various circumstances, #
driver may produce psychological traits such as upset,
anxiety, nervousness, fatigue ete [2]. A large number of
traffic accidents showed that drivers in negative emotions.
account for a large portion of accidents.

Paper [3] observed driver’s physiological parameters and
its relationship with traffic congestion. However. the st
only qualitative analysis. Paper [4-6] applied fractal lheon
into the traffic flow prediction, proved that the imegularity

078-1-4799-6078-1/14/$31.00 £2014 IEEE

and complexity of traffic flow. These researches show that
the traffic system contains nonlineanty and uncertamty. It
‘was shown in [7] that the Hurst opponent is a good measure
of traffic condition in time sequence. The higher the Hurst
index, the smoother is the maffic flow. However, existing
work about prediction of traffic system always ignored the
human factors, which we think is the most important factor
for traffic condition, especially in terms of traffic accidents.
With the development of vehicle OBD (On-Board
Diagnostics) and smart wearable equipment, the tmffic
prediction model combining drivers and vehicles will
become an important research direction in future study.

Based on the former study, this paper uses fractal method
to forecast the traffic accident. The contribution of this pnpﬂ
is as following: 1) we propose o combine
physiological parameters with OBD data as the nnpacl
factors, 2) then we use the fractal theory to analyze the
parameters. We establish a fractal analysis model based on
physiological parameters and OBD data to alarm drivers i
arational situation, which facilitates the accident prediction
in intelligent transportation systems.

1. BACKGROUND

A Fractal Theory

Fractal is a branch of modern mathematics, known as
the geometry theory of nature. Fractal theory claims that
under certain circumstances. partial shows simularities with
the whole on structure. configuration. function. energy or
other aspects.
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NONe3HbIM 011 AHAU3A, 2TYOOK020 NOHUMAHUSL U KOPPEKMHO20 ONUCAHUSL OBUIICEHUS MPAHCNOPIHBIX
NOMOKO8 NO ABMOMOOUNILHBIM 00PO2AM COBPEMEHHBIX 20P0008.

Omu  nooxoovl Mo2ym OKA3ambCs NEPCNeKMUBHbIM € MOYKU 3peHuss pa3pabomkKu cpeocme
NPOCHO3UPOBAHUSL U NEPCNeKMUBHO20 NAAHUPOBAHUS, CO30AHUS AHAIUMUYECKO20 UHCMPYMEeHmAa OJis
000CHOBAHUSL U NPUHAMUSL YNPABIEHYECKUX PeuleHull no NpoeKmupos8aHuio HOBbIX MPAHCNOPMHBIX
mazucmpaiell U peKOHCMPYKYuu cyuecmeyrouett YiuuHo-00pOoNCHOU Cemu.
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