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ABSTRACT 
Sensors are quickly becoming a flexible, inexpensive, and reliable 
platform to provide solutions for a wide variety of applications in 
real-world settings.  One of the fundamental keys to having a 
robust sensing solution is the ability to detect a wide variety of 
physical phenomenon.  The typical sensor architecture has a base 
board that hosts the operating system, a radio for external 
communication, and a communication bus to interface to external 
sub-boards.  A common sub-board that is designed for a sensor 
system is a platform that contains elements that can detect light, 
temperature, and magnetic data.  In this project we focus on 
providing a magnetic sensor driver for the Mica2 architecture 
using SOS as the base operating system.  The sensor driver that 
was developed reliably obtains magnetic data from the Mica2 
sensor board.  Furthermore, a backend application was developed 
to perform detection and control noise, such as temperature drift, 
that is often common with magnetic sensors.  Through our 
experimental results, we show that both the detection and the 
temperature drift noise control algorithm perform at a high level 
in a wide variety of conditions.   

Categories and Subject Descr iptors 
C.2.4 [General]: Data communications; C.4 [Performance of 
Systems]: Measurement techniques; D.4.10 [Miscellaneous]: 
Drivers and Utilities.  

General Terms 
Algorithms, Measurement, Reliability, Experimentation, 
Verification. 

Keywords 
Wireless Sensor Networks, Sensor Data Reliability, Sensor Noise 
Elimination 

1. INTRODUCTION 
Embedded sensor networks have started becoming useful in a 

wide variety of environments, and there have been numerous 
research efforts that show how these sensor networks can be 
applied to such areas ranging from household situations to 
scientific pursuits.  For instance, sensor networks have been used 
successfully in improving agriculture procedures in vineyards [1], 
providing better insight into the learning processes in education 
institutes [2], and detection and classification of objects for 
defense purposes [3].    

One can see that environment monitoring is the fundamental 
application of most of these systems.  In order to properly 
evaluate these smart environments, sensory data needs to be 
collected.  Typically, the raw sensor data obtained from the 
environment is of poor quality.  The sensor boards providing the 
data need to be calibrated in some way, and the actual raw data is 
unshielded from noise that is present in the surrounding area.  
Thus, algorithms need to be developed to process the raw sensor 
data to provide a reliable subset of data for external applications. 

The specific sensor system that our project focuses on is the 
magnetometer.  By employing the Mica2 sensor and the Mica2 
sensor module as the hardware platform and SOS as the software 
platform, we created a complete driver and application system for 
magnetic sensing that enables the user to get reliable data under 
temperature noise conditions and perform basic detection of 
objects with magnetic profiles.  The actual work involved 
converting temperature and magnetic sensor drivers from an older 
version of SOS to the latest version, working out the various flaws 
in the old implementation of the sensor driver, and adding precise 
amplification control of the magnetic sensor to obtain reliable 
data.  Furthermore, we performed various experiments to see how 
general noise and temperature drift affects magnetic sensor data 
and used this as a basis to come up with correction filters for these 
two conditions.   

The rest of the paper is organized as follows.  We discuss 
related work in the area of sensor data measurement and 
validation in Section 2.  Section 3 contains a short background 
into the idea of magnetic detection and also thermal drift.  The 
system framework, which includes the hardware and software 
employed in the project, is detailed in Section 4.  Fundamental 
details about system implementation, with information about 
protocols used and code development, is provided in Section 5.   
Furthermore, some of the challenges faced during the 
implementation are also mentioned in that section of the paper.   
Section 6 and 7 go over the experimental setup, give an overview 
of the algorithms employed for detection and noise reduction, and 
show the experimental results obtained.  We present guidelines for 
future work and conclude the paper in Section 8 and 9.  Finally, 
Section 10 contains acknowledgments.  

2. RELATED WORK 
      An early specially-designed operating system for use with 
networked sensors is TinyOS [4].  TinyOS uses a special language 
called nesC [5] for creating components.  These components are 



statically linked with the kernel to create the system image to be 
programmed onto motes. 

