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Biologically-inspired reliable network
design

* Incorporating reliability into
network design is hard
— Main challenge is how to balance
between cost-efficiency and
reliability
* |tturns out, certain species of
moulds and fungi have come
up with time-tested solutions
of a similar network design
problem
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NDN for resource-constrained loT

* Named-data networking is a promising paradigm for loT
— Current end-to-end approach is wasteful and unnecessary
— loT applications are primarily interested in obtaining data regardless of

origin
 However, NDN is not L J P —
O ri gi n a l ly d eS i g n ed fo r INDIVIDUAL APPS COMMUNICATE‘

resource-constra I ed I IP PACKET EVERY NODE XNAMED DATA CHUNK
loT devices

INDIVIDUAL LINKS
ANY COMMUNICATION MEDIA
THAT CAN PROVIDE BEST
EFFORT DELIVERY.




loT applications

e SMmart Health

« Design of 10T solutions for unobtrusive monitoring of health

e Smart Education

« Design of loT solutions for measuring classroom environment and
student interactions for improving learning experience

s Smart Landscape

« Design of smart objects embedded in outdoor landscapes for
various applications




Graceful Ageing In-Place:
Leveraging Technologies for
Holistic and Personalized Care



We live in an ageing society
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Stay in close contact with the
friends & loved ones

- -

Be free to pursue whatever
L5  they want




A typical elderly monitoring system (EMS)
Legend

GW Gateway

How It Works

PIR detects no motion for T hrs

Alert is triggered to caregiver(s)




Reactive care & response

Emergenc
nergency Alerts
Situations
A
A ‘e
Panic Prolonged Community
Button Inactivity Caregivers

SMU-TCS iCity Lab

Response & Care

Caregivers, volunteers
and/or healthcare
professionals




From reactive to pre-emptive care

Door Contact

Living Room

Bedroom

Kitchen

Bathroom

door contact tells if the
elderly has gone out

Patterns of Daily Living

12
am

motion sensor provides data on
movement in different parts of flat



From reactive to pre-emptive care

Patterns of Daily Living

duration and timing that elderly goes out

\

Empty_Flat Empty_Flat

Flat Status ||
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duration and timing
that elderly sleeps

bathroom visits



From reactive to pre-emptive care

Anomalies in Daily Living Patterns

Door Contact II I |
- tingRoom || | | TR AL FONRAT A | v | I
Bedroom
aenen || bl Il | HEE 1 I I

Bathroom

Sleep Pattern

10 11 12 1 2 3 4 5 6 7 8 9 10 1
pm

signs of potential nocturia due to
frequent bathroom visits at night



Sensor data can predict loneliness*

Fa siaus | | Cewwes 0 ewyes | lemwes [ cwyes | away durations
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am pm

Away durations can predict the loneliness of the elderly: longer away

durations mean elderly is less lonely

*Loneliness is assessed through a survey administered within 2 months of sensor observations



“Technology is at its best when it is
invisible”*

Elderly prefers technology that is GIGAOM | Getour newsletter

Unobtrusive Technology conundrum: How to help
seniors.age in place without creeping

théem out
Passive

The big conundrum for these vendors is providing technology that is drop-dead

simple to use — I.el doesn’t need a ton of charging, resetting, and other futzing l—
Respects thei r priva Cy I and doesn’t feel stalker-ish.[No one wants to feel as if she’s under surveillance in

her own home, but the point of these devices — smartphones, smartwatches, in-

home sensors — is, in fact, to watch the senior citizen, albeit with the best of
intentions.

*Nassim Nicholas Taleb, Antifragile



“Haste makes waste”
The Clinical Value

Image credits: Fitbit, Samsung, Beddit

Most consumer products are considered
general wellness products and
non-medical grade.

SMU-TCS iCity Lab

&he New Nork Eimes

To Reach Seniors, Tech Start-Ups Must First Relate to Them

Paula Span
THE NEW OLD AGE 0OCT. 23, 2015

Remote medical monitoring — of blood pressure or blood

glucose, say — presents potential problems, too. The data will

have transient blips, and “sometimes acting on them leads to |

| overtreatment that does more harm than good} Dr. Covinsky

said.

Both he and Dr. Leslie Kernisan, a geriatrician in San Francisco
who began publishing her Geritech blog three years ago,
groaned when a company called Pixie Scientific proposed
embedding monitors in adult incontinence briefs to measure
urine pH and other signs of urinary tract infection.

“A disaster,” Dr. Kernisan said. While many older people are
“colonized” with bacteria that will show up in urinalyses, they

aren’t sick and don’t need treatment. [Tt would justlead to |

| antibiotic overuse.” | @




Quick introduction to loT



What is the Internet of Things (1oT)?

