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Smart Automations for Everybody (1/3)

Smart connected world in the loT era
People’s daily lives could benefit through automations
Taking advantage of the smart objects
Demands for such automations
Highly personalized and fluid
Examples of applicable environments
Smart Environment/Living
Home, Office, School automations etc.
Ambient Assisted Living
Smart Tourism and Mobility
Transportation assistant
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Smart Automations for Everybody (2/3)

Example: Daily automations at home

Morning Tasks

Safety, Security
& Economy

Care Home

Every day at
7:00 o’clock

) =>

When water
is prepared

\

When smoke
alarm warns

Every day at
9:00 o’clock

Every Monday
At 9:00 o’clock

When garage
door closes

2R 2NN 2R

Air Conditioner

] 1 Bath Heater ]

(Coffee Machine]

Turns On _ Prepares Water | | Prepares Coffee
Alarm Clock 1 Window Blinds | [ Reminder get
. Rings Open a pill
All Lights Electric Devices Outer Doors &
Switch Off Turn Off Windows Lock

f
Ask user to start

Fire extinguishers
.

Fire Extinguishe
=> L Starts

’]

( Windows open for
10 minutes, then

Robot Vacuum

=> Sweeps

.

Mops

J -

Dehumidifier
Starts

J

r &

Washing

. Machine Starts

1 Washing
] -> | Machine Dryer

] [ Robot Vacuum
.
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Smart Automations for Everybody (3/3)

Scenario Example: Remote Hospitality

Notify when q
_the Bell rings o

[ Talk via Door ] Ignore Current
phone

Bell rings

Open the Door phone ||W
Door call ends

b — FJ
[ Turn on the Lights Prepare .'O'l — '! ! .j)
|Open window Blinds Coffee or Tea ) g .k
(

-

Handling the 1( Switch on
Air-conditioning J| the Hi-Fi or the TV

-
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End-User Programming

Highly personalized nature Typically small-scale Niche-market with unlike
of automations + micro-applications industrial interest

End-users should be enabled to craft such automations

End-user programming (EUP) is a vehicle to achieve this goal

Methods, techniques and tools that allow users (non professional
developers) to create, modify, or extend a program
Existing techniques

Spreadsheets

Scripting Languages

Natural Languages

Visual Programming
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BlocklyéSTudio

1. Editors and Projects
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Device Management

Aev eThExBnke Kavéva apyeio.

* Handling Smart Objects as micro
services JL
Customized VPL domain elements
* Communicating with smart objects via =
loTivity JR——
JAirCon ditionResURI .
esteresR )
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Device Management

* Handling Smart Objects as micro

services

Customized VPL domain elements

* Communicating with smart objects via

loTivity

* Organizing smart objects in groups

I Air Condition

Environment

Properties (4)

device-temperature
universsl-id: device-temperature

environment-temperature

20

23

unirogrsal-id: ervirgnment-fempenat...

swing

universal-id: swing

turn

urirlrial-ad: furn
Actions (4)

AutoMode

Configure

TurnOff

TurnQn

Smart Groups

bottom

on

Mot implemented for de...

Mot implemented for de...

Nat implemented for de...

Mot implemented for de...

There are no elements

e & @& @

%

@ §
OF N

Create Group
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Device Management

* Handling Smart Objects as micro
services

Customized VPL domain elements

* Communicating with smart objects via
loTivity

* Organizing smart objects in groups

Select Group(s) for Alarm Clock

+ Smart Object Properties

Property Universal ID
ring ring

ringtone ringtone
time time

turn turn

Groups that match with your device

There are no groups which are matched with the smart object

Groups that do not match with your device

Air Condition Group Air Condition Group

Property
device-temperature
environmen t-temperature

swing

Universal ID
device-temperature
environment-temperature

swing

Alarm Clock

Property Universal ID (select group property)

ring device-temperature
ringtone swing
time environment-temperature %
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Device Management

* Handling Smart Objects as micro |19 airConiton Group
services Properties (4
Customized VPL domain elements e T e
* Communicating with smart objects via e o
loTivity e
* Organizing smart objects in groups

Reset

Smart Objects

Air Condition ©
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Device Management

Handling Smart Objects as micro
services

Customized VPL domain elements
Communicating with smart objects via
loTivity
Organizing smart objects in groups
Do not deal with programming of their
behavior

Cooperating with IDE

Notifying about user actions in smart
objects (create, edit, delete)
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Visual Programming Editor

* General purpose editors

Basic programming expressions

Variables, Math & Logic Operations,
Branches, Loops, etc.

