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NB-IoT cellular bike security
tracker turns up heat on thieves

NorthernIreland cycling startup, See.Sense,
has launched the world's first cellular bike
security tracker. The tracker uses both NB-
loT and GPS tolocate and track bikes from a
user's smartphone for up to three months on
asingle charge from aninternal rechargeable
lithium polymer battery.

The 80 g See.Sense AlR is about half
the size of a deck of playing cards and is
designed to fit securely under any bike's seat
or bottle cage. The product incorporates
Nordic Semiconductor's nRF9160 SiP with
integrated LTE-M/NB-loT modem and GPS.

"We're totally fed up with instances of bike
vandalism and theft,"” says See.Sense CEOQ,
Philip McAleese.

"AIR was developed after listening to what
the cycling community wanted. If the bike
is moved or tampered with, AIR will sound
an alarm and immediately text message the
rider; we call this ‘Fight’ mode.

"If the bike is stolen, AIR will detect this
and switchinto 'Flight' mode setting, rapidly
transmitting high-powered tracking signals
to allow the owner to quickly and accurately
locate their bike to the nearest couple of
meters. This tracking information can then be
passed tolocal law enforcementincreasing
the chances of recovery.”

AIR willnot only protect the bike, it will
also protectitsrider, identifying if the bike's
beeninvolvedinacrash and sending an
SMS with the precise location to therider's
assigned contact.

McAleese says See.Sense considered a
wide range of long-range LPWAN wireless
technologies including LoRaWAN, Sigfox and
NB-loT's sister cellular technology, LTE-M,

before selecting the best protocol for the
See.Sense product.

"“For us, NB-loT was a clear winner, providing

goodrange and upload speed at a reasonable
power consumption,” says McAleese. “We
found that NB-loT also had fewer restrictions
onduty cycles and data size limitations than
both LoRaWAN and Sigfox, making it a much
more appealing platform for the AIR."

Long range sensor
platform

Leading wireless technology
company, Laird Connectivity,
has released a multisensor
device designed to provide
reliable sensor datain harsh
environments. Use examples include cold
chain transport, agriculture and remote
asset monitoring applications.

The Sentrius BT510 long-range sensor
device comesinarugged|P67-rated
19 by 80 by 51mm enclosure with an
operating temperature range of =20 to
60 °C,andintegrates amagneticreed
switch sensor, temperature sensor,
Bluetooth LE beaconing as well as a three-
axis MEMS accelerometer for motion
andimpact detection. Itis powered by
Laird Connectivity's BL654 BLE module
integrating Nordic's nRF52840 SoC to
provide full Bluetooth 5 support.

Thread mesh enables

commercial lighting control

India-based loT company, Zenatix Solutions,
has released a mesh-enabled sensor network
based on Thread, an open source wireless
mesh RF software protocol with native
support for IPv6.

The ZenConnect ecosystem can optimize
operational energy efficiency for smart
lighting and other commercial applications via
automated, intelligent monitoring and control.
The ‘plug and play’ solution delivers key
benefitsincluding centralized visibility, energy
savings andimproved asset maintenance.

The platformincorporates a network of
battery powered sensors each using a Nordic
nRF52840 SoC-based module toreport
back data vianRF52840-powered mains
routers. Theroutersinturnreport to a central
gateway that uses Ethernet, Wi-Fior cellular
connectivity torelay data to the Cloud. Each

router can support 100 different sensors. Up to

32 routers can then form a multihop wireless

network sending
datato the gateway.
Sensors, routers and
gateway communicate
locally using the
Thread protocol.
The sensors can also enable smart control
for enterprise OEMs in, for example, a
smart lighting application. The system uses
luminosity and occupancy data from sensors
to automatically alter lights according
to whatever conditions are required. For
example, if the occupancy of an officeis low,
lights can be turned off inunused areas.
Further, the solution enables control of
lighting for personalized comfort using the
web dashboard or mobile app. Smart lighting
actuationis enabled by Zenatix-designed
nRF52840 SoC-based lighting control cards,
that can be used to turnlights on/off, perform
dimming functions or control smart LEDs.

Wearables

Citizen Watch and Nordic partner
on solar powered custom watch

Citizen Watch, one of the world's leading
watch manufacturers, has released the
Eco-Drive Riiiver, a fully customizable solar
powered watch employing Nordic's
nRF52810 Bluetooth LE SoC to provide the
wireless connectivity.

Unlike conventional watches that
have prefixed button functions,
Eco-Drive Riiiver allows users
tonot only customize the
buttons to suit their own
preferences, but also create
up to three miniprograms—
known as ‘iiideas'—that
canbe actioned from,
or displayed on the
smartwatch to suit the
user's own lifestyle and
interests.

For example, from the
iOS and Android compatible
Eco-Drive Riiiver app the
user canselect a‘trigger’ (the
press of a specificbutton onthe
smartwatch) to deliver a ‘service',
and an ‘action’. A specific button
could trigger the smartwatch
to update the user onthe score
in a sporting event and display

the score via the hands of the smartwatch.
Alternatively, a press of a button could trigger
the smartwatch to send the user's current
location to nominated contacts with apre-
set message, for example “I've arrived".
Wireless connectivity between
the smartwatch and the user's
smartphoneis provided by the
Nordic SoC.
Despiteits processor-
intensive applications, the
Eco-Drive Riiiver watchis
solar powered, thanks
in part to the ultralow
power characteristics
of the Nordic SoC. The
nRF52810 has been
engineered to minimize
power consumption
with features such as the
2.4 GHzradio's 4.6 mA peak
RX/TX currents.
"We selected Nordic's SoC
for Eco-Drive Riiiver due toits
low power consumption and radio
sensitivity, whichis essential
because the watchis a full metal
device," says Daisuke Matsuoh, an
engineer at Citizen Watch.

1N revenue

Nordic Semiconductor has reported full 2019
revenue of $288.4 million, representing growth of
6.4 percent over 2018's full year revenue. The result
comes on the back of all time record Q4 revenue of
83.1million, anincrease of 36 percent on the same
time last year. The strong year-on-year growth
reflects significantly higher revenue contribution
from new tier one Bluetooth LE customers, with
Bluetooth revenue amounting to $221.2 millionin
2019, up 19 percent from $185.1millionin 2018. The
consumer electronics, wearables and building and

retail markets continued to perform strongly in 2019.

smart building
industry

Next generation smart building solutions are
forecast to generate over $2 billionin software

and servicesrevenue by 2026, according to anew
report from analyst ABIResearch. New offerings
include emerging applications in space management,
environmental monitoring, asset management and
cleanliness and hygiene management. Thereport
said space management solutions are being created
with a variety of sensors, including contact, motion
and occupancy, while asset management solutions
are becomingincreasingly important within specific
commercial buildings, especially healthcare. The use
of such solutions for hospitals, for example, improves
inventory management and lowers operating costs.

loT OFFERS BOOST FOR
REMOTE MONITORING

Analyst Facts and

Factors Market Research

predicts the global loT

healthcare market will

increasein value to $21

billionin 2025 from $9.1
billionin 2018, at a CAGR of around 12.59
percent. The analyst said the successful use
of the loT in remotely monitoring diabetics
and asthma patients—along with high
penetration of connected technology across
the health, fitness and wellness industry—
had assisted in minimizing hospital stays and
readmissions. Such advantages would drive
the growth of the loT healthcare market
over the forecast timeline.

BLUETOOTHHEADPHONES
NEXT BIG THING

According to anew report from research
company, Canalys, Bluetooth headphones
willbe the fastest growing category of smart
devices over the next several years. With
the advent of LE Audio, 726 million units are
predicted to shipin 2023, the analyst said.
Theresearch said for every 100 smartphones
shipping in 2023, 48 smart personal audio
devices would be shipped, compared to 16
desktops/notebooks, 14 wearable bands,

13 smart speakers and 8 tablets. Smart
speakers will be the second fastest growing
category, Canalys said.

NEW BLUETOOTH
5.2-POWERED MODULES

Tangshan Hongjia Electronic Technology Co,
has released two Bluetooth 5.2/Bluetooth
LE modules enabling OEMs to develop loT
product designs with Direction Finding and
Long Range capability. The HJ-380 module
ispowered by Nordic's nRF52832 SoC andis
designed for complex wireless applications.
The HJ-180 module is powered by Nordic's
nRF52811SoC. The SoCis the first product
in Nordic's low power wireless range to
support Bluetooth Direction Finding. Both
modules feature a built-in antenna, inductor
and RF matching circuits and operatein

low power DC/DC mode to minimize
current consumption.
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Education

Consumer robotics and toy company,
Sphero, has released the Sphero RVR,
aprogrammable robot for beginners to
advanced coders, Science, Technology,
Engineering, Arts and Mathematics (STEAM)
educators and students, as well as makers,
hackers and hobbyists.

Therobotis an all-terrain programmable and
expandable product that canbe drivenright
out of the box and customized for unique use
cases and applications. For example, RVR
could be used as ahome security sentry,
autonomous metal detector or wirelessly
controlled environmental sensor. It features
adiverse suite of sensorsincluding ambient
light, color, infrared, accelerometer and
gyroscope, enabling the robot to interact with
its environment.

The robot employs Nordic Semiconductor's
nNRF52832 Bluetooth LE SoC as the
primary processor and low power wireless

Bluetooth LE robot encourages
coders of all skill levels

connectivity solution, allowing users to
wirelessly code RVR from the Sphero Edu app
on their smartphone or tablet. Alternatively,
RVR canbe programmed using a Raspberry
Pi, Arduino, Nordic-powered micro:bit or
the company's own littleBits platform to
customize the robot's capabilities further.
RVRincludes arechargeable, high capacity

battery to power therobot's motors, as
well as cameras, robotic arms, air horns and
other external accessories that can be fitted
totherobot."The key features of Nordic's
nRF52832 SoC for RVR areits generous
Flash and RAM capacity, the powerful Arm
processor, and the low power features that
achieve longer battery life and leave more
power available for the user to drive, play
andlearn,” says Jeff Wiencrot, Director of
Firmware & Hardware at Sphero.

Toyota to build
prototype city of
the future

Multinational giant Toyota has revealed plans
to build a prototype smart city of the future
ona708,000 square meter site at the base
of Mount Fujiin Japan. Called the Woven City,
the establishment will be a fully connected
ecosystem powered by hydrogen fuel cells.

Envisioned as a 'living laboratory’, the
Woven City will serve as ahome to full
timeresidents andresearchers who will be
able to test and develop technologies such
as autonomy, robotics, personal mobility,
smart homes and artificial intelligence (Al) ina
real world environment. Residences will

-

be equipped with the latestinhuman
support technologies.

“Building a complete city from the ground
up, even on a small scale like this, is a unique
opportunity to develop future technologies,”
says Akio Toyoda, President, Toyota Motor
Corporation. “With people, buildings and
vehicles all connected and communicating
with each other through data and sensors, we
willbe able to test connected Al technology
..inboth the virtualand the physical realms....
maximizing its potential.”

Toyota saysit willextend an openinvitation
to collaborate with other commercial and
academic partners andinvite interested
scientists and researchers fromaround the
world to visit the establishment and work on
their own projectsin this one-of-a-kind, real
worldincubator.

For the design of Woven City, Toyota has
commissioned Danish architect, Bjarke Ingels.

Nordic launches
NnRF52820
Bluetooth 5.2 SoC

Nordic Semiconductor has unveiled the
nRF52820 Bluetooth 5.2 SoC, an addition
to the lower-end of the company's
nNRF52 Series. The SoCis a Bluetooth LE,
Bluetooth mesh, Thread, Zighee and 2.4
GHz proprietary wireless solution.

The SoCis capable of all the features
of Bluetooth 5,5.1and 5.2 including Long
Range and high throughput 2 Mbps,
Direction Finding, LE Power Control and
LE Isochronous Channels. The SoC also
includes aUSB 2.0 interface.

The chip has a powerful 64-MHz 32-bit
Arm Cortex M4 processor andincludes
256 KB Flash and 32 KB RAM making it
a single-chip option for commercial and
industrial applications including asset
tracking, HIDs and gaming products.

The nRF52820 is also qualified for
operation across an extended industrial
temperature range of -40to 105°C,
making it ideal for professional lighting
applications. Full Speed (12 Mbps)

USB operationis akey feature of the
nRF52820. USBis a popularinterface
that enables communication witha
range of host devices such as PCs. USB
connectivity also makes device firmware
updates-over-USB practical.

Bluetooth SIG heralds

next generation
of wireless audio

LE Audio promises high quality streaming stereo and new audio
features. Nordic's evaluation platform enables designers to
experiment ahead of the spec’s release later in 2020

Audiois by far Bluetooth tech's most lucrative sector

with around a billion products shipped last year. Today's
technology is based on Classic Audio and while offering
good audio performance does have some technical
limitations whichrestrictits applications. The Bluetooth SIG
intends to address these limitations with a new

version of Bluetooth audio called LE Audio, which, as

the name suggests willbe based on Bluetooth LE. The
Bluetooth SIG says the technology is “the next

generation of Bluetooth audio”.

LE Audio will support development of the same audio
products and use cases as Classic Audio while enhancing
wireless audio performance, adding support for hearing
aids and enabling ‘Audio Sharing' - an entirely new use case.