Internet of People
Internet of People, 2010
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WE&E0
BEIERE

Communicate and connect remotely

Share Information/Content/Emotions instantly
Advertise services

Decision support

People connected to internet

World population - 6.8B
Connected Devices - 12.5B (1.83x)

Beference: IDC, Aralyss Mason


http://thenextweb.com/shareables/2016/07/18/1-2-3-4-5-6-7-8-9-10/#gref

What is the Internet of Things (1oT)?

2 From dumb to smart things
Internet of People Internet of Things < rtextualinfo’ in

Internet of People, 2010 Internet of Things, 2020 the background
@t

People connected to internet

Share with other ‘things’
across internet

Make decisions / take
action autonomously
and anticipatively

People connected to internet + Things connected to internet

bt conniciad wok et Leaving people time to
_ , pursue the more important
World population - 6.88 World population - 7.6B . . .
[ Connected Devices ~ 12.58 (1.83x) J [ Connected Things ~2128 (27.89x) J thin gsin lifel

Beference: IDC, Aralyss Mason



What enables 10T?

The Internet of Things Get in on the next big thing

WHAT IS THE INTERNET OF THINGS (loT)?
The loT has three main parts:

f£ )
W 5 4 m ' | S ——) &
| )
The things, which are The networks that The systems that
embedded with sensors connect them. process data
& actuators. to/from the things.

Source: https://www.linkedin.com/pulse/internet-things-iot-dummies-rajat-kochhar



The “things” in loT

* Mimic the role of ‘people’ connected over Internet
* Express context = sensors

Respond = actuators

Intelligent = embedded processing/memory

Energized = battery/AC/energy-harvesting

Identifiable = unique addressing

Locatable = positioning

Reachable = (at least short-range) connectivity (wired/wireless) with
gateway



Example thing: a room

Motion sensor Light sensor Heat pump

‘,— .




Example of things: your body

Medication adherence

Smart phone activity level
tracking

Wearables (elderly, infant
monitoring)




Example of things: your home

%' Track down those lost keys




Example of things: your city

Stop driving in circles

Keep streets clean

e Report municipal issues




Popular loT application domains

% loT Analytics — Quantifying the connected world
Applications Overall popularity (and selected examples) Scores

mSmart farming | 1% T« 0.0k

1. Monthly worldwide Google searches for the application 2. Monthly Tweets containing the application name and #/OT 3. Monthly LinkedIn Posts that include the
application name. All metrics valid for Q4/2014.
Sources: Google, Twitter, LinkedIn, loT Analytics

oF -
@ /d Smart Home mfé",ig:a: - C"fg"ﬁ_ 100% 61k 33k
-~ -
@ Q) Wearables = [ _ 63% 33k 20k 320
@ w Smart City 41k 05k 80
@ ‘/ Smart grid 41k 0.1k 60
Industrial
% internet 10k 1.7k 30
@ wl» Connected car sk 12k 50
® ﬁ Connected
Health 2k 0.5k 5
.@ Smart retail 1k 0.2k 1
@ Smart supply
- chain ok 0.2k 0

Source: https://iot-analytics.com/10-internet-of-things-applications/




Whereis loT today?

Emerging Technology Hype Cycle

Autonomous Ve

‘ Advanced Analyticg With 1 |—F Internet of Thingy
Self-Service Deliyery
o-speech Translation

(] Mahine Leamning

SN S (e Peak of Inflated Expectations
* Early publicity produces a

Digital Dexterity
Software-Defined Security .. @ Consumer 30 Printing
[ ] Natural-Language Question Answering

/
Neurobusiness @
number of success stories -

Citizen Data Science @

Biochips @@
loT Platform @
often accompanied by scores of

Connected Home @
Affective Computing @@

Smart Robots @
3D Bioprinting Systems .' @ Hybrid Cloud Computing
: f i l.

for Organ Transplant

Volumetric Displays @

Q”‘m’*:’..’ ° . ]
pung P /./ « Some companies take action;
A o Ly most don’t
* 5-10years to mainstream

L Cryptocurrency Exchange

..Dli’gte‘tc»apla\g;léiberirta;"te Technology
.
adoption

Expectations

Virtual Personal Assistants
Smart Dust
7/ As of July 2015
Innovation :::;IZ':::: Trough of Slope of Plateau of

Trigger Expectations Disillusionment Enlightenment Productivity

. —
) . Time
Years to mainstream adoption:
less than 2 years ® 2to5 years . 5 to 10 years @ more than 10 years 0:0 obsolete before plateau

gartner.com/SmarterWithGartner
Gartner

@ 2015 Gartner, Inc. and/or its affiliates. All rights reserved.



Deep dive on Beacons



What are beacons in 1oT?

A beacon is a low-cost, low-powered hardware device which periodically
emits a Bluetooth Low Energy (BLE) signal

< o A
A -__.)i: ‘ w




In layman’s termes...