We use Blockly library
Allows define new blocks per domain

* Defining new blocks to develop loT applications

Blockly does not deals with dynamic handling (i.e.
create, edit, delete) blocks during the EUD process

VPL Manager deals with it

Exchanging messages with IDE and creating, editing

and deleting blocks

Logic
Loops
Math
Text
Lists
Color

Variables
Functions

set (XD o | @
repeat (N8 | 'es €83 O |

do \pnnt 2 Hello World! [t/

e i coun - ) I

—

13/45



Visual Blocks for Devices

* Based on data are exported by editor
for smart object

IDE’s extension mechanism provides
updated the blocks of smart objects
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Visual Blocks for Devices

* Based on data are exported by editor
for smart object

IDE’s extension mechanism provides
updated the blocks of smart objects

Getters

sl T (LT s S Y= T e ] device-temperat A )
Gutput type: Number

+ device-temperature
environment-temperature
swing

turn
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Visual Blocks for Devices

* Based on data are exported by editor

for smart object

IDE’s extension mechanism provides
updated the blocks of smart objects

Is Alarm clock FilaTeE3
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Visual Blocks for Devices

* Based on data are exported by editor & Air Condition: _get value from (TR E RS
for smart object

Is Alarm clock FilaTeE3

IDE’s extension mechanism provides
updated the blocks of smart objects

& Air Condition: st CEYENEEENTRS to

& Air Condition: set ETTINES to ETGED

ask value for Air Condition

print value for Air Condition
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Visual Blocks for Devices

* Based on data are exported by editor & Air Condition: _get value from (TR E RS
for smart object

IDE’s extension mechanism provides
updated the blocks of smart objects

Is Alarm clock FilaTeE3

& Air Condition: st CEYENEEENTRS to

Actions
& Air Condition: set ETTINES to ETGED
Er U L AutoMode -

ask value for Air Condition

print value for Air Condition

A R e L AutoMode -
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Visual Blocks for Devices

* Based on data are exported by editor & Air Condition: _get value from (TR E RS
for smart object

IDE’s extension mechanism provides
updated the blocks of smart objects

Is Alarm clock FilaTeE3

& Air Condition: st CEYENEEENTRS to

Actions
& Air Condition: set ETTINES to ETGED
& Air Condition M S R & & Air Condition Autnde v
< AutoMode
Configure ask value for Air Condition
TurnOff
TurnG print value for Air Condition
urnin

A R e L AutoMode -
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Visual Blocks for Devices

* Based on data are exported by editor & Air Condition: _get value from (TR E RS
for smart object

IDE’s extension mechanism provides
updated the blocks of smart objects

Is Alarm clock [{iFER®

& Air Condition: set to

Actions
& Air Condition: set ETTINES to ETGED

& Air Condition VS R W & Air Condition Autnde v

+  AutoMode
ask value for Air Condition
Configure
TurnOff
print value for Air Condition
TurmnOn

A R e L AutoMode -

&3 Air Condition [T @ with ( device-temperature: ‘ . swing: )
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Visual Blocks for Smart Automations

Conditional Events Scheduling Actions

(2) For [EJ times(s): When ' then

Rt of Every

') hour : [1) minute : [}) second

ED second(s) &) minute(s) &) hour(s)
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Project Management o YE——

* Other approaches focusing on learning
experimentation than provide an IDE
* As result, project manager is not provided

