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Abstract

People living with Alzheimers and related dementias
walk around for a variety of reasons; unchecked anxiety, lit-
tle else to do, and boredom. This behavior is labeled “wan-
dering”. We present a system to help caregivers ensure the
safety of residents who wander in assisted living environ-
ments. The Escort System uses Talking Lights R© location-
transmitting light beacons and a ZigBee wireless network to
monitor the presence of residents in potentially dangerous
areas. When the system learns of danger it sends a pager-
or cellphone-based alert to on-duty caregivers. An evalua-
tion of this system at an operating care facility is presented.

1. Introduction

Walking around the living area is a common physical and
emotional outlet for elderly people, whether they live alone,
with family or in an assisted living community. In those
with dementia, however, walking can become aimless, dis-
oriented and dangerous [15]. Ensuring the safety of these
individuals may require near-constant monitoring [14].

Sixty percent of people with Alzheimer’s exhibit wan-
dering behavior, and this behavior increases the likelihood
of accidents, serious injury, and even death [9]. The
Alzheimer’s Association estimates that approximately 5.2
million people have Alzheimer’s disease and projects that,
absent a cure, as many as 16 million people will suffer from
it by the middle of the century [1]. Compared to other as-
says, the clinical identification of “wandering” is an excel-

lent (78% accurate) predictor of fall risk [15]. Wandering
is so prevalent [9] that it is of special interest to caregivers
[14] and the healthcare organizations that employ them.

In this paper we present and evaluate the EscortTM Sys-
tem, which is designed to protect wander-prone residents
from adverse events. Users wear mesh-networked badges
that transmit location information obtained in real-time
from a Talking Lights R© (TL) optical location setup that
uses ordinary light fixtures and other light sources as loca-
tion beacons. A central server sends real-time pager or cell-
phone Short Messaging Service (SMS) alerts when a user
may be at risk, providing caregivers with enough informa-
tion to address a situation before an adverse event occurs. A
trial with residents at a Hearthstone Alzheimer Care Treat-
ment Residence is documented below.

2. Related Work

The number of people worldwide over 60 years of age
will double by 2050. Some new technologies can improve
their quality of care while keeping costs stable [12, 10].
One type of technological assistance enables telemedicine
by reading vital signs [6]. These systems are often costly,
however, and can have disastrous failure modes [12].

Other technologies enable elderly and disabled people to
continue living at home by providing cognitive assistance
for everyday tasks or enabling the user to call for help when
needed [10, 12, 5]. One proposed system [4] is reported
to be cost effective, as it requires no wiring and relies on
community and family to respond to alerts. The primary in-
terface is in the form of a user button, though an accelerom-
eter can detect potential fall patterns. If the detected fall
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Figure 1. System Overview.

is a false alarm, the user must press a different button to
cancel the alert. The need for buttons in addition to an ac-
celerometer supports Mihalidis’s assessment that most as-
sistive devices require too much interaction and could use
more context awareness [13].

The Escort System is context-aware; it operates based
on knowledge of the physical environment. It does not
presently read physiological signals or allow the user to
manually call for help. Unlike our earlier studies which con-
centrated on building a cognitive orthotic for patients [8, 3],
our system creates a sensory adjunct for caregivers, enhanc-
ing their capacity to ensure the safety of elderly users.

3. System Details

The Escort System features frequent communication of
accurate location information in zones selected for alerts, a
dependable, low-power wireless infrastructure to communi-
cate location information back to a central server, and a text-
capable device to alert caregivers (see Figure 1). For loca-
tion we use a modulated non-flickering illumination-based
system provided by Talking Lights LLC. For communica-
tion we use ZigBee-compliant devices designed by Talking
Lights LLC and based on modules obtained from Telegesis
Ltd. For caregiver alerts we use commercial off-the-shelf
(COTS) Word Messaging pagers procured from USAMo-
bility Inc and COTS cellphones with SMS capability.

3.1. TL Ballasts and Night Lights

Most methods of electromagnetic location determination
suffer from interference problems, and those that are optical
can require expensive imaging [7]. A challenge of context-
aware computing is noisy location data [12]. Since radio
waves travel through physical objects [9], radio-based sys-

Figure 2. TL Night Light: Location Beacon.

tems may identify two separate rooms as the same loca-
tion. Ultrasound technology, which requires between 1 and
8 beacons to obtain an accurate fix, is one solution that may
provide details about location and intervening obstacles [7].

The present system demonstrates a reliable optical
location-aware technology that uses existing lighting infras-
tructure for beacons. Position information is received by
a phototransistor and decoded with a low-cost circuit. We
use a single Talking Lights fixture in each alert location,
with potentially seamless integration into existing illumina-
tion infrastructure. Each light, whether fluorescent or LED,
transmits a unique location identification code.