A beacon is a device that continuously transmits a radio signal saying “l am
here, thisis my ID”

A device that can understand
the radio signal (i.e., decode

BLE signal) can then do
‘ “I'am here, this is my ID” something about the content

of the signal




Video on Estimote beacon technology

https://www.youtube.com/watch?v=JrRS8gRYXCQ



https://www.youtube.com/watch?v=JrRS8qRYXCQ

What Are Beacons
& How Do They Work?

0 A Beacon is a small

wireless device transmitting
a continuous radio signal. The signal is detected 9 .

’

by nearby smart devices
via Bluetooth Smart™. =---~ The signal tells your
smart device “I'm Here”

by giving its ID number.

What could that response be?
That’s up to you.

Your smart device then
sends that ID number
to the cloud server.

The server checks what
Action is assigned to that
ID number & responds.

The result? You're more
engaged with the store and get
the perfect bags you never
knew you needed!

Let's try an example

Say you're walking
by your favorite
clothing store and
they're having a
sale on bags.
There is a beacon
placed next to the
bags section that
alerts you to the
sale when you pass
by.

There is a Beacon placed
next to the bags section.



Types of beacon technology

Popular beacon protocols:

1.iBeacon (Apple) o on

2.Eddystone (Google) R4~ Cr=tone
3.AltBeacon (Radius Network)

4.Nearables (Estimote) i

estimote



https://developer.apple.com/ibeacon/
https://developers.google.com/beacons/
http://altbeacon.org/
http://developer.estimote.com/nearables/

Beacon application - Ranging

Ranging returns a list of beacons in
range, together with an estimated

proximity to each of them.

An application of ranging - video

How far are you

Immediate Near


https://www.youtube.com/watch?v=nZ532wkhHYs

Beacon application - Region Monitoring

Monitoring a region enables your (
app to know when a device enters

or exits the range of beacons

defined by the region.

Is someone in my
area?

Detect movement
in and out of a region

An application of region monitoring - video


https://www.youtube.com/watch?v=Iau3tqqrXKA

Smart Learning Environment
Project



Overview

» Student experience within different types of learning spaces in
schools is under-researched

* Using loT, this research aims to better understand how the design
and use of a learning environment influences student experience




Research
framework

Model

Digital model of the
learning space design

Wearables
Location within space

Sensors .
. goz q @ % z;?lii?g:s focus on
* Data to be gathered include: | aning
Temperature

 physical characteristics of
space

 student and teacher location
« observed use of space

 experience of teachers and
students within the space

* Data analysis:

 time lapse animation of the
use of space and physical  ervation
characteristics Of teaching and

° annOtationS Of the experience Iearningijctivities
of children and teachers r\*’f

Relative Humidity

Teacher interviews
Pedagogical use
of the space

Student reflections
Experience of space

oty

4%

Student group
interviews

Experience of space




loT device

M5Stack

BASIC

Version

@ e Based on ESP32

M5STACK

* Arduino-compatible
* WiFi and Bluetooth
» Speaker

* Supports Grove 12C

ESP32 Sensors

ColorLCD Annulun

Batterylnside Compatible




More on M5stack
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'
|'E%§!<’
L 4

BAS
Versio

N B /

\ 7 >
ESP32 ESP32 s
ColorLCD ARDUINO ColorLCD MPU9250  NEO-M8N GPS GSM 433MHz LORA
Batterylnside Compatible  Batteryinside 9DOF-Inside  Antenna Included Module  SIM8OOL Module  gdiltin Antenna Module

OpenSource §
MicroPYTHON ESaes

Oe®
Lo
L 4
<&

& -
LG i
s o0

y
GrayCore ° LV 4

v +KeyBoard L]
BATTERY  PROTOxI Bus Socket x1 PROTO el

850mAh Module DHTI2x1 GROVE-Cable x1 Module WATCH ypecisble PocketComputer Bl
2X15 BUS 2 0INCH
ESP32 TET-LCD
320x240

’T A\ A C 35 ANTENNA
J VV I 1W SPEAKER

I/O

ul EXTENSION

Powerf

ESP32
= RESET  wirrens
‘ TYPE-C
‘ BATTERY USB
\ SOCKET
. GROVE W
Rich Features TE-CARD 12C SPEAKER
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Conceptual model

* Reference nodes
neriodically send
heacons

* Watch stores signal
strength of received
beacons

* Algorithm will be used
to find watch location

Reference node @;/

Reference node

@; Reference no
&



Student feedback

» Student can feedback learning experience by pressing one of the
buttons




Current status

* Pilot trial in progress this week
* Localisation algorithm to be developed after data collection
 Qutput of localisation will be used for data visualisation
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Fun stuff!

