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Outline

• Overview on Car-2-Car 
communications

• Wireless local danger warning with 
Wireless Access in Vehicular 
Environments (WAVE)
–Performance evaluation and 

optimization

• Conclusion and outlooks
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Motivation

• Automobile accidents in Europe
– 1,300,000 accidents
– 40,000 dead persons per year
– 1,700,000 casualties
– 160 bn. € economic damage

• „eSafety“ concept from the European 
Union
– Half number of dead persons until 2010
– Passive safety systems reducing the severity 

of the accident are not enough 
– Target is only reachable with active safety 

systems that completely prevent accidents
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Safety Relevant Vehicular Communications

1. Sensors
– Detect 

dangerous  
situations

2. Communication
– Status
– Danger warning

3. Processing
– Relevance 

check
– Forwarding

4. Driver warning
– Optical
– Acoustical
– Haptic

⇒ Early driver information
⇒ Longer reaction times
⇒ Prevent accidents
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Spectrum Regulation for ITS Communications 

• Spectrum for ITS in 
the U.S.
– Oct. 1999
– 75 MHz at 5.9 GHz
– Dedicated Short 

Range 
Communication 
(DSRC)

• Spectrum for ITS in 
Europe
– Aug. 2008
– 30 MHz at 5.9 GHz 

(5.875GHz –
5.905GHz)
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Wireless Access in Vehicular Environments 
(WAVE)

• Physical layer (PHY)
– 10MHz channel at 5.9GHz ITS band
– IEEE 802.11p (802.11a, OFDM)

• Medium Access Control (MAC)
– Basic IEEE 802.11 MAC
– CSMA/CA 
– MAC-X IEEE P1609.4

• Upper layers
– IEEE 1609.x
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• Spectrum Regulation
- multi-channel @ 5.9GHz 

• MAC Layer
- IEEE 802.11e (EDCA)

• MAC Extension Layer
- IEEE 1609.4 (Multi-channel Operations)       

WAVE MAC
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Wireless Local Danger Warning

• Optical Brake Light (OBL)
– Fails when the driver’s visibility is limited
– Cumulative reaction time causes chain 

collision
• Emergency Electronic Brake light (EEBL)

– Early notification of leading vehicle 
emergency

– Event-driven multi-hop broadcast
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Interactive Simulation Environment

• Application
– Message generation
– Relevance check

• Communication
– WAVE system
– Message dissemination 

• Mobility model
– Microscopic car 

following model
– Driver behaviors
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Collision Avoidance with EEBL
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Congestion Problem in WAVE System

• EEBL failed when channel 
is congested
– Emergency Electronic 

Brake Light
– WAVE service 

announcement for 
infotainment apps.

• Middle density scenario
– 6 lanes
– Inter vehicle dist. 150m
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Congestion Control in VANET

• Cross-layer architecture 
for congestion control
– Application layer 

• Constrains the message 
generation

– Network layer
• Efficient forwarding

– Mac layer 
• Priority management

• Two MAC layer 
congestion handling 
solutions
– Queue freezing Control
– Adaptive QoS parameters 

Control
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Congestion Control Algorithm
- Queue freezing

• Detection: 
– event-driven 

• EEBL signal 
generated / 
received

• Congestion control
– Brute force queue 

freezing
– Preemptive priority 

for EEBL message
– Timer controls 

unfreezing
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Congestion Control Algorithm
- Adaptive QoS Parameter

• Adaptive QoS Parameter
– Detection:

• Persistent channel usage 
sensing

• 3 Congestion detection 
thresholds

– Sparse<congested< 
overloaded

– Congestion control
• < Sparse: 

–

• > Congested: 
–

• > Overloaded:
– Freeze other queues

( ) ( )
2
ACCWACCW =

( ) ( ) 2×= ACCWACCW
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Simulation Results

• Highway scenario
– Middle density

– QoS Parameters

Scenario Dint (m) Highway 
Length (m)

Vehicle speed 
(km/h)

Middle
density

150 1000 130

AC CWmin CWmax AIFS

1 15 1023 9

0 7 1023 6

2 3 1023 3

3 3 7 2
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Analysis

• Adaptive QoS Parameter 
Control 
– Dynamically reserves 

bandwidth for danger 
warning

• Queue-freezing:
– Background traffic blocked

• Adaptive QoS Parameter:
– Good tradeoff between safety 
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Conclusion & Outlooks

• Conclusion
– ITS system need car-2-car communication for active 

safety applications
– The Wireless Local Danger Warning applications 

suffer from channel congestion
– Effective congestion control can be achieved by using 

adaptive QoS parameter in WAVE MAC protocol

• Other interesting topics in VANET
– Market penetration ratio problem
– Security and privacy problem
– Field test and trial of the WAVE technology
– Integration with cellular mobile communication 

system (CoCar)
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Thank you for your attention !

Yunpeng Zang
zyp@comnets.rwth-aachen.de
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