
                                                                                                         

1 
 

 
 
 
 
 
 

 

 
An Investigation of RF Pollution 

 Caused by IEEE 802.15.4 Body Area 
Networks 

 
              by 
 

 

E n o h n y a k e t  J o h n  A K o  
 

Bachelor Thesis 
 

Supervisors: 
     Jan Hauer;                                      Mikolaj Chwalisz 

TKN, Technical University                   TKN, Technical University 
Berlin – Germany                                    Berlin - Germany 

 
 
 

Examiner: 
Sven Johansson 

 
Blekinge Institute of Technology 

School of Engineering 
Department of Electrical Engineering 

 
Karlskrona, 2013 

 
 

TKN 
Telecommunication Networks Group 
Technical University of Berlin  

Blekinge Institute 
 of Technology 



                                                                                                         

2 
 

 
 
ABSTRACT 

Advancement in wireless communication technologies such as wearable sensors 

together with recent developments in embedded computing area is enabling the 

design, development and implementation of body area networks. These network 

developments mainly use the IEEE 802.15.4 which is aimed at low power, short range 

communications.  The body area network is a deployment of an innovative healthcare 

monitoring application. However, little is known about the impact of 802.15.4 on the 

performance of other communication devices.  

Due to the constant increase in devices sharing the unlicensed 2.4GHz ISM band, 

interference is becoming a problem of interest to researchers. In this thesis, we 

experimentally investigate the Radio Frequency (RF) pollution Caused by IEEE 

802.15.4 body area networks. Measurement was conducted with a shimmer2r 

node(transmitter) attached to the human body and the Tmote Sky sensor 

nodes(receivers)  which are deployed on  three floors of the Telecommunication 

Network Group (TKN) Technical University(TU) building in Berlin. The average 

Received Signal Strength Indicator (RSSI), Link Quality Indicator (LQI) and Packet 

Reception Rate (PRR) was examined as a function of transmitter to receiver distance.  

The best LQI was observed at 0 dBm and was consistent whereas the worst 

LQI was at -25 dBm.  

Lastly, the RF pollution metric was defined based on power levels and the percentage 

of nodes polluted. With a transmission power level of -15 dBm, the observed RF 

pollution for a co-located network was minimal while of 0 dBm, the pollution 

effects were relatively higher. 
 
Key words: RF Interference; IEEE 802.15.4; Body Area Networks 
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1. INTRODUCTION 

1.1.  Background 
 

Recently, there has been increasing interest from researchers, system 

designers, and application developers on a new type of network architecture 

generally known as body sensor networks (BSNs) or body area Networks 

(BANs), made feasible by novel advances on lightweight, small-size, ultra-low-

power, and intelligent monitoring wearable sensors [1]. “Body Area Networks 

(BANs) allow monitoring of human with detail and pervasiveness that is opening 

new application opportunities in domains ranging from personalized health-care 

and assisted to sports and fitness monitoring [2]”. 

Wireless Sensor Networks (WSNs) is made up a huge number of small 

wireless sensor devices. There are two major differences separating the WSNs 

from ad-hoc wireless systems [3]. “First, the mote’s hardware and software 

design emphasizes low power consumption, which gives motes the potential to 

operate unattended for a long period of time. Second, the low power hardware 

design generally translates to simpler hardware circuits and small energy 

reservoir, and thus giving motes a smaller physical size than other wireless 

devices [3]”. 
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There have been several attempts to mitigate the impact of 2.4 GHz RF 

interference on IEEE 802.15.4 sensor network, e.g via frequency hopping 

whereas, Bluetooth having been deploying frequency hopping for years [4]. RF 

interference is generally due to the broadcast nature of the radio medium. 

Imagine a room with many people talking loudly; it would be very difficult for 

someone to understand what each speaker is saying.  

This thesis focuses on investigating how much RF interference is caused 

by IEEE 802.15.4 Body Area Networks. To understand the amount of RF 

pollution caused by 802.15.4 within the unlicensed 2.4GHz ISM band, different 

performance metrics as a function of transmitter-receiver separation distance, 

transmission power level, Received Signal Strength Indicator, Link Quality 

Indicator and RF noise [5] are examined. An overview of the coexistence 

framework adopted by the IEEE 802.15.4 is shown in figure (1). 

