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Abstract: Problem statement: This study proposed a mathematical model for #igtiag framework
INVANET; context prediction and simulation for veld safety Approach: Markov process was used
to model context and predict the states with thip fod transition probability matrix. The context
parameters were collected from CarSim simulator iafelred using JENA and SPARQResults:

The longitudinal speed and lateral offset are nyagunsidered and analyzed for a distracted driver
situation.Conclusion: The importance of middleware and modeling is dised and simulation shows
the performance of the proposed model for handlefycle safety issues.

Keywords: In VANET, context aware middleware, markov modekhicle safety, context
prediction, Markov process, lateral offset, proligbmatrix, distracted driver

INTRODUCTION is not suitable for time critical situations andyowell
o in advance states with absolute time such as Catend
World Health Organization global status report ongy time duration of an activity.
road safety (WHO, 2009) treated road safety isqses The second type is predicting the criticality bt

Global Health Problem; also shows every minute asyation by observing the current state of driveough
person dle.ln road accident wqudW|de anq the reasogjfferent soft computing techniques like logic desi
for the accidents are due to different traffic aftons fuzzy system, neural network and artificial ingsince.

and road users. INVANET (Saravanaret al., 2009) focuses on

. MOS;[ i Nat|o_nalt f?n(t:l H Internatlonaléaulgg/el the second type of prediction that incorporates
ransportation projects eriorts have seen a gr intelligence into vehicular system, which can be
on vehicle safety. There are many initiatives under

: : .~~“employed in various safety scenarios such as
g]éeg'&%?HEagnSp?\;\tlﬁﬁggs Sysltggg (lgngALmK(e minimizing vehicular accidents, managing vehicular
(Reichardtet al., 2002) Inter-,\/ehicle Hézard Warning traffic intensity, information for traffic cops ohit
IVHW (Benoit "2002) ’FleetNet (Andreas al., 2004) and run, avoiding vehicle theft and locating vebsl
WILLWARN  (Gerhard, 2004), PATH project Ondriveway. :

(Shladover, 2007), VETRAC (Arunkumar and Th!s study hlghl_y focuses_on _modellng context
Sivanandar"n 2007) :’;md NOW (Fesétgl., 2008) prediction and sharing over intelligent middleware

Transportation Literature Search by WorldCat, us-SyStem INVANET, where predicting the context

DOT and NTL during the year 2010 stated that thd"formation becomes a challenging task between high
potential for increased injuries or crash sevediing to ~ SP€€d vehicles and also sharing context information
large passenger vehicles sharing the road withlemal Plays major role with different traffic scenarios.
passenger vehicles. So, predicting the impact of This study covers the following topics: an
criticality based on vehicle type, current activapd ~ Overview of existing InVANET architecture and
alerts the driver or road users accordingly wiktyent  thorough review of related work. The context infere
from crashes and also minimizes the damages caus@fd sharing mechanism are discussed. A simulated
by collisions in worst case situations (SadayuRiLD). ~ experimental test-bed using CarSim and JENA to
Intelligent model for traffic safety applications evaluate the mldqlleware and also discussed the
discussed the decision making issues in differaitic ~ Performance analysis
scenarios. (Nagappan and Chellappan, 2012).

We categorize the crash predictions on highwayy nVANET and related work: InVANET
into two types: The first type is by collecting the middleware (Saravanaet al., 2009) architecture Fig.
historical crash data with the related contextla adopts object based component modeling where
information such as time, location, weather conditi each module inter operates with each other in
drunken driving and others. This method of preditti decision making and policy generation.
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Fig. 1: (a) Architecture INVANET (Intelligence Vehilar Ad-Hoc Network) (b) Curvy road with lane edg®rmation

The primary modules of INVANET focus on:

(b)

e Gathering driver's driving physiological scenario,
gathering roadway lane information

contextual information and scenario

Gather and update vehicular context for variable
roadway scenario

consistently update

) ' o ) In this research study, all the above mentioned

+ Enabling policy based decision making based orharameters considered as Context and derive infamma
from the context for modeling INVANET architecture.
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NHTSA Survey (Wassinet al., 2007) conducts present state. The transition from the currenestato
vehicle safety research in crash avoidance; dissu88 next state ‘j’ is based on the probability that qass.
pre crash scenarios which promote researchers bhe sequence of States{X.. X,} forms a (n+1)-state
investigate and develop crash avoidance systems. markov chain with its one-step transition probaili

The context change can be notified with the hélp omatrix P given by P= {F} >= 0, such that i, j>=0:
event based middleware, publish/subscribe middiewar
and adaptive middleware in dynamic changing X .=l X
environment but difficult is considering sensitive P{ "
situational parameters. !