      Previous works have been published using TinyOS, Mica2 
magnetometer sensor, and Mica2 motes for detection.  VigilNet 
describes a design and implementation of an energy-efficient 
surveillance for military purposes [6].  Using the magnetometer 
sensor on the Mica2 sensor board, the VigilNet network provides 
the detection and tracking of a moving vehicle and personnel 
targets over all kinds of terrain, while attempting to minimize 
energy and false alarms.  [7] uses the magnetometer with three 
regimes of sensing to determine a personÕs gestures.  Using the 
magnetic and light fields, they can determine the approximate 
location of a person.  The other two regimes of sensing are for 
contact (using point and strip Force Sensitive Resistors) and 
following-through gestures (using accelerometer).  Previous 
works using the Mica2 sensor board magnetometer seem to 
disregard temperature drift effects (discussed in Section 3.4). 

      A more recent work uses a magnetometer sensor for detection 
and includes a heuristic to reduce temperature drift effects.  [8] 
uses the VigilNet network using ExScal motes as opposed to 
Mica2 motes.  When sensing magnetic fields, their algorithm 
collects the raw data then calculates two values based on a 
weighted sum of the current raw data and the previously 
calculated weighted values.  One weighted sum takes a very small 
percentage (1.6%) of the current raw data and a very large 
percentage (98.4%) of the previously weighted average.  These 
weighted readings are called Òbase lineÓ readings, and mainly stay 
constant.  The other weighted sum collects a larger percentage of 
the current raw data (25%) and a smaller percentage of the 
previously weighted sum (75%).  This weighted sum represents 
the magnetic sensor reading and is weighted in order to reduce 
noise.  When weighted magnetic sensor readings greatly differ 
compared to base line readings, we can predict detection. 

      An early application of magnetometers is for navigation.  [9] 
uses magnetometer sensor for navigation and uses digital and 
analog circuit techniques to compensate for temperature drift.  
They use a magnetometer hardware that has a set and a reset pin 
to help in reliable readings (discussed in Section 4.5).  The digital 
and analog circuit output signals are connected to these pins. 

      A simple correction for thermal drift is used on a flux-gate 
magnetometer in [10].  They found a correlation between their 
magnetometer readings and changes in temperature.  They 
assumed a linear correlation with temperature and magnetic field 
readings, and used this correlation to offset their readings.  They 
compared their corrected readings with readings from a magnetic 
observatory to validate their temperature drift correction scheme. 

3. BACKGROUND 
3.1 Magnetism 
      All materials exert an attractive or repulsive force on other 
materials.  This phenomenon is known as magnetism [11].  A 
magnetic field is measured in units of Gauss, Oersted, or Tesla, 
where 1 Gauss = 1 Oersted = 100µTesla.  The Earth itself 
produces a magnetic field of 0.3G to 0.6G.  Certain materials such 
as iron, some steels, and the mineral lodestone, can significantly 
change a magnetic field.  A magnetic field is a vector quantity 
with both magnitude and direction. To read this magnetic field, 
there are various types of magnetometers. 

3.2 Magnetometers 
      Magnetometers have important uses in the aspects of direction 
finding, wheel speed, presence of magnetic ink, vehicle detection, 
and heading determination [12].  An important characteristic that 
differentiates one magnetometer from another is the field sensing 
range.  Various types of magnetometers and their respective field 
sensing ranges are shown in Figure 1.  MR magnetometers are not 
included in the figure, but are described as ranging from 10-7G to 
102G in [13].  Each of these magnetic sensors measure the 
magnetic field in various ways described in [12]. 

  

 

3.3 Detection 
      An advantage of using magnetometers for detection is the fact 
the magnetic fields can be detected through solid objects.  MR 
magnetometers are mainly used for detection, either general 
magnetic field detection or detecting magnetic fields on 
information storage media [13].  The exact value of a 
magnetometer is of less importance as compared to being able to 
distinguish between the changes or disturbances in a magnetic 
field.  These changes in magnetic field represent a detection of 
some sort. 

3.4 Temperature Dr ift 
      Noise and temperature drift effects vary magnetic field 
readings as well and can sometimes be mistaken as detection.  
Compensating temperature drift is a very difficult problem and 
requires careful study.  A common technique to address this 
problem is a Wheatstone bridge circuit to subtract the temperature 
error in two or four arms of the bridge while biasing the sensors.  
When these outputs are subtracted, the useful field induced signals 
add together.  [13] shows an example of how to use analog and 
digital circuits alongside a Wheatstone bridge and a temperature 
sensor to eliminate this problem.   Mica2 sensor boards use a 
Honeywell magnetometer that consists of a Wheatstone bridge 
with two output pins and pair of set/reset (S/R) pins.  Analog and 
digital circuit examples are shown in [14] that use these set and 
reset pins to compensate for thermal drift. 