 
 

 
            Figure 1: IEEE 802.11 and IEEE 802.15.4 spectrum usage in the 2.4GHz ISM band [2]. 
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“Both research and practice have shown that sensors devices running 802.15.4 

on their MAC layer maybe computing for wireless communications on the 

2.4GHz ISM band with WiFi, Bluetooth and other proprietary devices [6]”. 

Figure 1 illustrates the spectrum usage of WSN using the family of 802.15.4 

protocol and WiFi using the family of 802.11g protocol in the 2.4 ISM band. This 

is a result of frequency allocation by the IEEE standardization body leading to 

the channel overlapping between 11 of the channel allocated to the 802.11 

protocol WiFi and the 16 channels assigned to 802.15.4 protocol in the 2.4GHz 

ISM band. It can be seen from Figure 1 that ranges do overlap [6]. Despite 

interference mitigation mechanisms like Direct Sequence Spread Spectrum 

(DSSS) and “listen-before-send" incorporated in both standards, it is well 

established that their mutual interference can result in notable deterioration of 

packet delivery performance [2]. 

 

1.2  Motivation 
 
With the advancement of wireless technology, new medical applications have 

becoming possible.  Patients to benefit from increase mobility due to no 

restriction in cables [8]. The wireless sensor network (a network of sensors and 

actuator residing within the limit of the body) is used mostly for mobility of 

patients. These sensors use the unlicensed 2.4GHz ISM band, operate on the 
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IEEE 802.15.4 standard and allow the continuous measurement of the state of 

the human body. This could be heart, cardiovascular and other body organs in 

real time and provides feedback to a predefined server. Imagine a dense 

indoors hospital environment with thousands of BANs and patients having 

sensors monitoring their organs and providing real time information as shown in 

figure(2). Interference becomes a problem in this kind of environment. The 

problem arises when the powerful emission of this devices create 

electromagnetic interference and disturb radio communication of other devices 

within the same frequency. This thesis is to investigate how much RF pollution 

is caused by 802.15.4 body area networks to other co-located BANs and 

devices.  

                                                                                                                                                                               
Figure 2: Illustrating a hospital environment with different BAN [21].  
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1.3  Problem statement 
 
In universal networking environments; two or more heterogeneous 

communications systems coexist in a single place. Wireless Local Area 

Networks (WLANs) based on IEEE 802.11 specifications and Wireless Personal 

Area Networks (WPANs) based on IEEE 802.15.4 specifications need to coexist 

in the same Industrial, Science and Medical (ISM) band [15].  

Body Area Networks (BAN) are becoming increasingly popular, but it is unclear 

how their widespread use would affect mutual communication performance. 

Especially in dense indoor areas, one can imagine tens or hundreds of BANs in 

a hospital building. BANs may cause "RF pollution" resulting in RF interference 

and thus degrading performance of other co-located BANs (or other wireless 

systems). The objective of this thesis includes an analysis of RF interference 

caused by the 802.15.4 BANs. The influence of transmission power levels on 

RF pollution was investigated. 

Approach: In this thesis, a comprehensive measurement study is conducted to 

investigate the amount of "RF pollution" caused by BANs in a 3-floor indoor 

office environment of the TKN Technical University Berlin building. A metric for 

"RF pollution" is defined based on a combination of PHY/MAC layer metrics. 

Power levels transmitted at -25dBm, -15dBm, -10dBm, -5dBm and 0dBm was 

investigated. 
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1.4  Related work 
 
Several studies have been conducted on the RF pollution caused by IEEE 

802.15.4 body area networks. The coexistence between IEEE 802.11 and IEEE 

802.15.4 has received significant interest from the research community. Jan-

Hinrich Hauer, Vlado Handziski and Adams Wolisz researched on 

experimentally study the Impact of WLAN Interference on IEEE 802.15.4 Body 

Area Networks [2]. The study reported the empirical correlation between the 

IEEE 802.15.4 packets delivery performance and urban WLAN activities and 

explored the 802.15.4 cross-channel quality correlation. The study also 

examined the trend in the noise floor as a potential trigger for channel hopping 

to detect and mitigate the interference effects.  

