0174

6LoWPAN-enabled Fall Detection and
Health Monitoring System with Android Smartphone
Won-Jae Yi, Oishee Sarkar, Thomas Gonnot, Ehsan Monsef and Jafar Saniie
Department of Electrical and Computer Engineering
Illinois Institute of Technology
Chicago, Illinois, United States

Abstract— Falls are a significant problem which
predominantly affects the life of the elderly population. The
probability of falls increases as health of a person detriment,
making them dependent on others and restricting their freedom
of movement. Therefore, tremendous amount of resources and
time is being spent in the healthcare sector to develop systems
which performs fall detection in real-time, as well as investigation
of the cause and immediate effects. This type of system must be
inexpensive, accurate and low power consuming for daily use.
Furthermore, a user-friendly interface should be provided on the
device. In this paper, an architecture of fall detection system
coupled with the Wireless Intelligent Personal Communication
Node (W-iPCN) and Android smartphone is presented. Sensor
data necessary for detecting falls are received from
accelerometers and gyroscopes through the W-iPCN. To increase
power efficiency and configuration flexibility, each sensor node is
connected to the W-iPCN using 6LoWPAN. A fall detection
algorithm performs real-time processing and analysis of the
collected data. Additionally, the W-iPCN is used to bridge the
processed data analysis results to the Android smartphone
through Bluetooth. Adapting 6LoWPAN capability to our design
flow enhances the Internet accessibility of the sensor node,
increases compatibility with other packet-switched networks, and
offers low power consumption on sensor nodes. Our design has
the ability to prioritize sensor data in different medical
emergency situations by implementing Quality of Service (QoS)
framework.

environments can also lead to fall. This increases their
dependability on nurses or other qualified personnel to provide
care. However, manpower shortage is a common problem.
Therefore, it is essential to employ automatic fall detection
methods, which include using a wearable device, camera
based devices [1] and special sensors such as acoustic,
vibrational and other ambience sensors that make up a
surveillance system [2].

I. INTRODUCTION

In this paper, we improve sensor node multi-connectivity
and power consumption by applying 6LoWPAN in our design
flow where 6LoWPAN is applied to sensor nodes and the WiPCN. 6LoWPAN is based on IEEE 802.15.4 MAC layer
which offers flexibility with other packet-switched networks
such as the Internet. Furthermore, the number of devices
connected to the network is limitless where more sensors can
be integrated to our system design. In this configuration, the
W-iPCN can incorporate as many body sensors as needed for
health assessment and communicate with the Android
smartphone through single Bluetooth connection. To
demonstrate our system and to evaluate the processing ability
of the W-iPCN, we apply fall detection algorithm using two
accelerometers and one gyroscope.

Fall detection is increasingly becoming a popular research
topic due to the increase in its occurrence, and the serious
effects and problems caused by it. For the purpose of this
project, we formally define a fall as an unintentional, sudden
and uncontrolled movement of the human body causing it to
end up lying on the ground. A fall accident causes both
physical injury and emotional disturbance for the elderly
subject. The elderly is more likely to experience fall accidents
because of the following reasons: 1) Cerebrum degeneration
occurs naturally over time or because of diseases causing
equilibrium and step imbalance. 2) Diseases like cardiac
conditions, hypertension, cerebral artery sclerosis, etc., may
cause lowering of oxygen or blood supply to the brain
temporarily, causing the subject to faint. 3) The side effects of
some medicines, such as analgesic and tranquilizers, may
cause slow movements, sleepiness and low blood pressure. 4)
Poor lighting conditions, slippery floors and unfamiliar

In our recent works, we have explored connecting sensor
nodes to the Android smartphone using the Bluetooth protocol
[3]. Moreover, we have demonstrated the feasibility of the
Android smartphone as a data analysis and information
display tool [4]. However, the limitation on concurrent sensor
node connection using Bluetooth and executing complex
signal processing algorithm on the Android smartphone
caused relatively high battery consumption. To overcome this
problem, we have introduced a concept of Wireless Intelligent
Personal Communication Node (W-iPCN) [5] which reduces
data processing workload and power consumption on the
Android smartphone. The W-iPCN is capable of processing
complex algorithms to analyze received sensor data from the
user. In addition, it can extend its wireless capability by
attaching wireless transceiver modules to connect to sensor
nodes other than Bluetooth or Wi-Fi.