Figure 1: Magnetic Sensor Technology Field Ranges. 

(Figure copied from [12]) 

 



4. SYSTEM FRAMEWORK 
      Our experiments are conducted to determine the effects of 
temperature drift on magnetometer readings.  To differentiate our 
experiments from previous works, we specifically chose our setup 
to use an operating system and mote combination that has not 
been studied.  Our system setup for sensing temperature and 
magnetic fields is shown in the Figure 2 block diagram.  This 
section describes this block diagram and the design decisions.  
Figure 3 shows a picture of an experiment using the exact 
implementation of the sensor board, programming board, and 
Mica2 mote used in our experiments. 

 

 

 

 

 
4.1 Laptop Ð Part I  
      The laptop PC initially serves as a platform to configure and 
program code to be used on the Mica2 mote.  To achieve this, we 
use a cross-compiler to compile software for the Mica2 on the 
Linux platform on our laptop.  The tool-chain, which is described 
with detail in [15], provides us with the necessary tools to compile 
C programs for AVR microcontrollers through the serial or 
parallel port of the laptop.  For our experiments, we used a DELL 
Latitude D800, Intel¨  Pentium¨  M1.4GHz, with 512MB RAM. 

4.2 SOS Operating System 
      We programmed our motes using a dynamically loading 
operating system called SOS [16].  SOS allows motes to be 
programmed dynamically from a base station.  However instead 
of loading an entire operating system image, we can dynamically 
load individual applications, or modules, on top of the existing 
statically loaded SOS kernel.  Programmed modules are compiled 
to be small images so that modules can be sent over the network 
with minimal energy consumption.  This allows flexibil ity in 
updating modules and loading new modules.  Motes can be 
programmed without actually physically connecting each device 
to the programming board.  As one mote receives the dynamically 
loaded module, it sends a message to nearby motes with the 
module information so that the module can get propagated 
throughout the network. 

      Recently, the SOS operating system has been updated from 
SOS to SOS-1.x.  Both temperature sensor drivers and 

magnetometer drivers were unavailable at the beginning our 
experiments.  Both drivers were available for the previous version 
of SOS, but changes to the operating system in the new and 
improved SOS-1.x implemented new techniques to shrink the size 
of modules.  Therefore, the old drivers needed to be ported to the 
new programming format in SOS-1.x before accurate 
measurements could be performed. 

      Our decision to use SOS over TinyOS is due to the overhead 
of the learning curve of programming for TinyOS.  TinyOS uses a 
modified C programming language called nesC.  In nesC, 
programs are built out of components which are assembled 
together to form an entire system [5].  The time to learn and 
become familiar with this programming language would be 
significantly longer than using SOS.  SOS allows developers to 
program using standard C, allowing us to quickly get to coding.  
On the other hand, the magnetic sensor and temperature sensor 
drivers were already available for TinyOS whereas they were 
unavailable in SOS.  This drawback forced us to learn the changes 
in the SOS protocol compared to the SOS-1.x protocol and 
thoroughly understand the sensor drivers.  This information would 
prove valuable in the course of this project, so we decided to take 
this route.  In addition, we could help add these sensor drivers to 
the SOS-1.x CVS repository for future users to take advantage of 
our work. 

 

Programming 

Board

Sensor Board

Mote
 

 

4.3 Programming Board 
      In our implementation, we initially attempted using a MIB500 
parallel programming board to program our motes.  In both 
TinyOS and SOS we intermittently saw Òflash errorÓ messages 
while programming our motes.  We learned that the reliability 
using the MIB500 with TinyOS or SOS was much less than the 
MIB510.  After switching over the MIB510 programming board, 
we have not seen intermittent problems due to programming 
board issues. 

  Before a mote can be programmed using the base station mote, 
each mote needs to be loaded with a copy of the SOS kernel and 
have a ÒloaderÓ module loaded onto it.  This module allows a 
mote to use the radio to listen for a module that is being updated 
or loaded.  In order to program this system image with the 
ÒloaderÓ module, we used the MIB510 MICA, MICA2 
Programming and Serial Interface Board.  This programming 

Figure 3: Actual Hardware Setup.  Programming board 
connected to both Mica2 Mote and Mica Sensor  
Board. 

Figure 2: Block diagram of framework for system to 
sense magnetic fields and temperature setup. 

 



board provides a gateway for us to communicate with a mote via a 
serial connection and a laptop PC. 