In 2009, Leif W, Dino M, David R and Gilbert B studied the Interference effects 

in Body Area Networks[10]. In the study, the signal-to-interference ratio and 

interference-power levels for a pseudo-random of 5 subjects in an indoor area 

was measured. It was illustrated that the linear strength may be applied to the 

interference signal power, but the trend is dominated by factors which are not 

related to distance. The non-distance factor includes subject movements. Some 

manufacturing companies of 802.15.4 radio compliant have published 

guidelines on how to mitigate interference effects between the two technologies 

[6, 12]. 
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1.5   Outline 

The rest of this thesis is organized as follows. Chapter 2 gives a brief 

description of the experimental setup which contains measurement platform, 

performance metrics, testbed structured, hardware components and provides 

an overview of the software. Chapter 3 discusses the communication protocols, 

802.15.4, ZigBee and spectrum sharing in the 2.4 GHz. 

Chapter 4 and chapter 5 present the experimental results and interpretations, 

while chapter 6 presents some discussions and conclusions. 

 

2. Experiment setup 

In this section, the measurement platform is introduced and definitions of the 

relevant performance metrics, testbed structure and hardware components are 

provided. 

 

2.1.  Measurement Platform 
 
The measurements are performed on the TKN testbed for Wireless Indoor 

Experiments with Sensor Networks (Twist) [13], which are equipped with IEEE 

802.15.4-compliant Texas Instruments CC2420 transceiver. The CC2420 

operates in the unlicensed 2.4GHz ISM band and uses O-QPSK modulation 

and has a data rate of 250kbps.  Packets were transmitted on channel 11 in this 

thesis work. 



                                                                                                         

15 
 

 The setup consist of a shimmer2 node (transmitter) attached to the 

human body on the chest and the TKN testbed made up of wireless sensors 

node as shown in Fig.2.  Broadcast are done at fixed locations on the third floor 

of TKN building in experiment 1 as shown in Figure (3) below. The relative 

distance between transmission points is 1.5 m on the axis. Each time the button 

on the programmers board is pressed, 1000 packets with a frequency of 30ms 

on 2482 MHz is broadcasted on channel 11 at each transmission point. In 

Experiment 2, the test person is walking at an even speed of about 1.2 m/s and 

broadcasting 1000 packets every 30 s on 2482 MHz. The test person in 

experiment 3 seats in a room and broadcasted 1000 packets every 30 s for 

close to 5 minutes. Table 1 shows the transmission characteristics of TelosB 

sensor nodes. 

Table 1: TelosB transmission characteristics 

Platform TelosB 

Radio CC2400 

Modulation DSSS 

Data rate 250Kbps 

Transmission power -25 dBm -  0 dBm 

Keying O-QPSK 

 

2.2  Hardware Component 
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2.2.1  Shimmer2 node: 

It is a small, low power wireless sensor platform that can record and transmit 

physiological and kinematic data in real-time. Designed for wearable sensing 

applications, the platform has an on-board microcontroller, wireless 

communication via blue tooth or 802.15.4 low power radio and an option for 

local storage to a micro SD card. Shimmer incorporates wireless ECG, EMG, 

GSR, Accelerometer, Gyro, Mag, GPS, Tilt and Vibration sensors. Shimmer is 

an extremely extensible platform that enables researchers and industry to be at 

the leading edge of sensing technology. In this study, shimmer is used for 

broadcast only. Description of the features incorporated with shimmer: 

 

 
Figure 3: Shimmer sensing node 

 
a) CC2420 radio: The CC2420 is a true single-chip, 2.4 GHz IEEE 802.15.4 

compliant RF transceiver designed for low-power and low-voltage 

wireless applications. CC2420 includes a digital direct sequence spread 

spectrum baseband modem providing a spreading gain of 9dB and 
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operates at a maximum data rate of 250 kbps. The CC2420 is a low-cost, 

highly integrated solution for robust wireless communication in the 2.4 

GHz unlicensed ISM band [16]. It has a programmable output power of -

25dBm - 0dBm with transmission mode current consumption between 

8.5mA and 17.4mA respectively. 