Talking Lights ballasts modulate the drive frequency to
transmit digital data through the light itself; a patented
two-level Manchester coding scheme enables arbitrary data
schemes without flickering [11]. Otherwise, the fluorescent
light operates normally, with no visible flicker and no in-
crease in energy consumption.

The study reported here was conducted at Hearthstone
Alzheimer Care in Woburn, MA. Hearthstone avoids the
use of institutional lighting for resident comfort, and most
areas with fluorescent lights must be dark at night. For these
reasons we used LED-based TL Night Lights (Figure 2) in
most locations. Night Lights are DC powered and modu-
lated at a frequency identical to that of TL’s fluorescents.
They emit a soft light 24 hours a day, without any reduction
in signal strength.

3.2. ZigBee Network

For communication between the badges worn by users
and the central server, we set up an 802.15.4 ZigBee-
compliant network to operate in a mesh configuration. The
network includes a coordinator node at the server, three re-
peaters distributed throughout the residence, and between
three and six mobile end devices (MEDs). We found that
commercially available nodes could be lost or dropped from
the network when operating as MEDs, so we designed cus-
tom nodes with reliability-enhancing protocols. The Escort
System communicates badge location to the central server
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about once every three seconds.
The MEDs for residents have no buttons, and are referred

to as “badges” in this paper. The MEDs for caregivers have
two large buttons to facilitate data collection and are called
“responders”. The MEDs have only rudimentary support
for power-saving modes and thus have a battery life of ap-
proximately 48 hours. In this study, caregivers were respon-
sible for keeping them charged, attaching them to residents’
clothing in the morning, and removing them at night.

3.3. Alerting Caregivers

The Escort System has the capability to communicate
alerts using computer, pager, cell phone, and email mes-
sages. In this study, all alerts were displayed in the Escort
Engine Debug Console, logged to a file, and sent to pagers
or cellphones that the caregivers monitored.

There is a delicate balance between sending so many
messages that caregivers begin ignoring them and sending
so few that they miss a true alert. After an alert, caregivers
are given between five and ten minutes to respond before the
message is re-sent. This messaging scheme helps insure that
caregivers are reminded of alerts until they are addressed,
but not so often as to interfere with other obligations.

3.4. Software Operation

The Escort System has two main software components.
The Escort Configuration Utility provides an interface to
create a database of residents, rules, and assignments, and
the Escort Engine performs all rules checking and alert dis-
patching based on this database.

The Configuration Utility generates a separate set of
rules for each resident. Thus, each resident in the database
can have a customized version of a single template rule. For
example, the system may need to trigger an alert when a
resident enters the bathroom belonging to another resident.
This can be achieved by first applying a rule forbidding ac-
cess to resident bathrooms and then enabling an exception
for the resident’s own room. Rules can also pertain to in-
teraction between residents. If two residents are known to
have combative or sexually inappropriate behavior together,
their combined presence might trigger an alert independent
of location, informing caregivers of the situation. Finally,
the rule structure supports paging, emailing, and SMS-ing
different caregivers for different alerts, though this function-
ality was not used in the present study.

The Escort Engine automatically starts at Operating Sys-
tem boot time, reads the database files, connects to the Zig-
Bee coordinator’s data stream, and begins monitoring lo-
cation data in real time. The Central Server on which the
Engine runs utilizes a number of error-correcting features–
including automatic server reconnection and power-outage

Figure 3. The main window of the Escort
Rules Engine.

recovery–to ensure its reliability and eliminate lost or
dropped nodes. When the Engine notes a rule match, it dis-
patches an alert to the pagers specified on the main screen
and the email or SMS addresses specified in the rules file
(Figure 3). As long as the incoming information continues
to match a given rule, the Engine sends an alert every N
minutes. N is five by default, but changing a setting on the
main screen changes this repeat rate.

3.5. Data Collection and Logging

When the Escort Engine sends an alert, it also displays
the alert on the screen and logs it to a file on the disk. If
a caregiver presses a button on the responder, this event is
similarly time-stamped and logged in the same file. For this
study, a new file was generated each day for the previous
day’s alerts and responses. The study manager printed this
list and asked caregivers to annotate it as described in Sec-
tion 4.4. Since a typical day had only 5 to 10 alerts, we as-
sumed that caregiver memory of alerts and responses from
the previous day was good.

4. The Hearthstone Study

Each Hearthstone Treatment Residence is self-
contained. The Hearthstone Alzheimer’s Residence at

3



Figure 4. Layout of Hearthstone at Choate in
Woburn, MA.

the not-for-profit Choate Community in Woburn, MA is
located on the second floor (Figure 4). Hearthstone at
Choate is specifically designed to make it easy for residents
to find their rooms and is decorated to encourage comfort
and familiarity. A distinguishing feature is a specially
designed healing garden accessible from the second floor
veranda by a ramp.