Programming the M5Stack



Requirements - 1

 Arduino IDE (https://www.arduino.cc/en/Main/Software)

Download the Arduino IDE

ARDUINO 1.8.7

The open-source Arduino Software (IDE) makes it easy to
write code and upload it to the board. It runs on
Windows, Mac OS X, and Linux. The environment is
written in Java and based on Processing and other open-
source software.

This software can be used with any Arduino beard.

Refer to the Cetting Started page for Installation
instructions.

Windows Installer, for Windows XP and up
Windows ZIP file for non admin install

Windows app Requires Win 8.1 or 10

Mac OS X 10.8 Mountain Lion or newer

Linux 32 bits
Linux 64 bits
Linux ARM

Release Notes
Source Code
Checksums (sha512)




Requirements - 2

« M5Stack Library

* Can be searched and installed in latest Arduino IDE
» Sketch -> Include Library -> Manage Libraries...
* Type m5stack in search bar
 Select row and install



Requirements - 2

If not in library:
* Go to http://www.mb5stack.com/assets/docs/

* Follow instructions to setup for your operating system


http://www.m5stack.com/assets/docs/

Requirements - 3

* Arduino-esp32 (https://github.com/espressif/arduino-esp32)

* Follow instructions to setup for your operating system


https://github.com/espressif/arduino-esp32

Hello world

#include <M5Stack.h>

void
M5
M5
M5
M5

void

setup() {

.begin(); //start m5stack device

.Lcd.setBrightness(30); //lower the brightness to save power
.Lcd.clear(); //start device with blank screen
.Lcd.println("Hello world!"); //print to LCD

loop() {}



Dealing with buttons

#tinclude <M5Stack.h>

void setup() {
M5.begin(); //start m5stack device
M5.Lcd.setBrightness(30); //lower the brightness to save power
M5.Lcd.clear(); //start device with blank screen

¥

void loop() {
M5.update();

if (M5.BtnA.wasReleased()) {
M5.Lcd.println('A");

} else if (M5.BtnB.wasReleased()) {
M5.Lcd.println('B");

} else if (M5.BtnC.wasReleased()) {
M5.Lcd.println('C");

}

}



Dealing with SD card

#include <M5Stack.h>
#tinclude <SD.h>

void setup() {
M5.begin(); //start m5stack device
M5.Lcd.setBrightness(30); //lower the brightness to save power
M5.Lcd.clear(); //start device with blank screen

//Make sure SD card module can be initialise

if(!SD.begin()) {
M5.Lcd.println("Card mount failed");
return;

}

//Make sure SD card is mounted

if(SD.cardType() == CARD_NONE) {
M5.Lcd.println("No SD card attached");
return;

}
M5.Lcd.println("SD card mounted successfully");

}

void loop() {}



Dealing with SD card - drawing a JPG

##tinclude <M5Stack.h>
##tinclude <SD.h>

// Same as in previous exercise
void setup() {..}

void loop() {
M5.update();

if (M5.BtnA.wasReleased()) {
M5.Lcd.drawdpgFile(SD, "/img/emoji/happy.jpg");

} else if (M5.BtnB.wasReleased()) {
M5.Lcd.drawJpgFile(SD, "/img/emoji/sad.jpg");

} else if (M5.BtnC.wasReleased()) {
M5.Lcd.drawlpgFile(SD, "/img/emoji/bored.jpg");

}

}



Scanning for BLE beacons -1

* Initializing the BLE for scanning

BLEScan *bleScan;

BLEDevice::init(""); //Initialise BLE module

bleScan = BLEDevice::getScan(); //create new scan
bleScan->setAdvertisedDeviceCallbacks(new MyAdvertisedDeviceCallbacks());
//set callback

bleScan->setActiveScan(false); //active scan (true) uses more power, but
get results faster

// interval window modification
bleScan->setInterval(200);
bleScan->setWindow(200) ;



Scanning for BLE beacons - 2

e Callback

//BLE scan callback
class MyAdvertisedDeviceCallbacks: public BLEAdvertisedDeviceCallbacks {
void IRAM ATTR onTimer(){}

void onResult(BLEAdvertisedDevice advertisedDevice) {
String address = advertisedDevice.getAddress().toString().c str();
String rssi = String(advertisedDevice.getRSSI());
Serial.println(address + ":" + rssi);
M5.Lcd.println(address + + rssi);

}s



Scanning for BLE beacons - 3

e Starting scan

// start scanning for 10 seconds
bleScan->start(10);



Exercise

Write an Arduino sketch for M5Stack that does the following:

* Show the happy emoji once watch receives a BLE beacon with RSSI
of at least -60 from device with address b4:e6:2d:8b:7d:0b

* Show the sad emoji once watch receives a BLE beacon with RSSI of
less than -60 from device with address b4:e6:2d:8b:7d:0b

* Clear screen (blank) if no BLE beacon is received from device with
addressb4:e6:2d:8b:7d:0b