      Using a base node to communicate with motes is generally a 
good approach to program a network of sensors.  However, we 
attempted this on two systems with the MIB510 series 
programming board with no success.  We successfully loaded a 
node with the ÒblankÓ program, consisting of the ÒloaderÓ module 
and the SOS kernel.  We then connected a node with ÒbaseÓ, and 
left that node directly connected to our laptop PC through the 
serial port and the programming board.  However, when 
attempting to program the ÒblankÓ node over the radio from a 
ÒbaseÓ station node, only the base station node got programmed.  
The ÒblankÓ node was supposed to be loaded with the module as 
well. 

      Since motes were a limited resource, we decided that we only 
need readings from one node.  Therefore, since the base mote can 
be loaded with the modules while directly connected to our laptop 
through a serial connection, we conducted all of our experiments 
directly connecting our sensing mote to our laptop.  To do this, we 
slightly modified pre-written test modules ÒbaseÓ and ÒrelayÓ to 
allow programming modules and relaying data through the serial 
connection. 

      The experimental hardware setup in Figure 3 shows an 
experiment with the programming board connected to a mote, 
sensor board, and serial connection which is directly connected to 
serial connection.  This serial connection connects to a laptop (not 
shown in figure). 

4.4 Mica2 Mote 
      We used CrossbowÕs Mica2 motes.  Modules are loaded onto 
the Mica2 mote for computation and sensor readings.  These 
motes contain A/D converters to convert analog sensor data into 
digital readings.  In addition, they have a radio to communicate 
with other motes in a particular communication range.  Three 
LEDs can be toggled on and off for troubleshooting purposes. 

4.5 Sensor Board 
      We used the Mica2 sensor board for our temperature and 
magnetometer sensors readings.  Magnetometer sensors on Mica2 
sensor boards use a 2-axis Honeywell magnetoresistive (MR) 
magnetometer (HMC1002).  These magnetometers address 
temperature drift effects by reading the voltage on two arms of a 
Wheatstone bridge.  These magnetometers have a data range from 
-2Gauss to +2Gauss. 

      Honeywell MR magnetometers provide hardware for a pair of 
set/reset (S/R) pins per axis.  In the presence of magnetic 
disturbing field, the sensor elements in HMC1002 are broken up 
into randomly oriented magnetic domains.  A current pulse across 
a pair of S/R pins can be sent to perform a ÒSETÓ condition, and 
output voltage can be recorded as Vout(SET).  Then, an equal and 
opposite pulse can be sent through the S/R pins and the output 
voltage can be measured as Vout(RESET).  These pulses will 
realign the magnetic domains in the sensor [14].  Then the bridge 
output can be represented as [Vout(SET) Ð Vout(RESET)] / 2.  
Circuit techniques can be applied to implement this system, and 
different circuit designs are described in [14]. 

      However, on the Mica2 Sensor Board, these S/R pins are 
exposed pads.  The only way to send a pulse through these 
magnetometer S/R pins is to construct an external circuit, possibly 
on a printed circuit board, to periodically provide these pulses to 
realign the sensorÕs magnetic domains. 

      Our experiments do not take advantage of these S/R pins for 
reliable readings. 

4.6 Laptop Ð Part I I  
      When the fully described system in section 4.1 to section 4.5 
is assembled, the laptop is then used to communicate to the Mica2 
mote.  SOS Server (sossrv) is an application that enables 
communication between the mote connected through the serial 
port to the laptop.  Module gateway (modd_gw) communicates 
through the sossrv to dynamically load the mote with a module. 

      The backend application receives sensor readings from the 
Mica2 mote.  From the raw readings, the backend application 
converts the data into a more convenient format.  The temperature 
reading is converted into degrees Celsius and magnetic field 
readings are converted to mGauss.  After experiments and 
analysis, we incorporated a detection algorithm and an algorithm 
to reduce temperature drift into our backend application. 

5. SYSTEM IMPLEMENTATION 
      Our system implementation on SOS-1.x required a thorough 
understanding of sensor drivers. 

5.1 Porting Code 
      SOS achieves energy efficiency by minimizing the size of 
modules loaded onto motes.  The smaller the module size, the less 
energy used.  Hence, recent updates to the SOS operating system 
helped reduce the size of modules by incorporating a ÒheaderÓ 
into modules.  This header provides a performance improvement 
compared to without having a concise format for necessary 
information for all modules. 