% Care My Pet
3 y

I‘.b* Home Safety
T4 Leaving Home

.Waking Up
I . Before Wake Up
I ﬁ Cleaning Home
I ﬁ Washing Clothes

I D Home Doors
‘I’ Home Lights

I Air Condition
I T Alarm Clock
I a Bath Heater

Bedroom Lighting
I [ Coffee Machine
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Project Management

=] Morning Automations

* Other approaches focusing on learning et P ek L

I""OCare My Pet
experimentation than provide an IDE N —
If‘:’ﬁ Leaving Home
I .Waking Up

* As result, project manager is not provided

* Classic Project Manager of IDEs are not
appropriate

I . Before Wake Up
I ﬁ Cleaning Home
I O] Washing Clothes
I D Home Doors
Home Lights

I == Air Condition
I w Alarm Clock
I a Bath Heater

Bedroom Lighting
I [ Coffee Machine
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Project Management

* Other approaches focusing on learning

"OCareM Pet
experimentation than provide an IDE [T Automations forconditonaitasls 7]

I*." Home Safety

* As result, project manager is not provided If‘r’fLeaving Home
Waking Up
* Classic Project Manager of IDEs are not F
. <. bertore VWake Up
d pprOprIate I ﬁ Cleaning Home

] ] . Washing Clothes
* Novices are not experlenced on structurlng
. - Home Doors
prOJECtS 2 Home Lights
Assisted project structure is needed 18,1 Condition

Invent 5 types of project elements It%S‘Alarm Clock

.- . . . I a Bath Heater
Specified menu options and validation rules P
Automatically handling dependencies of project | [ Coffee Machine
elements
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Project Management

Other approaches focusing on learning Hew Automation for Basic Tasks )
experimentation than provide an IDE Name: My basic automations

As result, project manager is not provided image: [ Emoyn apxeiou | Aev eméxBnke kavéva apxeio.
Classic Project Manager of IDEs are not ckground-colour =

appropriate

Starts: Manually v

Automatically
Manually

Novices are not experienced on structuring
projects

Assisted project structure is needed

Invent 5 types of project elements

name:

blocklyElems: [
I

Specified menu options and validation rules

name: "st t

Automatically handling dependencies of project » blockpef: s
elements | T

>
1)

Enabling to choose when automations will begin codeGen: (block)
through project element options
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Demo Part 1/2:
Building Automations
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https://www.youtube.com/watch?v=KQ1j3uRPZ-w&t=11s&ab_channel=YannisValsamakis

Blocklgswdio

2. Runtime and Debugger

27/45



Running Smart Automations

Handling failed requests for smart devices b Connection Issues x
Connection issues Or nOt enable action tS:j:\j;\r/‘ii:e"I(;\)i(;f;;;cii:ion" connection is lost! What would like
Notifying users via dialogues o [EEREE

How end-users build Uls for their automations?

Using WYSIWYG editor

Difficult process
Extremely costly
Not practical for micro applications
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User Interface for Smart Automations

1. Smart Objects

&= Air Condition
23 - currently, 22 - 10:00a.m.,

21 - 9:00 a.m., 20 - 8:00 a.m.

environment... 23
swing bottom
turn off

O sel
ring

ring-status

start

true

¥ Refrigeration's Plug

turn

off

o Alarm Clock

=

ringtone
time

turn

21 Coffee Machine

coffee-ready
cups
prepare-coff...

turn

@ Television

channel
turn

volume

true
Classic
10:00

on

true
10
stop

on

Movies...

on

25

Bathroom Light

colour purple
scene Night
turn on
HiFi
musi play h
track Gettin... ‘
turn on
= volume 20 =

¥ Television's Plug

turn off
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User Interface for Smart Automations