II. SYSTEM ARCHITECTURE
In our previous studies [3] [4], the Android smartphone was
responsible for receiving and processing the sensor data
through the Bluetooth connection. Even though currently
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available standard Android smartphones are equipped with
powerful RISC processors, most of the users prefer longer
battery life than computational features. Thus, to reduce the
processing workload on the Android smartphone, we
introduce the Wireless Intelligent Personal Communication
Node (W-iPCN). This system can consist any type of
reconfigurable computing device with signal processing
capability and low power consumption. Switching signal
processing features from the Android smartphone to the WiPCN results in saving battery life of the Android smartphone.
Furthermore, this configuration allows the W-iPCN to
concentrate on complex algorithm processing and wireless
data transmission. The Android app can simply focus on
displaying received physiological information from the WiPCN, and relaying to a remote server for history keeping.
We have chosen Raspberry Pi 2 Model B [6] as one of the
W-iPCN candidates to illustrate the efficiency of our design
flow. As shown in Figure 1, the W-iPCN is the central device
that communicates between the sensor nodes and the Android
smartphone. Raspberry Pi in this study embeds Broadcom
BCM2836 System-on-Chip which integrates 900MHz quadcore ARM Cortex-A7 and 1GB of RAM. Four USB ports are
also available for USB dongles such as Bluetooth and Wi-Fi
modules. In addition to USB ports, there is a 40-pin
input/output port on the Raspberry Pi where external modules
can be attached through GPIOs, I2C, UART and SPI.
Raspberry Pi 2 consumes 800mA at 5V resulting power
consumption of 4 Watts.

measurements up to ±16g [9]. Table I shows that each sensor
module is capable of being powered by batteries.

Figure 2. 6LoWPAN-enabled Raspberry Pi 2 with Bluetooth and WiFi USB dongles

Figure 3. Adafruit 9-DOF IMU (left) and ADXL345 board (right)
TABLE I. FALL DETECTION SENSOR POWER CONSUMPTIONS

Accelerometer ADXL345
Accelerometer LSM303
(Adafruit 9-DOF IMU)
Gyroscope L3GD20H
(Adafruit 9-DOF IMU)

Figure 1. System Design Flow

We utilize the available peripheral input/output ports on the
W-iPCN to add wireless communication ability as shown in
Figure 2. For 6LoWPAN communication, we have installed
OPENLAB’s Raspberry Pi 802.15.4 Radio module on the WiPCN using an SPI port and 4 GPIOs [7]. Moreover, the
Bluetooth USB dongle is mounted to the USB port to connect
the W-iPCN to the Android smartphone, and the Wi-Fi USB
dongle for system development purposes through SSH
connection.
Accelerometers and gyroscopes can easily be designed as
low power wearable devices and hence are preferred over
many other methods. The sensors used in this study for fall
detection are shown in Figure 3; Adafruit 9-DOF IMU
Breakout board with a tri-axial accelerometer LSM303 and a
gyroscope L3GD20H [8], and the ADXL345 board with a
single tri-axial accelerometer making high resolution

Maximum
(Active)
0.023 mA

Minimum
(Standby)
0.0001 mA

0.11 mA

0.001 mA

6.1 mA

2 mA

Acceleration and orientation data sampled from the above
sensors can be transferred to a processing node by direct wired
I2C connections. However, our design is targeting on-body
sensors where each sensor gains wireless communication
capability. To enable 6LoWPAN data transmission
capabilities, these sensors can be attached to a 6LoWPANenabled transceiver with I2C features. By this configuration,
any types of sensors can have 6LoWPAN connectivity by
communicating with the W-iPCN. One of the candidates for
6LoWPAN transceiver is Zolertia Z1 platform, based on
MSP430 microcontroller, a low power 16-bit CPU, and a
CC2420 radio [10]. The other candidate is TI CC2538EM
with Cortex-M3 CPU and IEEE 802.15.4 radio for 6LoWPAN
connections [11]. These two devices are capable of handling
data through I2C/SPI connection, where our chosen
accelerometers and gyroscope can obtain 6LoWPAN
connectivity.
The fall detection system is an integral part of the medical
applications and helps developers to enhance data
comprehension on central coordinators, which is the W-iPCN
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in our design. The fall detection sensors such as accelerometer
and gyroscope are usually accompanied by other sensors such
as ECG, camera, temperature, etc. This increases the chance
that the Quality of Service (QoS) provided to motion sensor
nodes varies according to characteristics of other deployed
sensor nodes in different medical applications. A solid
resource allocation mechanism needs to consider two main
issues. First, the relative priority of the sensor nodes needs to
be identified in the context of medical application.
Furthermore, the design needs to address heterogeneity in QoS
requirements of sensor nodes. There are two main QoS
metrics for body area networks namely reliability and
timeliness of transmission. Reliability is the ratio of the
number of bits received successfully at the receiver to the
number of bits generated by the sender and is measured by
Packet Drop Rate (PDR). On the other hand, timeliness
specifies the sensitivity of sensor node data to the experienced
packet delay. Sensor nodes with real-time nature need to meet
with restricted threshold delays. Most of the sensor nodes in
body area networks require a point to point latency of less
than 250ms to have a valid data communication. For instance,
consider a movement detection of a patient with heart disease
with ECG and motion sensors. First, several factors determine
the data priority of ECG and motion sensors such as the health
condition of the patient, age, posture, etc. Furthermore, it is
highly possible that ECG sensor degrades the QoS
performance (PDR and delay) of motion sensor due to its
relatively higher data rate (ECG with 75 kbps and motion
sensor with a few Kbps).