      This header information along with other changes to the SOS 
operating system requires all modules programmed for SOS to 
include this header.  Changing source code from one operating 
system for functionality onto another operating system is called 
ÒportingÓ code.  

      Both temperature sensor and magnetometer drivers are 
available on SOS, however were not ported to SOS-1.x.  In order 
to begin sensing temperature and magnetic fields, we needed to 
port the sensor drivers from SOS to SOS-1.x by converting the old 
syntax of SOS to the header syntax of SOS-1.x.  This header 
contains information about the module ID, amount of memory 
required for the ÒstateÓ, number of required timers, number of 
subscribed functions, number of provided functions, module 
handler name, and function information.  In SOS, functions need 
to be registered and deregistered as a module was loaded and 
unloaded respectively. 

5.2 ADC 
      Temperature and magnetic field readings through sensors 
provide an analog set of sensor data.  This data is converted to a 
digital signal through an analog-to-digital converter (ADC).  ADC 



 
 

raw readings are limited by the number of bits allocated. 

      The temperature sensor range can use the limit of the ADC to 
measure the temperature.  Mica2 Sensor Board conversion from 
raw ADC readings to degrees Celsius temperature is converted 
based on the formula used in TinyOS with the following equation: 
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where R1=10k! , ADC_FS=1023, and ADC=raw sensor readings.  
The conversion from ADC readings to degrees Celsius is 
performed on the backend application in our implementation. 

      However, the magnetometer sensor on the Mica2 sensor board 
includes additional hardware to compensate for the limitation of 
ADC bits to read a more accurate range and granularity.  The 
output of the magnetometer is connected to a Micropower 
Instrumentation Amplifier Dual Version (INA2126).  This 
amplifier takes in the output of the magnetometer in addition with 
the output of a Dual-Channel, I2C¨  Compatible, 256 Position, 
Digital Potentiometer (AD5242).  The voltage across the variable 
resistor in AD5242 is used as a reference voltage.  The output of 
the INA2126 amplifier can then keep the output within the limit 
of the ADC bit limitations by offsetting the ADC reading.  One 
unit of potentiometer change equates to 32 ADC units.  As the 
sensor driver is aware of the variable resistor setting, the actual 
magnetic sensor reading can be calculated by offsetting the ADC 
reading by the change in ADC units due to the potentiometer.  
Varying the potentiometer and converting the ADC units to 
magnetic field units is performed through the magnetometer 
sensor driver.  The sensor driver changes the potentiometer value 
whenever the raw ADC reading changes by ±32 ADC units.  The 
calculation of the outputted magnetometer sensor provides is 
calculated by: 

 
terBiasPotentiomeADCnsorOutputMagneticSe *32+=  

       
    Our implementation converts this magnetic field sensor output 
to mGauss on the backend application using the following 
equation: 

ySensitivitFSADCainAmplifierG
nsorOutputMagneticSe

eldMagneticFi
*_*

=  

where AmplifierGain=2262, ADC_FS=1023, and 
Sensitivity=3.2mV/Vex/Gauss. 

5.3 I2C (Inter-Integrated Circuit Bus) 
      Internal communication between the AD5242 variable resistor 
and the Mica2 mote is accomplished through the I2C bus.  This 
bus provides a simple, low-bandwidth, short-distance protocol.  
The bus consists of using two-wires, serial data (SDA) and serial 
clock (SCL) and uses the protocol shown in Figure 4 for the serial 
data wire [17]. 

      For our case of varying the potentiometer on the AD5242, we 
are only interested in sending information between the Mica2 
mote and the Mica2 Sensor Board to set the appropriate flags and 
resistance on the AD5242.  The SOS operating system provides 
API calls to simplify the usage of the I2C bus and to keep the I2C 
protocol implementation invisible to the developer.  The 
procedure to use the I2C bus is to first reserve the bus, send/read 
data, then free the bus. A module can use two kernel function calls 
to reserve the I2C bus and the send data using the bus.  Then the 
module can post a message to inform others that the I2C bus can 
be used. 

      To send a biasing value to the AD5242 potentiometer, the 
module sends a block of three 8-bit values to the API.  The first 8-
bit value contains the 7-bit address of the I2C hardware in the 
most significant 7-bits and a 1 in the least significant bit to signify 
a sending of data.  The next 8-bit block contains flags, and the 
final 8-bit block holds the value to change the potentiometer. 

