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Motivation (1)

• With Car-to-Car and Car-to-Infrastructure communication 
new applications for safety and traffic efficiency are possible
– Customer expects reliable and smooth use

• Wireless LAN (IEEE 802.11) is selected as technical basis
– Current Wireless LAN systems are not intended for the use in 

vehicular environments. 

– Moving vehicles are subject to frequently and rapidly changing of 
channel conditions. This is different to the quasi-static situation at 
home or in an office.

• OEMs needs measurements to get practical experience with 
the use of the technologies in vehicular environments
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Motivation (2)

• Among other things answers to the following 
questions are needed:
– Is the WLAN performance in general sufficient?
– Do we need a protected frequency band?
– Can we use the standard WLAN channel scanning and 

association mechanisms?
– Might obstacles cause some difficulties?
– Can we use cellular networks as an alternative 

technology?
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Latency

~ 2.7 ms~ 1.3 msRound-trip time (1400 
Byte packet size)

~ 0.8 ms~ 0.45 msRound-trip time (64 Byte 
packet size)

11 Mbps54 MbpsData rate

-45 dBm-46 dBmSignal strength

802.11b / 2.4 GHz802.11a / 5.26 GHzWLAN standard / 
frequency

Stationary, two vehicles standing close to each other
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Influence of Vehicle Speed (1)

Tested Scenario :
• Moving car passing by a standing vehicle with different speeds

• Vehicle speed: 50 km/h, 100 km/h, 150 km/h and 200 km/h

• Laptop with D-Link-PCMCIA-Card (30mW), external antenna on roof

• tconnect measured using Ping

CAR1

CAR2
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Influence of Vehicle Speed (2)

• WLAN in moving vehicles 
works better than expected

• Except inverse proportionality 
no additional influence of 
vehicle speed detected

• tconnect between 46 s at 50 
km/h and 4 s at 200 km/h

• tconnect with 802.11b/g is higher
than with 802.11a

• The lower the packet size, the
greater is the value for tconnect
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Communication Range (1)

Source: Google Earth

Standing
Vehicle

1350m

Scenario:
• Driving towards or 

away from a standing 
vehicle

• Speed ~ 5 km/h
• Packet Size 1400 

Byte
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WLAN Standard 802.11 / Card Output Power

Max. Radio Range
Range without packet losses

EIRP
Card 
adjustment

8 mW (9 dBm)(802.11a) 75 mW

12,5 mW (11 
dBm)

(802.11a) 120 mW

100 mW (20 
dBm)

(802.11b/g) 300 
mW

63 mW (18 
dBm)

(802.11b/g) 90 mW
forest

• More than 1 km range possible

• Capability for 802.11a with 
higher output

• The higher the packet size, the 
lower the radio range without 
packet losses

Packet length: 1400 Byte

Communication Range (2)
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Obstacles (1): Other Vehicles
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Obstables (2): Buildings

Roof-mounted 
omni-directional 
antenna on VW 
Touran with:

a.) Omni-
directional antenna 
on traffic light 
cabinet 

b.) Omni-
directional antenna 
in traffic light 
cabinet 

c.) Omni-
directional antenna 
on traffic light

Achievable Range at an Intersection
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Obstacles: Possible Ideas 

• Possible ideas to minimize the influence of 
obstacles are
– Careful selection of the antenna position
– Use as much output power as possible
– “Navigate” around the obstacle with suitable network 

algorithms if possible
• Equip as much vehicles as possible, especially trucks

• In critical environments placement of stationary nodes acting as
repeater
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UMTS (1): Test Setup

• Test track with rural roads, urban  
and highway parts

• Driving time ~1h

• Partial UMTS coverage
• Two vehicles driving past each 

other

• Use of notebooks, PCMCIA 
UMTS cards and a roof antenna

• Permanently sending of „ping“
packets from one vehicle to the 
other via the UMTS backbone
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UMTS (2): Results

Observations

• Latency much higher 
than with WLAN

• Communication not 
possible without  
UMTS coverage 

• No influence of the 
vehicle speed 
noticeable

• No correlation of 
latency and signal 
strength noticeable
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Summary

The measurements provides answers to several questions:

• Is the WLAN performance in general sufficient?
• Do we need a protected frequency band?
• Can we use the standard WLAN channel scanning 

and association mechanisms?
• Might obstacles cause some difficulties?
• Can we use current cellular networks as an 

alternative technology for short latency messages?

Yes

No

Yes

No

Yes



NOW-Abschlußworkshop 1608.05. 2008

Outlook

• We must verify the results using ISM bands within the 
5.9 GHz bands selected for Car-to-X communication
– Suitable hardware is now available

– Final frequency allocation expected soon

• Possible ideas to minimize the influence of obstacles 
shall be checked

• Larger field tests are needed and already planned
– SIM-TD

– Predrive Car-X


