SENSOR TYPES

ANALOG SENSORS

PRODUCES A CONTINVOUS
ANALOG SIGNAL PROPORTIONAL
TO THE SENSeD INPUT

» EXAMPLE:

TEMP SENSOR

DIGITAL SENSDRS

ENERGY
SOURCE

sV swiTeH

—

e

o =3

5V
—

——
Sv

ACTUATOR TYPES

‘ ACTUATORS HAVE A
CONTROL SIGNAL AND

SinAL @

=

A SOURCE OF GNERGY

DIGITAL ACTUATORS

oy

-—)

5v| SV
u ’*

INTERACT mvsren woro

\z SENSORS

TO GATHER DATA

& ACTUATORS

TO SEND FEEDBACK

PROTECT

BULD A NIGHTLIGH™

PRIMARY
TYPES

DIGITAL SENSORS

PRODUCES DISCRETE VAwes
(0,) — BINARY STATES)

EXAMPLE :
LGRT swiTcH Lo

ALSO DETECT WORLD
BY MEASURING ELECTRICAL

cuanGes BT
. THEY OUTRUT DIGITAL
ok SIGNALS (EITHER BY

USING BINARY STATE
OR BY USING AN ADC)

ON SIMPLEST EXAMPLE
ON/OFF switcn

JUST LIKE SENSORS,

THERE ARE TYPES
OF ACTUATORS

ANALOG R DIGITAL

BASED ON SIGNAL , THEY
CONVERT ENERGY INTD SOME
MOTION OR INTERACTION

EXAMPLE : CONTROL SIGNAL TRIGGERS
ROTARY SWITCH

TO MOVE, TURNS LIGHT
ON IN ROOM

(D HAVE 2 STATES (CONTROLLED
3Y HI6H AND LOW VOLTAGE)
HKE DIGITAL SENSORS

(@D HAVE BULT-IN DAC THAT
CONVERTS DIGITAL INPUT NTD
ANALDOG SIGNAL THEY (AN USE!

EXAMPLE | 2 stares_(ow [oFe)
SimPLE HIGH VOLTAGe = ON
LED LOw Voutage = OFF

IMPORTANT
CONCEPTS

INTRODUCTION

o
“cf"

B WHAT ARE SENSORS ?
J& USE A SENSOR
& sensor TyPeES

\

2
ACTUATDRS
UGH] WHAT ARE ACTUATORS?

JEd] USE AN ACTURTOR
B AcTUATOR TvPES

IWHAT IS VOLTRGE?
—— HOW IT WORKS —— IT'S A MEASURE
sv OF EFFORT NeepeDd
° @ TO PUSH ELECTRICITY
3.8v

[ ANALOG SENSDRS

FROM ONe POINT
T ANOTHER

IoT
SENSOR VALVE
BEVICE THE IOT DEVICE CAN
‘ReAD’ THE VOLTAGE ;

COMING OUT OF THE o
SENSOR AND REACT TO
ITS VALUE OR CHANGE ===

SENSOR Rece \VES VOLTAGE
FRom IDT DEVICE, ADIUSTS
AND RETURNS IT TD REFLECT DATA

ABVANCED DIGITAL SENSORS

DIGITAL INPUTS
ARE MORE RELIABLE
TO READ IN.

[ READ ANALOG SIGNALS
[l CONVERT USING ON-BOARD ADC
[y OUTPUT PURELY DIGITAL SIGNALS

DIGITAL TEMP SENSOR

AdC

ANALOG
TEMP

Q \ ' / ACTUATORS CAN BE CATEGDRIZED
Ve BY THE FUNCTION THEY SERVE
g AND HOW THEY CONVERT ENERGY
_u_? learn g PNEUMATIC
= Kboub ‘_va\uuc“
DO YOUuR MRELECTRC
RESEARCH & THERMAL
[ MAGNETIC
"o WHAT ARE SOME OTHER
7 | gxampLes OF
: 2 ? 2~ STATE
.. ACTURTORS @
HOwW ABOUT A
DO YOUR SOLENDID?

WHERE IS 1T UseD?