Key toimproved audio clarity is the Low Complexity
Communication Codec (LC3). Providing high quality even
atlow datarates, LC3 also enables design trade-offs
between audio quality and power consumption.

Enabling new use cases
LE Audio introduces ‘Multi-Stream Audio’' which facilitates
the transmission of multiple, independent, synchronized
audio streams between an audio source device and
multiple audio sinks, overcoming a major drawback of
Classic Audio. (See this issue pg14.)

Other advantages of the technology include support
for the development of Bluetooth hearing aids and
‘Broadcast Audio,' enabling an audio source to broadcast
one or more audio streams to an unlimited number of
sink devices. Broadcast Audio will support the new use
case of ‘Audio Sharing’ which can be personal or location
based. The Bluetooth SIG explains that with personal
Audio Sharing, people will be able to share their Bluetooth
audio experience with others around them; for example,
sharing music from a smartphone with family and friends.
With location based Audio Sharing, public venues such as
airports, bars, gyms, cinemas, and conference centers
could, for example, share Bluetooth audio that augmented
the visitor experience.

As part of the announcement of the planned specification,
the Bluetooth SIG also promoted the hearing support
use case noting that LE Audio specifically adds provision
for hearing aids. "LE Audio will enable the development
of Bluetooth hearing aids that bring all the benefits of
Bluetooth audio to the growing number of people with
hearing loss,"” the organization noted in a statement.

The full specification for LE Audio is due for release by the
Bluetooth SIG later in 2020.

The LE Audio
Evaluation
Platform
extends battery
life by around
40 percent
compared to
today's off-the-
shelf Bluetooth
Classic audio
solutions

Tech Check

Nordic's LE Audio
evaluation platform
comprisesareference
designbasedonthe
nRF52832 SoC, Cirrus
Logic's CS47L35 smart
codec withanlow
power Audio DSPand
Packetcraft's Bluetooth
LE host stack andlink layer
supporting LE Audio

In parallel with the Bluetooth SIG's announcement, Nordic
Semiconductor, in partnership with San Diego-based
Bluetooth LE protocol stack developer, Packetcraft,
launched an LE Audio Evaluation Platform. The product
demonstrates the benefits of LE Audio while also
supporting the forthcoming LE Audio specification.

The LE Audio Evaluation Platform enables engineers to
take advantage of the superior quality, power and use-
case enhancements of LE Audio using Nordic's mature
hardware, software and development tools. The platform
allows developers to start evaluating LE Audio products
such as wireless speakers, over-the-ear headphones, and
true wireless ‘earbuds’.

The platform can operate as either an audio source
or sink. A pair of devices (one acting as a source and
the other as a sink) is required for a complete LE Audio
link. The platform also features audio IC leader Cirrus
Logic's SoundClear for uplink noise reduction and echo
cancellation, and playback enhancement. An acoustic
connector for up to six microphones or two speakers,

a 3.5-mm headset jack, a 3.5-mm source jack, and
a USB connector for charging, debug and acoustic
tuning areincluded.

“Nordic's class-leading nRF52 and nRF53 Series SoCs
are anideal wireless foundation for an LE Audio solution.
By also featuring Cirrus Logic's CS47L35 smart codec
we are ensuring the platform also meets the highest
possible audio performance criteria,” explains Kjetil
Holstad, Director of Product Management at Nordic. When
wirelessly streaming audio from a source device to (sink)
earbuds, the LE Audio Evaluation Platform extends battery
life by around 40 percent compared to today's off-the-
shelf Bluetooth Classic audio solutions.

Nordic has further plans for Bluetooth audio:
“[Conventional] Bluetooth audio provides a satisfactory
wireless sound, but LE Audio offers significant
enhancements. It is destined to be an exciting new sector
and Nordic plans to play a key role through the supply
of leading LE Audio solutions,” says Holstad. “The launch
of the LE Audio evaluation platformis just the first step
on this journey."
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Smart toothbrushes promote
improved global oral hygiene

With half the world affected by tooth decay and gum disease, affordable
connected oral care products can help millions of people bite back

ralhygieneis a worldwide concern. The Global
O Burden of Disease Study 2016 estimated that 50

percent of the world'’s population (approximately
3.58 hillion people at the time of research) is affected by
oral disease. Dental caries (commonly known as tooth
decay) is the most prevalent condition, with around 2.4
billion people suffering from caries of permanent teeth. In
the U.S. alone, more than 80 percent of people have had
atleast one cavity by the age of 34, while over 47 percent
of adults aged 30 and above have mild, moderate or
severe gum disease, according to the Centers for Disease
Control and Prevention (CDC). It would appear the global
community has neither the know-how nor the capability
andresources to look after its teeth and gums effectively.

The overall healthimplications of poor oralhygiene,
compounded by inadequate exposure to fluoride
through sources of treated drinking water, are serious.
Oral diseases are the most common noncommunicable
diseases and they canimpact people for life. Gum disease,
for example, affects the gum tissue and bone supporting
the teeth andif left untreated canlead to tooth loss that
limits diet. But worse, research has also linked it to other
chronic ailments like diabetes and cardiovascular disease.

However, recognizing the challenges is one thing,
coming up withlong term solutions is quite another.
Brushing one's teeth twice a day, for at least two minutes
each time, is considered a minimum requirement. Regular
flossing is also highly recommended. But while this sounds
simple, in practiceit's more complex; brushing and flossing
must be done properly or the effects are limited.

Colgate, the global oral hygiene giant, has conducted
research whichindicates most users miss over 40 percent
of plaque surfaces when brushing. If left untreated, plaque
build-up can eventually cause tooth decay and tooth loss.
Closing this concerning gap in brushing effectiveness
largely relies onincreasing the population's awareness of
their own brushing habits and mistakes.

“The majority of people worldwide, evenin North
America, still use manual toothbrushes and the factis the
average user simply does not brush well," explains Derek
Gordon, Colgate's Head of Global Toothbrush Division.

Connected oral care

Thankfully, it's not alldoom and dentures. Wireless tech
is able to provide quality feedback and guidance on
brushing technique andits results. Smart toothbrushes
and smartphone apps using connected technologies
can enhance the ability to take care of dental hygiene
by providing an unprecedented level of insight into
individual cleaning ‘zones' brushing patterns and more.
For example, Colgate recently launched the advanced
Colgate Smart Electric Toothbrush, a connected brush

-

Need to Know

Inpart, the WHO defines
oral wellbeing as: “Being
free from periodontal
(gum) disease, tooth
decay, toothloss and
other diseases and
disorders that limit an
individual's capacity
inbiting and chewing.”
The organization says,
“Oral care demands are
beyond the capacities of
the healthcare systems
inmost low and middle
income countries.”

that uses smart sensors to map a user's mouth and show
inreal time how well the user is brushing across 16 zones
(instead of the market-standard eight). The datais sent

to the Colgate Connect app on the user's smartphone via
Nordic technology. The app then displays and stores all the
brushing events, and offers tailored information and advice
sotheuser can track and improve their brushing behavior
to eventually reach dentists’' recommendations.

“"What's critical about this brush s the coaching capability
that comes along withit, soinreal time you can see where
the toothbrushisin your mouth," says Gordon.

Wider research shows sonic-vibrating electric brushes
like the Colgate Smart Electric Toothbrush generally
produce better short and long term outcomes than manual
brushing. However, it's the power of wireless connectivity
that ultimately gives these devices their edge.

Democratizing dental hygiene

The oral health challenge is made harder by the high cost
of dental care, which accounts for 20 per cent of out-of-
pocket health expenditure in most high-income countries,
according to the World Health Organization (WHO). That
prohibits many people from the opportunity to practice
good habits that help prevent oral health deterioration.
Eveninthe Western sphere, socioeconomic status and
other factors contribute to exclusion from essential dental
services, alack of oral hygiene education and reduced

The majority of people worldwide, evenin
North America, still use manual toothbrushes,
and the factis the average user simply does
not brush well

access to thelatest oral hygiene products. That means
affordable preventative solutions can make a difference.
And affordable connected oral care devices willhave the
biggestimpact of all. Such potential is encouraging leading
companiesin oral hygiene to ‘democratize’ their products

by pricing them affordably. Colgate, for example, says the
Colgate Electronic Toothbrushis accessible for the majority
of consumers who are currently using manual toothbrushes.

According to Gordon, the product was launched to
"“address theinequality” of there being no “affordable”
connected toothbrush which teaches how to brush teeth
via precision brush coaching on a smartphone app. It also
amounts to big business: "The fastest growing part of the
toothbrush market right now is electric toothbrushes and
connected health platforms,” Gordon explains.

“It's not often that a semiconductor company helps
enable a product that could genuinely helpimprove the
lives of millions of people worldwide, but this is one of those
products,” adds Geir Langeland, Nordic Semiconductor's
Director of Sales & Marketing.

Competitive solutions are likely to follow Colgate’s lead as
the oraltechnology sector gathers steam. Industry analyst
Research and Markets predicts the global oral care/hygiene
market will reach $53.3 billion by 2025 from $44.5 billionin
2019. Advanced digital technologies are bound to play their
part, and high-powered toothbrushes and brush coaching
platforms are already enabling smarter cleaning.
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Kristian Saether
Product Manager for Cellular loT

2020 will be the year
cellular loT comes of age

After along wait,
commercial 4G LTE-M and
NB-loT solutions are hitting
the mainstream

At the start of 2019 the only thing
operating on cellular networks were
cellphones and a few hundred million
2G-based devices such as security
alarms (where cellular was used as a
last line of communication).

But now, in early 2020, the
networks support battery powered
security alarms, herding animal
trackers, industrial grade asset
trackers and environmental sensors,
tonamebut afew. Thelist grows
continuously. By this time next year,

I predict it will be difficult tolist all
the new cellular loT products and
applications on asingle page.

What's changedin thelast 12
months? The answer is the large-
scalerollout of the new loT-targeted
LPWAN version of cellular wireless
technology called LTE-M and NB-IloT.
Although along-timein the making
(the specification was includedin
Release 13 of the 3rd Generation
Partnership Project (3GPP) cellular
wireless technology standard as far
back as 2015), this power-optimized
version of cellular has now emerged.

The five-year gestation of the spec
has allowed development teams such
as Nordic's to ensure that LTE-M and
NB-loT products offer the same
legendary reliability and security
of conventional cellular, but, unlike the
2G modems of old, with power
consumption that supports multiyear
operation from small batteries.

Power optimization

But that doesn't mean all LTE-M and
NB-loT products are equal; while
chipsets must conform to

the same standard, some perform
markedly better than others. The main
differences are down to design — while
the majority of commercial cellular loT
chipsets are redesigns from higher
category LTE modems,

Nordic uniquely designedits cellular
loT chipset from the ground up. The
resulting product, the nRF9160
SiP—withintegrated LTE-M/NB-
loT modem and GPS—is optimized
for thelowest power consumption
cellular loT operation. Together
withimpressive RF performance,
thisis why an ever-growing list of
customers (over 300 have worked
with samples to date) are designing
the nRF9160 SiP into their cellular loT
products and applications.

Cellular loT allows almost anything
to connect to the world's mature
cellular networks without recourse to
acomplex gateway. For the Industrial
10T (lloT), for example, cellular loT
enables monitoring of location and
condition of things like shipping
containers (see WQ Spring 2019 pg14)
and key industrial assets like vehicles
and machinery. Cellular loT has also
made healthcare more accessible
by making it simpler for patients to
use digital health services by
eliminating gateways.

Cellular loT isbasedona
specification that will evolve over
time. Significant upgrades are likely
tocomeinthereleases designed to
cater for 5G. However, the current
commercialized 4G versions of
LTE-M and NB-loT are more than
capable of meeting the demands
of the first wave of cellular loT
applications. That's why | predict
2020 willbe the year that cellular loT
hits the mainstream.
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Ahead of
the Game

Sports equipment that tracks individual performance
is changing the game for athletes and coaches

In Short

Athletes and coaches
arelooking tofindan
advantageinthe way
they practice and
prepare for matches

Wireless sensors
incorporatedinto
sports equipment
provide comprehensive
data-driventraining
solutions

‘Smart’sports
equipmentincluding
bats, balls, boots and
pucks cannow track

individual skills and
techniques, analyze
performance metrics
and deliver digital
coachingtips

Inbaseball, cricket,
skiing, ice hockey
and other sports,

leading equipment

manufacturersare
relying on wireless tech
tomake these solutions
commercially viable

oaches often say that 'practice makes perfect’
and 'you play the way you train'. In the aspirational
world of sport, these mantras promote anideal of
what it takes to be successful. The message from

trainers to competitorsis clear - reaching your full potential

takes 100 percent commitment and attention to detail, 100
percent of the time. While games aren't played every day,
good preparation never takes a break.

Yet until recently the process of continually analyzing
skills and techniques in order to track improvements could
be described as hit and miss. Fromrelying on empirical
evidence and putting faith in what a coach sees with their
own eyes, to scrutinizing video footage and eventually
monitoring individual physiology and movement using
sensor-based wearables, the widely available methods
have either lacked a scientific foundation or had limited
scope for providing valuable in-depth data.

