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The healthcare sector faces three major challenges: the population is
growing ever older, cases of chronic diseases are increasing dramatically,
and healthcare costs are exploding. The elderly population is expected to
grow exponentially over the next 20 years. By 2030, Vs of Europeans will
be older than 65 and 40% of them will require assistance. Without receiv-
ing sufficient care, the elderly are at risk of losing their independence.
Therefore, independent lifestyles are highly desired by elderly people. But
the independent lifestyles of older adults often come with high risks. Many
smart home technologies implemented with various sensors have been
developed to track and monitor the activities of elderly persons at home
and assist their independent living. Buildings and urban environments
equipped with sensor networks offer the elderly and sick the chance to
retain their independence for longer.

Ambient assisted living (AAL) offers a range of benefits in this context.
These benefits include linking patients, doctors, and medical equipment,
which greatly enhances the efficiency of treatment and care. The link-
ing enables automated recording and evaluation of patient’s activities
and health data, wherever they may be. As a result, medical personnel
only need to be called in if the patient’s health actually deteriorates. The
goal here is to reduce costs in the healthcare sector and improve patient
care—even if patients are no longer being monitored constantly in the
hospital, but at home in everyday life.

Human behavior analysis and activity recognition is an integral part of
today’s AAL systems. Reliable and accurate monitoring, as well as
real-time actuation when needed, are must have requirements in these
systems. Daily activities such as cooking, sleeping, and cleaning are
good indicators of the physical capabilities of the elderly or sick. Therefore,
a system that automatically recognizes these activities allows automatic
health monitoring and provides an objective measure for medical staff.
Such a system should be able to detect any anomalies, such as a sudden
fall, and provide for an immediate actuation. An activity monitoring system
is therefore a crucial step in the future health applications.

In this article, we introduce an integrated home health monitoring system
that is inclusive of a vision-based, activity monitoring system and a vital
sign monitoring system. The purpose of the system is to be able to moni-
tor the activities of an individual and simultaneously be able to monitor
his/her vital signs while performing that activity. The integration (binding)
together of wearable healthcare technology and embedded vision technol-
ogy is the key to achieving a true home health monitoring system.

Vision-Based Sensing

Until now, the activity monitoring market has been largely dominated
by video surveillance technology. However, with the shift of this activity
monitoring happening in home environments, video analytics fail to be the
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right solution due to its basic shortcomings, such as invading the privacy
of the person being monitored and the amount of data load that needs
to be transmitted, as it is video. The advent of embedded vision sensing
technology helps overcome these two issues. An embedded vision sensing
platform performs real-time processing at the edge node with the output
of the system being only useful to telemetry/processed data—hence
overcoming the issue of privacy, because the data being transmitted is
not video or images (which invades privacy), but only activity data such as
cooking, cleaning, or sleeping. Since only the telemetry data is transmit-
ted, the reduced data rate saves on more than 90% of the bandwidth re-
quirements, thereby saving on the cost that would be required to transmit
video instead.

An activity monitoring embedded vision system includes detecting people,
tracking people as they move, and recognizing their postures and activi-
ties of interest. The typical architecture of an embedded sensing platform
would usually consist of the following:

» An optics system (a CMOS sensor plus the lens): This captures
images. The right optics configuration needs to be defined on the
basis of the field of view, configuration of the system, and the geom-
etry of the room. Sometimes the CMOS sensor might do some image
preprocessing, thus reducing the load of processing for the embed-
ded processor, which, in turn, could reduce the power consumption of
the system if correctly duty cycled.

» The processing system: The processor is the heart of this system and
it is now expected to do a lot more controlling, sensing, and interfac-
ing, while consuming very little power and area. The processor in an
embedded system platform that runs the image processing algorithm
on the image captured by the optics system. The output of the system
after the processing has been achieved is just telemetry data. In a
home health scenario, the output could be about the activity of the per-
son, such as whether he/she is sleeping, cleaning, or has fallen down.

