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ABSTRACT

This paper research the freeway safety warning system with fog and analyze the composition and function of
each part of the early warning system. Divided the warning level into four grades according to the affect of varying
degrees of fog on the freeway safe driving and give the traffic organization management solutions for different
warning levels. Reach the set of traffic safety facilities for freeway in fog environment.
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INTRODUCTION

Data show that fog and other inclement weatherezhasserious impact on expressway traffic safety,tiesulting
accident rate has also increased. According tagoresearch findings, although the expresswaydactirate due
to fog generated 4% of annual, but the mortalitg ia as high as 7% to 8% of traffic accident dataased by the
traffic police department also proved this pbinit present, China has many sections of the expas$og area
was classified as urgent reconstruction of accib&tkspots police department.

Therefore, it is necessary to explore the next afper management systems and traffic safety wartieyg
technologies foggy expressway environment, devajggropriate management and control measures, tomzax
the level of the expressway traffic safety, roadvise levels and the ability to respond to seveeather reduce and
reduce i{)}g%]ressway traffic safety problems causefbdpyreducing personnel, property and economisdssrising
therefront ™.

ALARM MANAGEMENT SYSTEM ESTABLISHED

Under foggy expressway safety warning system enwient from expressway maintenance reasonable &oie rif

operating environment of view, by the impact on reggway traffic safety fog detection and predictioin

expressway running status monitoring, to determhme status of road safety and trends, and thus riake
management activities appropriate counter measeaesions.

Early Warning System Function

Expressway warning system can be divided into ¢Heving section4.

(1) Information Collection System

Object expressway emergency information collecsyatem is fog accident information. Information leotion
methods include automatic monitoring system or neoimg by observing forecasts, traffic police, rpad
conservation officers patrol, accident partiest pasupants or other reports and other insiders.

(2) the center of the decision-making system

The central decision-making system is divided im@ parts, namely scheduling system and on-sitencana
center. Before rescue workers arrived at the sqmoepulgated by the dispatch center of the decigiaking; after
rescue personnel arrived at the scene, set upgotany command center, the temporary command centdarge
of the rescue wofk.
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(3) The emergency response system

Decision of the decision-making control center eyst also need to rely on the strength of the varampects of
collaboration, rapid disposal in order to efficigntomplete, and systematic implementation of thential
authorities of the decision-making system thabisigosed of emergency services syst&ths

Expressway warning system function according toehdy warning management function and combinedh wst
own characteristics can be identified as the afammtion, the function of correction, emergencydtion, as shown
in Fig.1.

Disaster > Alarm function
Adverse operating > Correction function

! v

Emergency function

A 4

Accident happened

Fig. 1: Early warning system

Early Warning System components

Expressway fog warning system is a huge systenurditiy to the system within the division of laberdifferent,
generally can be divided into early warning infotima acquisition system, decision-making systemlye&arning
and response system in the center of 3 subsysseitis,as shown in Fig.2.

early warning information acquisition system

\ 4

—»| central decision system

A 4

warning response system

Fig. 1: Composition of expressway fog war ning system

(1) information acquisition system

Information collection system is an important bdeisearly warning system can be achieved onlyctiffe, timely

and comprehensive information and data collectimtesn in order to provide data protection for tiestrjob. The

role of information acquisition system is collectedtsite visibility, weather and traffic conditiomsid other data.
Configuration information collection system showrFig. 3.

1177



Chen Duiyong J. Chem. Pharm. Res,, 2015, 7(3):1176-1183

_ | Weather forecast
Information
collection — dict
Information || Monitoring center prediction
collection
—| methods
| Traffic police patrol
Information
collection | | User feedback
system -
| Visibility information
Information | | Traffic flow informatior
—| collection N
|| Abnorma ltraffic information
— | Other informatiol

FIG 3: Information Collection System Configuration

(2) the center of decision-making system

The central decision-making system is the coreaofyevarning system, the whole system plays a viild. After

receiving the warning information fog should imnedly start center decision system, while contiguim always
pay attention to the status of the developmenbgfthrough the information collection system, oae tther hand,
according to the occurrence of fog collected tiplace, scope and visibility information, developity strategies,
and coping strategies in a timely manner to thevealt units of the emergency notification systeltoywang them to

take timely action or emergency preparedness. ‘ighdevelopment of the fog zone of the situatitwe, ¢entral
decision-making system should promptly adjust copimategies .

