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Abstract 

 
This paper considers the design of a real time parking 

space locating system using a network of wireless sensor 
nodes that are equipped with magnetic sensors. 
Considerations for designing a reliable detection scheme 
for cars using magnetic signatures obtained by the wireless 
sensors are presented. All design considerations are 
derived from experimental data obtained from a campus 
parking garage. Results indicate that the proposed 
detection algorithm can effectively detect a wide range of 
passing vehicles with small error probability.  
 
1. Introduction 
 

Locating a vacant parking space in public parking lots is 
a common problem faced by many on a daily basis. With 
increasing number of cars and the scarcity of open parking 
spaces in most urban areas, the difficulty in searching for 
parking spaces has become a serious problem.  

This paper presents the design and implementation 
considerations for a wireless sensor network that can track 
available parking spaces in public parking areas in real time 
and communicate that to commuters. Wireless sensors are 
embedded systems with integrated sensors, processor, 
memory, as well as a wireless interface with autonomous 
networking capabilities. Recent developments in embedded 
systems, low power electronics, and wireless technology 
have enabled the development of small and low-cost 
wireless sensors. A large number of wireless sensors can be 
used to form a sensor network for performing various 
distributed monitoring tasks. Typical applications include 
environmental monitoring, industrial monitoring, 
healthcare, battlefield surveillance, agriculture, and many 
others. Here, we consider a network of wireless nodes that 
are equipped with magnetic sensors (magnetometers) to 
detect automobiles in parking lots. In-network processing 
algorithms are presented for the determination of the 
number and locations of vacant parking spaces in a given 
public parking lot from the sensor observations. The 
objective is to integrate the wireless sensor network with an 
infrastructured telecommunication network, such as the 
telephone network, thereby allowing commuters to obtain 
the desired parking availability information by using their 
cellular telephones in real time. 

With this objective, the contribution of this paper is to 
explore the design considerations for a reliable automobile 

detection mechanism using commercially available wireless 
sensor nodes that are interfaced with magnetic sensors.  We 
propose a detection scheme and implement it using the 
mica2 wireless sensor nodes (the Berkeley motes) 
manufactured by Crossbow Technologies. Experimental 
results obtained from studies performed at a public parking 
garage at the University of North Carolina at Charlotte are 
presented. The paper is organized as follows. We present a 
brief review of related work on vehicle detection in section 
2. The  proposed system model is presented in section 3. 
The specific hardware used for our experimentation is 
described in section 4. The details of the proposed 
detection scheme using magnetic sensors at the wireless 
sensor nodes are presented in section 5. Experimental 
results are presented in section 6, followed by our 
conclusions in section 7. 

 
2. Related Work 

 
Due to the increased motorization, urbanization 

and population growth there has been tremendous increase 
of problems related to traffic congestion on roads 
worldwide. Consequently, significant efforts have been 
directed towards the development of autonomous vehicle 
detection and monitoring technologies in recent years.  

Sensors used for vehicle detection and 
surveillance may be broadly classified as in-roadway and 
over-roadway sensors [2]. In-roadway sensors are either 
embedded in the pavement/subgrade or taped/attached to 
the surface of the roadway. Examples of in-roadway 
sensors include inductive loop detectors, weigh-in-motion 
sensors, which may be embedded into the road and tape 
switches, microloops, pneumatic road tubes, and 
piezoelectric cables, which may be mounted on the 
roadway surface [3]. Over-roadway sensors are the ones 
which are mounted above the surface of the roadway either 
above the roadway itself or alongside the roadway. 
Examples of over-roadway sensors include video, image, 
and acoustic signal processors,  microwave radar, 
ultrasonic, passive infrared sensors, and RFID readers that 
utilize data collected from transducers mounted on poles 
adjacent to the roadway [3].  

Due to the lower cost, ease of deployment and 
maintenance, wireless sensor networks employing magnetic 
sensors can be a good substitute to the existing inductive 
loops and many other techniques as listed earlier for traffic 
monitoring. These systems fall under the category of over-
roadway detection systems. Several research groups have 

1-4244-1029-0/07/$25.00 ©2007 IEEE. 698



focused on using wireless sensor for developing efficient 
vehicle detection schemes [4], [6] and have designed 
customized wireless sensor nodes for this application [5], 
[6]. The research group comprising of Sing Yiu Cheung et. 
al have their detection algorithm based on the generation of 
hill patterns from a vehicle’s magnetic signatures obtained 
on two orthogonal directions (horizontal and vertical) [4]. 
In this paper we present a detection algorithm based on 
signatures obtained only along the horizontal direction of 
the magnetometer using commercially off the shelf 
hardware manufactured from Crossbow Technologies [7]. 
 
