
APPLIED ELECTROMAGNETICS 

Wireless solution for traffic monitoring 

Elena Chervakova, Marco Goetze, Tino Hutschenreuther, 
Hannes Toepfer, Bojana Nikolić, Bojan Dimitrijević 

 
This work describes research aspects of the development of a sensor system to register traffic-related 

data, such as the number, type, and speed of vehicles on a “tactile road”. This system aims to provide a cost-
effective means of expanding upon existing traffic detection infrastructure in order to enable more accurate 
modeling and predictions and in turn contribute to the growth of electromobility by providing a basis for ded-
icated navigation solutions as well as for traffic control. Firstly, the overall system made up of several com-
ponents will be described and aspects of the development of the embedded systems involved will be discussed. 
Secondly, the fact that the traffic sensors were to be realized as in-ground detectors brings about challenges 
concerning wireless communications considering the placement of sensors and the urban environment. Con-
sequently, antenna configurations play a crucial role and have been both tested extensively and modeled the-
oretically. These research issues are described, results are explained and illustrated. 

 

Introduction 
Traffic monitoring is considered an essential 

means in realizing concepts of electromobility. Espe-
cially for electric vehicles with their shorter range 
compared to conventional vehicles, optimum naviga-
tion with respect to trip time and distance travelled is 
strongly dependent on up-to-date local information, 
such as link travel times or details on traffic conges-
tions. This stimulates research towards solutions 
aimed at offering an adequate data basis for facilitat-
ing the growth of electromobility. 

Application background 
To support acquisition of data on road users, re-

search activities are devoted to wireless sensor solu-
tions that can be installed very easily at lower cost 
than the cable systems currently in widespread use for 
traffic detection. To this end, a sensor unit installed in 
the ground utilizes a magnetic field sensor. Passing 
vehicles cause a local change in the earth’s magnetic 
field, enabling their detection. Furthermore, the vehi-
cle’s type can be classified, and using a pair of con-
secutive detectors, its speed can be determined. 

In order to avoid having to wire detectors, these 
need not only be battery-powered but also communi-
cate wirelessly. As the range of low-power wireless 
communications is limited, detectors at a given loca-
tion (typically, an intersection or a cross-section of a 
road) communicate locally with a gateway. Gateways 
in turn employ mobile communications to deliver ag-

gregated data to a central data concentrator which in-
terfaces with a traffic computer system. 

This way, a “tactile road” is formed which enables 
measuring the traffic flow. Fig. 1 shows the compo-
nents resulting from the R&D discussed in this paper 
in context. 

 

 
Fig. 1. Actual installation of a detector (electronics and 

housing shown separately) at an intersection in Erfurt. The 
position of the detector in the road can be recognized by 
the dark patch on the street. The gateway is attached to a 

traffic lights post at a height of 4 m. 

In the project, the results were to be evaluated in 
the model city of Erfurt in central Germany. There, 
the new wireless sensor networks were to complement 
the detection solutions already in place, allowing traf-
fic for data to be registered in finer detail than before. 
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Only on this foundation is it possible to create more 
comprehensive and accurate traffic models, which can 
be used for both navigation and traffic control. 

System design aspects 

Challenges 

Whereas the gateways and data concentrator as 
higher-level components in the overall system were 
custom embedded and COTS systems, respectively, 
that involved little or no research, the R&D focus of the 
project consisted in the development of the traffic de-
tectors as wireless sensor network (WSN) nodes. Due 
to the in-ground installation, besides physical require-
ments such as ruggedness and weatherproofing, wireless 
communications and battery life represented challenges. 

 
Fig. 2. Signal quality in terms of losses LQI, RSSI, meas-
ured over a range up to 90 meters compared for various 

antennae structures: helix, chip, planar antenna.  

The core of a WSN node is a microcontroller [1], 
in the given case an Atmel ATmega128RFA1 system-
on-chip (SoC), which combines an industry-standard 
microcontroller, programmable flash memory, RAM, 
and a 2.4 GHz transceiver. Approaching the applica-
tion specific design of traffic detectors as WSN nodes, 
there are a number of variables affecting a node’s 
wireless performance: the transceiver used, the fre-
quency band, output power, antenna structures, and 
protocol aspects. 

Experimental examinations 

In a first step, commercially available components 
(transceivers, antennae) were investigated in conjunc-
tion with WSN hardware artifacts from previous pro-
jects to consecutively decide upon a frequency band 
(2,4 GHz), specific transceiver (Atmel ATmega128-
RFA1), and an optimal antenna structure (planar anten-
na). Fig. 2 exemplarily shows some results of this char-
acterization, plotting phenomenological parameters 
packet loss, received signal strength RSSI (i.e., the elec-
trical field strength), and the link quality index LQI ver-
sus the distance for a helical antenna, an integrated on-
chip-antenna, and a planar antenna. Additional experi-
mental examinations focused on the influence on envi-
ronmental conditions such as moisture in the air and on 
the ground. 