      The update to SOS-1.x contains changes to the I2C API calls.  
In order to port the code, we needed to understand and implement 
these changes.  We also had to troubleshoot and debug the 
previous magnetometer sensor driver. 

      Magnetometer sensor drivers from SOS were tested by placing 
the sensor near a speaker to verify whether the magnetometer 
readings change.  With minimal verification of the sensor driver 
functionality, the most recent code contains some bugs that we 
needed to find and fix before we ported the code. 

      Previously, an array of three 8-bit variables was sent to an I2C 
API call.  However, the module actually writes to an address 
outside of its scope.  This misuse of data could have caused 
intermittent problems.  In addition, we realized that the previous 
magnetometer driver varied the potentiometer for the x-axis for 
the y-axis magnetometer readings and vice-versa.  We swapped 
these values to correct this. 

 

Figure 4: General I2C Protocol 

(Figure copied from [17]) 
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6. SYSTEM EVALUATION 
      In order to evaluate the performance of the magnetometer on 
the Mica2 sensor, several experiments were performed.  The 
experiments were designed to evaluate how noise and temperature 
drift affect readings.  Based on the data obtained from the 
experiments, correction filters, in the form of algorithms, were 
developed to cancel out the noise factors as much as possible.  
Furthermore, a detection scheme was established from evaluating 
the data.  In this section, the general experimental framework and 
data will be discussed.  Also, the various application algorithms 
that were created will be described fully. 

6.1 Exper iment Settings 
      There were essentially six different settings for the 
experiments that were performed.  First, we wanted to establish a 
clean area where we could just measure the magnetic field of the 
earth without many outside disturbances.  This was done by 
putting the sensor in a room with minimum electronic devices 
nearby.  Using this as a base, we were able to establish that we 
were reading magnetic data with some accuracy since we know 
from literature the actual magnetic field for the earth is around 
500 mGauss (mG) [11].   

Another goal of our initial experiments was to see how 
temperature changes affect magnetometer readings.       In order to 
see how cooling plays a role on the sensing data, we used a 3M 
Nexcare Reusable Cold/Hot Pack and a Kenmore Mini-
Refrigerator as the experiment platforms to cool down the 
environment around the sensor node while collecting magnetic 
readings.  The cold pack was frozen and then placed near the 
Mica2 sensor board while the magnetic environment was kept 
constant.  The cold pack was not very effective in changing the 
temperature in a significant manner because most of the energy 
was dissipated to the atmosphere as opposed to being 
concentrated on the actual sensor.  The refrigerator was much 
more effective to get a large temperature range.  Typically, during 
the cooling process we could establish a 20o Celsius variance in a 
short period of time. 

To evaluate how heating the environment around a sensor 
affects magnetic data the 3M Nexcareª  Reusable Cold/Hot Pack 
was used once again along with a Kenmore Elite Oven.  The hot 
pack was fairly effective in affecting the environment around the 
sensor and resulted in temperature variance in the 30o Celsius 
range.  But one of the downsides with the hot pack was that it 
took a while to get heated and was a bit dangerous to handle.  The 

oven enabled a temperature variance around 50o Celsius in a short 
period of time.  Again, care was taken to keep the magnetic 
profile of the environment fairly consistent while the temperature 
was changed. 

The final area where experiments were performed was in an 
outside setting that had direct access to sunlight.  This was used to 
see how magnetic readings change in a typical day.  Essentially, 
several hours of data was collected from this setting but the 
temperature drift of this type of location was very minimal.   

6.2 Noise and Temperature Dr ift Evaluation 
Using the various experimental settings described earlier, two 

main trends when it comes to sensing data were noticed.    The 
first was the fact that sensing data is generally noisy and varies 
sporadically during random periods of time.  This can be 
attributed to the fact that the performance of many of the sensing 
elements had to be sacrificed due to size limitations.  Figure 5 
contains an example of the effect of noise interference on 
magnetic sensor data.  

Basically, a magnet was placed closed to the sensor and then 
removed.  Thus one can observe that the magnetic readings go to 
a higher state as the magnet approaches the sensor and then go 
down to a lower state again when the magnet is taken away.  But 
another phenomenon one notices is that sometimes the magnetic 
readings seem to vary widely from the normal trend.  This innate 
variance needs to be eliminated, and a noise correction algorithm 
is established later in this paper. 