CORTEX (Gureet al., 2001) middleware project
was implemented for providing proactive services inState diagram: The Situation (S) represented as ‘state’
a distributed traffic telemeatics application witie in markov process is defined as composition of Gtbje
help of JMF and RTP. Predictability of the Q) Time (T) and Context (C) from the INVANET
communication and cooperation between entities Wagomponents. Object is used as the functional eleten

mentioned as future work. . . -
ScudWare (Zhaohut al., 2007), CARS (Shankar represent the vehicle dynamics based on longitlidina
and lateral control.

et al., 2008), CARM (Shengpu and Liu, 2011) were
proposed as middleware architectures for the folgw L _
vehicular applications; run time provisioning for * Situation S ~ {O.’ T, C} where O, T, C are abstract
authentication, telematics applications and to quenf form of object, time and context _
dynamic configuration of components respectivelg; A * Object O = {01, 02, O3..p set of objects

the complexity increases to analyze critical states involved in sensing and sharing of context
majority of solutions only provided for telematios |n.format|on _ _
vehicles and less intent to vehicle safety. * Time T ={T1, T2, T3...T} time duration values

Figure 1b shows, when the vehicle turns on the atinstance ‘n’ (used in simulation for sampling)
curvy road the necessary context needed to beweaser * Context C = C1, C2, C3...£ set of context
like lane edge and surrounding object information. information used to describe the current situation

Markov model for context analysiss Though The State space ‘S’ and Transition Probability
publish/subscribe and event based middleware sufficMatrix ‘TPM’ for Markov model represented as follew
in providing services between vehicles, predictihg
situation without any cessation, analyze about the State space S={SS, S, S, S, S}
criticality is more intricate to process. The stioa _
becomes critical through the unforeseen events liké&tate of vehicle:
child running across the road, aggressive driving, . . )
diverts the attention due to talking on mobile phon S1: Initial state (Stopped State: starting vehicle,
road conditions and vehicle faults. Achieving thaal speed = 0)
requires prediction of context with the help oforting  S2: Casual state (No Alert State: No Vehicle ahead)
the observations at a specific time interval t0S3 Alert state (Beep or Alert: Vehicle/obstacle athe
under_st_and about the situation. _ . lane change alert)

Finite State Markov model is a simple andgy.
effect!vg appro_ach for comr.‘numcatlon. channel (unsafe), fast moving objects ahead, very low
description (Babich and Lombardi, 2000). Six stabes

. , response Time)
considered in markov process for context-aware dat§5_ Risky (Alarm State: Anytime collision state
communication to model context prediction over : '

INVANET middleware. Unexpected object crossing, front vehicle braking

The basic idea of using markov process is to dbkve S6: a,::c%?art:?g(olll|gshglr?2lt(;?g;) n, steering out of cohtr
high mobility issues in vehicular models and thekoa ' ' ISl

property is appropriate to deploy such applications . . .
We consider the Markov process, in which the From the state diagram representation as shown in

state at time t+1 depends on the states at timibus ' 19- 2 the situations can be predicted and analyzed
the future state of the process depends only theru based upon the context information provided by the
state and not by past states. i.e., given the gtages Middleware components.
XaoX1,....Xn1 and present state,¥he future state X; The transition probability between statgst®§ is
is independent of past states and depends only aepresented as TPM.
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Fig. 2: (a) Markov model state diagram for consmdlysis (b) Transition Probability Matrix (TPM)
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Fig. 4: Vehicle context aware information in RDFrfat

The initial probability values that are not constdue  Environment. Further each entity is composed of
to the vehicle/traffic dynamics and driver responseseveral objects 9 O,, Os,... where some of them are
Depending on a particular Situation the valueswaitly. highly dependent and some are not.