» Connectivity: This could be either wired or wireless in an embedded,
vision-based system. However, it’s likely to be wireless connectivity in
a home environment. Since the output is just telemetry data and not
raw video data, the payload to transmit is heavily reduced. This is then
transmitted over to a cloud platform and made further available in real-
time in the form of an app for your nurse or guardian.

» Cloud/data analytics: This forms the back end of the system. Not
only does the cloud infrastructure provide real-time access to the data
in the form of an app, but it can also run background data analytics
algorithms to identify trends in context with your home activities.
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Figure 1. Integrated health monitoring system for home use. The system monitors the person’s activities and vital parameters.

System Design Considerations and Major
Challenges

> Reliability: It’s highly essential that an activity monitoring system pro-
vides the activity information in the most reliable, secure, and accurate
fashion. Also, in case of an emergency, the system must be able to
accurately detect an emergency environment and set out an alarm
with a focus on reduced false alarm generation in order to prevent
accidently contacting personnel or emergency dispatch.

> Latency: An immediate response/actuation/alarming of alarms
generated by your activity monitoring system is a feature that
defines the exact potential of your security system. The basic
functionality of monitoring your activity—nbe it sleeping, walking,
cleaning, or a case of emergency—should be reported in an
instantaneous manner so that a minimum time delay can be
achieved between the occurrences and reporting.

» Tamper Proof: Lastly, an activity monitoring system needs to be as
tamper proof as possible. Tampering can occur at any stage of the
system, be it the end node, wireless/wired connectivity, or at the data
control and analytics end of the cycle. Breach of building automation
systems/networks is a topic of great concern in security systems and
home monitoring systems.

Analog Devices Embedded Vision
Sensing Platform

ADI’s BLIP (Blackfin® low power imaging platform) is a low cost, low
power, high performance embedded vision sensing platform that can
run a vast array of real-time sensing and image processing algorithms.
BLIP consists of the Blackfin series of processors from Analog Devices,
the ADSP-BFxxx, which are aptly suited for embedded vision sensing
algorithms. For more information on the BLIP and ADI offerings, please log
on to analog.com/blip.

Accurate, Compact, and Low Power Vital Sign
Measurements

At the CES show in Las Vegas in early January 2016 that

Analog Devices showed this solution for the first time. The measurement
of vital signs (VSM) presented included heart rate and activity, and

it was shown by a watch that is worn on the wrist.

Figure 2. ADI's GEN Il integrated wearable device reference design.

Inside this watch, we find a modular architecture consisting of a mother-
board embedding the new Cortex®-M3 microcontroller by ADI, which is the
least consuming M3 controller on the market, named the ADuCM302x, and
a 2.4 GHz radio transceiver allowing to send VSM data with the Google
Thread protocol. On the daughter board is a photometric front end, the
ADPD103, surrounded by three green LEDs and a photodiode, as well
as the lowest power 3-axis accelerometer on the market, the ADXL362.
These two devices are synchronized with one another to compensate for
the movement of the person more efficiently.

The ADPD103 is a photometric front end, which works by reflective optical
measurement to send an 8 mA to 250 mA current through its LED driv-
ers to illuminate the external LEDs of the component. These LEDs
illuminate the skin and use a reflected measurement through the photo-
diode, so the signal is acquired by the front end, then amplified, filtered,
integrated, and converted by a 14-bit ADC, before being transmitted to a
host via an I2C interface.

There are multiple advantages to having the LED and photodiode(s) exter-
nally: it allows for the selection of the number of LEDs, the color of the
LEDs, their current strength, and especially for the optimal spacing of the
LEDs with the photodiode to maximize the modulation index (it sets the
ac-to-dc ratio, and thus the quality of the reflected signal). It also lets you
choose the size of the photodiode (when the latter is wider, the modula-
tion index will be higher) and possibly add to it an ultralow noise and low
power current amplifier.
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Figure 3. Block diagram of the integrated health monitoring system.

