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Wireless Detection Principle

* Bluetooth or WiFi detectors alongside the road segment.

* Detection of wireless devices on board of vehicles.
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Example: Bluetooth Detections in Bavaria

* Large Bluetooth detection testbed in Bavaria, Germany.

* Joint testbed of TUM with the Free State of Bavaria, Germany.

* Covering several 100 km in the Southern German freeway network.
* Almost 1 billion individual detections analyzed since 2010.

* Integration of Bluetooth detection in traffic management:
e Determination of travel times and OD-matrices for the whole freeway network.
e Automatic incident detection and large-scale re-routing advices to drivers.
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Detection Rate Definition

Multiple devices on board

Total number of vehicles ;
of the same vehicle

Equipment rate
X ' Bluetooth devices on board of vehicles

Capture rate

Detected Bluetooth devices

Detection rate
Detection Procedure: Mean-Mean

2 (r2 —a?) 36km/h
Umax = treq . m/s

p
\/a2+(5/2—x)2 forx< S/,
\ Jaz + (x - 5/2)2 else

(Ja2+(m—x2 forxﬁm ; t L-/
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a2+(x_ (rz_az))z else
\
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Evaluation of Detection Rates

e Continuous detection rate of 25.6 % over several years.
e Ranging between 11.7 % and 35.3 % depending on:
* Truck share.

70 % — Truck share
° 1 i 60 % — Bluetooth detection rate
Da | Iy tra ffl c patte rn. 50 % (Smoothed detection rate)

e Sensor location.

40 %
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 Sensor installation height. 0% w\ wppﬁ“ﬂMMMNW“VMNHNHWwm{ﬂ N“‘M“Mrr& NWM fnummwhmnmwﬁ%numwh‘ | \‘W'
oo (UL M H M | HV w il
o M"JV\TWHWHH | MAHHVHHIW ! 1 hil Wh.uwuuﬂ (L
* International comparison (examples): S Ff2EfrfEEEESEZE 2 E R
e US:0.7-46% = g 88 B &% 88 8 3 s 3 8 8 8 B
2':2?;'?5?5__7440@ e Strong variation t?etween wgrking days and weekepd.
Netherlands: 25 — 70 % * Impact of days with truck driving ban (e.g bank holidays).

Thailand: 20 - 90 %
Denmark: 4.5-20%
Croatia: 10-12.2 %
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Detection Rate: Influence of the Time of Day

 Strong variation depending on the time of the day.
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Detection Rate: Influence of Trucks

* Truck share at the testbed:
 Slight increase over the years.
* Depending on the road segment in the freeway network ranging between 7.5 % and 25 %.
* Average throughout the network: 18.1 %.

* Trucks show a higher equipment rate with Bluetooth devices than passenger cars.
* Significant impact on traffic state detection (truck speed limit in Germany: 80 km/h).
* Therefore: Truck equipment rate must be included in the traffic state detection.
* No impact at traffic states with low average speeds (<80 km/h) and in congested situations.

* Determining the Bluetooth equipment rate:
e Assumption of a similar equipment rate on all segments of the freeway network.
* Determined Bluetooth equipment rate of passenger cars: 12 — 17 %.
e Determined Bluetooth equipment rate of trucks: 65 — 70 %.
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Conclusions

e Constant Bluetooth detection rate of ~25 %:
* Proven sufficient for traffic state determination.
* Proven sufficient for OD-matrix calculation.
* Proven sufficient for automatic incident detection (AID).
* Truck share has to be taken into account due to higher equipment rate.

* WiFi detection has the same detection principle:
* Can complement the data collection and provide an even higher detection rate.
e Detection of multiple devices on board (with WiFi and Bluetooth) is crucial.
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