The context-information from object is collected The context objects and its parameters considered
through three main entities such as Vehicle, Draved  as follows:
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O-Vehicle = {speed, seat-belt-position, gear-posjti the facts and inference rules as mentioned in the
mp3-player, headlights, horn, indicator, proposed model Fig. 1. The common way of

braking lights, location} representing aggregated context information is RDF
O-Driver = {accpedal-position, brakepedal position,and OWL (Hoareau and Satoh, 2009). Based upon the
Gear-position cluchpedal-position, aggregated information the situation has been
Steering-angle} analyzed and notified accordingly.
O-Environment = {object-present, object-type, Figure 3 shows the context inference and

distance, Speed, angular-distance} notification for a vehicle during critical drive ay.
The critical drive away scenario can occur to cleasnc
Transition probability matrix: TPM From the State of driver in unconditional situation during drunken
diagram, the transition probability matrix is geated to  situations, abrupt vehicle failure, unacceptable

satisfy the markov process as shown in Fig.2a. vehicle component failure, environmental situations
This shows the expected probability from oneand roadway out of order.

transition to other w.r.t. driver behavior for tberrent The process works by observing the environmental

situation. Based on the current situation the gleitl  information from context objects, predicting thetst

be generated and notified to the driver as webtagr  with probability distribution defined as rule-basealyze
vehicles or Road Side Units. Suppose if the Exgkctethe context information over a sampling period atsb
action is not carried over by the driver i.e., théver ~ decide about a particular situation based on pieic
reaction does not match with the threshold valuestates from context base and share the contextdicgo
defined in the policy manger, perception andto the situation. The policy manager determines th
decision making databases then autonomic respons#ances of critical prediction of path with thestixig set
will be caused like controlling the vehicle through of calibration parameters which determines the cbsn
actuators and this new activity will also be added of critical accident to happen and ultimately isspelicy
the database for future reasoning. The mairfo alter situation or continue safe drive. Also aied on
parameter to affect time critical situation is thethe last set of driving and roadway traffic paraeretor
threshold value set for the corresponding contextfuture policy determination.

But the probability will vary depends on vehicle Figure 4 shows the RDF generation for context awar
dynamics and environment conditions. vehicle information which aids in policy management
Context inference and sharing: To predict the MATERIALSAND METHODS

criticality of context the observation are recordeith ) i S . )
timestamp values and analyzed at specific timeviats. CarSim Simulator (CarSim) is used for simulating

These information are stored as context databas&e behavior of vehicles in response to driver isike
which contains heuristic and learned knowledge fronsteering, braking and acceleration.
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Fig.5: Carsim simulation model and test parameter
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Data LRL pache-tomeat-7.0.0/bin Fles Web ROF fuww. vehidedest . com.rdf File
|SELECT ?Car 7carbefore 7carafter Fdistcarbefore ?distcarafcer
|WHERE {

1Car rdficarbeforc ?carbefore.

TCar rdf:distcarbefore ?distcarbefore.

Car rdf:icarafcer Zcarafoer.

Car rdf:distcarafrer ?disccarafrer.
[PREFIX xsd: <nhtcp://www.wd.org/2001/XMLSchenal>
;PRIFII rdf: <hctp://www.w3.org/1999/02/22-zdf-ayntax-nsé>
|SELECT ?Car ?carbefore ?carafter

|WHERE {
7Car rdf:carbefore 7carbefore.
. ?Car rdf:carafter ?carafter.

Car carbefore carafer
htip:/vedrededesc.comivha2140 Inone rone
ttp:/fvechidedesc.com/vha2141 [vha2139 ha2140
ht:/fredudedesc.comfvha2138 ha2136 pha2is?
http:/fvechucledese. com/vha2143 vha2141 [vha2140

Car aarbefore carafter desicarbefore distcarafier
|http: [vechidedesc.comvhaZl4l  (vha2138 vha2140 130 |15C
|http: [vechidedesc.comfvha2143  vha2141 vha2140 100 |30

Fig. 7: Object Detection and its distance (SPARQL)

CarSim is designed to provide accurate simulatioth a Context information is represented in OWL formangs
impact on decisions much earlier in the designlsaViz shown in Fig. 6.

process. It includes various libraries for vehicle  To retrieve the criticality about the context
parameters, control and environmental input forinformation SPARQL queries are used. A sample query

simulation runs, post processing control, plot petu for detecting the nearby objects along with itdatise
animation setup and batch controls. is shown in Fig.7.