b) 8MHz MSP430 CPU: MSP430 Microcontrollers (8 MHz, 16bits) is a Texas 

Instruments (TI), RISC-based, mixed-signal processors designed 

specifically for ultra-low-power. MSP430 MCUs have the right mix of 

intelligent peripherals, ease-of-use, low cost and lowest power 

consumption for thousands of applications.  

 

 
c)  MicroSD card: Figure (7) is a microSD card. It is an extremely small flash 

non-volatile memory card used in portable devices such as shimmer, digital, 

camera, gps navigation and mobile phones.                    

d)  Power: Shimmer has 50mAh battery used to power the shimmer sensor 

node. This battery is re-chargeable and charges when plugged into the 

shimmer programmer board and connect to a PC via a USB interface. 

  
 
 

2.2.2 Telos:  
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Figure (8) is a picture of Telos. Telos is an ultralow power wireless sensor 

module (“mote”) for research and experimentation. “Telos is a latest in a line of 

motes developed by research carried out at UC Berkeley to enable wireless 

sensor networks (WSN) research [7]”. Using a Texas Instruments MSP430 

microcontroller, Chipcon IEEE802.15.4-compliant radio, and USB, Telos’ power 

profile is almost one-tenth the consumption of previous mote platforms while 

providing greater performance and throughput. It eliminated programming and 

supports boards, while experimentation with WSNs in lab, testbed and 

deployment settings [7].  

 

 
Figure 4: Telos Ultra-low power wireless module (“mote”) with IEEE802.15.4 [7] 

 
As in [20], Table 3 compares the features of Telos and other various types of 

sensor platforms in terms of topology and date rate. Focus is only on the 

important factors such as operating system, wireless standard used, maximum 

data rate, power level and range. The system features reveals the 

characteristics of the sensor from application designers. The table shows that 

all sensors achieve low power consumption. A combination of TinyOS as an 
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operating system and IEEE 802.15.4 as a radio interface has been widely 

adopted. Although some platform uses Bluetooth, it turns to be energy 

inefficient compared to IEEE 802.15.4. 

 

Table 2: A comparison of body sensor nodes [20] 

 
 

Table (3) shows the comparison of different sensors nodes. These comparisons 

include their operating system support, wireless standard, data rates in kbps, 

outdoor range and the power level of the different body sensor nodes.  
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Figure 5: Measurement setup illustrating the placement of Tmote sky nodes. There are 102 
Tmote sky nodes in the three floors but not all is illustrated in this figure [17].  

Figure (5) show the measurement setup which includes the test person and the 

three floors of TKN build in which the Tmote sky nodes are being deployed. 

There are 15 transmission points marked with stars on the third floor. 

 

2.3 Scenarios: 

This experiment has three different scenarios and was performed in the indoor 

office environment of the TKN building where the TmoteSky sensor nodes are 

installed.  The scenarios are classified as being (static, mobile and mixed).  This 

will simulate a hospital environment in real life with sensors attached to patients 

to monitor and provide real time information on human organs. Below are the 

scenarios: 
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-   In scenario (1), the test person only broadcasted data at predefined points 

in the corridor (with shimmer node inside my pocket) of the 3rd floor of the 

TKN technical university Berlin. Fifteen markers transmission points are used 

which are spaced 1.45m from each other. While broadcasting at each point, 

the test person keeps turning until the experiment was completed. This 

turning is to cancel the effects due to shadowing. 

-    Scenario (2) was continuous broadcasting of data from the fourth floor via 

the 3rd floor to the 2nd floor of the TKN building. 1000 packets was 

broadcasted with a frequency of 30 ms until the end of the experiment. 

     -  In scenario (3), the test person was seating in an office room and 

broadcasting data. 1000 packets was broadcasted with a frequency of 30 ms. 