      Figure 6 contains two graphs that show how temperature 
affects magnetic readings.  The first graph shows a cooling 

Figure 5.  Noise with raw magnetic data. 
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Figure 6.  Temperature dr ift and magnetic sensor  data change. 
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process using the refrigerator, and the second graph shows a 
heating process with the use of an oven.  As one can see, a fairly 
consistent change in readings for a constant magnetic environment 
is noticed.  The relationship seems to be fairly linear, and one can 
conclude that as temperature rises there is a corresponding 
increase in magnetic field sensor data by a certain ratio.  

6.3 Noise and Temperature Dr ift Algorithms 
      Based on the data that was obtained during the experiment 
process, correlations between how magnetic data gets affected by 
noise and also temperature change can be established.  A series of 
filters in the form of simple algorithms were created to take care 
of these problematic situations.  These algorithms were 
implemented on the client side as an application backend.  The 
main reason for this decision is that the processing power needed 
for such operations seemed to be better suited for a high-end 
computer system as opposed to individual motes.  But if the 
amount of sensing data is fairly small, the correction algorithms 
can be pushed to each mote. 

6.3.1 Noise Elimination Algorithm 
      As shown from Figure 5, raw magnetic data is fairly noisy.  
Thus, a moving average for the raw magnetic data was employed 
to fi lter out the high frequency noise.  The basic equation that was 
employed is the following: 

 

where s0 is the first raw magnetic reading (gauss) and alpha 
depends on the application requirements and properties of the 
environment [8].  Based on the experimental results, we 
established a fairly small number for alpha so that the historical 
data is generally preserved, and large variations in magnetic 
readings do not affect the overall trend of magnetic data as much.  
Overall, doing a moving average lets us have magnetic data that is 
uniform and gives us a more loyal indication of the true intensity 
spectrum. 

6.3.2 Detection Algorithm 
      Since magnetic data can be used to establish that a certain 
object is present at a period of time, due to the fact that there will 
be a change in the magnetic spectrum for that time period, we can 
create a detection algorithm.  Using Equation 2, we create a 
detection algorithm by using two different values for alpha.  We 
call Equation 7 the base case and Equation 8 as the weighted case.  
The exact alpha values we used are shown below: 

 

Essentially, even when there is a change in the magnetic field 
around a sensor, the base values stay fairly constant while the 
weighted values will change much more.  This is due to the 

different values of alpha.  Thus, detection of an object can be 
inferred when there is a large difference between the two cases 
[8].  Based on the type of object that is being detected, the 
threshold for the difference can be varied.  If the object will have 
a very minimal affect on the magnetic field around the sensor, 
then the threshold value should be fairy small.  On the other hand, 
if the object will cause a very large impact on the magnetic field, 
then a larger threshold would work better. 

6.3.3 Temperature Drift Correction Algorithm 
      Based on our experiments, we were able to obtain a fairly 
linear relationship between temperature variation and magnetic 
data.  Figure 6 is a prime example of this linear relationship for 
cases where we cooled and heated the environment around a 
sensor node while keeping the magnetic field constant.  We 
assumed that Òroom temperatureÓ was the base value for our 
readings and came up with the following equation to eliminate 
temperature noise. 

 

The Tempn value needs to be Celsius and the value of 0.73214 
was established by taking the average slope found through several 
experiments where the same linear relationship between 
temperature increase and magnetic readings was found. 

7. SYSTEM PERFORMANCE 
      The following section will focus on how the various 
algorithms that were developed for noise reduction, detection, and 
temperature drift control actually perform.  Essentially, the same 
experiments that were done to evaluate how magnetic data gets 
affected by these factors were re-done but with the algorithms in 
place. 

7.1 Noise Elimination and Detection 
      Figure 7 shows a graph that is used to illustrate the point of 
noise elimination and also detection.  A magnet is placed near the 
sensor and then taken away.  During this process, there are 
variations in the raw magnetic data that are fairly inconsistent 
with a ramp up of magnetic field strength and a ramp down as an 

object is brought closer and then taken away from the sensor 
node.    
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Figure 7.  Noise with raw magnetic data. 



From Figure 7, one can see that the weighted data is much 
smoother than the raw data readings.  Thus, large variations that 
occur are not as evident in the weighted readings.  Furthermore, 
detection of an object can be inferred by comparing the weighted 
data to the base line stream.  Thus, we have proved that the noise 
elimination and detection algorithms described earlier are 
effective solutions. 