The simulated test information for different oligec
and road types are obtained from CarSim simuldigy. ( . i
5) and represented in parse file. For context ptiedi The contexF test parameters considered are:
and analysis, the parse file information generdtech ~ *  Brake Applied Status
CarSim has been converted in XML format to enable’ Acceleration Position
middleware functionalities. These files are usedéna * Vehicle Length, Width
Platform to generate the RDF for situation analyblee * Speed
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offset and longitudinal speed are discussed here to
provide safety in a distracted driver situation.

Lateral offset is the horizontal distance measured
from the edge of the traveled way, to the face of a
roadside object or feature. This has been idedtéie a
controlling criterion that has substantial impodarin
inference and road safety Assessment, 2011 such that speciatiatie

sharing over INVANET for improving safety in vehicl should be given to the design decision. _

distracted driver notification to avoid accidents. in distracted state as shown Fig. 8. Without cantex
With the help of context-base, 10 types of alert inference and sharing mechanism the steering will b

. t . Snigh and state of a driver becomes critical. Thetext
were tested for environmental, vehicle, driver andabout the offset of roadside object is inferred and
temporal context parameters with the thresholde&lu ,otified to the driver in advance thereby necessary

represented in Table 1. _ actions can be carried out by the driver to rectinee
The different context parameters are applied b te consequences. Similar results for longitudinal dpefe

» Distance
» Lateral Offset
Relative Position

RESULTSAND DISCUSSION

Analysis of context prediction,

the performance of simulation test bed on whichkridt distracted driver as shown in  Fig. 9.
Table 1: Context type, expected behavior and watifon
Context type Threshold/interface values Obsengedext Notification Expected action
‘Environment’ RADAR/ultrasonic object ahead Dashtababject icon Speed in control
object detection sensor interface (can be static th \green’ or alter
>150 m or moving) speed bumper ahead
RADAR!/ultrasonic Object ahead and Alarm (beephbtaard Deceleration/pre
sensor interface safe distance (depending olgentwith ‘Orange’ -safe braking
>=50m on speed of vehicle)
RADAR/ultrasonic Object ahead and Alarm (beep é)ic Braking/hard
sensor interface unsafe dashboard object icon inyksiteering
<10m with ‘Red’
Environment RADAR/ultrasonic Object are very near iskig continuous Brake and
distance of any sensor interface beep dashbogedtob maintain safe
moving object <=5m icone with ‘Red’ distance
‘Vehicle’ difference RADAR/ultrasonic Slow moving léxt (beep) dashboard Deceleration/pre
in speed (current sensor interface 10-30 vehickadh object icon with ‘Orange’ -safe braking

vehicle and kmph and current speed

front vehicle) is< = 40 kmph

Temporal Time interface Early morning (2-5) Traffiew/current Steady in driving
time and day morning (5-12)Mon- status/prediction all the time, more

‘Environment’
location of vehicle
‘Vehicle /driver’
Accident

GPS device interface
(longitude, latitude)

Crash sensor interface vehicle

stopped due to collision

Fri/noon (12-4) Sat,
Sun evening (4-6) night
(6-11) Midnight (11-2)
Present locatib
the vebic
liB®n vehicle problems
driver healthdition

based on database

Route guidance

Autonomic message
call for emergency
service (SOAP-WS)

cauttaugdaight/
early morning

following the route

Rescoergency
service

Lateral offset from design path-m

I 5 — Target Distracted Driver
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Fig.8: Lateral offset of vehicle in distracted stat
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—Wheel L1 (equivalent) Accident Avoidence
o Wheel R1 (equivalent)Accident Avoidence
=Wheel L2 (equivalent)Accident Avoidence
&Wheel R2 (equivalent) Accident Avoidence
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Fig.9: Distracted driver and accident avoidance
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CONCLUSION

INVANET can be identified as a promising systeme

for preventing various types of collisions, rangingm
driver warning systems to vehicle control devices.
Through context modeling for INVANET with
different interpretation mechanism and simulatioh o
middleware system shows that identifying critical
situations and issue alerts can be done for mare 716%
of roadway safety scenarios. Even though it heips i
minimizing accidents and improving safety, basicSQo
issues and security mechanisms are to be improved.
The application of context prediction and infer@nc
over INVANET raises several interesting issues in

Andreas,
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