(3) early warning and response system

All decisions dispatch center also need to relyhendecision-making system the forces collaboratiapid disposal
in order to efficiently complete. Early warning 8 is to implement the system in response to itteeties issued
at the center of decision-making system of the roairtrol systems and traffic organization system.

Traffic control system is composed of variable ragsssigns (VMS), fixed information marker, lineaducing sign
and marking etc.. Variable message signs (VMSEdfixnformation marker and radio will be monitorisfgategy
into specific warning, control commands issued he triver through the OTC equipment; fog lightstivac
reflective raised pavement markers and active lomsnlinear induction sign indicates the way forwéod the
driver.

The main contents of traffic organization in fogais the flow of information through the visibjliand road known
traffic; comprehensive utilization of the road fiafcontrol system; road, traffic police, rescuegdital rescue and
the coordination of various departments coordimatithe use of mobile phones, radio and various sezn
communication, on-site command and other correspgndeasures according to the different value efvisibility,
the formulation of the traffic organization plancacdingly, in ensuring road traffic safety situaticas soon as
poszlilglle evacuation of stranded vehicles, handliaffic emergencies, make the traffic flow to retdo a normal
state

Classification of warning

According to the visibility and the different inflace on expressway traffic degree can be divided4rgrades of
meteorological warning, as shown in TABLE 1.

1178



Chen Duiyong J. Chem. Pharm. Res,, 2015, 7(3):1176-1183

TABLEL. Warning classification table

warning  color

level logo level description potential impact on expressway

fog may have appeared a wide range dfight distance affected, traffic flow appears ibsiy characteristics, individual
level 1 blue visibility less than 500 meters in theareas of dense fog or strong fog severely affaffi¢rsafety

next 12 hours

fog may have appeared a wide range dfave a certain impact on traffic, traffic speedw&ld down significantly, the
level 2 vyellow Vvisibility less than 300 meters in thewinter ice road has been formed, reduce the frictoefficient of pavement,

next 12 hours pose potential dangers to the high-speed driving

fog may have appeared a wide range diave a serious impact on traffic, road visibiligncnot meet the normal driving
level 3 orange Vvisibility less than 200 meters in theconditions, it is difficult to distinguish the roalaffic jams or paralysis

next 12 hours

fog may have appeared a wide range cfections of poor visibility, driving is extremelyffitult, a large number of the
level 4 red visibility less than 50 meters in thebacklog of vehicles, passengers stranded

next 12 hours

Early warning system workflow
Expressway fog warning system is a complex systaoording to the organizational structure of eavhrning
system can clear all responsibility department witank.

FOG AREA MONITORING EQUIPMENT LAYOUT
Fog zone monitoring equipment includes traffic asijon equipment, visibility and weather detectidevices and
video surveillance equipméfit.

Traffic flow collection device which comprises annailar coil vehicle detector, radar, ultrasonigjed type and
other types, but in our country expressway, looib\ahicle detection ceremony most commonly usedfitr flow

collection device, it can accurately detect theislels average speed, traffic flow and lane occuparate
information. Little interference factor.

The vehicle detector common spacing between 0.5:-%3larording to the degree of importance and apica
purposes road. The traffic flow is less on the egpway, even setting the vehicle detector onlyiarthange near
the will. But for the road superexpressway fog aleause of real-time detection of traffic flovatst in order to
take the corresponding management measures, velgitdetor need relatively more, its setting denségied with
the fog region characteristic. Each spray sectiog-way comprises at least 5 group vehicle deteatowhich 3
groups of detectors are arranged inside the fotjosgecre respectively arranged on the head, tall fag area
middle section, the other 2 group vehicle deteig@rranged on the fog region outside the 2~4kne&ffog area
before and after each set a group. Fog area ink&leehicle detection in fog area of internal iraffow state
changes, provide the basis for the establishmemafitoring strategy in fog area. The vehicle detefog area
outside for traffic flow state detection of nornmaéteorological environment, through the contradbgfinside and
outside the area to traffic flow state, correctidriraffic control in fog area strategy, make tlg farea traffic flow
to maintain continuous internal and external caasis/>*".