Inthe past few years, however, the game has started to
change. Wireless technology is now being incorporated
into sports equipment, adding new dimensions to coaching
and performance analysis at all levels of sport from junior
and amateur participation to professional leagues. It has
suddenly become possible to track, generate, review
and learn from comprehensive data based on the precise
location and movement of equipment and accessoriesin
action. Whether it's a bat, ball, boot, puck or anything else
used to play sport or engage in physical activity, it can be
designed to provide a wide range of advanced custom
metrics that help boost performance. And all without
compromising the natural characteristics and behaviors
of the end product.

Wireless performance tracking solutions in sports
equipment provide a constant flow of actionable feedback,
allowing players to enhance one aspect of their game
without it detracting from another. What's more, tracking
genuine progress helps athletes stay motivated to
continue to push themselves.

This evolutionin the sports market matters more than
you might think. An athlete can hone skills for hours a day,

a coach canimplement the most challenging drills, but no
amount of effort willlead to meaningful progressif the
individualis practicing in a suboptimal manner. Reinforcing
bad habits is naturally counterproductive.

When it comes to athletic development and the endless
pursuit of perfection, information is most definitely power.
And thelatest sports tracking technology is able to serve
up more powerfulinformation, more efficiently and to more
people than ever before. Tailored data-driven training is the
future. In other words, only perfect practice makes perfect.

BAT AND BALL SKILLS

Commercial solutions are increasingly emerging to
capitalize on these capabilities in different sports around
the world. For example, sports technology startup, F5
Sports, has developed a Bluetooth LE-enabled smart
baseball to help pitchers and coaches at any level of the
sport. The pitchLogic system uses proprietary algorithms
employing 15 channels of built-in sensor data to provide
aset of 12 key body movement and pitch performance
metrics after each individual throw. These metrics include
ball spinrates, acceleration rates, launch angles and braking
force. Thanks to Bluetooth LE connectivity, users can
instantly access this information through a partner app on
a paired smartphone, tablet or laptop, allowing the baseball
pitcher to combine their muscle memory with actual data.

The pitchLogic platform "helps players improve their
game while reducing the number of practice pitches,"” says
David Rankin, CEO of F5 Sports. “Because the information
is available within a second of each pitch, the very next
pitch can be animprovement. This helps a player practice
efficiently with measurable progress in each session and
less time spent practicing the wrong way."”

Australia-based sports technology startup, Sportcor,
is doing something similar. The Sportcor Smartballis an
embedded sensor using an inertial movement system
comprising two accelerometers, a gyroscope and a
magnetometer, along with proprietary Cloud based
algorithms, to track movement data such as ball speed
and spinrate. Like the pitchLogic baseball, the Sportcor
Smartball delivers a variety of usefulinformation
and analytics about the precise behavior of the ball
toasmartphone or tablet app via a Nordic SoC-
enabled Bluetooth LE link.

The first commercial application of the productis asmart
cricket ball developed by Sportcor in partnership with
leading cricket equipment manufacturer, Kookaburra
Sports. The two companies hope the ball willbe adopted by
cricket players, coaches, teams, leagues and broadcasters
around the world for a multitude of purposes including
infotainment and engagement. The amateur and elite
bowlers alike will benefit from deeper performance

Tracking
genuine
progress helps
athletes stay
motivated to
continue to push
themselves

Developedby Australia-

based Sportcor, the Sportcor
Smartball, featuring Nordic's
nRF52840 SoC,isanembedded
sensor for trackingmovement
datafromacricket ball

analytics and will be able to experiment with different wrist
positions, release points and delivery ‘actions’ to discover
what works best.

Cricketis a game of ball against bat, and India-based
sports technology company, StanceBeam, has also teamed
up with Kookaburra Sports to develop a cricket bat sensor
for bothrecreational and professional cricketers. Known
as StanceBeam Striker, the device attaches to any cricket
bat handle and usesitsintegrated sensors to capture the
motion of the batin action and record 360-degree batting
performance data analyticsinreal time. The product then
provides live analysis of the player's batting technique and
performance through the associated StanceBeam app.
Metrics include backlift and downswing angle, speed at
impact and ‘shot efficiency’ (a comparison between the
maximum speed of the swing and the speed at impact with
the ball). Using the companion app as a ‘'virtual coach’, the
player can easily review each shot ball by ball, recreate
and analyze each shotin 3D, and access tailored drills to
improve along the way. Users can also conduct a post-
sessionreview, produce a summary report and even
compare their results against peers or elite players.

StanceBeam Striker is ready for use in a competitive
cricket match, where batters rely on their ‘timing’ and
power tolaunch the ball over the boundary for six runs,
particularly in the shortest format of the sport, Twenty20
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cricket. Cricket is adored and played by millions of people
across the Indian subcontinent, Europe, Africaand
Australasia, soit's not hard to imagine a future where smart
balls and bats form part of a typical cricket kit.

WIRELESS WINTER SPORTS

Wireless techis also being used to expand the provision of
metrics for winter sports enthusiasts who want to review
their own skills and techniques on the slopes. Austrian
skiequipment manufacturer, Atomic, in consultation with
biomechanics experts, developed Hawx Connected, a
Bluetooth LE skiboot and smartphone app that performs
therole of a skier's ‘digital coach’and training log. The
platform provides direct feedback and analysis of each
individual skirun or session.

Based on sister company Suunto's Movesense motion
sensing platform, Hawx Connected features various
embedded sensors to measure pressure at key contact
pointsinside the boot liner and simultaneously detect
turns and skiedge angles through the orientation of the
boot. Once the skiboot transmits the Movesense data via
Bluetooth LE to a paired smartphone, the user caninstantly
access alltheinsights through the Atomic CTD app. Any
errors made on one run down the mountain can be rectified
onthenext, or discussedin detail back at the skilodge. As
the company itself explains, the focus has shifted from
being a: "ski equipment manufacturer to a skiing
experience provider”.

From the snow to theice, direction finding technology
from Quuppa has helped software company Bitwise
monetize its commercial package, Wisehockey—a player
and puck tracking system—for monitoring professional
games in the Finnish domesticice hockey league,

Liiga. Quuppa's Intelligent Locating Systemis based on
Bluetooth LE and accurately tracks the position of fast
moving objects, in this case individual players and a puck,
enabling the Wisehockey platform to generate a wide
array of dataincluding timein possession of the puck,
maximum speed and passing accuracy. The system works
by locators around the arenareceiving Bluetooth LE
signals transmitted from tags in the puck. The positional
datais thenuploaded to a server and can be viewed by
subscribers using a mobile app. Since custom information

For such
innovations to
be commercially
viable, they
must be able

to function
effectively

in match
conditions

and behave
identically to the
conventional
equipment used
inasport

The Bluetooth LE
wireless connectivity of
Austria-based Atomic’s
Hawx Connected ski
boot provides users
with direct sensory
feedback while skiing

Top speedsin sport — how they compare

Usain Bolt
Racehorse

Cricket delivery

Baseball pitch

Hockey puck slapshot

Downbhill skier

can be made available in seconds, this technology could one
day be used by ice hockey teams and coaches to: “enhance
tactics, training and performance on theice,” according to
Fabio Belloni, Chief Customer Officer at Quuppa. The tech
could also be applied to other team sports like soccer, rugby
and basketball.

COMMERCIAL VIABILITY

For suchinnovations to be commercially viable, they

must be able to function effectively in match conditions
and behave identically to the conventional equipment
usedinasport. To achieve this goal, developers need the
support of compact wireless technologies. The low power
consumption provided by wireless protocols like Bluetooth
LE allow for smaller batteries, so devices can be built with
more compact form factors and integrated seamlessly
into arange of specialized end products that will stand the
test of time and frequent usage. Moreover, advanced low
power wireless connectivity solutions, such as Nordic SoCs
and their powerful processors, are able to support the
complex applications running computationally intensive—
and therefore power hungry—movement tracking, signal
processing or direction finding algorithms. Generating
useful datais one thing, but ensuring that datais readily
available through low latency equipment-to-smartphone
connectivity, over adecent range and for areasonable
amount of time before recharge, is the domain of Bluetooth
LE wireless technology.

The pitchLogic baseball, for example, uses arechargeable
40 mAH battery that currently achieves three hours of
active use and 10 days of standby time before wireless
recharge using Qi, a wireless charging standard that
eliminates the need for a micro USB interface in the
baseball. The Hawx Connected skiboot employs a

Formulalracing car

Badminton shot

Li-Poly battery that provides up to four-and-a-half

days of operationin typical usage betweenrecharge.

This extended battery lifeis a major value-add for highly
active skiers who spendlong days on the ski fields, with
performance data continuing to be recorded for as long as
the skiboot maintains power.

For the Sportcor Smartball, developers placed a strong
emphasis not only on battery life, but on the product's
ability to keep working for as long as the ball itself remains
useable. After all, the average wireless deviceisn't
necessarily built to absorb a constant barrage of blows
from aheavy bat.

“What we supply is a core that replaces the traditional
core of acricket ball. This includes the protective housing
for the electronics to make sure they survive theimpact
of day-to-day use," explains Ben Tattersfield, Founder
of Sportcor. “Power management was crucial as we had
to get a good life out of the Sportcor Smartball while also
maintaining the smallest possible form factor and light
weight to ensure we didn't upset the characteristics of the
end product, the cricket ball.”

What impact could these types of technologies have
onthe overall sports tracking and performance market
moving forward? “Athlete engagement is the exciting
part,in particular across the junior to intermediate
levels of sport,” suggests Tattersfield. “Features that
were only available to professionals are now available
to almost everyone, including coaches in amateur
and junior leagues.”

Thereis virtually no limit to the potential of placing
wireless tech and sensorsinside modern sports
equipment. As further advancements are made in training,
development and coaching methods at all levels of sport,
innovators need only strike the right balance between
providing useful data and successfully monetizing and
democratizing their solutions. As such a new mantra,
one fittingly borrowed from the worlds of business and
technology, has emerged around the global sporting traps:
work smarter, not harder. Thanks to wireless tech, perfect
practice could soon be standard practice.

NC-basedF5 Sports'
pitchLogic system, a
Bluetooth LE-enabled
baseball, employs Nordic's
nRF52840 SoCtorun
complex algorithms and
wirelessly sync pitching
dataandanalysistoa
smartphone partner app

According to analyst
Grand View Research, the
size of the global sports
technology market—
comprising devices, smart
stadiums, analytics and
statistics, and e-sports—
was valued at $9.8 billion
in 2018, and is estimated
toregistera CAGR of 20.3
percent over aforecast
period up to 2025
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The '10,000-hour rule”.
Merit or myth?

How much dedicated practiceis required to attain ‘expert’
statusinaparticular field? This question has led to considerable
debate since a study by K. Anders Ericsson was popularized

by abook called Outliers, published in 2008, in which author
Malcolm Gladwell claims that becoming truly elite at something
requires acommitment of 10,000 hours. The so-called 10,000-
hour rule has beenloosely applied to explain the remarkable
achievements of people like Tiger Woods, Bill Gates, the Beatles
and other greats in the worlds of sport, science and technology,
and music and the arts.

Yet anumber of thought leaders have attempted to debunk
this theory by countering that multiple factors probably
contribute to reaching such a high level of success. One famous
opponentis American entrepreneur, educational activist and
author of best selling self-help book The 4-Hour Workweek,
Tim Ferriss, who claims that anindividual can actually become
‘world-class’ (@among the top five percent ina given field)
within six months - compared to the 10 years of 20 hours per
week it would take to hit the 10,000-hour mark. Among his
list of arguments, Ferriss asserts: “training method can have
an exponentialimpact on per-hour yield,” while: “it's nearly
impossible to show cause and effect with observational (versus
experimental) data". Evenif every top athlete has predictably
trained for 10,000 hours in their lifetime, does 10,000 hours of
training guarantee a top athlete?

According to Ferriss and others, accomplishments are
ultimately determined by individual abilities, the nature of the
practiceitself, thelearning tools available and yes, to some
extent the time spent practicing or studying. Essentially,
quality beats quantity.

With this in mind, could the strategic use of certain
technologies potentially help circumvent the 10,000-hour rule
entirely? Moreover, what impact might wireless tech-based
solutions have on future sports practice? If ‘smart’ equipment
including bats and balls continue to evolve into effective and
affordable digital coaching assets, perhaps the performance
levels of countless athletes around the globe will soar to greater
heightsin significantly less time.
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Unwired
for Sound

LE Audio promises enhanced audio quality,
novel new features and extended battery

life for Bluetooth wireless sound

ack inthe mid 1990s, Ericsson engineers Sven
Mattisson and Jaap Haartsen looked at the tangle of
wires linking devices on their desks and wondered
whether there was a better way to transfer
digitalinformation. After years of hard work their solution
replaced traditional RS-232 cables with 2.4-GHz wireless
connectivity, and with it our world started to change.

Mattisson and Haartsen's employers coaxed other
companies, including Nokia, IBM and Toshiba, to join the
initiative, which soon became an open standard. By 1998,
these companies had formed the Bluetooth Special Interest
Group (SIG), an organization tasked with developing and
promoting the wireless technology.

The first consumer Bluetooth product—a hands-free
mobile headset—hit the shelvesin1999. Soon after a host
of commercial Bluetooth equipped devices werereleased,
including a mobile phone (the Sony Ericsson T36), mice,
keyboards, printers and hands-free car kits. By 2003,
product shipments had grown to one million per week.