2. Scheduled Tasks

2021 FEBURARY 02, 2021

FEBURARY

TUE WED THU FRI

8 9 10 11 12 13 14
Wait 10 seconds to execute TurnOn Air
232454 - end
15 16 17 18 19 20 21 = Condition
22 23 24 25 26 27 28 232454 - end Wait 10 seconds to start television
1 2 3 4 5 6 7
23:24:55 - end Wait 10 seconds to Invoke Prepare Bathroom
8 g 10 11 12 13 14 ] ]
232500 - end Check every 35 seconds if bell rings
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User Interface for Smart Automations

2. Scheduled Tasks

FEBURARY 2, 2021 >
93-01-05 - end Wait 1(} seconds to execute TurnOn Air -
Condition
23:01:15 - end Wait 10 seconds to TurnOn Water Heater I & sellrings
i_-----_-----_-----_-----_-----_-----_-----_-----_-----_--i ¥ Built-in f Check every 35
23:01:19 - end ' Check every 35 seconds if bell rings E ' — econds if bell
PP | I Loops s & Bell CIEEL.f T
I Math Main Door:  set [0 10 wuile
23:01:25 - end Wait 10 seconds to Invoke Prepare Coffee I Text
I I;zltzur " © Main Light
23:01:35 - end Wait 10 Seconds to TurnOff Water Heater I Variables | 7 Tetevishon QI |
I Functions = Television [ENNEe iz =@ with ( channel: ) . 13 Movies Channel [t2]
IP Automations - N of Every
23:02:25 - end Wait 1 minute to StopPreparingCoffee I scheduer =
I conditional
23:05:44 - end Bell rings in 5 minutes IDEE:;D[?;?C%
I» smart Device Groups
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User Interface for Smart Automations

3. History View

HISTORY
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User Interface for Smart Automations

3. History View |

Running Automa
‘ I § when water is ready
s uilt-in : .
HISTORY Logic \ El Water Heater: get value from

- Loops .
Math %) Wait | [ED) second(s) then
e @ Window Biinds (U213
Lists

Colour
Variables (1 it | [§D) second(s) then

= Air Condition

Start Automation: Prepare Bathroom

-Automation

Conditional
Scheduler L | UTTIUI A
Time/Date Condition, Invoke

‘Smart Devices Prepare Bathroom

- Smart Device Groups
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Why do Automations Occur?

O

Explanation notes of scheduled & conditional blocks e

Users may wonder “what caused this automation to start?”
Not able to get information from source code executed o0

Inner blocks are able to change the execution code flow

Not adequate to answer questions

Introducing new explanation blocks
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Visual End-User Debugging

* Supporting full-scale visual debugger features
Tracing and watches
Breakpoints
Execution snapshots
Selecting project elements to execute

v Debugger control

> Il G

v Debug Data

Variables Watches

@ Create a new watch
v | ® Alarm Clock rings

(x+y)/2 10
X 17
y 3

v Breakpoints

e | ® Alarm Clock rings - ID 1
® | ® Alarm Clock rings - ID 2
o] w StartTV-1D3

v Conditional Breakpoints

| 4 Thermometer (trig.: 1st)
I = TV (prop.: turn ON/OFF)

|f0s

R <
. m

@‘ Debugging seo

| | .

35/45



Debugging Facilities for Smart Automations

* |Is debugging & testing smart automations
mission impossible?
Scheduled tasks
“Every Tuesday, Do ...”

Conditional tasks
“When smoke sensor is active then ...”
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Debugging Facilities for Smart Automations

* |Is debugging & testing smart automations
mission impossible?

scheduled tasks 17:37:25

“Every Tuesday, Do ...”

12
Conditional tasks H Test Air Condition fu:‘:?;:al:t?i-z:ﬁ - \ f’,
“Wh K . tive th ” Change environment- v g9 3
€N SMOKe Sensoris active then ... temperature value of Air Condition after 5 ’%\ \H
. . . - 6
* Simulating smart environment seconds, new value =29
Smart dEVICeS i Test Air Condition functionalities

EA4 A7 aE ~
Date and time Change device- BRI IR v u m u n

temperature value of Air Condition after

10 seconds, new value = 25
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Debugging Facilities for Smart Automations

* |Is debugging & testing smart automations
mission impossible?
Scheduled tasks
“Every Tuesday, Do ...”
Conditional tasks
“When smoke sensor is active then ...”
* Simulating smart environment
Smart devices
Date and time
Actions of smart devices

I 21 Coffee Machine

Actions (4)

PrepareCoffee
StopPreparingCoffee
TurnOff

TurnOn

turn
universal-id: turn

Implemented for debug ...