The fog influence area length exceeds 5km sectithies) the fog zone should not every 1~2km set gpoap of

vehicle detector, 2~4km in fog area outside ofibsition, the fog region before and after the sestieach with a
set of detector. Sections in the key area of fogorder to be able to timely discover road congestind traffic

things such as special cases, should every 500upsegroup of vehicle detecth

Visibility monitoring equipment is the most impantainformation acquisition equipment monitoring t&ys in fog
area, including digital CCD camera system, thebilisy visibility monitoring etc.. Currently in usen the
expressway is the most visibility monitoring equgamhwidely used is the FD12 visibility meter VAISAL

Layout and fog area characteristics, visibility wrd the terrain characteristics of expressway tuand other

facilities is closely related to the location oéttoad. Each paragraph should be set at leasefdgres a visibility
meter, and should be the core section is arrangeldei fog zone. When the fog feature section affeetbroader
regional traffic characteristics and the charasteeriof the road sections within the region havgreater change,
should add visibility in each traffic and road daaeristics section. When the fog characteristixgisn is longer,
the section of ordinary fog area, should be basethe distance about KM encryption setting visibilineter. For

yet the traffic operation, and no historical obs¢ional data of the expressway should be accorttintpe local

residents described and is conducive to the misemgeéed special topography and morphology chaiatiter
segment division of fog.
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Weather station is a combination of various metiegjioal detection equipment, including temperatimemidity,
wind speed and direction detector detector detedatector, road condition detector rainfall.

Weather station is aided prediction and forecagbgfformation, as the management strategy of éneice. In the
section of Expressway fog zone set the number daedsed, spacing should be selected in the 5~Z)&manged
between the fog section, in the fog less areas, mnset the weather station or just set a weaithezach
administrative district within the station.

In addition to the conventional meteorological ddt: equipment, at the weather station is usuad#igd to be
equipped with a visibility meter. Located in thaibility meter meteorological station can not ofilier into the fog
monitoring and early warning function, through canng the analysis of observation data and otheeorelogical
visibility data, meteorological law can obtain fggneration, to provide services for the fog forecas

On the expressway, CCTV camera video surveillamgépeent is the most commonly used, although inhisevy
fog weather conditions, due to reasons such asilitigi video surveillance range will be affectald certain extent,
but the fog condition is very favorable for rapmhfirmation.

Fog conditions confirm the length of time to takeasures to timely is crucial, according to theuafice of fog on
traffic safety, the initial formation of Seafogtime the most prone to traffic accidents, the tymsdnfirmation fog
conditions can reduce the probability of trafficcigent generated early in the fog. Typically, thaffic police

arrived at the scene to fog condition time confidni® more than 10min, and if the fog formation liga in video

monitoring range, then received the report, withimin can confirm the fog condition. Therefore, st very

necessary to set the video monitoring system irs¢iotion of Expressway fog zone.

Because of the fog section is the key part of tressway, in the economic conditions permit, sthabe whole
video monitoring, even if temporarily do not hawe et the whole video monitoring conditions, shoalsb be
reserved interface for the future implementatiorthef whole video monitoring, and with the needraffic growth
and traffic monitoring system, gradually expand sbale.

FOG AREA TRAFFIC ORGANIZATION AND MANAGEMENT
According to the influence of different degree ofjfon expressway traffic safety, take the corredpantraffic
organization and management plan in different waygirade.

() an early warning of traffic organization piplam

Appear in the abnormal condition, road and traffitt be abnormal condition at the same time to élkpressways
department and the maintenance station bulletanptirpose of enabling personnel and maintenansompee! the
first time rushed to the abnormal conditions oftieas, which officers should increase patrols ie ttbnormal
condition of road; through the vehicular broaddastemind drivers to pay attention to traffic sgfetehicle speed
according to the rate limiting scheme datasheestitiet implementation of the prohibition of indigainate parking
and; the timely processing of the faulty vehicladahe abnormal condition of the road length eveefinite

kilometers place traffic warning signs or temporspged limit sign.