Butit was that first product, relaying voice from handset
to headset, that pointed the way to the technology's
leading success. This was of little surprise to insiders
because Ericsson had originally encouraged the standard's
development due to its potential for connecting peripheral
devices—primarily headsets—to mobiles. And among the
first ‘profiles’ (software that customizes the Bluetooth
protocol stack to optimize it for a particular application)
adopted was one for wireless voice and headsets.

But growthinto higher-end audio applications stalled
because Bluetooth tech's 1TMbps maximum raw data
throughput (which diminishes to around 721kbps in practice
because of the intentional transmission delays built into the
protocol during operation) proved insufficient to support
streaming audio. Things changed as Bluetooth tech rapidly

In Short

Bluetooth wireless
headsets for transmitting
voice were one of the
early applications for the
technology

The development of the
MP3 compression format
increased consumer
demand for digital audio

Anadvanced audio profile
and commercial codecs
underpinned the Bluetooth
audio streaming headphone
sector but sound quality
remained moderate

LE Audio promisesan
optimized codecand
isochronous channels to
enhance sound quality,
save power andintroduce
new featuressuchas
audio sharing

made its way into virtually every smartphone on the planet
and music consumption underwent a parallel revolution with
theinvention and development of the MPEG-10or MPEG-2
Audio Layer 3 (MP3') compression format.

Inresponse to consumer demand, the Bluetooth SIG
introduced the Advanced Audio Distribution Profile (A2DP)
which was accompanied by a codec that supported stereo
audio streaming. Soon after, several commercial codecs
brought further sound enhancements.

Today, Bluetooth audio is big business: "With close to one
billion Bluetooth audio products shipped last year, wireless
audiois the largest Bluetooth market,"” noted Mark Powell,
CEO of the Bluetooth SIG, in a statement. Nonetheless,
wired headphones and speakers are still the choice of many
because Bluetooth streamed music still lacks CD-like quality,
and the technology lacks flexibility such as the capability to
stream to more than one device simultaneously.

But now, the announcement by the Bluetooth SIG of
‘LE Audio’ (see this issue pg7) promises to address these
weaknesses. By switching from a Bluetooth Classic radio to
aBluetooth LE version, introducing a new optimized codec
and adding new features to the Bluetooth protocol stack, the
SIGis promising “the next generation of Bluetooth audio”. Is
the hype justified?

MUSIC EVERYWHERE

In1987, The Fraunhofer Institute in Germany began
researching high quality, low bitrate audio coding. The aim
was to come up with a method of compressing audio files
such that they could be easily stored and moved between
the bandwidth and memory constrained computers of the

era.In early 1988, The Moving Picture Experts Group (MPEG)

was established and later that year the group called for an
industry wide audio-coding standard. Soon after, coding
developed by Dieter Seitzer, who'd helped Fraunhofer with
its research, was integrated into the MP3 standard, along
with software from co-contributors. (See sidebar The
science of digital sound.)

MP3 spawned a huge new business whereby tracks
‘ripped’ from purchased CDs could easily be shared
across the Internet. Initially, music companies claimed this
amounted to piracy, but theindustry was legitimized by
commercial offerings such as Apple'siTunes.

Early MP3 players were equipped with wired headphones,
but even then, consumers craved the convenience of
wireless. Later, as consumers migrated their MP3 libraries
over to Bluetooth equipped smartphones, the Bluetooth
SIG recognized the opportunity and pushed through A2DP.
The profile defines how to unidirectionally transfer an

With close

to one billion
Bluetooth
audio products
shipped last
year, wireless
audiois

the largest
Bluetooth
market
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audio stream in two-channel stereo, either to or from the
Bluetooth host. This profilein turnrelies on the Generic
Audio/ Video Distribution Profile (GAVDP).

However, even with MP3 compression and A2DP,
streaming audio across aBluetooth link is unreliable.
Additional compression of the data by a codecis required
so that it can be accommodated by thelink's restricted
throughput. The codec then decompresses the dataon
the other side of thelink to retrieve the audio information
storedin the original MP3 file. To that end, the SIG included
mandatory support within A2DP for alow-complexity
subband codec (SBC) designed to ensure reasonable audio
quality at low-to-medium bit rates while using modest
processing power. However, while A2DP can theoretically
support up to Bluetooth Classic's maximum operational 721
kbps, SBCis limited to a nominal maximum of 345 kbps. And
in practice, bit rates using the codec are generally around
256 kbps, limiting audio quality.

A2DP does include optional support for codecs including
Advanced Audio Coding (AAC), High-Efficiency AAC (HE-
AAC) and Adaptive Transform Acoustic Coding (ATRAC).
The profile can also be extended to support manufacturer-
defined codecs, such as the Qualcomm-owned aptX and
aptX-HD whichis available to wireless headphone makers
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under license and offers bit rates of 354 kbps and 576 kbps
respectively. Arecently introduced codec from Sony, LDAC,
offers 990 kbps but requires an (optional and relatively
scarce) Bluetooth Enhanced Data Rate (EDR) radio at both
ends of thelink. The audio quality of wireless headphones
using higher bit rate commercial codecs isimproved
compared with SBC but, according to audiophiles, still

lacks the dynamicrange, depth, timbre and lifelike quality

of wired headphones.

HEAR THE QUALITY

Despite these concerns, Bluetooth audio headphone sales
are thriving. Analyst statista noted that 2017 shipments of
the products reached 140 million units, compared to around
67 million shipments of the next biggest Bluetooth sector,
wearables. Wireless speakers do well too; however, the
growth of Bluetooth audio in other applications has been

curbed because of technical limitations.

Chief among theseis that the technology can only stream
audio to a single device. That's not a problem for wireless
headphones or speakers where each sideis connected by a

State of Play
Global Recorded Music
Revenues by Segment 2018

Digital music has revolutionized how we
consume music. According to the IFPL
Global Music Report 2019, streaming
revenuein 2018 grew by 34 per cent

and accounted for almost half of global
revenue, drivenby a 33 per centincrease
in paid subscription streaming. The report
says there were 255 million users of

paid streaming services at the end of
2018 accounting for 37 per cent of music
revenue. Growthin streaming more than
offset a10.1per cent declineinrevenue
from ‘physical’ (CD and vinyl) sales
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audio streams

Source:
IFPIGlobal Music

wire butis a significant
challenge for products
such as ‘earbuds’.
Current earbud
products work by
wirelessly connecting
the audio source (for
example, a smartphone) to one of the earbuds with the
target earbud then employing clever software to wirelessly
relay information toits partner. The system works, but it
requires significant processing power to keep everythingin
sync, adding cost and compromising battery life.

The Bluetooth SIG promises LE Audio willresolve these
technical challenges—while giving audio quality a further
boost—through theintroduction of ‘LE Isochronous
communication’. In part, the quality boost will come from
acodectoreplace SBC.In addition to enhancing the audio
experience, the Low Complexity Communication Codec
(LC3)is specifically designed to save battery power.

According to Manfred Lutzky, Head of Audio for
Communications at Fraunhofer IS, LC3 offers great promise.
“Extensivelistening tests have shown that LC3 will provide
improvements in audio quality over SBCincluded with
[Bluetooth] Classic Audio, even at a 50 per cent lower bit
rate," he said in a statement. Combined with the Bluetooth
LE radio’s inherent lower power consumption compared
with Bluetooth Classic, the lower throughput afforded by
LE Audio willhave a significantimpact on battery life. While
no official figures are yet available, engineers estimate
that batteries powering LE Audio should last at least 40
per centlonger thanin anidentical Bluetooth Classic audio
application. That provides an opportunity to extend playback
time or shrink earbud size by using smaller batteries while
keeping playback time the same.

LE Isochronous communications (which makes use
of the LE Isochronous Channels recently introduced as
part of Bluetooth 5.2 (see pg29) works by transferring
‘timebounded’ data between devices. With this technology
multiple devices (such as a pair of earbuds or stereo wireless

speakers) canreceive unique audio streaming channels
(for example, separate left and right channels froma
stereo source) that are precisely synchronized, perfectly
preserving the precise musical timing. The Bluetooth SIG has
dubbed the technology ‘Multi-Stream Audio’.
"“Developers will be able to use the Multi-Stream Audio
feature toimprove the performance of products like
truly wireless earbuds," noted Nick Hunn, CTO of WiFore
Consulting and Chair of the Bluetooth SIG Hearing Aid
Working Group, in a statement. “For example, they can
provide a better stereoimaging experience ...and make

switching between multiple audio source devices smoother.
Multi-Stream Audio significantly increases the number
of applications for LE Audio. The Bluetooth SIG cites the
example of ‘Broadcast Audio’, a technique which enables an
audio source to broadcast one or more audio streams to an
unlimited number of receivers. Such a technique encourages
consumers to share music from a smartphone with family
and friends or allows enterprises to share audio information
tolarge groupsin public places.
"People willbe able to select the audio being broadcast
by silent TVsin public venues, and places like theaters and
lecture halls will be able to share audio to assist visitors with
hearing loss as well as provide audio in multiple languages,”
said Peter Liu of Bose Corporation and member of the
Bluetooth SIG Board of Directors, in a statement.

NEXT STEPS

Commercial LE Audio solutions are not available today.
Instead, what the Bluetooth SIG announced early this year
wasitsintention to release the full specification laterin 2020.

"While the introduction of Bluetooth 5.2 brought the LE
Isochronous Channels needed for LE Audio, work remains
tobe done on otherimportant elements of the technology
before we'll see commercial chips,” explains Kjetil Holstad,
Bluetooth chipmaker Nordic Semiconductor's Director
of Product Management.

But that doesn't mean developers can't start thinking
about new Bluetooth audio products. For example, Nordic
Semiconductor has developed an evaluation platform
that allows developers to start assessing the fledgling
technology for next generation wireless speakers, over-
the-ear headphones, and ‘true’ wireless earbuds.

"Developers keen to understand LE Audio's benefits over
conventional Bluetooth audio can experiment with Nordic's
LE Audio Evaluation Platform to gain knowledge that will
accelerate the design of prototypes when the specification
is finally adopted,” says Holstad.

While chipmakers like Nordic are moving forward,
commercial products like LE Audio headphones and wireless
speakers are still several years from hitting the stores. But
the message that the future of wireless audio will be based
on Bluetooth LE comes over loud and clear. Crystal clear.

Tech Check

Bluetooth 5.2 brings
more thanjust LE
Isochronous Channels
tothetechnology.
Other enhancements
include LE Power
Control which makes it
possible for devices to
dynamically optimize
the transmission power
usedin communication
between connected
devices. Nordic's entire
nRF52andnRF53
Series (including the
nRF5340 shown here)
areBluetooth 5.2
compatible

Audio & Music

The science of digital sound

Humans experience sound through analog sensors. According to
Steven W. Smith, Ph.D., in his book The Scientist and Engineer's
Guide to Digital Signal Processing, the human ear is capable of
detecting sound waves across a continuous frequency range of
20 Hz to 20 kHz. Smith says the separation of the two ears enables
humans to detect the difference between two sound sources that
are spaced as little as three degrees apart.

But while we use analog sensors to perceive sound, recording
and reproductionis now almost exclusively done by digitizing
audio signals. Digitizing is achieved by sampling the signal froma
transducer—such as amicrophone—to record both amplitude and
temporalinformation about the sound waves. The sampling rate
(Hz) and precision (bits) determines how much information from the
original sound wave s retained and how well it canbe reproduced.

The benchmark for digital audio reproductionis the CD. For CD-
quality sound, the original signal is sampled at 44.1kHz with 16-bit
precision. 16-bit precision allows the amplitude of the signal to be
subdivided across 216 (65,536) levels between the pre-determined
maximum and minimum amplitudes. The resulting data output
rateis 1.41Mbps (44.1kHz x 16 bits x 2 channels (Iandr)). This level
of digitizationis sufficient to capture all the sounds humans are
capable of hearing across the 20 kHz bandwidth of the ear.

Engineers can choose to trade off sampling rate and precision
depending on the application. For example, voice-only systems
can take advantage of the ear’s particular sensitivity to sound
withafrequency between 800 Hz and 4 kHz. This bandwidth of 3.2
kHzis sufficient to encompass 80 percent of information carried
by the sound wave and more than adequate for thelistener to
understand speech. The reduction in this bandwidth requirement
allows engineers toreduce the sampling rate to 8 kHz. Even with
16-bit precision such a sampling rate reduces the data output
requirement to 128 kbps for accurate monoaural reproduction.

The sampling rate required for satisfactory stereo music
streaming results in much larger files, too big for easy transfer
and storage. Demand for quick downloads from the early
Internet provided the catalyst for compression formats such as
MP3. The format relies on ‘perceptual coding' whichis based on
psychoacoustic models that permit the software to discard or
reduce the precision of audio components that are less audible to
human hearing, and therefore not essential for the brain to decipher
thereproduced sound. MP3 compressionis highly efficient. For
example,an MP3 encoded at a constant bitrate of 128 kbps would
resultin afile approximately nine per cent the size of a CD quality
recording of the same audio while still retaining an acceptable level
of reproduction for playback.
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Data Analytics

The Al
of Things

The loT generates so much raw data that traditional
analysis methods struggle to cope. Alis the answer

ens of thousands of companies have recognized

the power of the loT to solve previously intractable

problems and move towards new ways of

optimizing their businesses. Momentum continues
to build because once one company gains a competitive
advantage by successfully implementing loT technologies,
its competitors or counterparts are compelled to follow
suit or risk being left behind.