3. Proposed System Model 
 

The proposed parking space locating system relies on a 
network of wireless sensor nodes that are distributed in 
strategic locations of the targeted public parking space. Our 
objective is to conserve hardware costs by eliminating the 
need for deploying a wireless sensor at every parking spot. 
We conceive a scheme by which information from a 
limited number of wireless sensors may be aggregated to 
determine the number and approximate locations (zones) of 
vacant parking spaces. The idea is illustrated using Figure 
1, which depicts the layout of one floor of a typical 
multistoried public parking garage. The figure shows a 
wireless mesh network consisting of 11 wireless sensor 
nodes, two wireless routers (mesh nodes without sensors) 
and one access point or base station.  
• There are two motes (wireless sensor nodes) both at 

the entrance and the exit of the parking lot to detect 
and count the number of incoming and exiting cars, 
respectively. Although a reliable sensor at a single 
mote at each location could do the job, we use an 
additional mote at each of these locations for 
reliability. The difference between incoming and 
exiting cars gives the total number of cars in the 
system. 

• Intermediate sensor nodes are placed in the path of 
parking lot to monitor/estimate the number of vacant 
parking spots in each lane. They are kept at the 
turnings of each lane and at half the distance of each 
lane. The number of passing cars detected at these 
locations can be used to determine the locations of 
used and empty parking spaces.  

• Two or more router nodes are placed for efficiently 
forwarding all the data collected from different 
transmitting nodes to the Access Point (AP).  

• Router nodes are not meant for sensing the magnetic 
signature; they are used just for forwarding the data 
packets collected from different transmitting nodes. 
This way lower transmitting power levels can be set on 
the transmitter node. The transmitter nodes expend 
their battery power only in sensing the magnetic 
signature and transmitting their decision to the router 
nodes. 

• Processing of periodic sensor samples are performed at 
each sensor node for vehicle detection. These detection 
counts are transmitted to the AP for final processing 
leading to determination of the count and locations of 
vacant parking spaces in specific zones. For instance, 
let X  and Y be the number of cars entering and 
exiting a specific zone, respectively, and P be the total 
number of parking spaces in it. Then the number of 
available parking spaces in the zone is YXP +− .  

• The router nodes poll the transmitting nodes regularly 
for any updates. The AP or base station can collect 
data from all sensor nodes.  

• The AP is connected to a laptop computer where all 
the data aggregation would be done. 

Figure 1: Illustration of the proposed system 
model 
 
4. Hardware  
 

The system is implemented using the MPR410 mica2 
motes and the MTS310CA integrated sensor board 
manufactured by Crossbow. The MPR410 is equipped with 
an Atmel ATMega 128L processor, with 128 KB program 
memory, 4 KB RAM and 512 KB non volatile storage 
(flash). It also has a 433 MHz Chipcon CC100 
multichannel radio with an energy efficient adaptation of 
802.11 MAC. A 10-bit ADC allows the usage of a variety 
of sensors. The MTS310 integrates acoustic, light, 
temperature, magnetic and accelerometer sensors, although 
we only utilize the magnetometer in this work.  
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Figure 2: The MPR410 (mica2) wireless sensor 
mote from Crossbow and the MTS310 integrated 
sensor board. The magentometer is indicated on 
the sensor board. 

 
The magnetic sensor in the MTS310 is the 

Honeywell HMC1002 2-axis magneto-resistive sensor. 
These anisotropic magneto-resistive (AMR) sensors are 
directional sensors and provide an amplitude response to 
the varying magnetic fields in their sensitive axis (Figure 
3). The AMR sensor is made using the magneto resistive 
permalloy (nickel-iron) film deposited on a silicon wafer 
and four such resistive strips are placed as in a Wheatstone 
bridge combination. With power supply applied to the 
bridges, the sensors convert any incident magnetic field in 
the sensitive axis directions to a differential voltage output 
and thus measuring the change in the earth’s magnetic field 
[1]. The HMC1002 package employs two such sensors 
measuring the change in earth’s magnetic field for both the 
X and Y directions. 