(2) two level warning traffic organization pipe pla

In the second level degree of fog occurs, drivimg ¢ar on the expressway will become relativelfialift. When

the traffic volume is too large, the expressway ajilpear the phenomenon of traffic jams, likelx&use the traffic
accident causes the accident rate increased th#isppanagement content is: when the abnormal tsyesiould
the speed limit signs placed in the upstream amndndtseam of the abnormal sections, the abnormaatsin to

drivers notice through the LED variable informatiooard or temporary mark, to remind the driver t@intain an
appropriate distance between vehicles and vehielecity control. When obstacles appear on the readuld

timely inform road maintenance personnel to timebatment. The road alignment is poor and accigeohe

sections, should set the chevron alignment markindgselp drivers have better recognition of roagkdr in low
visibility conditions, and set up a warning sigmfeorary.

(3) three level warning traffic organization piplarm

When visibility drops below 200m, the road traffiondition severity sharply, serious safety problemming the
low visibility on expressway vehicles face.The sfieenanagement content is: when the abnormal ewtuld the
speed limit signs placed in the upstream and daeast of the abnormal sections, the abnormal sitndt drivers
notice through the LED variable information boandtemporary signs, remind the driver to maintaipraper
distance between vehicles and vehicle velocity rodbnShould set the speed limit signs in abnorneadr ahead
kilometers, visual distance and open the lightaxgjlities to improve the fixed sign sign.
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(4) four level warning traffic organization pipeapl

When visibility is less than 50m, sections of pewmibility, traffic is extremely difficult, a larg@umber of vehicles
backlog of passengers stranded. The specific mamagie measures: traffic control center should beassd
through the network, broadcasting a variety of mseafi communication for real-time weather and tecaffi
information, try to limit travel vehicle is not negsary to enter the expressway. At the same tioresidering the
closure of the expressway lanes according to theabsituation, to stop the vehicle into the fogeoUsing a patrol
car to lead the fleet organization way in fog aheavehicle left the road patrol, patrol car alopglice, medical and
Rescue Department on standby.

FOG ACCIDENT EMERGENCY RESCUE

Because of the traffic accident is random, evethéfog warning in time and take corresponding messunder
the condition of factors by some uncontrollabletare will be a traffic accident emergency warngygtem in the
function then began to play a role in.

Fog freeway emergency rescue system is a subsystetre management system in fog area, attachedheo t
expressway early warning system, the 3 part alssists of information collecting system, centratidimn making
system and emergency service system.

(1)information collection system

The object of freeway emergency rescue informagioquisition system is a fog of traffic accidentoimhation.
Information acquisition way including the monitagirsystem of automatic forecast or control persomimedugh
observation, the traffic police, road, maintenapeesonnel patrol, the parties involved in the asoid passing
drivers or other insiders report etc..

(2)the center of decision system

The central decision-making system is divided iM@ parts, namely scheduling system and on-sitencana
center. Before rescue workers arrived at the sqaoenulgated by the dispatch center of the decisiaking; after
rescue personnel arrived at the scene, set up@otany command center, the temporary command céentdrarge
of the rescue work.

(3)emergency response system

Decision of the decision-making control center eyst also need to rely on the strength of the varampects of
collaboration, rapid disposal in order to efficigncomplete, and systematic implementation of thental
authorities of the decision-making system thabisposed of emergency services systems.

When the fog, the effective range of the videoeysis very limited, although the use of some exgway incidents
automatic monitoring system, but the speed of #ig@cle at a low fog, the automatic monitoring sygsie also very
difficult to predict the traffic accidents in a shdime existence, when the event automatic moinigosystem to
monitor the time of the accident, the expresswaffitraccident may have occurred, or a chain ofrttest accident.
Therefore, information gathering fog rely mainly traffic accidents, road patrol and accident pastiead users
report to achieve. In the fog should increase withtraffic police, patrol officers and vehiclesarder to be able to
detect and confirm the accident.