The sensors, processors and wireless technology
building blocks of the loT have made it technologically
and commercially viable to monitor, measure and ‘digitize’
almost everything and anything generating a constant
stream of fine grained data. The pay-offs from this 'big
data'are boostsin efficiency, convenience, safety,
security and cost savings; the downside is data overload:
“The loT comes with the unintended cost of
producing more data than that we can cope with, we
are drowning in an ever expanding sea of the stuff,”
says wireless loT chipmaker Nordic Semiconductor's
CTO, Svein-Egil Nielsen.

But Al offers alifebelt andit's one the pioneering
companies have grasped tightly. "'l was presenting at
anloT conference recently," recalls Nielsen, “and what
struck me was that | was the only presenter there
not speaking about Al"

Nielsen's views are echoed by professional bodies.
According to CB Insights, when the analyst recently
ran a study aimed at finding "'the 100 most promising
Al startupsin the world," it received applications froma
staggering 5,000 Al startups spanning 13 countries and
across 15 industries. And inits 2020 Emerging Jobs Report,
professional networking organization, LinkedIn, stated
that Al and data scienceroles are proliferating across
nearly every single industry. (The organization suggests
that when adopting loT technology, Alis no longer optional
and every company in the world will soon start recruiting.
If you're just starting out and want a career with healthy
employment prospects look no further.) But how will Al
resolve the data overflow from the loT? The answer isin
every way. Alis so much anintegral part of the loT that
the network is fast becoming the ‘Al of Things'. But itis
early days yet and while there are various flavors of Al of
increasing sophistication (see sidebar, Types of Al) that

promise much, today there are afew key implementations.
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In Short

IntheloT, sensorsare
monitoring and measuring
almost everything
creating an avalanche of
granular data

Alcanhelpresolve the
loT's data overload

by making decisions
based onprogrammable
intelligence

Sensorsthatuse Alto
filter dataatthe edge
rather thanrelaying
everything to the Cloud
save power and cost

THE BIG AND SMALL OF Al

“Iwould define Alin the loT as any programmable
intelligence that takes in data and then makes a decision
based onthat data,” explains Steve Poulsen, President of
U.S.embedded design consultant, Signetik. “This allows
measurements to be taken much more frequently and cost
effectively because the Alreduces or eliminates the data
overload and the loT reduces or eliminates the need for a
human to go out and doit. It also allows anomalies or trends
in that data to be spotted more quickly andreliably.”

Signetik is among the vanguard of companies
commercializing the technology and has recently
developed a cellular loT platform called SigCell that can
perform Al-powered analysis of data on Nordic's Arm M33
processor-equipped nRF9160 SiP multimode cellular loT
product. The edge-computing solution can perform full
environmental sensing and Cloud connectivity.

"But whenit comes to practicalimplementations for the
|oT there's a big distinction between ‘big Al'and ‘small Al'.
The differenceis dictated by the complexity of the data
coming in, the number of decisions being made on this data,
and the amount of resultant data going out,” continues
Poulsen. "Because in the loT most communication with the
Cloud carries a cost and power consumption overhead, you
want to do small [simple] Allocally as much as possible and
do all the big [complex] Alin the Cloud.”

Poulsen says that where small Al comesintoits ownis for
filtering data at the edge. “If you put a sensor out there that
simply collects data you will be collecting way too much,”
he explains. “But if you put a small Al capability into that
sensor you canreduce the data down to only what you're
interested in. In my experience, thisis anywhere from1to
10 percent of what the sensor actually collects.”

Poulsen cites examples of small Al that his customers
have implemented include detecting a sheep or cow's head
position to identify sick animals; measuring the ‘greenness’
of aplant to decide whether or not it needs watering;
automatically identifying different types of weeds, and
measurement of environmental data to predict occupancy
and adjust energy usage. Signetik has even worked on
a gunshot detection system designed for high crime
inner-city neighborhoods that automatically alerts local
law enforcement. Poulsen says that city inhabitants often
don't report such incidents making the data generated by
automated systems even more crucial to law enforcement.

Data Analytics

By 2023...

loT will represent

of the entire Al
chipsets market

The global ‘Alin
embedded loT devices'
market will approach

The worldwide general
Al market will reach

at 42 per cent CAGR

The Al-driven networking
solution market is
expected to reach

and over 50 per cent of
enterprise organizations
willleverage Al technology
for networking

Source: Research And Markets
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Data Analytics

“Aland the loT go hand-in-hand because the loT
generates too much data for a human to reliably and quickly
analyze," explains Poulsen. "At present we estimate around
20 percent of our customers use Alin their loT applications,
and based on current trends we see this rising to over 50
percent within the next few years. However, we've been
working on loT applications for over 20 years — long
beforeit was calledloT.

“What's changed is the commercial viability of powerful
but low-cost sensors and LPWAN wireless technologies
as ameans to collect data from them. The latter now
includes cellular loT for long-distance LPWAN gateway-
free connectivity. And cellular 10T is by far the best LPWAN
wireless technology out there today, and the one we plan
to standardize upon moving forwards."”

AIFOR CONSTRAINED DEVICES

Another emerging use of Alinthe loT is where an advanced
Al algorithm based on a neural network performs deep
learning on particular activity such that it can be distilled

in complexity and size to suit a battery-, memory-and
processor-constrained loT edge device.

“"We helped develop a gesture-controlled wireless
headphone demo shown at this year's CES [a giant U.S.
electronics trade event] that employs ‘virtual buttons' in
the air," says Anders Hardebring, CEO and Co-Founder at
edge-Al startup, Imagimob.

The company partnered with radar technology
company, Acconeer, on the project. The system uses
Acconeer’s A111Pulsed Coherent Radar (PCR) sensor.

The A111radar sensor is optimized for high precision
millimeter-level distance ranging and physical detection
and features a small footprint and ultra-low power
consumption. Inside the headphones the A111radar sensor
is housed on a module called the XM122 loT Module (that
alsoincorporates Nordic's nRF52840 advanced Bluetooth
LE SoC) andis claimed to be the world's first radar system
that canrunona coin-cell battery.

“The goal for this project was to create alow power
embedded application that could accurately classify five
different hand gesturesin real time using radar data, with
one of the gestures being used to wake up the application,”
explains Hardebring.

"Gesture control may not seem like much, but to get to
alevel where the performance feels like it ‘always works'
requires extreme precision. This is why in this application
radar was selected.”

Hardebring explains that this level of precision also
requires alot of real time data collection and processing.
"On a pair of battery powered headphones you wouldn't
want to send this amount of data up to the Cloudin
amillion years,” he says. The solutionis to perform
the processing locally so that the data doesn't have
tobe transmitted.

“"We used anin-house developed Al neural network
algorithm to study and learn how a diverse range of people
gestured and to spot the subtle yet critical differences and
similarities,” explains Hardebring. “This resulted in a high
accuracy headphone gesturing model that we thenrun
through our company'’s flagship software.”

An unintended
consequence
of theloT

is that it
produces
more data
than we can
cope with, we
are drowning
inan ever
expanding sea
of data

Tech Check

Gesture detection
eliminates traditional
touch controls or
mechanical buttons.
Unlike video or IR sensors,
Acconeer’s pulsed
coherent radar does not
requirealensandcan
therefore be hiddeninside
theend products suchas
headphones. Interaction
is facilitated using

fine gesture motions.
Imagimob Gesture
DetectionrunsonanArm
M4 processor or similar

That'simpressive, but the really clever bit of Imagimob's
technology is that the company can take a big Almodel of
any kind and turnitinto highly-optimized software capable
of running on aresource-constrained device such as alow
power Arm Cortex M4 (the same device as the one used
inthe Acconeer module in the headphone application). For
example, while today the applicationis gesture control,
tomorrow it could be an air quality sensor powered by an
Arm M-class processor designed to invoke congestion
charging when it observes anomalous nitrogen oxide (a
component of vehicle exhaust emissions) readings.

THE HIDDEN REVOLUTION
“It's still the case that when you mention the loT or Almost
people seeit as something futuristic and revolutionary,
something that hasn'treally started yet," says Nordic's
CTO, Nielsen. "I couldn't disagree more strongly. | see the
loT and Al all around us in all kinds of applications that don't
necessarily scream out for attention so are easy to miss.
“TometheloT and Al are like standing on a giant platform
thatis slowly but steadily rising into the air such that it lifts
everything and everyone but so subtly nobody notices.
Nielsen cites many examples, including speech and
voice recognition, digital assistants, healthcare, logistics,
transportation, utility metering, retail payments, lighting,

industrial automation, sports and fitness, toys and gaming,
VR and AR and automotive. “It's all being transformed

by theloT and Alright now,” he says. Nielsen notes the
example of his home city of Oslo—which was voted
European Green Capital for 2019—that has smart garbage
cans. These have sensors that can automatically detect
when the binis full which eliminates unnecessary visits
from garbage trucks while optimizing collection routes so
fewer kilometers are driven. The bins are emptied much
more quickly when they are full too. “This cuts collections
costs, cuts pollution, cuts the unpleasant smell and litter
caused by over-full bins," notes Nielsen.

A further example of where the loT and Al might soon go
comes courtesy of trade magazine, EE Times Asia, which
recently reported how a Taiwanese startup, OmniEyes,
is applying a combination of computer vision and Al to
the usually discarded footage collected from consumer
dashboard cameras to automatically detect incidents of
dangerous driving. Such information could be a boon for
insurance companies which could then encourage safe
drivers and punishrisky ones.

THIS IS ONLY THE START
“Allwe're hearing is data, data, data,” said Steve
McLaughlin, Dean of U.S. Georgia Tech's College of

Tech Check

The Signetik SigCell
platformuses the
NordicnRF9160 SiP’s
64MHz Arm Cortex-M33
processor supported by
1MB of Flash and 256KB of
RAMmemory to perform
sensor data acquisition,
edge computing and basic
Aldataanalysis

Data Analytics

Types of Al

Alis a comprehensive academic research area full of scientific
terms for various features and functions. However, today there
are three broad categories of Al (and even the most advanced
of theseis considered only the simplest form of what Al could
one day become). All use software algorithms to identify
patternsin data.

‘Simple Al'is programmed completely by humans and has
nointelligence of its own. Itsintelligence comes solely fromits
human programmers who tellit exactly what tolook forina given
set of data, and what to doiif it finds it. Even the format in which
the datais presented to the Al cannot change. This is the Al, for
example, that makes boxes go redif you fail to fillin a ‘mandatory’
field withinan online form.

‘Feature-based machinelearning'is the next stepup and
although again has to be programmed by humans to be directed
what to look forina given set of data (called feature generation),
once programmedit can furtherimproveits pattern detection
accuracy and speed by a process of trial and error. This type of Al
powers ‘based on your viewing history you might like’ predictions
that are common to many modern TV streaming platforms.

‘Deep Learning'is the domain of neural networks and removes
any of the manual feature generation work that's requiredin the
creation of the machine learning Al's described above. This time
the Alis just left toits own devices to learn what data patterns
it needs tolook for in order to correctly identify or performa
certain task. Thisis the Alused to develop the Imagimob
gesturerecognition usedin the ‘virtual' button headphones
describedin this article.

Engineering, inan IEEE Spectrum article. "Every company
inevery sector is essentially telling us, ‘we're not an energy
company, we're a data company now', ‘we're no longer
logistics [or] an automaker — we're a data firm'. That's
what's taking up every bit of oxygen."”

Every signto the futureis pointing the same way: The
loT is going to be the biggest source of data and it will
generate mountains and mountains of it. For example, a
recent forecast from International Data Corporation (IDC)
estimated there will be 41.6 billion connected |oT devices,
generating 79.4 zettabytes (ZB) of data by 2025. The
industrial (and automotive) category will see the fastest
data growth rates over the forecast period witha CAGR
of 60 percent. Alis probably our only hope of making
meaningful sense of it all.

Whether we one day add the 'loT' or ‘Al' revolutions to
the industrial and computing ones remains to be seen. But
theloT and Al are such a natural fit that the Al of Thingsis
already forming. Andit's equally possible that the loT, Al
and big data may only be a part of a bigger technological
revolution that's already happening and also making use
of parallel technical advances in fields such as robotics,
communications and genetics.

However this revolution develops, exciting—andin equal
measure challenging—times are ahead.
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Feature: Smart Metering

Get Smart

Cellular loT and Bluetooth LE wireless tech are
together bringing precision to energy management

he cost of electricity in the U.S. has risen more than

50 percentinthelast 30 years, while household

income has not. According to Statista, household

income has barely managed 15 percent growthin
the same period, and on the graph of power prices versus
wage growth, the two lines have been diverging for most of
our lifetimes. They continue to do so.

In the hierarchy of unwelcome bills, behind housing and
transportation, utility bills are the next biggest drain on
household funds, surpassing groceries, insurance and
even healthcare. The reason for spiraling power costs
are complex. Finite natural resources, vast wastage
throughout the supply chain and demand all play a part,
but can therollout of smart meters—that according to
Navigant Research will be installed in six out of ten houses
by 2028—turnthe tide on our energy use and its drain on
the family budget?

