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Abstract:
In this paper we present a fall detection system for el-
derly people. The core of the system is an intelligent
sensor consisting of three accelerometers and a pro-
cessor capable of analysing incoming data in real time
and classifying motions events such as falls or other
normal and abnormal events. The sensor is able to
communicate these findings to nearby camera phones
or PCs through Bluetooth for further processing. We
have used the system to collect data of falls and non-
falls which we have used to evaluate different algo-
rithms.

Introduction

A major issue for elderly people living on their own
is concern about their health and whether there will be
someone there to help them in case of an emergency [1].
The estimated incidence of falls for independent people
aged over 75 is at least 30 percent per year [2]. Sensor
devices and communication technology provide the op-
portunity to improve the safety and security of such peo-
ple by enabling them to receive assistance quickly even
in the event that they are immobilized by a fall and not
able to request the assistance themselves.

In this paper, a setup of smart sensors and mobile
camera phones is presented. The setup uses smart sen-
sors worn by elderly persons to detect potential situations
where a fall might have occurred. This information is
transmitted wirelessly to a mobile phone which queries
the user about their condition, and if no response is re-
ceived an alert is raised. Sensor data, pictures from the
camera phone and location data is transmitted to a nearby
emergency responder. However, to protect the users pri-
vacy, data is only transmitted if an alarm is raised.

Several systems exist in which emergency help can be
called by pushing a button on a worn device, but in some
cases a fall may result in the person being unconscious or
otherwise unable to push the button either as a result of
the incident or a preexisting condition, such as dementia.
On the other hand many systems based on sensors auto-
matically requesting emergency services can result in a
large number of false positives.
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Figure 1: The Information Technology for Assisted Liv-
ing at Home (ITALH) system overview

The setup we present is part of a larger project to de-
sign information technology for assisted living and home
project (ITALH) [3] which incorporates many sensors
both in the home and worn by the user as shown in Fig-
ure 1. In the presented setup a camera phone is used in
conjunction with a smart fall detector to verify and trans-
mit live data in case of a fall.

Technical Setup

To detect a fall we use a fall detection device equipped
with 3-axis accelerometers, a GPS receiver (which is not
used in this paper) and an embedded processor for an-
alyzing the data [4]. The data from the accelerometers
are processed locally and if a suspected fall is detected a
connection is made to a camera phone through Bluetooth
and the data from the sensor box is then streamed to the
phone.

The phone first attempts to make contact with the user
by using the external speakers on the phone and requests
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Figure 2: Fall detector system setup

Figure 3: The Berkeley GPSADXL fall sensor

a vocal or keypad response from the user. In case of a
serious situation, triggered by the user not responding
or actively requesting help, the phone will automatically
call an emergency service and the data from the phone
is streamed to the emergency service worker who will
be able to access the data from the microphone, camera
and fall detector to further analyze the situation. Figure 2
shows an overview of the system.

Fall detector

The fall detection sensor used in the system is based
on the second generation of a device developed at Berke-
ley. The device has been used to collect data and test dif-
ferent fall detection algorithms and communication pro-
tocols. It is based on the “GPSADXL”, a microcontroller-
based data logging system that integrates two± 10g
MEMS ADXL210 accelerometers with a compact GPS
module and four megabytes of static RAM. The device
is powered by three AAA 1.2 volt rechargeable NiMH
batteries and measures 63.5 mm x 95.2 mm x 17.8 mm
(2.50” x 3.75” x 0.70”) and is shown in Figure 3. The
battery life of the sensor board is approximately 10 hours
and it can store approximately 4 hours of data record-
ings. Each MEMS accelerometers has two measurement
axes and they are arranged at a ninety degree angle to
each other to allow the measurement of acceleration in
three dimensions and provide acceleration data at a rate
of 80 sample groups per second. The GPS module sup-
plies time of day and latitude and longitude information,
as well as “lock” status and the number of satellites in
view. The accelerometer and GPS data are transmitted in
ASCII form via serial RS-232 communications to an ex-
ternal device. The serial port settings are: 115,200 baud,
8 data bits, no parity, no flow control. A detailed descrip-
tion can be found in [5].

Figure 4: Graphical User Interface for segmenting and
filtering the camera and fall sensor data

Wireless connection

In the initial version of the fall detector’s embedded
software, the data was stored on board then dumped via
RS-232 to a laptop computer for analysis of the data.
Later, the fall sensor device was connected to the Sensor-
Net web by using BlueGiga Bluetooth RS-232 cable re-
placement device to enable wireless connection to a lap-
tops and mobile phones.

The software on the fall sensor was then upgraded to
support the use of a BlueGiga Bluetooth RS-232 cable
replacer, which enabled streaming of data in real time to
nearby laptops and mobile phones.

We used this wireless connection in two different
ways:

• For development purposes we streamed all captured
from the fall sensor to a PC that timestamp and stored
the data in a file together with time stamped images
captured with a USB web cam.

• For testing the fall detection algorithm we only ini-
tiated a connection from the fall sensor if a fall was
detected by the algorithm. A nearby PC or phone
would run a C++ program called BlueServer that was
able to respond to incoming Bluetooth Request.