Not implemented for de...

Not implemented for de...

Implemented for debug ...

off

@ & o & &
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Debugging Facilities for Smart Automations

‘ I 23 coffee Machine
* |Is debugging & testing smart automations

mission impossible? Actions (4)
SChed u |ed taSkS PrepareCoffee Implemented for debug ... E-i-i_
Every TueSday' Do ... StopPreparingCoffee Not implemented for de... i}
Conditional tasks
“When smoke sensor is active then ...” Implementation of action "PrepareCoffee" that runs on debug mode
* Simulating smart environment . ? 0 to CETTET
Smart de\“ces ) I Logic | E Coffee Machine: set- repare
. I :;10{?;5 (2) Wait B minute(s) | then
Date and time ' [ Tl; W Cofiee Machine: set EEIEES to ETXD
L _ —

Actions of smart devices I st
I Colour
I Variables
I Functions
I conditional
I Scheduler
I Time/Date
Il- Smart Devices




Debugging Facilities for Smart Automations

* |Is debugging & testing smart automations
mission impossible?
* Scheduled tasks
“Every Tuesday, Do ...”

Tests for Morning Automations

Simulate Smart Objects Behavior

Test Air Condition fu... el Coffee Machine Tes... 77

* Conditional tasks

Testing Window Bli... ™"

“When smoke sensor is active then ...”

* Simulating smart environment Expected Smrt Objects State Tess

Check when device te... l‘” L

* Smart devices
* Date and time
* Actions of smart devices
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Debugging Facilities for Smart Automations

* |Is debugging & testing smart automations
mission impossible?

SChed u |ed tasks Edit test: Test Air Condition functionalities
”Every TueSday’ DO "'” Title Test Air Condition functionalities Color | [
Conditional tasks Time Slots Changes
“When smoke sensor is active then ...” (| :
 Simulating smart environment TR  Air Condition
. escription: efault Description Properties
Smart devices Jeserptons - efoult Desert .
] environment-temperature 2I9
Date and tlme Min:-10 Max:38
Actions of smart devices
. . (=
Behavior of smart devices ,
Time 10 w Air Condition
(seconds): )
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Debugging Facilities for Smart Automations

* |Is debugging & testing smart automations

m iSSiO n im pOSSi b I e ? Edit Expected Value Checking Test: Check when device temperature goes to 25
SChed u |ed taSkS Title Check when device temperature goes to 25 Color [
«“ ”
Every Tuesday, Do ... .
y Y M Wam me in case of

.. Logic
Conditional tasks Loops e e default
Math

|

:
“When smoke sensor is active then ...” I Text

|

|

List : S—
CIzIZur Pause running automations in case of

Variables waming message: [[EE009
I Functions

Smart devices I Chocking blocks ="
1 1

F—Conaitonar ==~

Date and tlme Ib Smart Devices

* Simulating smart environment

Wam me in case of

VT s ol Device Temperature of Air Condition is now on 25

& Air Condiion: get value from (= - 15

Actions of smart devices
Behavior of smart devices
Expected smart device values
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Demo Part 2/2:
Running and Testing Automations
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https://www.youtube.com/watch?v=ltZKqMlnEIE&t=141s&ab_channel=YannisValsamakis

Conclusions

Focusing on enable non-programmers to develop smart
automations

We developed an IDE for visual programming of smart objects in
the internet of Things

Including custom project manager, smart device registry and
grouping, device dashboard, dynamic VPL blocks handling, new
VPL blocks, debugging facilities, and complete runtime
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Thank you for your attention!
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