AN OLD NEW TECH
Smart meters aren't new.In 1972 a Boeing engineer
developed a sensor monitoring system using digital
transmission that offered meter reading capabilities.
This was the forerunner to today's devices that provide
intelligent, wirelessly enabled measurement and control of
electricity, gas and water use. In comparison, their analog
predecessors dumbly measured data for a meter reader to
recordin person by attending onsite.

Demand for smart meters initially advanced faster
than the technology itself, with governments scrambling
tolegislate for introduction before the technology had
matured. Early connectivity solutions such as PLC and
M BUS had their limitations, but now we are at a tipping

The OneMeter
Beaconisa
commercial device
that provides
companies withthe
ability to monitor
and manage their
energy usage data
inrealtime

point. Cellular loT—a LPWAN technology supported by
two versions, LTE-M and NB-loT—now presents an
ideal solution for meter connectivity to the Cloud, while
Bluetooth LE offers a consumer friendly, smartphone
compatible link between the homeowner and their
power consumption data.

"“For Cloud connectivity from the meter to the utility,
cellularloT is the best solution because it brings simplicity,
security, and speeds up therollout," says Lorenzo Amicucci,
aBusiness Development Manager with wireless chipmaker
Nordic Semiconductor. "Alot of companies have been trying
to find proprietary solutions to connect meters, but with
cellular you have a solution backed by alot of companies so
it's afuture proofed and standardized tech.

"Bluetooth LE is useful for installation and commissioning,
and of course if the user wants to connect to the meter,
every smartphone hasit built in. In some markets there are
prepaid meters and Bluetooth LE could be used to recharge
the meter, or you can useit to connect the meter to other
sensors or switches. Bluetooth LE is getting more popular
for smart metering for the humaninteraction element.”

DRIVING ADOPTION

Wireless solutions that provide a simple and manageable
means for utility companies and their customers to access
and action their power consumption dataisintheory a
‘win-win' for both parties, but it is not yet a marriage of
equals, and the power companies are the ones driving
smart meter adoption.

Utilities want connected meters because they want to be
able to accurately bill their customers, they want to know
in ‘real time’ how much each household is using and that
consumers are paying for their energy rather than stealing
it. The data can also be used to perform advanced analysis
and demand response modeling to ensure the gridis

performing to its peak and optimized for full profit potential.

What power companies care less about is that customers
have access to the same data. “It's governments that want
utilities to share the data with their users, not the utilities
themselves," says Amicucci.

While the profit motive makes power companies
unconcerned about providing their customers with the
tools to moderate their energy use, or schedule it around
offpeak pricing, the benefits for the customer are obvious.
“Sharing the data with the consumer gives them a choice,”
explains Amicucci. "It enables them to decide when's it's

the best time to charge the car or use the washing machine.

Consumers can now connect to the meter and know how
much power they are using every minute.
"'Giving consumers the power to manage their own

Tech Check

Gurux, employing
Nordic's nRF9160 SiP,
has produced an open-
source proof-of-concept
(PoC) smart electricity
meter for cellular loT
smart meter reading. The
PoCis designed for use
with a DLMS meter and
comprises: A cable that
connects thenRF9160 DK
to the meter (via optical
probe or direct serial
port connection); the
nRF9160 DK programmed
witha Gurux MQTT
Bridge example;anMQTT
Broker, and the client
applicationbasedon
GXDLMS Director. (See
WQlssue 3,2019,pg26.)

energy consumption can be good for the utility companies
too. In aperiod of peak demand, if everybody turns
everything on at the same time the electricity company
has a problem. But if consumers have the ability to respond
to their own usage based on live pricing some will back
away when the cost surges at times of high demand, and
the grid will perform better as a whole."

Smart metering inits true sense—beyond ‘basic’
connectivity to data collection, analysis and ‘live’
feedback—is stilla developing sector, but there are
solutions serving both utilities and their customers that
are already delivering on this promise. In 2018, Polish lloT
startup, OneMeter, launchedits OneMeter Beacon, a device
that allows users to monitor and manage their real time
energy usage. Originally designed for use inindustrial and
commercial environments, the solution is now available
for the domestic market. It works by simply plugging the
devicein to an existing electronic electricity meter via
an optical portinterface - enabling the beacon to receive
energy usage data from the meter using the IEC 62056-21/
IEC 1107 protocol.

Onceinstalled, the beaconis paired to a smartphone or
tablet using Nordic Bluetooth LE wireless connectivity
and allows the user to review the data including active and
reactive energy consumption parameters, as well as daily,
weekly, and monthly energy usage charts. Companies
can performaccurate energy usage cost estimation and
avoid penalties for exceeding contracted power by defining

Giving
consumers
the power to
manage their
own energy
consumption
canbe good
for the utility
companies too

power parameter alerts. Certified measurement data can
also be shared with energy vendors enabling invoices to be
settled based on actual usage instead of forecasts.

ONLY THE BEGINNING

The next step for smart meters, Amicucci believes, will be
for them to move beyond standalone devices, to part of the
broader smart home ecosystem. In Norway, for example,
you can already buy a device that attaches to a smart
meter that can connect over the Internet to an electric
vehicle charger, and in turn make smart decisions about the
most economical time to charge the car.

"How we connect the smart meter to other objectsinthe
house and for what benefitis the next step,” says Amicucci.
"The key questionis which protocol will be used. The
market for the protocol that's chosen willbe huge.”

By the Numbers

The global smart meter total will rise
from 665 million in 2017 to more than

1.2 billion

by the end of 2024

Source: Wood Mackenzie
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PitPat

This Bluetooth LE wearable canine
activity tracker monitors pet exercise
data to help keep dogs fit and healthy

According to analyst Research and Markets,
connected wearables have entered a strong growth
phase that will see shipments grow from 116 million
unitsin 2018, to 238 million units by 2023. Fitness
and activity trackers currently account for more
than 50 percent of these shipments, and with an
estimated 900 million dogs on the planet, the non-
human wearable market has large potential

weugeysu 4axd02Adwniayi®

PitPat weighs only

15 g and easily
attachestoadog's
collar. A three-axis
accelerometer tracks
the dog's motion
throughout the day,
and proprietary
algorithms interpret
this data toidentify
five specific activity
states—walking,
running, playing,
pottering and
resting—and how
long the dog spendsin
each state

PitPat employs Nordic's
nRF52810 Bluetooth

LE multiprotocol SoC
toprovide low latency
wireless connectivity
between the device
andthe dog owner's
smartphone. The SoC
hasthe lowest power
consumption and smallest
size (2.482by 2.464 mm
for the CSP package)in
Nordic's nRF52 Series,
and brings the 2Mbps
higher throughput and
improved coexistence
benefits of Bluetooth 5
to cost sensitive, high
volume applications



https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52810
https://www.guinnessworldrecords.com/world-records/futhest-distance-tracked-by-a-lost-dog/
https://www.nordicsemi.com/News/2019/12/The-PitPat-tracker-monitors-pet-exercise-data-with-Nordic-s-nRF52810
https://www.youtube.com/embed/4r54BSnhGTs
https://www.nordicsemi.com/Applications/Wearables
https://www.youtube.com/embed/XPluctLY8Y4
https://www.youtube.com/embed/XPluctLY8Y4

Smart Agriculture

but to manually monitor, protect and care for their

herds as best they could using limited resources. It's
atough job, especially for those at the smaller end of the
commercial farming scale. Thankfully, emerging tech can
help reduce the heavy workload and eliminate the reliance
on sporadic observations and imperfect recollections of
each animal's unique behavior patterns.

Horse owners, for example, can now take advantage of
the benefits of a wireless herd tracking solution like Farm
Jenny for Horses, a new animal wearable and connected
equine monitoring platform. Developed by Pittsburgh-
based agricultural technology company, Farm Jenny, the
solutionis designed to help horse owners keep a closer
eye on the various activities and behaviors indicative of
ahorse's overall health status and potential medical
issues. The user tracks this information from either a web
based dashboard or the Farm Jenny iOS or Android app on
their smartphone or tablet.

“Farm Jenny for Horses provides farmers with freedom
and peace of mind by bringing the power of machine
learning to small farms,” says Rob Crouthamel, Co-
founder and COO, Farm Jenny. "“Our solution addresses the
everyday worries of horse owners such as a horse being
outin bad weather and the number one horse emergency,
colic.” (Colicis a generic term referring to a combination of
symptoms of often fatal abdominal problemsin ahorse.)

The sensor based platformrecords animal activity levels
including walking, lying down, rolling, grazing or running,
as well as changes over the past day, week or month. This
behavioral data can be used to assess potential signs of
illness or injury. In addition, the device's built-in sensors
record temperature, humidity and atmospheric pressure,
which helps determine the horse's comfort and provides
context for evaluating animal behavior. Farm Jenny for
Horses also tracks the animal's location, allowing the
owner to follow its positionin relation to facilities, food and
water, as well as other horses in the herd. As Crouthamel
explains: “A horse lying down and rolling in a grassy field
on asunny spring day is very different to onerolling in the
mud on a[very cold] night.”

Remotely tracking each horse's health and locationis a
key benefit of Farm Jenny for Horses. "'Since horse owners
can't be with their horses 24/7,Farm Jenny provides all of
theinformation they needin one place,” Crouthamel says.

F or centuries farmers and ranchers had no option

Multiprotocol connectivity
Farm Jenny for Horses employs a network of wearable
sensors, solar powered field receivers, beacons and
a gateway, which all communicate through Nordic's
advanced concurrent Bluetooth LE and Thread short
range wireless connectivity solutions.

In operation, the nRF52832 SoC-powered wearable is

-

Need to Know

FarmJenny employs LTE-M
andNB-loT technology in
its gateway product, which
performsasa Thread-
to-cellularrouter. LTE-M
andNB-IoT provide the
FarmJenny for Horses
platform with “improved
rural coverage andsignal
penetration,” enabling

the company to offer afull
end-to-end solution for
its customers withasingle
‘softwareasaservice'
subscription thatincludes
data connectivity

Multiprotocol equine monitoring solution
helps farmers monitor horses’ health

Using concurrent Bluetooth LE and Thread wireless connectivity, the Farm Jenny for
Horses platform allows horse owners to track the location and wellbeing of animals

fitted in a pouch to the horse's existing halter or bridle,
orinacustomheadband. The SoC also powers beacons
which provide pinpoint locationin key areas of interest,
such asindividual stalls or food and water sources.

The Farm Jenny Field Receiver, one of the world's first
‘Built on Thread' certified devices, uses a Thread-powered
wireless mesh network providing farmwide wireless
connectivity. Both the field receivers and the gateway
employ Nordic's nRF52840 advanced multiprotocol
SoC, with aDynamic Multiprotocol feature that uniquely
supports concurrent Bluetooth LE/Thread connectivity.

The wearable canrelay the sensor data directly to the
gateway if the horseisinabarn; to the Cloud via the
companion app on a smartphone or tablet if the horse
isintransit, on a trail or at a show; and to any nearby
solar powered field receiver if the horseis in a pasture.
Inturn, the field receiver relays the data to a central
gateway that then forwards the data via LTE-M or NB-loT
cellular connectivity to the Cloud for review. In all cases,
Bluetooth LE connectivity is used for the ‘first hop' of data
from the animal's wearable sensor. "At any time, on or off
the farm, an animal sensor with data to send can expect to
find a device capable of relaying the information to Farm
Jenny's servers,” Crouthamel says.

The open standard Thread protocolis the “backbone" of
the on-farm network. “We wanted an IP-based solution

Since horse owners can't be with their
horses 24/7,Farm Jenny provides all of the
information they need in one place

which allowed us to deploy new devices and features to
existing customers without needing to update fielded
infrastructure every time,” says Crouthamel.

To this end, Nordic's multiprotocol low power solutions
have proved critical. "We selected the nRF52840 for the
field receiver becauseitis one of the few devices that can
handle Bluetooth LE and Thread concurrently with a single
radio, meaning lower power consumption, lower cost
and far fewer regulatory compliance headaches than a
multiradio design," explains Crouthamel.

Farm Jenny for Horses provides around-the-clock
monitoring anywhere on the farm without the need
for rechargeable batteries. The scalable solution uses
an: “opportunistic communications system designed
to maximize battery run time of the animal sensor,” he
says. "For the wearable, the SoC's generous memory
and processing capability allows us to do more behavior
processing on the animal, so we save power by not
transmitting as often when everything is okay.”

The company is full of praise for Nordic's support and
development toolsincluding the nRF5 SDK. “Nordic's
Bluetooth LE SDKs are unmatchedin the industry,”
Crouthamel says. "And we know we'll get help promptly
when we get stuck. We also know that Nordic will always
be at the forefront of low power wireless, providing us
months ... of schedule advantage over our competitors.”
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Partnering with Nordic

Building programmable
robots for educators

Supported by Nordic's
development tools,
Sphero created the RVR
smart robot

Inthe fledgling smart toy sector,
Boulder, CA-based Sphero has
developed a programmable and
expandable robot that's suitable

for beginner to advanced coders,
STEAM educators and students,
makers, hackers and hobbyists alike.
The sensor-packed device s called
Sphero RVR andit's designed to be
customized for a wide array of unique
user-coded applications, froma
home security sentry toan
environmental sensor.