The BlueServer program running on the PC used the
Microsoft Socket API to access the Bluetooth Stack. The
phone version ran on Nokia 6680 Symbian phone and
used the API provided by Symbian to access the Blue-
tooth stack.

Data recording and analysis tools

To analyze the data offline a set of programs were de-
veloped. On the laptop PC, a C# program, FallGraph,
was written which displays the streaming data from the
accelerometer and the BlueServer program in real time.
Additionally, Matlab programs were developed which al-
lowed for direct integration with Matlab in which the fall
detection algorithms are being developed.
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Figure 5: Subject 1 walking

To enable algorithm development, tools for segment-
ing and classifying the data in to the various activities was
developed which included the integration of USB web
cameras into the system. With the camera images syn-
chronized to the acceleration data, we were able to extract
the epochs of interest from the data and classify them in
to the appropriate categories, e.g. walking, sitting, stand-
ing, falling. The Matlab GUI shown in Figure 4 was de-
veloped to assist in this by enabling the display of the
data and images individually or as movies. The data and
images can be paused, reversed, steped, etc. through the
images; the user can annotate the images with start, end
and other marks, and extract and save the epochs of inter-
est for later analysis such that they could be grouped by
category.

Results

We have built a prototype version of the described
system where we are streaming live data from the fall
sensor and live video from the camera on the mobile
device to a nearby PC over Bluetooth (to simulate high
bandwidth wireless Internet access not yet available in
the US). We envision using high speed 3G networks to
stream video and sensor data to emergency services, but
in this preliminary version we use Bluetooth.

This prototype is being used in on-going data collec-
tion for the fall detection algorithms at a local elder care
facility, where further information about what character-
izes fall situations is being evaluated, and the prototype
will be used to study the usability of the system and its
acceptance by the study participants.

The purpose of the data collection sessions so far has
been to acquire data from a set of different elderly persons
doing normal activities. Data collection sessions have
been done at a facility near Berkeley, where a group of
elder people live in their own or shared homes, and also
on the Berkeley Campus.

For the data collection the recording tools described
above were used and we were able to capture over an hour

0 1 2 3 4 5 6 7
−1

−0.5

0

0.5

1

1.5

2

Time (sec)

A
cc

el
er

at
io

n 
(g

)

X
Y
Z

Figure 6: Subject 2 walking

of picture and fall sensor data with three elderly persons
doing daily activities e.g. walking with walker, sitting
in soft chair, showing pictures, running to get a phone,
stretching, making coffee, walking outside, and telling
stories.

In this paper a comparison between two of the sub-
jects is presented in two specific tasks: walking and sit-
ting. Both subjects were females over the ages of 65. One
walked with the assistance of a walker, the other walked
unassisted. In Figure 5 and Figure 6 the distinct walk-
ing pattern of Subject 1 with the walker is clearly visible
through the higher spikes in the Z axis acceleration with
a period of about 1.75 sec, and the flatter periods between
the spikes.

A clear distinction is also seen in the sitting data in
Figure 7 and Figure 8, in which the less mobile Subject
1 accelerates (down from 1g in the Z axis) very slowly
compared to Subject 2. Subject 2 also demonstrated
more control during the sitting movement by slowing the
downward acceleration before impact at about 2.0 sec.

In addition to the collection of data from these sub-
jects, they have provided valuable feedback on the form
factor requirements of such devices, the likely acceptance
of them by elderly users and the value that they would
place on such technology. All have been very positive
and encouraging.

Conclusions and Future Work

Falling is one of the main health concern for elder
people. In this paper we have proposed a system that uses
a smart sensor to detect potential situations in which a fall
might occur. We use a mobile phone to further verify that
the fall has occured and to notify emergency services.

An embedded processor with a three-axis accelerom-
eters has been developed and used with Bluetooth wire-
less connection to create a system for development and
evaluation of fall detection algorithms. Data has been
collected and an initial set of fall detection algorithms
have been developed. The fall sensor can connect to a
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Figure 7: Subject 1 sitting down.

laptop PC for data collection and system evaluation, and
to a mobile telephone for data and alert monitoring.

Using the data segmentation and classification GUI,
these data are grouped into appropriate categories for use
in identifying algorithms to correctly identify the activi-
ties of the subjects. Once the normal activities are iden-
tified, studies will be conducted with the same equip-
ment with subjects trained to fall safely (e.g. Judo and/or
drama students). With these subjects, the normal activ-
ities performed by the elderly will be repeated in order
to mimic their activities and then they will perform safe
falls in a controlled environment. Using this data, an ini-
tial set of algorithms will be applied and used by the elder
in order to determine and reduce the false positive rate.
Validation of the fall detection with the elderly will only
be performed following this, and in a safe and controlled
environment.

This is one of the primary functional components of
the ITALH project and will provide for emergency noti-
fication and rapid evaluation and response. The sensor
system can be worn continuously and will be capable of
interfacing to a home based system as well and the mo-
bile system, thus relieving the user of carrying the mobile
device at all times. Other wearable sensors will also be
added in a modular manner to the mobile system and a
primary focus of future work will be the improvement of
the fall detection algorithms and the integration of wider
ITALH project.
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Figure 8: Subject 2 sitting down
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