7.2 Temperature Dr ift Cancellation 
      A wide variety of experiments were performed to prove that 
the algorithm that was developed to cancel out temperature drift 
works properly.  The basic idea is that as temperature changes, the 
magnetic readings should not change if the same magnetic field is 
present.  Figure 8 contains experimental results for both the cases 
where the environment around the magnetic sensor is cooled and 
also for the case when the environment is heated.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The experiment data shows that the magnetic readings stay fairly 
consistent as the temperature is varied.   For the case where the 
environment is cooled, the magnetic reading would normally vary 
from around 498 mG at 25 o Celsius to a value of 490 mG at 15o 
Celsius if there was no correction algorithm in place.  Instead, the 
value of the magnetic data stayed around the 490 Ð 491.5 mG 
range with the correction algorithm.  When the environment was 
heated by using the oven, the range of magnetic readings would 
go from 569 mG at 42 o Celsius to a value of around 598 mG at 82 

o Celsius with no correction algorithm.  But with the algorithm in 
place, the range of values for the magnetic readings generally 
stayed around 569 mG. 

7.3 Temperature Dri ft  and Detection 
      The final experiment results show two unique processes 
occurring at the same time Ð temperature drift and the addition of 
a magnetic field around the sensor.   Figure 9 shows that detection 
of an object will be made easier since the magnetic readings, 
when there is no external magnetic object, will not slope in a 
particular direction as the temperature is varied. 

 

 

 

 

 

 

 

 

 

 

 

 

 

If the correction algorithm was not present, then there would be a 
fairly large increase in magnetic data from 43 o Celsius to 60 o 
Celsius and between 68 o Celsius and 75 o Celsius.  Furthermore, 
the bell curve established by moving an object near the magnetic 
sensor would be fairly skewed by both the affect of temperature 
change and changes in the magnetic field. 

 Overall, through the experiments that were performed, 
we were able to successfully establish that the detection, noise 
cancellation, and temperature drift control algorithms work 
properly. 

8. FUTURE WORK 
There are a few areas that still need to be further investigated 

in terms of this project.  First, a large test domain needs to be 
developed to robustly test the magnetic sensor driver and the 
corresponding detection/noise correction application that was 
developed.  Although, the project involved a fair amount of 
experimental iterations, a more precise testing process that 
documents results based on a variety of conditions in terms of the 
environment should be performed before including the code base 
for general use.  Also, the code should be reviewed by a set of 
SOS experts before being fully adopted.   

Furthermore, the current framework for the system passes 
magnetic sensor data from each node to a base application which 
performs the actual filtering.  Technically, a parent/child 
relationship can be developed where a group of nodes act as 
children and collect data for a parent that actually performs the 
noise correction before passing to a base station application.  This 
will be a more scalable system especially if hundreds of nodes are 
involved so that not as much processing has to be done on the 
backend.  Also, the base application can do some type of common 
mode error correction on the magnetic data and pass that 
information to the corresponding nodes in the network so that they 
can make more intelligent decisions on the validity of the 
magnetic data. 
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Figure 8.  Temperature change with cor rection algor ithm. 



Finally, hardware correction on the actual sensor board can be 
considered.  Many of the sensor boards have a reset switch that 
brings the sensing elements back to an initial state.  Thus, instead 
of using an algorithm implemented on the software end, circuits 
can be interfaced to the actual sensor board to reset/recalibrate the 
sensor board whenever there is a large change in environmental 
affects, such as a significant temperature swing.  This will achieve 
more accurate information but might require a larger startup/setup 
time then using the method that was proposed in our design.  The 
downside is that there will be area overhead to add the extra 
hardware either as an external board to existing systems or 
actually incorporated on the chip itself. 

9. CONCLUSION 
     Being able to sense an environment with quality and reliability 
is an important feature of a sensor system.  We modified the 
existing temperature and magnetometer sensor drivers that were 
provided for the Mica2 hardware and SOS software and made 
them work correctly by fixing existing software flaws.  Also, we 
discussed the innate problems with raw sensing data in our paper. 
In particular raw sensing data is characterized as being unreliable, 
fil led with noise, and not self-calibrated, and we showed 
experimental results that backed up these claims.  From the data 
that was gathered, algorithms were created that enabled the 
detection of an object using magnetic sensing information and 
also for temperature noise elimination for magnetic data.  Our 
experimental results indicate that our algorithms give the end user 
magnetic sensing data that is precise and reliable. 
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