When there is fog, expressway traffic police angiégsways Department should step up inspectioneofdad, on
the accident-prone sections focus on inspectiarsedrly detection of accidents. In the fog zongtisas, certain
police laid interval within the service area, patkareas and other facilities on the spot roadstialed, you can save
time confirmed the accident, but also be able tot spe early implementation of traffic control, tmihg the
probability of occurrence of secondary accidents.

The traffic police and road to arrive at the scemeomplete the severity of the accident, influeacepe, need to
type and number of rescue vehicles, should be yintrelffic control measures on the road. Monitoricenter

through the variable information board to remind triver in front of chronic or the nearest accidemst slow

down off the expressway.

TRAFFIC SAFETY FACILITIESUNDER FOGGY CONDITIONSLAID

Fixed facilities

(Lfixed signs

The fog on the road under the condition of fixeghssetting function mainly has to remind driverpty attention
to traffic safety and restricted speed. The setfingition should be selected in the mist of thetrepsn multiple
sections, in order to play the role of warning tivers and the speed limit effect.
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Because of the fog adverse effect on visibilitypsideration should be given to the fixed sign datien processing
to extend the sign visibility distance. As in tlegd on the smear of reflective materials or in fiked sign is
arranged beside the auxiliary lighting equipmeat extend a sign of effective visibility distance.

(2)the variable information board

The driver of a timely understanding of the traffituation, the need for real-time notification mfad traffic
conditions, variable information board layout plamainly for fog prone and multiple sections, théease of
information is mainly there to remind drivers toymtention to the speed limit, and forecast themkiream effect
of road traffic conditions.

(3)induction sign

On the expressway, chevron alignment sign is aroitapt facility for specification vehicle trajecyprthe main
reference facilities is also a driver in drivingopess. According to the survey, driving in fogpgslrely on induction
sign distinguish road profile and alignment to fitmat, so we can see that its importance in drivinfpg.

Linear induction flag should be set to the follogiprinciples:

@ linear induction flag should be set to changehim direction of travel sections, such as sectidramall radius
curves, ramps, roads and other sharp turns;

@ linear induction flag should be set consistent limehr and perpendicular to the vehicle travetiingction;

® linear induction flag set spacing should ensue there is always the driver's field of vision Ha® linear
induction mark;

@ any curve, just set the linear induction flagésts at least 3;

® linear induction mark set a minimum height fonvér edge of the flag from the ground 1.2m.

In low visibility weather conditions, the driver taee the linear inducing sign quantity not onlpetels on the
position of the obstacle or bend radius size, g depends on the fog visibility.Fog section linealucing sign
setting density should ensure maximum visibilityfalg 85% visibility conditions or can see 2 linéaducing sign
in the case of 50m. Thus calculated spacing shoatldbe more than 25m linear inducing sign.

Temporary facilities
Due to the fixed sign setting is hard to coverisastof intact, a hand so temporary sign settirajde essential. The
increase in input fewer cases of temporary signsatso be set to play a better role.

Fence set

There are mainly three kinds of widely used at hame the form of barrier: flexible guardrail, sengjid guardrail
and rigid guardrail. In this three types, semidiguardrail is corrugated guardrail used widelye Thain reason is
the characteristics of corrugated guardrail withidiflexible and economic, after the collision ddgtic deformation
is large, easy to repair after damage, line oftsigiidance and strong, and can com. and road aéighrBut when
the specific use of guardrail form, not lump togetlor to the characteristics and performance off éarrier forms
are considered, a comprehensive analysis of thwndrsafety, the driver's psychological oppressiwave a good
line of sight guidance and coordination with thersunding environment, but also to consider theneowy, ease of
construction and maintenance so,the ideal fenceedoce the occurrence of roadside accident andceethe
severity of accident is very important. In simplerds, only to be able to reach the crash stremg#tke the vehicle
safe stop, but also save the cost. Therefore girchioice of the guardrail of the time want to cdasivarious factors.

CONCLUSION
This paper analyzes the composition of Expresswgysécurity early warning system, the warning lefalifferent
degree were divided, and puts forward the traffgraaization and management schemes of differermedenf fog

conditions for different levels of weather, foggyw&onment Expressway fixed signs and temporargssiend fence
settings.
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