4.1. Preparations and Planning

Technologies for those with special needs are often re-
jected or abandoned because of user preference, even when
they are well-designed to meet a demonstrated need [4].
To guard against this, we met with Hearthstone adminis-
trators and senior caregivers during the planning stages of
this project to determine the specific needs of residents and
staff.

Metsis notes that the learning curve is an excellent mea-
sure of an assistive technology’s usability [12]. Input from
caregivers enabled us to iteratively improve both the study
and the system. This paper details the second revision of
the study, which ran for about three months.

4.2. Alert Conditions

Preliminary conversations with the staff revealed several
conditions in which the system could be effectively tested.
We eventually settled on the following four, listed in order
of importance:

• Exit doors were the highest priority. Although
at Hearthstone all exit doors are camouflaged and
equipped with magnetic fire system deactivation locks
to protect residents, they are an obvious concern for
exit-seeking behavior. In the study at Hearthstone,
these alerts were the least likely to occur; exits can-
not be opened unless a family or staff member enters
the pass-code.

• Laundry rooms were the second highest priority. Since
laundry rooms are part of daily life at Hearthstone,
used by both staff and residents under caregiver super-
vision, the door is often left ajar. Detergents (although
secured), heavy equipment, soiled clothing, and spig-
ots all present potential health risks, so the team de-
cided to assign an alert condition despite the poten-
tial for false alarms. Alerts occurred frequently in this
much-used and easily-accessible area.

• Public bathrooms represented the third test condition.
To reduce incontinence, shared bathroom doors are left
open all the time. Residents are allowed to use them
alone or with a caregiver, but even when used alone,
alerting a caregiver can help avoid unnecessary falls or
being locked in. In practice, most of these alerts were
false alarms, and some bathrooms were removed from
the ongoing study.

• Healing garden messages were the lowest priority. The
path to the courtyard has no stairs, there is no elope-
ment risk, the door is usually locked, and caregivers
near the doorway access ramp provide additional se-
curity.

4.3. Participants

After full IRB approval of the study protocol, the facil-
ity director suggested participants based on mobility level
and incident history, and informed consent was obtained.
In cases of relocation or change in mobility level that pre-
vented freely walking around the residence, the participant
was removed from the study and an additional participant
was identified. Between two and four residents were en-
rolled at any given time.

Caregivers were briefed on study objectives and system
operation. Six staff members who volunteered to collect
data were scheduled to cover both morning and afternoon
shifts, Monday through Friday. Additional caregivers en-
rolled as necessary to cover the schedule following volun-
tary withdrawal or shift changes. If no enrolled caregivers
were available on a given day, data for that day were not
considered.

4.4. Caregiver Training and Data Collection

Enrolled caregivers received a 15-minute training ses-
sion with the responder-pager unit after which they were
asked to demonstrate their understanding in a test run. The
instruction given for responding to alerts was as follows:
when the pager beeps, read the message, check the location
indicated, and address the situation. Then hold the respon-
der up to the light and press the red button to indicate a false
alarm or the black button to indicate a correct alert.
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The first version of the study revealed that the buttons
were an inadequate means of data collection. Caregivers
had trouble classifying an alert as simply red or black, and
often confused the two. For the second version, we supple-
mented the collection of button press data with handwrit-
ten incident reports. Each day the caregivers were asked
to comment on a printed list of the previous day’s alerts
recorded by the system.

5. Results and Analysis

This iteration of the study ran for three months between
September 1st, 2008 and November 22nd, 2008.

5.1. Data Sets

The Escort System recorded a total of 367 alerts during
the trial. The “raw” data set comprises 246 alerts occurring
between 9 am and 5 pm when caregivers were actively us-
ing the system. Of these alerts, 56 were discarded because
they could not be matched with entries in the handwritten
logbook. Nine intentional test alerts were also discarded.

The remaining 181 data points were designated as the
“logged” data set. This data set includes all alerts recorded
by the system on days when caregivers filled out the log-
book. The “acknowledged” data set is a subset of 73 en-
tries including only those alerts to which a caregiver also re-
sponded via button press within five minutes. Note the dis-
tinction between acknowledgement (when a caregiver ac-
knowledged receipt of the alert message by pressing a but-
ton) and logging (when there was an entry in the handwrit-
ten logs that matched the electronically-recorded data).

5.2. Alert Classification

In evaluating handwritten logs, we classified alerts into
six categories based on caregiver comments:

• good: caregiver commented “good” or “true” or “resi-
dent was there.”