But wellbefore Sphero RVR made
it to market, the unique software
architecture of Nordic's nRF52 Series
helped Sphero add key capabilities to
therobot such as enabling users to
wirelessly code RVR from the Sphero
Edu app hosted onasmartphone

Robots bring code
to life and can help
support themes and
topics that are currently
being taught in the
classroom

or tablet. The nRF52832 SoC at the
heart of the robot runs Nordic's S132
SoftDevice, a proven Bluetooth
5.1-qualified RF software protocol
stack for building advanced Bluetooth
LE applications. Nordic's unique
software architecture maintains a
clear separation between this stack
and the customer's application code,
ensuring it can't be corrupted during
the development process. Such

an arrangement significantly

eases engineering, compressing
project schedules.

Key to taking advantage of the
software architectureis Nordic's
nRF5 SDK. “All of our robots run
specialized application code written
by our team of firmware engineers,
and we heavily leveraged the Nordic
SDK to speed up that work," says
Jeff Wiencrot, Director of Firmware
& Hardware at Sphero. According to
Wiencrot, the availability of Nordic's

S132 SoftDevice and SDK was a
“major factor in our decision to select
Nordic,” with both features proving
“extremely powerful and easy to
work with for developers.

Together with the development
tools, Sphero's design process was
helped by Nordic's close involvement
during each stage.

“We appreciated Nordic's
dedicated, knowledgeable
engineering and sales groups. The
company's reps are amazingly quick
torespondto our questions and the
documentation and support pages
provided are extremely useful,”
adds Wiencrot.

“Nordicis afantastic company to
work with and anideal partner for a
company like Sphero.”

Bringing code to life
How does Sphero assess the future
prospects for the development of the
smart toy market in generaland the
education sector in particular?
“Educators arelooking for ways to
teach the ‘Four Cs’ of critical thinking,
collaboration, communication and
creativity,” explains Wiencrot.
“They're seeing the value of
robotics, as students work in teams
to creatively solve problems and
demonstrate these solutions through
therobot itself. More than any
computer program, robots bring code
tolife and can help support themes
and topics that are currently being
taught in the classroom.
“We'll start to see this emerge
as companies like Sphero create
curriculums that can be usedin
traditional classrooms to support
teachersinintegrating robotics
and coding.”
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Anin-depthlook at Nordic's wireless loT solutions

Nordic Semiconductor haslaunched the
nRF21540 RF Front End Module (FEM),
the company's first power amplifier/
low noise amplifier (PA/LNA) product
developed to complement thenRF52 and
nRF53 Series multiprotocol SoCs.

The RF FEM's PA offers a highly adjustable
TX power boost up to +21 dBm, with
the LNA providing +13 dBRX gain. The
LNA's low noise figure (NF) of only 2.5 dB
also ensuresincreased RX sensitivity
for Nordic's Bluetooth 5/Bluetooth LE,
Thread, Zigbee and 2.4 GHz RF low power
wireless solutions. When combined with
annRF52840 SoCrunning Bluetooth LE at 1
Mbps, for example, the nRF21540 improves

Nordic unveils nRF21540
‘plug and play’ range extender

the RX sensitivity by 5 dBm. Coupled with
theincreased output power, the connection
link budgetisraised by 18 dBm. For other
devices with less than +8 dBm TX power
on-chip, theimprovements are evenlarger.

Theresulting increase in connectionlink
budget offers significantly longer range and
helpslower the number of retransmissions
due to corrupt packages. ThenRF21540
isavaluable addition for all applications
that mayrequire increasedrange or robust
coverage. Some example applications
are asset tracking, audio, smart home or
industrial use cases.

ThenRF21540is a ‘plug and play’
complementary device when used with

Nordic's short-range wireless SoCs. The
nRF21540 connects to the SoC's antenna
output and features two additional
antennaports to enable antenna diversity
features. The device's gain control, antenna
switching and power modes are controlled
via GPIO or SPlor a combination of both.

While the device can be used with other
radios, the ease of use with Nordic SoCsis
further enhanced as driver support will
berolled out as part of futurereleases of
Nordic's nRE5 SDK, nRF5 SDK for Thread
and Zighee, and thenRF Connect SDK.

Nordic Semiconductor's nRF9160 SiP
cellular IoT solution has been used by
UK .-based consultancy, 42 Technology,
tosuccessfully demonstrate what the
company claimsis the world's first Rust
programminglanguage application for a
single-chiploT device.

"Our aimisto help eliminate the
security vulnerabilities that too many
people have seen, for example, with low cost
home security cameras, smart hubs and
medical equipment such asinsulin pumps,”
says 42 Technology Senior Consultant,
Jonathan Pallant.

"The ability torun Rust inIoT applications
could accelerate the development of much
morerobust and secure low
cost, low powered cellular
[oT products and systems,”
continues Pallant. "And
[the technology could] play
acriticalroleinunlocking
significant new markets for
smartindustrial and consumer
products where security
remains amajor concern.”

-

Programming language could
eliminate loT device vulnerabilities

42 Technology says the Nordic
nRF9160 SiP's ARMv8-M processor
architecture's TrustZone security features
are particularly exciting. The features enable
applications and associated services to
operate securely, protected from hacking,
misuse and corruption.

Inrecent field trials conducted in the UK,
42 Technology saysits Rust application
made secure encrypted connections to
Amazon Cloud computing services viaan
early LTE-M (cellular IoT) network being
rolled out by network operator, 02. The
applicationisalso said to support NB-IoT
whichis currently being launched in the UK.
by Vodafone and other operators.

Industrial IoT

Panasonic module
for lloT use cases

PanasonicIndustry, a
leading multinational
industrial solutions
company, hasreleased
the PAN1780 module based on Nordic's
nRF52840 Bluetooth 5.2/Bluetooth LE SoC.
ThenRF52840's Bluetooth LE protocol stack
incorporates Long Range functionality and
increased throughput (2Mbps). Bluetooth
Channel Selection Algorithm (CSA#2)
enhances themodule'simmunity to 2.4
GHzinterference making the product
usefulin challenging RF environments.
The Nordic SoC's 64 MHz, 32-bit Arm
Cortex M4 processor with floating point
unit (FPU) ensures the module can support
themost complexIoT applications.
Panasonichas developed a demonstrator
for the PAN1780, consisting of a sensor unit
measuring temperature, air pressure and
humidity data, that transmitsit to a second
unit that displays the data. Both units are
based on the PAN1780 evaluation board,
allowing developers to easily build, test and
debug product prototypes.

What's new in Bluetooth 5.2

Bluetooth 5.2 enhances the short range wireless standard by introducing LE
Isochronous Channels to support LE Audio. But that's only the start

hile LE Audio took much of therecent fanfare
; ’ \ ; (see pgl4) the Bluetooth SIG simultaneously

adopted arevised Bluetooth Core Specification,
version 5.2. The changesbrought by therevised
specification will be needed to support the new form of
Bluetooth audio onceits full specification is launched. But
the addition of LE Isochronous Channelsrequired for new
use cases such as audio sharingisnot the only significant
enhancement that comes with Bluetooth 5.2. Other new
featuresinclude an Enhanced Attribute Protocol (EATT)
and LE Power Control. Here's an overview.

LEIsochronous Channels
LEIsochronous Channels' functionality isimportant for
LE Audio becauseit allows the communication of time-
bound data to one or more devices for time-synchronized
processing. The technology extends audio applications
becauseit canbeused over connections or broadcast to
multiple devicesin a connectionless topology.

The existing Bluetooth audio profile, Advanced Audio
Distribution Profile (A2DP), defines how Bluetooth
can beused for high quality audio applications, such
as streaming music from a smartphone to a set of
Bluetooth headphones. The drawback of A2DP is the
topologies it can support—which define the permitted
relationships between audio ‘'sources’ (playback devices
like smartphones) and 'sinks’ (devices like speakers
whichrender audio)—arelimited to one or more point-to-
point pairs. Thereisno way to ensure multiple sinks play
their audio stream such that the musicis synchronized
acrossaseries of associated devices. In practice this
means Bluetooth audio devices using AD2P arelimited to
operating when connected to only one other device.

LEIsochronous Channels addresses this drawback by
providing amechanism that makes sure that multiple
sink devices (for example left andright ‘earbuds’)
receiving datafrom the same source, reproduceit at
precisely the same time. Data has a time-limited validity
period, at the end of which it expires. Expired data
which hasnot yet been transmittedis discarded. These
mechanisms ensure sinks only receive data adhering to
rulesregarding age and latency:.

Enhanced Attribute Protocol

Bluetooth 5.2 introduces EATT (along with some
associated improvements to the Generic Attribute Profile
(GATT)). The key benefit of EATT is support for concurrent
transactions. Thisis achieved by interleaving Logical
Link Control & Adaptation Protocol (L2CAP) packets
relating to Attribute Protocol (ATT) packets from different
applications and allows the ATT Maximum Transmission
Unit (MTU) to be changed during a connection. The
resultisabetter experience when using devices where
there are multiple applications using the Bluetooth LE
stack simultaneously; the improvement comes through
reducing instances where one application's use of the
stack temporarily blocks another. The improvement is

Bluetooth 5.2 brings Bluetooth LE stack changes including an Enhanced Attribute
Protocol (EATT),improvements to the Generic Attribute Profile (GATT) and Logical Link
Control & Adaptation Protocol (L2CAP) Enhanced Credit Based Flow Control Mode

areductioninlatency of one or more of the applications
andbetter responsiveness. A further advantage of EATT
compared with ATT is that it can only be used over an
encrypted connection andis therefore inherently secure.
In support of EATT, therevised Core Specification
defines anew L2CAP mode called Enhanced Credit
Based Flow Control Mode. As the name suggests, this
mode provides flow control and so allows applications to
regard the protocol asreliable.

LE Power Control

The third significant addition of Bluetooth 5.2isLE
Power Control. The functionality makes it possible to
extendbatterylife through dynamic optimization of
radio transmission power. Bluetooth LE receivers can
now monitor signal strength and request transmission
power level changesin connected devices, typically to
maintain the best trade-off between signalintegrity
and power consumption. Thisis animportant addition
becausereceivers encountering particularly high signal
levels may become saturated causing communication to
fail. Conversely, when thereceiver signal strength is too
low, the error rate increases -impacting throughput and
eventually leading to failure.

LE Power Control allows the Bluetooth controller to
monitor pathloss changes to the Bluetooth host using
the concept of 'zones' Finally, there are enhancements
relating to coexistence with other wireless devices
close by using the 2.4 GHz frequency range. (For more
information see Bluetooth Core Specification Version 5.2
Feature Overview available from Bluetooth.com.)

LE
Isochronous
Channels
needed for
new use cases
suchas audio
sharingis

not the only
significant
enhancement
that comes
with Bluetooth
52

Tech Check

Allof Nordic's nRF52
andnRF53 Series
SoCsare capable

of allBluetooth 5.2
featuresincluding the
nRF5340 shown here.
The SoCis capable of all
advancedBluetooth LE
featuresincluding high
throughput, Long Range,
advertising extensions,
enhanced channel
selection algorithmand
Direction Finding
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Inside the nRF9160

connecting loT sensors directly to the Cloud. It

isalso anoption for connectinglocalnetworks
poweredby short range wireless tech such as Bluetooth
LE, Thread or Zigbee, to the Cloud through a gateway.

Key advantages of the cellular IoT technologies
LTE-M andNB-IoT are that they are supported by an
open standard, operatein alicensed portion of the RF
spectrum, leverage existing infrastructure and have
coexistence mechanisms that enable scaling to high-
node counts per base station.

Nordic Semiconductor'snRF9160, alow power SiP with
integrated LTE-M/NB-IoT modem and GPS, hasbeen
engineered for energy-efficiency and security whilst
simultaneously bringing advanced applications to the IoT.
ThenRF9160 hasbeen in volume production for almost
ayear having successfully passed major certifications
inmany of the LTE bands with more planned. To date,
thenRF91601is qualified by Verizon, Vodafone, Deutsche
Telekom, GCF, PTCRB, FCC (U.S.), CE (E.U.), ISED (Canada),
ACMA (Australia & New Zealand), TELEC/RA (Japan), NCC
(Taiwan) and IMDA (Singapore).

Targeting asset tracking applications, the nRF9160
SiP combineslocation data from the cellular network
with GPS satellite trilateration for precisionremote
monitoring of its position.

C ellular technology promises a solution for

SiP architecture

ThenRF9160 comprises a dedicated application processor
and memory, multimode LTE-M/NB-IoT modem

with integrated RF front end (RFFE), GPS plus power
managementinacompact10by16 byl mm package.
Through highintegration and precertification for global
operation, the SiP solves the complex wireless design
challenges arising when employing cellular technology
requiring just an external battery, SIM, antenna and
sensors. ThenRF9160 supports global operation with
asingle variant thanks to the combination of Nordic's
multimode LTE-M/NB-IoT modem, SAW-less transceiver,
and RFFE. The SiP is the first cellular [oT solution
toincorporatea 64 MHz Arm Cortex M33 CPU core
supported by 1 MB of Flash and 256 KB of RAM onboard
memory. The module incorporates Arm TrustZone (see
WQ Issue 3, 2019 pg25) and Arm CryptoCell (see WQ Issue
4, 2019 pg26) security for Internet-level encryption and
application protection.