From the type of measurement performed (HRM—heart rate, pulsed
oximetry) and the location of the measure on the skin comes choosing
the color of the LEDs. For measurement of the heart rate on the wrist,
we choose green LEDs, as their hemoglobin absorption is highest for the
500 nm to 600 nm wavelengths. When your heart beats the blood flow
in your wrist and the absorption of green light is superior. Between beats,
it decreases. By flashing green LEDs hundreds of times per second, the
ADPD103 can calculate the number of times the heart beats every minute,
which is your heart rate. It is recommended to space the green LED to the
photodiode by 3 mm, or more conveniently, to increase the modulation
index, as shown in Figure 3.
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Figure 4. Modulation index as a function of spacing between LED and photodiode.

If we want to measure pulsed oximetry, then we choose a red LED and

an infrared LED, and we will practice instead with the finger (we also
benefit from an HRM with this method), because it has a strong capil-
lary concentration. Pulse oximetry is a noninvasive method used by
physicians to assess and quickly control the respiratory functions of a
patient. The ratio of red and infrared light through the photodiode indicates
the percentage of oxygenated hemoglobin vs. deoxygenated hemoglobin
in your blood. The oxygen saturation in the blood is also called Sp02.
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Oximetry is therefore based on the measurement of the light absorption
of hemoglobin in blood capillaries and specifically on the rate of oxyhe-
moglobin (oxygenated hemoglobin) and deoxyhemoglobin (deoxygenated
hemoglobin) of each red blood cell:

» A 98% Sp02 means that each red blood cell is loaded with 98% oxy-
hemoglobin and 2% deoxyhemoglobin

Analog Devices also offers module solutions (analog front end, photodiode,
and LED in the same package) for surface constrained applications that do
not require a lot of optimization of the optical measurement. Thus, the
ADPD142, which includes a red LED and an IR LED, allows Sp02 mea-
surement on the finger. Its successor, the ADPD144, offers an improved
mechanical design that reduces internal light pollution (which is the

direct light between the LED and the photodiode). It provides an average
measurement error of 2.6% over 24,425 sample measurements, making
it FDA compliant. The ADPD144’s package measures

5 mm x 2.8 mm, with a height of 1.35 mm.

As indicated above, to maximize the modulation index and, thus, the qual-
ity of the measured signal, there must be a minimum of spacing between
LED and photodiode, which may not be optimal in a module where space
is constrained. Thus, for applications such as sport watches with addition-
al constraints due to the movement, perspiration, and the displacement of
the skin-watch contact, Analog Devices recommends only solutions with
external LED and photodiode from the photometric front end.

On the software offering side, Analog Devices provides drivers of the
photometric sensors and accelerometers, and introduced at CES its own
motion compensation algorithm, which runs on a Cortex-M3 core, the
ADuCM3027, taking only 1.5 MIPS for 13 kB ROM, and 7.8 kB of RAM.
This is a major breakthrough because until then, this type of algorithm
required floating-point calculations, and thus, a Cortex-M4 processor type,
which is more power hungry and more expensive.

Note also that the color of skin or tattoos affects the quality of the mea-
sured reflected signal. It is recommended not to place the solution on a

tattoo; the modulation index is slightly reduced for people with dark skin
hence the need to optimize the optical design of the solution.
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Ultra Low Power Platform

Now let us try to determine the power consumption of the watch dis-
cussed previously, assuming that we execute a motion compensation
algorithm on the Cortex-M3 ADuCM3027 and some characteristics to
establish the LED’s power consumption.

The ADPD103 sends a LED pulse train on one or two time slots. This allows,
for example, a different number of pulses from one LED to another. The
ADPD103’s consumption is the sum of the AFE and LED consumptions.