• safe: resident was in no danger or the situation had
been resolved by the time the the caregiver received
and responded to the alert.

• excused: alert was correct in terms of location, but the
badge was not on a resident.

• bad: alert distracted the caregiver from the actual loca-
tion of the resident.

• unmonitored: caregiver did not check on the resident.

• empty: blank or missing entries on days with other-
wise well-annotated reports.

Table 1. Logged Data Summary
Logged Acknowledged Unack’ed

Total 181 73 108
Good 108 63 45
Safe 43 9 34
Excused 3 0 3
Bad 5 1 4

Unmonitored 16 0 16
Empty 6 0 6
Unknown Types 22 0 22

Table 1 summarizes the “logged” data set. Of 181 alerts,
there were 108 (60%) “good” alerts and 43 (24%) “safe”
ones. Only five alerts (3%) were labeled “bad” while three
alerts (2%) were labeled “excused.” The remaining 22 alerts
are classified as either “empty” or “unmonitored.

The acknowledged alerts listed in Table 1 are alerts af-
ter which the caregiver pressed one of the buttons on the
responder. Interestingly, there were no “empty,” “unmoni-
tored” or “excused” entries in this data set. All acknowl-
edged alerts were also confirmed in the logbook.

Of the 73 acknowledged alerts, 63 (86%) were “good,”
and nine (12%) were “safe.” There was only one confirmed
“bad” alert. Looking back at the original entry in the log-
book for this alert, the caregiver wrote “[Resident] not near
laundry room.” This data point could have equally been
called “safe.” The emphasized “not” indicates frustration
with having had to respond to the call, so we chose to clas-
sify it as “bad.”

6. Discussion

The Escort System yielded very satisfactory results. The
technical aspects of the system performed well, correctly
identifying badge location for acknowledged and unac-
knowledged alerts 99% and 76% of the time, respectively.

Metsis provides a framework for evaluating assistive en-
vironments based on functionality, usability, security and
privacy, architecture, and cost [12]. An assessment of func-
tionality draws on the technical performance noted above
but also considers the robustness and reliability of the sys-
tem. The Escort System responded well to situations we
were able to predict when writing the software. Some situa-
tions required on-site intervention and maintenance: badges
going through the wash, MED power failures, and one in-
stance of a DC power supply being switched off.

Improving battery life is the simplest way to make the
system more reliable. Casas et al. suggest for using an ac-
celerometer to cut power drain of a ZigBee device [4].

Residents did not object to wearing the badges. In fact,
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some were uncomfortable when the badges were removed
for charging. Caregivers, however, complained that the re-
sponder was bulky and pager messages were sometimes late
and thus useless: pagers occasionally did not receive alerts
until more than 90 seconds after dispatch. In the continu-
ing study, we exclusively use COTS cell phones with SMS,
which has an observed delay of about ten seconds.

A further improvement would omit the responder en-
tirely, or combine it with the pager; a message sent via Zig-
Bee could arrive in a fraction of a second. As Casas ob-
served, users do not wish to carry multiple devices [4]. This
apparently applies even when two devices are attached.

The Escort System fared well on an evaluation of usabil-
ity. Caregivers proved capable of using the system without
needing a deep understanding of how it worked. A future
version might include a web interface for staff to add new
rules and assign them to residents. This addition would also
reduce maintenance cost.

Privacy options were easy to establish at setup but diffi-
cult to change later on. A web interface would also address
this concern. For this study, resident privacy was main-
tained by using only first names in messages and logs. Pri-
vacy could be enhanced by encrypting communication and
logging, or by omitting the name entirely, as only the loca-
tion is necessary for the caregiver to respond to a situation.

7. Conclusions

We have presented a system that uses context-awareness
to help protect people living with Alzheimer’s in a special-
ized care residence. Residents may walk around for a va-
riety of reasons: unchecked anxiety, little else to do, bore-
dom. Rather than providing medical information, the Escort
System extends the caregiver’s ability to know when a resi-
dent is in danger.

Actively powered badges are well known in the perva-
sive computing community [7]. At the same time, context-
aware systems are becoming more popular in healthcare,
usually reporting location, time, and identity [2]. The
TL illumination-based locator appears to be an accu-
rate and non-intrusive means to provide real-time loca-
tion/identification data to users in a mobile mesh network.

While improvements can be attained by using improved
technology, without careful consideration of the system’s
users [4], functionality, and usability [12], assistive tech-
nologies will do no more than increase the communication
load on healthcare workers [2].

The Escort System is functional, usable, reliable, and
reasonably robust. We have identified areas for improve-
ment based on refinements of technology and suggestions
of caregivers. The most valuable improvements are to be
obtained by an iterative design which is evaluated jointly
by both heathcare workers and technologists.
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