LTE-M/NB-IoT modem

ThenRF9160 LTE modem integrates RFFE, radio and
baseband. The modem offers 700-to-2200 MHz LTE band
support and 23 dBm output. LTE-M throughput is (UL/
DL) 300/375kbps while NB-IoT throughput is 30/60 kbps.
RX sensitivity is -108 dBm for LTE-M and -114 dBm for
NB-IoT. The modem supports half-duplex FDD operation,
eDRX and PSM power saving, coverage enhancement
modes, SMS, single-pin 50 Q antennainterface and a UICC
interface. The LTE stack layers L1-L3,IPv4/IPv6, TCP/

-

Nordic's LTE-M/NB-IoT cellular IoT solution brings robust and secure
cellular connectivity to everything beyond the smartphone

Through high integration and precertification for global operation, the nRF9160
solves the complex wireless design challenges arising when employing cellular
technology requiring just an external battery, SIM, antenna and sensors

UDPand TLS/DTLS form part of the modem firmware.
The application processor communicates with the LTE
modem through a BSD secure sockets APland contains
the application layer protocol, for example CoAP, MQTT or
LWM?2M and the application layer itself.

ThenRF9160 LTE modem supports both SIM and eSIM,
plug-in or soldered. It provides power and handles all
communication automatically.

Development tools

Nordic's strategy for cellular IoT mirrors that for its short
range wireless products and that is to makeits solutions
easily accessible, easy-to-use and well supported.
Cellular is one of the most intricate wireless technologies,
but Nordic's development tools shield the designer from
its complexity and allow them to focus on the application.

Software development for the nRF9160 SiP starts with
thenRF Connect SDK, a software development kit which
includes everything needed for a designer to get started
on a cellular IoT prototype project. The SDK also includes
tools for more advanced designincluding the Zephyr
RTOS, applicationlayer protocols such as CoAP, MQTT
and LWM2M, and application examples covering a
widerange of use cases.

The SDK alsoincludes software for secure boot, and
secure firmware over-the-air (OTA) device updates for
both application and cellular modem firmware.

ThenRF9160 SiP's tool suiteis completed with an
affordable, precertified single board development Kit,
thenRF9160 DK, easing development with LTE-M, NB-
loT and GPS. TheDK has a dedicated LTE-M and NB-IoT
antenna supporting a widerange of bands and global
operation. The DK also includes annRF52840 advanced
multiprotocol SoC enabling the DK to form the basis of a
design for a Bluetooth LE to cellular IoT gateway.

Development canbe accelerated by designing with the
Nordic Thingy:91 cellular [oT prototyping platform. The
Thingy:9listheideal platform for rapidly developing a
prototype for cellular [oT and comes with an eSIM card
fromiBasis, preloaded with 10 MB of data allowance.

Nordic's
strategy for
cellular loT
istomake
its solutions
accessible,
easy-to-
use and well
supported

Tech Check

Nordic’s Thingy:91
cellular loT prototyping
platformincorporates
annRF9160 SiP and
annRF52840 board
controller, supporting
Bluetooth LE and
NFC. Source code for
firmware, hardware
layout and schematics
for Thingy:91areall
available from Nordic
for free
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NFC [ J [ [ [ J
&' | SYSTEM-ON-CHIP [ J [ [ [ ] [ J [ J [ ] [ J [ J [ ]
: SYSTEM-IN-PACKAGE [ J
CPU 64 MHz Arm Cortex-M33 128 MHz Arm Cortex-M33 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 64 MHz Arm Cortex-M4 16 MHz Arm Cortex-MO 16 MHz Arm Cortex-MO 16 MHz Arm Cortex-MO
s +64 MHz Arm Cortex-M33
Wi rpu D D D D °
Y | DSPINSTRUCTION SET [J ° ° ° o ® ® ®
Q| cache ° D ° ° D
g MEMORY 1MBFlash, 1MBFlash,512kBRAM 1MBFlash, 512kBFlash, 512kB or 256 kB Flash, 256 kBFlash, 192 kB Flash, 192 kB Flash, 128 kB or 256 kB Flash, 128 kB or 256 kB Flash, 256 kBFlash,
(w] 256 kBRAM +256kBFlash,64kBRAM 256 kBRAM 128 kBRAM 64 kB or 32kBRAM 32kBRAM 24kBRAM 24kBRAM 32kBor 16 kBRAM 32kB or 16 kBRAM 16 kBRAM
CLOCKS 64 MHz / 32 kHz 128 MHz / 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 64 MHz / 32 kHz 16 MHz /32 kHz 16 MHz /32 kHz 16 MHz /32 kHz
> ARM TRUSTZONE [ J [ ]
E | ARMCRYPTOCELL 310 312 310
% ROOT-OF-TRUST ® ® ®
H SECURE KEY STORAGE [ [ J
@ AES ENCRYPTION [ ] [ ] [ ] [ ] [ [ ] [ ] [ ] [ ] [ ] [ ]
LTE-M/NB-10T/GPS MODEM [ J
CERTIFIED LTE BANDS 1-5, 8,12-14,17-20,
25-26,28,66
g FREQUENCY 700-2200 MHz 2.4GHz 2.4 GHz 2.4GHz 2.4GHz 2.4 GHz 2.4GHz 2.4GHz 2.4 GHz 2.4GHz 2.4 GHz
é MAXIMUM TX POWER 23dBm 3dBm 8dBm 8dBm 4dBm 8dBm 4dBm 4dBm 4dBm 4dBm 4dBm
RX SENSITIVITY -108 dBm (LTE-M), -97.5 dBm (1Mbps) -95 dBm (1Mbps) -95 dBm (1Mbps) -96 dBm (1Mbps) -95 dBm (1Mbps) -97 dBm (1Mbps) -96 dBm (1Mbps) -90 dBm (1Mbps) -93 dBm (1Mbps) -90 dBm (1Mbps)
-114 dBm (NB-IoT)
ANTENNA INTERFACE 50 Q single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Single-ended Differential Differential Differential
HIGH SPEED SPI [ ] [ ] [ ]
TWI, SPI, UART 4xTWI/SPI/UART 4xTWI/SPI/UART 2XTWI/SPI, SPI, 2xUART 2xXTWI/SPI, SPI, 2xUART 2xXTWI/SPI, SPI,UART 2xXTWI/SPI,UART TWI/SPI, SPI, UART TWI, SPI,UART 2xXTWI/SPI,UART 2xTWI/SPI, UART 2xTWI/SPI, UART
+TWI/SPI/UART
4 ase D ®
= | uss ° ° ° °
Y Pwm 4 4 4 4 3 1 1
2| pom ° D ° ° D ° D
I&J 12S [ [ J [ J [ J [ J
ADC, COMPARATOR ADC ) [ (] () COMP ADC, COMP ADC, COMP ADC,LPCOMP ADC,LPCOMP ADC,LPCOMP
TIMER, RTC 3,2 3,2+32 5,3 5,3 5,3 4,2 3,2 3,2 3,2 3,2 3,2
TEMPERATURE SENSOR [ J [ [ [ J [ J [ J [ J [ J [ J
AGRICULTURE [ J
ASSET TRACKING [ ] [ [ ] [ ] [ ]
AUTOMATION [J [ [ [J [ [J [ [ [ J
BEACON [ [ [ ] [ J [ ] [ J [ J [ ]
CONSUMER ELECTRONICS [ ] [ J [ J [ ] [ J [ ] [ J [ J
DIRECTION FINDING [J [ J [ J [ J
wn GAMING / VR + AR [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Z | HEALTHCARE & MEDICAL [ ] [ J [ J [ ] [ ] [ J [ J
g INDUSTRIAL SYSTEMS [ [J [ J [ J [ J
S | MESHNETWORKS D ° ° D ° °
=1 | PCPERIPHERALS [ [ [J [ [J [ [
o
0. | PROFESSIONAL LIGHTING [ ] [ ] [ ]
< | sMARTBUILDINGS ° ° ° ° °
SMART CITY [ J [ ]
SMART HOME [ J [ J [ J [ J [ ] [ J [ J [ ] [ J [ J
SMART METERING [ J
SPORTS & FITNESS [ J [ ] [ J [ ] [ ] [ ] [ ] [ ]
TOYS [ J [ [ [J [ J [ [
WEARABLES o [ J [ [ J [ [ [ J [ J
CERTIFICATIONS GCF,PTCRB, CE, CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC CE,FCC
FCC, Verizon ++
OPERATING TEMPERATURE -401t085°C -401t0105°C -40t085°C -401t0105°C -40t085°C -401t0105°C -40t0 85°C -40t085°C -401t0 85°C -401t085°C -4010105°C
SUPPLY VOLTAGE RANGE 30to55V 17t055V 17t05.5V 17t05.5V 17t03.6V 17t05.5V 17t03.6V 17t03.6 V 18t03.6 V 18t03.6 V 18t03.6 V
DEVELOPMENTKITS nRF9160 DK, nRF5340 PDK nRF52840 DK nRF52833 DK nRF52 DK nRF52833 DK nRF52840 DK nRF52 DK NRF51DK, nRF51DK, NRF51DK,
Nordic Thingy:91 nRF52840 Dongle Nordic Thingy:52 nRF51Dongle nRF51Dongle nRF51Dongle
PACKAGES 10x16x1Tmm LGA 7x7 mm aQFN94 (48 GPIOs) | 7x7 mmaQFN73 (48 GPIOs), | 7x7 mmaQFN73 (42 GPIOs), 6x6 mm QFN48 (32 GPIOs), 5x5 mm QFN40 (18 GPIOs) 6x6 mm QFN48 (32 GPIOs), 6x6 mm QFN48 (32 GPIOs), 6x6 mm QFN48, 6x6 mm QFN48, 6x6 mm QFN438,
3.5x3.6 mm WLCSP94 (48 5x5 mm QFN40 (18 GPIOs), 3.0x3.2 mm WLCSP50 (32 5x5mm QFN32 (17 GPIOs), 5x5mm QFN32 (16 GPIOs), WLCSP48, WLCSP438 WLCSP48
GPIOs) 3.2x3.2mm WLCSP (42 GPIOs) 2.48x2.46 mm WLCSP33 (15 | 2.48x2.46 mm WLCSP33 (15 Thin CSP
GPIOs) GPIOs) GPIOs)

NRF52833

Description: The nRF52833is a multiprotocol
SoCwith aBluetooth Direction Finding
capableradio, qualified for operation at
anextended temperaturerange of -40to
105°C. A generous memory allocation and
dynamicmultiprotocol support ensures the
nRF52833isanideal device for commercial
andindustrial applications, including
professionallighting and asset tracking. A
1:i4RAMtoFlashratio and adjustable output
power make thenRF52833 anideal choice for
wearables or smart home applications where
robust coverageisimportant.

Hardware: The nRF52833 incorporates a 64
MHz 32-bit Arm Cortex-M4 processor with
floating point unit (FPU), DSP instruction
setand cache. The hardwareincludes 512 KB
Flashand 128 KBRAM. The SoC's 2.4 GHz radio
features +8 dBm TX power (programmable
from -20 dBmin +4 dBm steps) and -95 dBm
sensitivity (Bluetooth LE at 1 Mbps) for alink
budget of +103 dBm. Theradiois capable of

all Bluetooth Direction Finding functionality
anditslarge memory can support both
receiver and transmitter roles for Angle-
of-Arrival (AoA) and Angle-of-Departure
(AoD) applications. The SoChas anintegrated
balun with single-ended output and includes
advanced features such as Full-Speed USB
and High-Speed SPI. The SoCincludes up to
42 GPIOsand arange of analog and digital
interfaces, NFC-A, ADC, UART, SPI, TW]I,
PWM, I2S and PDM. It hasal7 to 5.5V supply
voltagerange, atwo-stage LDOregulator and
aDC-DCconverter. The SoCisavailableina7
by 7mm aQFN73 with 42 GPIOs,a5by 5mm
QFN40with18 GPIOsand a3.2by 3.2mm
WL-CSP with 42 GPIOs.

nRF

SERIES

Software: The nRF52833is a multiprotocol
wireless SoC supplied with an S113 or S140
SoftDevice. The S113isa memory-optimized
Bluetooth 5 protocol stack for peripherals and
the S140is afeature-rich Bluetooth 5 stack
thatisBluetooth 5.1 qualified. The SoC also
offersIEEE 802.15.4 support for protocols such
as Thread and Zigbee. The chip's dynamic
multiprotocol capability isan advantage
where concurrent Bluetooth LE and Bluetooth
mesh/Thread/Zighee supportisrequired.

Development Tools: The nRF52833is
supported by the nRE5 SDK, nRF5 SDK for
Mesh and nRF5 SDK for Thread & Zighee. The
SDKsprovide the examples, libraries and
driversneededto get started with Bluetooth
LE, Bluetooth mesh, 2.4GHz proprietary and
Thread or Zighee development. The nRF52833
DK isaversatile single board development kit
andis compatible with the Arduino Uno Rev3
standard, enabling the use of the compatible
NordicPower Profiler Kit and a widerange of
third party shields.
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https://www.nordicsemi.com/Products/Low-power-short-range-wireless/nRF52833
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Mesh
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Mesh
https://www.nordicsemi.com/Software-and-tools/Software/nRF5-SDK-for-Thread-and-Zigbee
https://www.nordicsemi.com/Software-and-tools/Development-Kits/nRF52833-DK
https://www.nordicsemi.com/Software-and-tools/Development-Kits/nRF52833-DK
https://www.nordicsemi.com/Software-and-tools/Development-Kits/Power-Profiler-Kit