This experiment last for about 4 min. 

2.3.1 Parameterization of Setup:   

The table below shows the parameters used in this experimental study. 
 
Table 3 Experimental parameters.  The distance (3 – 10m) is the transmitter receiver distance. 

Parameters Values 

Distance 3 – 10 m 

Transmission Power -25 dBm - 0 dBm 

Packet Frequency 250 Kbps 
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Assumption: A frequency at the upper end of 2.4GHz ISM band is used: e.g.  

2482 MHz. The reasons are: 

(a) No overlapping with the default WLAN center frequencies. 

(b) No overlap with standard IEEE 802.15.4 channels.  
 
 

2.4  Performance Metrics  
 
In this study, the CC2420 data packets transmission are said to be successful if 

the DATA packets are received without errors. Transmission is considered 

failed if DATA packets are corrupted and not received. Five different power 

levels (-25dBm – 0dBm) are used for the sweep. 

The CC2420 radio adds to the Received packets the Received Signal Strength 

indicator (RSSI) and the Link Quality Indication value. The formula in the RSSI 

defined section 2.2.1 below will be used to convert the exported RSSI value to 

dBm. The raw values of the LQI are always reported ranging from 50 to 110 and 

corresponding to minimum and maximum quality frames, respectively. 

 
 

2.4.1 Received Signal Strength Indicator (RSSI):  

 It is a measure of the received power on the radio link, usually in the units 

of dBm.  It can be used for estimating node connectivity and node distance 

(although the relation between distance and RSSI is noisy and not 

straightforward), among other things. Another usage of RSSI is to sample the 

http://en.wikipedia.org/wiki/DBm
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channel power when no node is transmitting to estimate the background noise, 

also known as noise floor. 

The RSSI register value RSSI.RSSI_VAL can be referred to the power P at the 

RF pins by using the following equations: P = RSSI_VAL + RSSI_OFFSET 

[dBm] where the RSSI_OFFSET is found empirically during system 

development from the front end gain. RSSI_OFFSET is approximately –45 

dBm. 

 

2.4.2 Link Quality Indication:  

The link quality indication (LQI) measurement is a characterization of the 

strength and/or quality of a received packet. This measurement may be 

implemented using a signal to noise estimation. The LQI value is to be limited to 

the range 0 through 255, with at least 8 unique values. However the CC2420 

radio chip gives 50 as the worst and 110 as the best. 

2.4.3 Packet Reception Rate:  

The PRR is the ratio of the received to the transmitted packets. If PRR is high 

that means the link quality is high and vice versa [18]. In this study, the physical 

layer is based on the IEEE 802.15.4/Zigbee RF transceiver that has a frequency 

of 2.4 GHz with O-QPSK modulation. It is based on a chip rate Rc of 2000 kc/s, 

a bit rate Rb of 250 kb/s. 
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2.4.4 Packet Error Rate (PER):  

PER is the ratio in percentage of test packets not successful received by access 

terminal (AT) to the number of test packets sent by the AT test set. CC2420 

includes test modes where data is received infinitely and output to pins.  

 

2.5   Testbed 

[17] The testbed used in this study is called TKN TWIST (Testbed for Wireless 

Indoor Experiments with Sensor Networks). It is scalable and flexible testbed 

architecture for indoor deployment of wireless sensor networks.  It provides 

basic services like node configuration, network-wide programming, out-of-band 

extraction of debug data and gathering of application data novel features: 

● Experiments with heterogeneous node platforms. 

● Support for flat and hierarchical setups. 

● Active power supply control of the nodes. 

TWIST spans three floors of the TKN FT building at the TU Berlin campus, 

resulting in more than 1500 m2 of instrumented office space. Currently the setup 

is populated with two node platforms: 

● 102 TmoteSky nodes 
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● 102 eyesIFX nodes 

In the small rooms, two nodes of each platform are deployed, while the larger 

ones have four nodes. The setup results in a fairly regular grid deployment 

pattern with intra node distance of 3 m [17]. There are about 100 fixed locations 

for nodes with known positions. Only the TmoteSky nodes are used in this 

study. 