can detect basic postures of the human body such as standing,
sitting, and lying down. Both boards are connected to the WiPCN as shown in Figure 5.
The input data that is received by the W-iPCN is stored
with a timestamp. A trial and error method is employed to
determine a feasible threshold that is referred to, for fall
detection. The input coming in from the accelerometers are in
mG (milli-G) units, where G stands for the G-force of the
Earth (9.8 m/s2), and the raw data obtained from the gyroscope
can be converted into degrees with the help of a simple
calculation. The W-iPCN processes the data from the
accelerometers and gyroscope to determine whether the
subject is upright, sitting down, lying down or fallen. If the
subject is upright or sitting down, the result is displayed as
upright or sitting down, and the next set of data is read from
the sensors to repeat the process. If the subject is suspected to
have fallen, the timestamp of the subject’s movements is
investigated to determine whether the subject has fallen or is
voluntarily lying down and there has been a false alarm. It has
been observed that a fall has certain characteristics; a fall lasts
for at most one or two seconds, a fall mostly occurs from an
upright position and ends up in a lying down position, and a
fall almost always occurs in a single direction. There is a
condition to check for false alarm. A false alarm is a situation
when a fall is detected; however, the subject is able to be
upright again shortly after the fall occurs.

Therefore, a dynamic resource allocation is required which
assigns priority to sensor nodes in the context of medical
application and data rate heterogeneity of sensor nodes. We
propose to utilize our W-iPCN coordinator to dynamically
allocate resources based on the QoS requirement of the
medical applications and sensor node data rates. As shown in
Figure 1, the W-iPCN has two communication links: one
connected to the sensor nodes via IEEE 802.15.4 and the other
connected to the smartphone via Bluetooth. The W-iPCN
could dynamically evaluate the medical application data and
QoS metrics of sensor nodes and act according to some
defined polices. These policies could be hardcoded inside the
Raspberry Pi or be customized via smartphone and transferred
to the coordinator using custom protocols.
III. FALL DETECTION SYSTEM AND ALGORITHM
The process of detecting falls starts by reading input data
from the sensors. We have one accelerometer on the subject’s
thigh (ADXL345) and a combination of one accelerometer
(LSM303) and one gyroscope (L3GD20H) on his chest. This is
an optimum combination because the accuracy is much higher
than using a single sensor, and at the same time there is a
manageable amount of data to process in order to detect the
fall. The chest and the thigh are sufficiently rigid parts of the
body and we can detect falls by setting up threshold levels and
monitoring the incoming data to determine if the threshold is
being crossed. From the contribution of the three sensors, we

Figure 5. Sensor Positions for Fall Detection System

The input data is further analyzed to determine the direction
in which the fall occurs which can be either on his front, on
his back, on his right or on his left, which is displayed in this
project as North, South, East and West respectively. Finally,
the system is made ready to accept more real time input data
to resume the monitoring of the subject. Figure 6 describes the
algorithm in a flowchart.
The fall detection program accepts a set of input readings
every 20 ms, which is a time interval that was determined
based on the standard time it takes for a valid fall to occur.
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the background, where the server can store many patients’
information and execute complex data processing algorithms.

(a)

Figure 6. Flowchart showing Algorithm of Fall Detection

IV. RESULTS
The time-stamped output is stored as a text file on the WiPCN so that the patient’s activity can be readily observed at
any given time. In addition, the W-iPCN displays real-time
outputs along with the timestamp as shown in Figure 7. There
is also a log of the raw data of the sensors stored onto the WiPCN.
(b)
Figure 8. Example of (a) Android App Output and (b) Server Output

Figure 7. Fall Detection Sample Output on the W-iPCN

A fall is said to have occurred in one of the four directions
mentioned before, when the sensor values meet the threshold
conditions defined. The W-iPCN also shows if the conditions
are met to determine the subject to be in an upright or sitting
position. The subject is said to be voluntarily lying down if the
time for him to go from upright to a horizontal position is
more than 1.5 seconds.
Based on the design flow of our system, the analyzed fall
detection information from the W-iPCN is transmitted to the
Android smartphone using the Bluetooth connection. As
shown in Figure 8, the real-time fall detection information is
displayed on our customized Android app. Furthermore, this
Android app transmits the information to a remote server in

V. CONCLUSION
This study introduces a 6LoWPAN-enabled wearable body
sensor network design using Wireless Intelligent Personal
Communication Node (W-iPCN) and the Android smartphone.
In our design, the W-iPCN acquires body sensor data using
6LoWPAN for improved power consumption and network
compatibility. To demonstrate the feasibility of the system, we
have implemented fall detection algorithm on the W-iPCN
with accelerometers and gyroscope sensor. The acquired body
sensor data includes acceleration and orientation for sudden
fall detections. The W-iPCN not only uses 6LoWPAN to
receive body sensor data, but also uses the Bluetooth
connection to deliver analyzed fall detection information to
the Android smartphone. Furthermore, the Android
smartphone sends the received information in real-time to a
remote server. Using our system configuration, it is possible to
achieve low power consumption rate on the sensor node to
increase battery life. Moreover, the system provides more than
raw sensor data information to the user on the Android app.
Additionally, the system can adapt QoS framework to
prioritize sensor data transmission in different medical
emergency events with many sensors connected to the WiPCN for intensive health assessment.
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