 
Figure 3: 2-axis magnetic sensing in HMC 1002. 
(Source: [1]) 
 
Placement of the Sensor 
The magnetic signatures of a moving vehicle was observed 
both when the sensor was placed side ways and above the 
vehicle. It was observed that when the sensor was placed 
above the vehicle, the obtained signatures followed a 
common pattern and thus leads to an efficient detection of 
the signature. Hence we placed the sensor as shown in 
Figure 4 and all the measurements were made accordingly. 
 

 
Figure 4: Placement of the sensor at the entrance 
of the parking garage. 
 
The typical magnetic signature obtained from frequent 
sampling of the magnetic sensors placed as above is shown 
in Figure 5. The range of output from these sensors lies 
between a maximum value of 785 and a minimum value of 
240. When turned ON, the AMR sensor has a random 
offset gain, hence giving the chance of signature peaks 
being clipped off. By calibrating the offset gain of the 
magnetometer in X and Y axis, the default magnetic field 
received can be made to stay in the center for idle signals.  
Therefore an algorithm was designed to adaptively adjust 
the offset gain on these sensors as per the surrounding 
magnetic field (where the sensor is placed) in order to 
avoid the clipping of the signatures and to keep the idle 
signatures in the center. The algorithm was implemented on 
the transmitting mote itself. 

 
5. Detection Scheme 
 
This section discusses the algorithm used for detecting the 
signature and the results thus obtained. The signals 
received from a magnetometer are immersed in the noise 
and a step by step detection process was developed for 
efficiently detecting the magnetic signatures as shown in 
Figure 6. 
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Figure 5: Typical magnetic signatures obtained 
from two passing vehicles using the HMC 1002 
magnetometer. 
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Figure 6: Sequence of operations in the proposed 
vehicle detection scheme. 
 
Step (1): Elimination of mean 
The magnetometer tends to saturate at the presence of a 
continuous magnetic field for an extended period of time. 
Hence, the mean of the signal received from the HMC1002 
keeps changing under different amounts of time. For the 
setup as shown in Figure 4, we aggregated data from the 
mote for 40 minutes and it was visually observed and 
recorded that there were 169 vehicles during this 
observation period. Figure 7 shows only that part of the 
data where large variations in the center value were 
observed. Blue peaks represent the magnetic signatures 
obtained from different vehicles. We have used a median 
filter of window size 500 samples to eliminate the effect of 
this varying mean. The red line in Figure 7 represents the 
response of the median filter for tracking the mean value. 
The sampled magnetic sensor data after median filtering is 
shown in Figure 8.  
 

 
Step (2): Elimination of the Quantization noise in the 
Magnetometer 

The data from the magnetometer has amplitude 
range of 545 with a max value of 785 and a min value of 
240. This total range can be covered by varying the offset 
gain in only 256 steps i.e. from 0 to 255, hence giving a 
poor resolution. Due to this, a quantization noise of 2±  
from the mean is introduced by the magnetometer. To 
eliminate the quantization noise we forced all the values 
fluctuating within threshold1 from the mean value to zero, 
where the value of threshold1=2.  
 
Step (3.1): Normalization 
The signature of a vehicle depends on many parameters 
like  

• The distance of the vehicle from the sensor 
• The speed of the vehicle at the sensor 
• The incoming traffic of the vehicles 
• Material of the vehicle engine  

Due to the above mentioned reasons, the signatures 
obtained vary considerably both in amplitude and on the 
time scale. We normalized the cleaned and filtered signal 
by observing the maximum levels of the positive and 
negative peaks (not shown in this paper to conserve space). 
 
Step (3.2): Quantization 
Samples of magnetic signatures obtained from different 
vehicles with varying amplitudes, shapes, and durations, 
are shown in Figures 9 and 5. One of the main challenges 
for designing the detection scheme is to effectively detect 
all different magnetic signatures with the smallest error 
probabilities.  
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Figure 9: Magnetic signatures obtained from two 
different types of vehicles. 
 
We characterize the general nature of these signatures by 
identifying two positive peaks intercepted by a negative 
peak as shown in Figure 10. The “first positive peak” was 
not observed significantly in many vehicles (after analyzing 
signatures of about 300 different vehicles) but the second 
positive peak is observed in all the vehicles. Hence we have 
removed the “first positive peak” from our detection 
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 Figure 7: Raw signal obtained from the 
sensors 
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Figure 8: The sensor signal after removal of the 
mean. 
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process by properly selecting the threshold2 during our 
quantization process and the detection scheme is based 
only on a “negative peak” followed by the “second positive 
peak”. 