D

RESEARCH

WHAT ARE SENSORS’ COMMON SENSORS

"', HARDWARE DEVICES TEMPERATURE
@ THAT SENSE THE RUMIDITY
PHYSICAL WORLD
~— [ sutTons

(INTERACTION)

Qg UGHT SENSOR
(LEVELS, COLORS --)

@ CAMERAS

They MEASURE puysicAL
PROPERTIES AND SEND
THAT INFORMATION TO AN

ToT bevICE [ ACCELERATORS

@ @8 MICROPHONES

IS ONE EXAMPLE OF AN
ANALOG 3eNsSOR DeEVICE

“

POTENTIO METER

ROTATE THE
DIAL BETWeEEN
TWOo FIXED ENDS
(mnﬂid o OV,5V)

SENSOR MEASURES
ROTATION BY SENDING
REDUCED VOLTAGE

(OR NUMERIC MAPPING)
CORRESPONDING TO SHIFT

ADVANCED DIGITAL SENSORS

DIGITAL DATA HAS
ADDED BENEFITS

SENSORS CAN BE MORE
COMPLEX, SEND DETAILED DATA

ERSIER TD ENCRYPT DATA
FOR SECURE TRANSMISSION

EXAMPLE : CAMERA AS
DeThL
SeNsSOR

DIGITAL CAMERAS
USE SENSORS LIKE
THIS TO CAPTURE
LIGHT FROM THE
LENS AS PIXELS
IN A FRAME / IMAGE

{ IMAGE PixeLs’
MORE IMMUNE TO ENVIRONMENTAL  (HAHiAiL
AND ELECTRONIC 'NOISE’

MORE FLEXIBILITY IN SIGNAL %

TFROCESSING SYSTEMS combressed
~fov tran sm SStSn

lnlllmmlll u
ma =

ANALOG ACTUATDRS ANALOG ACTUATOR
CONVERTS ANALOG
. SIGNAL INTO SOME

INTERACTION THAT IS

L ~ & - proporToMTE T
3 VOLTAGE SUPPUED

w " y e

@ ’, DAC = DIGITAL TO ANALOG
s . 7 LA CONVERTER
s - - REQUIRED TO CONVERT TOT
A (5] DEVICE. DIGITAL OUTPUT (D,1)
o

T ANALOG VOLTAGE (rmse)

CHALLENGE

LooK AT YOUR PREVIOUS
LSTS OF JIOT DEVICES

‘ FOR EACH DEVICE - WHAT
SENSORS / ACTUATORS ARE
THEY CONNECTED TO?

. WHAT IS THEIR PURPOSE ?

v "o WHAT
: SENSOR
| boes Your Q
é? PHONE HAVE’
Bl .
= ALL SENSORS CONVERT THE

SENSED INPUT INTD ELECTRICAL

DO YOUR SIGNALS THAT loT DEVICES
RESEARCH CAN INTEPRET MEANINGFRULLY
e
N ! l #
: ., T3 WHAT IS A THERMISTOR?

WHAT TYPE OF SENSOR IS
IT— AND HOW DOES IT WORK’

[ WHAT DO YOU THINK HAPPENS
[F SENSOR SENDS OUT HIGHER
VOLTAGE THAN IT RECEIVES?

DO YOUR
RESEARCH

WHAT ARE ACTUATORS?

=) OPPOSITE OF SENSORS
CONVERT ELECTRICAL

Gother veal  ——, SIGNAL FROM IOT DEVICE

ReaL 4ol » E ._“'9"|“‘J:vi'f INTO_ ACTION, IN REAL WORLD

I EXAMPLES
SENSDR . LED

@ SPEAKER

G RELAY

“ seniflzchu;ul :SCREENS

signal fothe STEPPER

:::;6; 6:’?4 ACTUATOR o.:ami'or with nquzsl' MOTORS

= SWITCH BIGITAL SIGNAL #R0OM

PULSE WIDTH MODULATION
(0T BeVICE BETWEEN TWO

YRR STATES CREATING FULSES.

0-2s CYCLE --
=" VARYING THE BUTY cYcLE (ON/oFF
- DURATION) MODULATES PULSE
150rkm  WIDTH - CREATING AN OUTPUT
(22 1 SIGNAL THAT ACTS ANALOG
ols tWIDR Control @ motor's
with a SV
- d:a.hl subbly
0-3s | 'f75v'>m Pulse modulation

Vavies avq vpm based

257 dete on duly cycle

| wHAT'S NEXT?

z LEARN TO
oo I
RECEIVE
MESSAGES
YOUR DEVICES
TO THE INTERNET

CONNECT
LIGHT TD
MQTT BROKER

CONNECT
DEVICE TO

INTERNET

USE A SENSOR

PICK YOUR HARDWARE PATH
ADD YOUR FIRST SENSOR

NN N

(O WiD TERMINAL (2) SINGLE BOARD SINGLE BOARD
COMPUTER _ ComPUTER
: (-7 " T liRTIAL bevice)

CREATE SENSOR

Sensor Type [

Units -
T |
ADD
USE A VIRTUAL LIGHT
SENSOR WITH THE
COUNTER FIT APP

BUILT-IN HIGHT
SensoR (photodiode)
CONVERTS ANALOG

SIGNAL INTD INTEGER
vaLue (0 -1023)

EXTERNAL SUNUIGHT
SENSOR (GROVE)

MANY (OT BEVICES

ANALOG-TD - MGITAL
HAVE RUILT-IN AbDC

TOT DEVICES ~ @y
ARE DIGITAL! ~ s“.,  MANY SENSORS CAN

| / q]i@e WORK WITH ABCs VIA
“\/ A CONNECTOR BOARD!