The hardware architecture is centered around the use of USB interface. With 

this, it is able to support heterogeneous mixture of WSN platforms with the 

following capabilities (Power supply, programming and communications) via a 

standard-compliant USB interface [17].  

2.6   Software Architecture: 

This section provides an overview of the operating system and the deployment 

environment for the WBAN. 

2.6.1 TinyOS:  

It is an open source BSD- licensed operating system designed for low-power 

wireless devices such as those used for wireless sensors network (TelosB and 

shimmer2r nodes), ubiquitous computing, personal area networks, smart 

building and smart meters [19]. TinyOS is an operating system suitable for 

research in wireless embedded systems. TinyOS is the operating system 
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running on the sensor nodes and satisfies the basic requirements; a suitable 

execution environment for application logic of the SUE and supports node 

configuration, instrumentation of the application code and allows for out of 

bound communication with super nodes over the USB infrastructure [17]. 

2.6.2 Ubuntu: 

Ubuntu is an operating system which is based on the Linux kernel. It is 

distributed as free and open software. The shimmer node works only on 

operating systems using a Linux kernel and in this case, Ubuntu was used in 

this thesis to process the data from shimmer locally after each experiment. 

2.7   Authors Contribution: 
 
The author used the existing platform, hardware and software described in 

section 2.2, section 2.5 and section 2.6 and carried out an experimental study. 

The study focused on investigating RF pollution caused by 802.15.4 BANs by 

using this existing platform. 

The author performed the experiments and collected the data and performed 

the data analyses in collaboration with supervisors. 

2.8.   RF Pollution Metric 
 
Radio frequency pollutions are destructive radio noise generated as a result of 

the shimmer node sharing the same frequency (unlicensed 2.4 GHz) and 

transmitting data with different power levels. With higher transmission power 

level (e.g. 0 dBm, -5 dBm) the noise may obstruct and degrade the performance 

of co-operating devices. 
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3.    COMMUNICATION: 

In this section, an overview of the existing radio technologies for BANs and 

WPANs including, ZigBee and IEEE 802.15.4 are discussed. 

3.1  ZigBee and IEEE 802.15.4 

Currently the most widely used radio standard in body area networks is IEEE 

802.15.4 (Zigbee) that support very low power consumption and cost effective 

communication network. As in [6], 802.15.4 is intended for short-range 

operation and involves no infrastructure. The standard focuses on applications 

with limited power and relax throughput requirement. Low power consumption is 

achieved by allowing a device to sleep and only working into active mode for 

brief periods. Enabling such a low duty cycle operation is the heart of the 

802.15.4 standard. IEEE 802.15.4 defines four frame structures: data frame, 

beacon frame, acknowledgement frame and MAC command frame. 

Two modes are provided for IEEE 802.15.4 multiple access scheme: Beacon 

enable and non-beacon enable modes. 

Zigbee/IEEE 802.15.4 devices can operate in three ISM band, with data rates of 

20 Kbps to 250 Kbps. ZigBee supports three types of topologies. This includes 

star, cluster tree and mesh. ZigBee has the advantage of providing multi-hop 

routing in cluster tree topology or mesh topology. As a result, BANs can be 

extended [20]. 
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3.2 Spectrum sharing in the 2.4GHz 

The unlicensed 2.4 GHz ISM band is used by a variety of devices, standards 

and applications. Only systems operating on the 2.4 GHZ ISM band are 

considered when focusing on the co-existence issues related to LR-WPANs [6]. 

3.3   IEEE 802.15.4 LR-WPAN 

LR-WPAN is a simple, low cost communication network that allows wireless 

connectivity to applications with limited power. The main objectives of this 

standard are the ease in installation, reliable data transfer, short range 

communication and good battery life. The output power is around 0 dBm and 

operates within the range of 50 m. 

 A total of 16 channels are available in the 2.4 GHz ranging from 11-26 and with 

each having a band width of 2 MHz and channel separation by 5 MHz. Table (4) 

show the channel mapping for IEEE 802.15.4. 