 
Figure 10: Typical characteristics of the magnetic 
signatures from all vehicles. 
 
Observing the distributions of the normalized first and 
second positive peaks, it was deduced that 
threshold2 09.0±=  is an optimized value for the 
elimination of “first positive peak” but retaining the 
information from “negative” and “second positive peak”. 
The flowchart for implementing the quantization process is 
depicted in Figure 11. 

 
Figure 11: Flow chart of the quantization process. 

 
After quantization, the typical signature of the magnetic 
signals is reduced to that shown in Figure 12. The main 
characteristics of the quantized signature are  
• The output of the Quantizer has three possible 

amplitudes: -1, 0 and +1. 
• Different values for “threshold2” produce different 

widths of the quantized signal i.e. 1τ , 2τ , and 3τ . 
• For a threshold2 =0.09, 1τ , 2τ , and 3τ were collected 

for about 350 signatures produced by different vehicles 
at different times.  

 

 
Figure 12: A typical quantized signature. 
 
Step (4): Matched Filtering 
The main element of our proposed detection scheme is a 
filter that is matched to the typical characteristics of the 
quantized signatures obtained from step-3. For the best 
detection scheme, we developed a matched filter using the 
mean of the widths of the quantized signal’s widths. The 
statistical data of the above widths are consolidated in 
Table 1.  Consequently, we designed a matched filter of 
window size 81 that has a negative width of 37, 
intermediate width of 7 and positive width of 37.  
 
Table 1: Statistical data obtained from the 
quantized magnetic signatures. 
 

  

Negative 
Width 

1τ  

Intermediate 
Width 

2τ  

Positive 
Width 

3τ  
Maximum 122 44 136 
Minimum 2 1 1 
Variance 383.2669 53.8597 364.9081 
Standard 
Deviation 19.5772 7.3389 19.1026 

Mean  37.2593 7.4293 37.0962 
Matched Filter 37 7 37 

 
Step (5): Detection 
To detect vehicles, the output of the matched filter is 
passed through a decision device. Figure 13 shows the 
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output of the matched filter where different magnetic 
signatures were identified for the 40 minutes of test data. 

 
6. Performance Evaluation 
 
The output from the magnetic sensor was saved and the 
proposed detection scheme was implemented offline using 
MATLAB for evaluating its performance. Although the 
same procedure can be programmed in the wireless sensor 
motes, the offline computations were performed to 
optimize the detector parameters and obtain performance 
results at the initial stage of the design. It was visually 
observed and recorded that there were 171 vehicles during 
the 40 minutes of data aggregation. The detector of this 
system gave an output of 168 vehicles at the end of the 
simulation and there were 3 misses of signatures. Hence all 
together there were 3 signatures in error. The error 
probability of the system is 1.8%. We believe that the 3 
signatures in error was due to smaller widths of the 
signatures produced by vehicles moving at a higher speed 
and away from sensor when the measurements were done.  
We have tested the system at the first floor of the “West 
Deck” parking lot at UNC Charlotte (Figure 4) during the 
peak traffic period over a period of 25 minutes. The system 
detected 186 vehicles but the actual number of vehicles 
present during this period was 183 vehicles (visually 
observed and recorded), resulting in an error probability of 
1.61%. We believe that the 3 false alarms generated were 
due to the overlapping of signatures due to the heavy traffic 
during this period. Hence we plan to employ two sensor 
motes at the field measurements in future and a decision 
would be based on measurements from both of these sensor 
motes. 
 
 
 

 
 
7. Conclusion 
 
This paper presents a scheme for reliably detecting 
automobiles from sensor nodes equipped with a 2-axis 
magnetometer. The detection scheme is conceived to be an 
integral part of a real time parking space locating system 
for commuters using a public parking lot. The proposed 
detection scheme was evaluated using real life data and 
analyzed using MATLAB. Results show that the proposed 
scheme has a low probability of detection error. Further 
improvements in detection probability can be achieved 
using “intelligent” data aggregation from multiple sensor 
nodes. This would require some additional sensor nodes 
placed in strategic locations. Overall, the proposed scheme 
demonstrates a promising approach for automated parking 
locating that can significantly reduce the frustrations of 
daily commuters in public parking garages.  
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Figure 13: The output of the matched filter 
showing the detected vehicles indicated by 
markers. 
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