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Active safety
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Active Safety: Assist driver with information and warnings

Types of communications:
« Periodic messages (,Beacons®)

— Obtain local traffic information

— One-Hop-Broadcasts
« Event-driven messages (,Emergency message*)

— Hazard detected and now needs to be communicated
— Multi-hop Information dissemination

Karlsruhe Institute of Technology



Problem statement

Size of packet: 500 Bytes

Each vehicle sends 10 packets per second
Communication range: 1km

11 vehicles per km and lane

IEEE 802.11p

nstitute of Technology
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Simulative

Evaluation

Protocol Simulative
Design Evaluation

Protocol

Ticito ' Deployment

Test

—
» For realistic simulative evaluations, a realistic
modeling of various components is needed:

— Radio propagation, interference, capture models
— Network Simulator

— Mobility Models
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* “Empirical determination
of channel characteristics
for DSRC vehicle-to-
vehicle communication”,
V.Taliwal et al. ACM
VANET 2004.

* “Broadcast Reception
Rate and Effects of
Priority Access in

802.11-

Based Vehicular Ad Hoc
Networks”, M. Torrent-
Moreno, D. Jiang, H.

Hartenstein, ACM

VANET 2004.




* Correct Modeling: Cumulative Noise

| - Basic Ns-2: Handle packets separately

‘ - Required: Consider the sum of interferences
created by all packets
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o Correct Modeling: Capture Effect

| | - Basic Ns-2: No ‘real’ capture

‘ - Required: Packet captured if signal strong
enough
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 We improved car-to-x simulations:

— |IEEE 802.11p
— Noise modeling
— Capture effect

e Overhaul of IEEE 802.11 Phy/Mac in NS-2

e Together with Mercedes-Benz Research &
Development North America

o Part of the official release NS-2.33 (March 31, 2008)

http://dsn.tm.uni-karlsruhe.de/Overhaul_NS-2.php
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CR of 1000m, 66 vehicles per km




3 Mbps, 10pckts/s, 66 vehicles per km




 If the red car has a problem, emergency messages
need to be disseminated in the grey area

 What is the best strategy ?
— Increase data rate ?
— Increase transmission power ?

Congestion Control !




 What is creating a major channel congestion ?

» (Categories of Car-to-X communication

— Beacon Messages
« Only single hop
» Transmission of local information
» Transmission rate: 2-10 beacons per second

Creating Congestion !

— Event-driven messages
e Mostly multi-hops
* Emergency information dissemination
« Per-event generation

Control the congestion of beacon messages



BL MBL Distributed Fair Transmit Power Adjustment for Vehicular
BL ~ Ad Hoc Networks, M. Torrent-Moreno, P. Santi, H.
MBL =2 Hartenstein, In Proc. SECON'06, September 2006
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 If the red car has a problem, emergency messages
need to be disseminated in the grey area

 What is the best multi-hop strategy ?

— Select the best relay ? Dynamism
— Select a set of bestrelays ?  Reliability
— Both ?

— Where to select them ? Efficiency



Intended Forwarding Area
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Inter-Vehicle Communications: Achieving Safety in a Distributed Wireless
Environment — Challenges, Systems and Protocols,
Marc Torrent Moreno, Ph.D. thesis, University of Karlsruhe, 2007




e Dynamic Visualization of EMDV at our Demo Stand !
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* Congestion Control
— Reduces Tx range of beacon messages
— Increases the reliability of emergency messages




R
« EMDV used in conjunction with D-FPAV

Dissemination area; 2km




We developed state-of-the-art tools to simulate Car-to-X
communication:

— Adapted radio propagation models
— Correct modeling of IEEE 802.11a
— Modeling of IEEE 802.11p

We observed that
— Trade-off needed between transmission range and rate

— Controlling the congestion created by periodic beacon message is
crucial

* D-FPAV increases the transmission reliability of single-hop emergency
messages

We showed that efficient Car-to-X communication is possible
— EMDV efficiently disseminates emergency messages
— D-FPAV is critical to control channel load






o Correct Modeling: Capture Effect
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* Correct Modeling: Cumulative Noise
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Initial Idea: . | = Interaction between traffic
C. Lochert et al., “Multiple Simulator Interlinking simulator and network simulator
Environment for Inter Vehicle Communication” required ?

ACM VANET 2005 « Accurate coupling expected ?

* By creating an interface between

* Topology G .
« Mobility VISSIM and Ns-2, it is possible to
. [[__position > p « Alter a trajectory based on the
. > reception of a message
[ Vissim |, Ns-2 } g J
J < Re-routing || ™ )
» Alter the reception of a
- Safety message based on a new
* Traffic EfflClency trajectory

M. Killat et al., in Proceedings of the 4th International Workshop on Intelligent

‘ On the accuracy of coupling a mobility and a communication simulator for VANETS,
Transportation (WIT), pp. 137-142, Hamburg, Germany, 2007.




» Scalability for large scenarios?

» Instead of playing the protocol game
for every beacon, can we build a
model for the probability of reception
and simply execute the model?

* Yes, gives significant speed-up
factors without loosing accuracy.

Enabling efficient and accurate large-scale simulations of VANETS for vehicular
traffic management,
M. Killat et al., in Proceedings of the ACM VANET'07, Canada, 2007.




Contention-based Forwarding
« Efficient to deal with
uncertainties in terms of
reception failure caused by
* node mobility
» fading phenomena
e collisions

» Short delay
* Reliable communication
* Resilience to uncertainty

Greedy-based Forwarding

 Selects one specific forwarder made at
transmission time
e Immediate retransmission (no
contention)

*Avoids broadcast storm problem

Forwarding zone:

* In the direction of message

propagation
e Save unnecessary network
resource

e Shorter than the maximum
propagation capability
* Increase a transmission
reliability




e Assumption: beaconing rate is given

— Thus, only Tx power control ajustment
e Criterion?

— Max-Min-Fairness

BL(PA) MBL | _ BL=3
D-FPAV:
CS range Distributed F_air Tx P.ower
Adjustment for V_ehicular
Environments
PA(1) PA(2) PA(3)

Distributed Fair Transmit Power Adjustment for Vehicular Ad Hoc Networks,
M. Torrent-Moreno, P. Santi, H. Hartenstein, In Proc. SECON‘06, Reston, VA, USA,
September 2006