Theoretical considerations 

For a more fundamental study of the wireless trans-
mission conditions, the consequences of the planned 
installation have been investigated by means of numeri-
cal electromagnetic simulations. A special focus has 
been put on the influence of the surrounding material 
(asphalt, soil, pavement) on the radiation pattern. These 
analyses have been carried out numerically by means of 
a finite-difference time-domain method (FDTD) [2] 
which allows for a three-dimensional full-wave solving 
of Maxwell’s equations. The results of a parameter 
study of the effect of the subsurface depth and position 
of the antenna on the possible distance between sensor 
network node and the gateway have been reported pre-
viously [3], [4]. 

Another topic consisted in an assessment of the 
reachability of the gateway under different assumptions 
on humidity. As the WSN node together with the an-
tenna is placed in the ground, the radiation pattern in 
this situation will be altered with respect to the specifi-
cation in the datasheet. The electric properties of the 
surrounding asphalt are initially given through its rela-
tive permittivity εr and specific electric conductivity σ: 
εr = 5, σ = 0 S/m. The electric properties of the plastic 
tube and its lid, both buried in the street, are assumed to 
be: εr = 4, σ = 0 S/m. For emulating increased humidity 
of the environment, changes in the real and imaginary 
part of the permittivity, i.e., the values of εr and σ, re-
spectively, have been studied. It turned out that there 
was no significant influence on the resonant frequency. 
However, the magnitude of the scattering parameter 
S11 as a measure for the matching properties, was 
slightly influenced. Fig. 3 shows the normalized radia-
tion patterns for two cases: εr = 5, σ = 0.001 and 
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εr = 25, σ = 0.1, respectively. In both cases, there are 
dominant main lobes with similar shape. The radiated 
power in desirable direction (maximal power) differs by 
only 0.3 dB. 

 
Fig. 3. Normalized radiation pattern of the antenna placed 

in the ground for the parameters εr = 5, σ = 0.001 (top) 
and εr = 25, σ = 0.1 (bottom) with red line: elevation plot, 

blue line: azimuth plot. One can see that in both cases main 
lobes are dominant and with similar shape. Because of 

orientation in simulation space, the desirable direction of 
radiation is 0o in azimuth and 270o in elevation. As a result 
of the numerical case study, it can be concluded that the 
design approach leads to a robust solution also with re-
spect to parameter changes caused by, e.g., the weather 
(enhanced conductivity or permittivity due to moisture). 

Based on the experimental and theoretical results, a 
planar antenna (Taoglas SWLP.12) has been incorpo-
rated into the detector design. Using this, a maximum 
communication range of 75 m (line-of-sight) with a 
gateway installed at a height of 4 m has been achieved. 

Protocol design 

As it is the nature of the urban environment that 
conditions vary ― due to traffic and other temporary 
obstructions as well as in the course of seasons and 
due to the weather ― the system had to be designed in 
such a way that it adapts itself to varying conditions 
and continues to operate as well as possible even in 
the event of temporary degradations in communica-
tions. This has been achieved by designing an applica-
tion protocol incorporating both different modes of 
operation (such as raw data, live, or aggregated trans-
mission) and compensation mechanisms. 

Counters are used to compensate for unavoidable 
message loss beyond the basic acknowledgement and 
retry approach. Furthermore, values for, e.g., occu-
pancy (the percentage of time in an interval the sensor 
has been “occupied” by a car) are scaled if individual 
measurements get lost but the vast majority of values 
in an interval have been received. In other cases, the 
system fails gracefully by, e.g., stopping to provide 
speed averages if too few vehicles in an interval could 
successfully be measured for speed, falling back to 
providing only but continuing to provide, traffic vol-
ume as the most basic of data as long as there is any 
communication with detectors at all. 

Energy management 

The wireless detector is powered by a 3.6 V, 
8.500 mAh battery, which was selected in conjunc-
tion with the design of the housing (made by a part-
ner in the project). The most energy-consuming op-
erations of the detector nodes consist in the 128 Hz 
magnetic field sensor measurement cycle and wire-
less communications. Maximizing battery life re-
quires elaborate energy management in the TinyOS 
[6] application. 

While the energy consumption for the actual sen-
sor readout can hardly be reduced, the sensor is put 
into the most energy-conserving state in between the 
sampling operations, consuming as little as 47 µA. 

Depending on the mode of operation, the detector 
transmits data either on detection or periodically, with 
the former of course incurring a higher energy con-
sumption. Retransmissions are limited in number, and 
the transceiver is kept in receive mode only very 
briefly after status messages in order to potentially 
receive commands, and for purposes of the time syn-
chronization required for speed measurements. 

Further details on the overall system and software 
aspects are given in [4]. 
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Summary 
The developed detection system is currently being 

tested in a field trial in Erfurt, capital of Thuringia, 
where 172 traffic detectors have been deployed at 17 
locations (mostly intersections). The data being ac-
quired by the detectors are transmitted via gateways and 
the central data concentrator on to the city’s traffic 
computer system. There, they serve to improve the data 
basis of a traffic modeling and prediction system. The 
resulting predictions are in turn used to provide infor-
mation in real-time to a navigation solution meant to 
facilitate electromobility by providing range-optimized 
routing. 

The detection system has also been demonstrated at 
the DASIP 2015 [5] demo night and won the “Best 
Demo Night” award. 

While the system is still being evaluated and thus no 
final assessment of its performance can yet be made, 
ongoing work is aimed at improving the detectors both 
in terms of features (such as vehicle classification and 
utilization for other application scenarios) and battery 
life. 
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