Let us take for example these conditions:

» Fs =100 Hz; 2 slots; pulse period A = 20 us; pulse period B = 40 us
» Number of pulses A = 4; number of pulses B =8

» Maximum current in LED A = 25 mA;
maximum current in LED B = 100 mA

» Pulse duration A = 3 ps; pulse duration B = 3 us

» Thus the effective current in the LED_A =
(3 x 4/10000) x 25 mA = 30 YA

» Thus the effective current in the LED_B =
(3 x 8/10000) x 100 mA = 240 pA

» Current in the A channel of the AFE =
Fs((20 + pulse count x pulse period) x Vdd,e + 0.13) =
100((20 + 4 x 20) x 0.0093 + 0.13) = 106 YA

» Current in the B channel of the AFE =
Fs((20 + pulse count x pulse period) x Vdd,.,+ 0.20) =
100((20 + 8 x 20) x 0.0093 + 0.20) = 187 pA

» The total current of ADPD103 (including consumption of both LEDs)

is 563 PA
As indicated above, the motion compensation algorithm developed by
Analog Devices needs only 1.5 MIPS to operate, which we approximate
to a running frequency 1.5 MHz. The power consumption of the
ADuCM3027 being 38 uA/MHz, means the microcontroller consumes
57 pA. The ADXL362 uses 2 pA with a sampling frequency of 100 Hz,
thus, the AFE and LED, Cortex-M3, and accelerometer system consumes
622 pA with this example. This low power consumption maximizes usage

time without recharging the built-in LiPo battery in this watch. In standby
mode, the ADPD103 consumes 3.5 pA. Its successor will decrease this
value to 1 pA.

It should be noted that this example shows a power calculation that does
not correspond to a precise application. You can get better or worse
results depending on the targeted application, the current through
the LEDs, and the sampling frequency having a direct link with the power
consumption of the system.

That said, ADI’s low power solutions help reduce the recharge period and
power consumption of healthcare devices, which allows the elderly to live
more independent lifestyles.

About the Author

Vidushi Kshatri is a segment manager for smart buildings at ADI,
with a background in electronics and communications engineering
and a focus on machine learning and vision-based technologies.
She joined Analog Devices in 2015 as an application engineer, con-
centrating on loT and environmental monitoring applications before
she took care of the SMART building segment. She can be reached
at vidushi.kshatri@analog.com.

Online Support
Community
Engage with the
Analog Devices technology experts in our online support
community. Ask your tough design questions, browse FAQs,
or join a conversation.

Visit ez.analog.com

L“/EngineerZonem

SUPPORT COMMUNITY

Analog Devices, Inc.

Worldwide Headquarters

Analog Devices, Inc.

One Technology Way

P.0. Box 9106

Norwood, MA 02062-9106
USA.

Tel: 781.329.4700
(800.262.5643, U.S.A. only)
Fax: 781.461.3113

Analog Devices, Inc.
Europe Headquarters

Analog Devices GmbH
Otl-Aicher-Str. 60-64
80807 Miinchen
Germany

Tel: 49.89.76903.0
Fax: 49.89.76903.157

Analog Devices, Inc.
Japan Headquarters

Analog Devices, KK
New Pier Takeshiba
South Tower Building

1-16-1 Kaigan, Minato-ku,

Tokyo, 105-6891
Japan

Tel: 813.5402.8200
Fax: 813.5402.1064

Analog Devices, Inc.
Asia Pacific Headquarters

Analog Devices

5F, Sandhill Plaza

2290 Zuchongzhi Road
Zhangjiang Hi-Tech Park
Pudong New District
Shanghai, China 201203
Tel: 86.21.2320.8000
Fax: 86.21.2320.8222

©2017 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
Ahead of What's Possible is a trademark of Analog Devices.
TA16131-0-10/17

analog.com

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™


http://www.analog.com
http://analog.com
mailto:vidushi.kshatri%40analog.com?subject=
http://ez.analog.com
http://ez.analog.com