Table 2  Channel mapping for IEEE 802.15.4 [6] 

 
 
 



                                                                                                         

29 
 

4.    Experimental Results 

In this section, the data collected from the measurements is processed and 

evaluated in Matlab. Each scenario experiment is processed based on separate 

power level. Figure (11), figure (12) and figure (13) show the scatter plots for 

three power levels (0dBm, -5dBm and -25dBm) for experiment scenario (1) 

described in section 2.3, with predefined transmission points. It can be seen 

from the scatter plots that the higher the transmission power, the higher the 

signal received by nodes.  

Figure 6: RSSI versus Distance at 0dBm                              Figure 7: RSSI versus Distance at -5dBm       
 

 

 

 

 

 

 

 

  Figure 83: RSSI versus Distance at -25 dBm     

Figure (6), figure (7) and figure (8) shows the scatter plots of the RSSI of different power levels (0dBm, -5dBm, -
25dBm) which illustrates the effect of different power level. 



                                                                                                         

30 
 

 

5.     Results Interpretation: 

To understand the trend of the scatter plots, the x-axis is segmented to little 

bins of 6 m and the mean value of RSSI, LQI and PRR is calculated for each 

power level. Figure (9), Figure (10) and Figure (11) below shows the plots mean 

of RSSI, LQI and PRR. Figure (12) and figure (13) are the RSSI and LQI box 

plots that is made for the entire data when separated based on power level. 

 

                                         

 
 

 

 

 

 

 

 

 

 

 

 

 

                     Figure 9: Ave Receive Signal Strength Indicator versus Distance 
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                  Figure 10: Average Link Quality Indicator versus Distance 

 
 
Figure 11: Percentage of Packet Reception Rate versus Distance 
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Figure 12: Box plot of Received Signal Strength Indicator for the entire experiment. 
 

The boxplot of figure (12) above and figure (13) represents the RSSI and LQI of 

the experimental data when separated based on power levels. These plots 

show the graphical display for describing the data in the middle as well at the 

end. The central mark (with red) on each box is the median. The edges of the 

boxes are the lower and upper quartiles (25th and 75th percentiles). The outliers 

are also observed in the data and lies an abnormal distance from other values 

from the data. 

       
      
      

      
      

       

Outliers 
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Figure 13: Box plot of Link Quality Indicator for the entire experiment. 
 

 

For the RF pollution metric, three different thresholds: -85 dBm, -90 dBm and  

-94 dBm are used for this analysis. The selected thresholds are the sensitivity 

levels below which RF interference is irrelevant. The RF pollution metric is 

based on the RSSI values. We calculate for each node, the mean over a 

complete set (A+B) where A is the RSSI of all successful received frames and B 

is the set of noise floor values for each frame that was not received. The noise 

floor is assumed to be -98 dBm and if n-frames are not received, then the set of 

noise floor will be {-98,-98,-98,-98,…….n}. The three thresholds above are used 
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to decide if a node is polluted, and figure (14) shows the polluted metric for 

each threshold.  Figure (14) is for the different transmission power level versus 

the average number of nodes polluted. 

 

 

Figure 14: RF Pollution metric 
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6.   Discussion and Conclusion 

In this thesis, we described and interpreted the experimental results from the 

TKN testbed TWIST (containing sensor nodes) to investigate the RF pollution 

caused by 802.15.4 body area networks. Data was separated based on power 

levels only. 

The RSSI, LQI and PRR versus distance for different power levels were 

calculated. The best LQI was observed at 0 dBm and was consistent whereas 

the worst LQI was at -25 dBm. The RF pollution metric was found, and it is a 

function of transmission power levels versus average number of nodes polluted. 

The graph of the pollution metric showed that the higher the transmission 

power, the more nodes are polluted. With a transmission power level of -15 

dBm, the observed RF pollution for a co-located network was minimal while of 0 

dBm, the pollution effects were relatively higher.  

It has been demonstrated that the deployment of 802.15.4 network requires an 

acceptable power level of -15 dBm which have very little negative effects. 
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