ANALDG SENSORS GIVE ME 03
NEED TO 'DieImize’ e

THEIR VALUES BEFORE g -
IOT DEVICE CAN USE THEM @ UBRARIES FOR
SENSDRS /bevICES
) g;qg #:Gl_- ™ HANDLE Much OF
ANALOG DISITA L SN This FOR YU
INPUT VALVE TRANSPARENTLY

PICK YOUR WARDWARE PATH
ADD AN ACTUATOR (USE GUIDE)

BUILD A NIGHTLIGHT
e —

‘ ARDUIND - WiD TERMINAL

USE AN ACTUATOR

SINGLE BOARD_ RASPREAEY

COMPUTER
SR
v I, ThE DUTY OYaE INFLUENCE S
N . ,  OF MODULATED P Te seed OF
. PuLSE ROTATION OF
; e

—‘_E_‘— CONTROL ACTURTOR

SIGNAL MOTION

DO YOUR
RESEARCH

HOW WOuLD You Keep

MOTOR ROTATION smooTH’

N YOU MADE YoUR “9e0
/\Qobf FIRST TOT NIGHTLIGHT! )

CREATED BY
@ SKETCH THE DOCS



INTERACT svstear worvo

ﬂ SENSORS

TO GATHER DATA

4~ ACTUATORS

TO SEND FEEDBACK

M PROTECT

BuiLD A NIGHTLIGH™




IMPORTANT

INTRODUCTION CONCEPT'S

e

BT WHAT ARE SENSORS® LI WHAT ARE ACTUATORS?
) USE A SENSOR JEj USE AN ACTUATOR
h SENSOR TYPES & AcTUATOR TYPES




WHAT ARE SENSORS’

L HARDWARE DEVICES

'4

i @ THAT SENSE THE
PHYS)CAL WORLD

ToT DEVICE

ey MEASURE puysicAL

PROPERTIES AND SEND
THAT INFORMATION TO AN

COMMON SENSORS

[ TEMPERATURE
HUMIDITY

[Jy BUTTONS
(INTERACTION)

g LGHT SENSOR

(LEVELS, COLORS ---)

@ CAMERAS

[ ACCELERATORS
(8 MICROPHONES



DDES YOUR
PHONE HAVE’

ALL SENSORS CONVERT THE
SENSED INPUT INTO ELECTRICAL

DO YOUR SIGNALS THAT lol DEVICES
(RESERRCH CAN INTEPRET MEANINGRULLY
>



USE A SENSOR PICK YOUR HARDWARE PATH
ADD YOUR FIRST SENSOR

(O WiD TERMINAL (2) SINGLE BOARD SINGLE BOARD
COMPUTER ComPUTER
' " (IRTUAL deviee)
CREATE SENSOR
Senser Tgpe [
BUILT- IN WIGHT iyl
SeNsOR (photodiode) C
CONVERTS ANALOG EXTERNAL SUNUIGHT USE A VIRTUAL LIGHT

SIGNAL INTD INTEGER
p SENSO CROVE SENSOR WITH THE
VALVE ( O‘ 1023) R ( ) COUNTER FIT APP



SENSOR TYPES

ANALOG SENSORS

"‘PRODUCES A CONTINVOUS
ANALOG SIGNAL PROPORTIONAL

TO THE SENSED INPUT

» EXAMPLE:
PRODUCES DISCRETE VAWES

TEMP SENSOR
(0,1 — BINARY STATES)

EXAMPLE :
LIGNT sSwiTCH

| —

g




ANALOG SENSDRS

— HoW IT WORKS —— IT'S A MEASURE
OF EFFORT Neeped
..‘ f TO PUSH ELECTRICITY

FRoMm ONé POINT

ToT TO ANOTHER
VALVE
BEVICE SCHOOR THE TOT DEVICE CAN (“mem:
'ReAD’ THE VOLTAGE  so™
SENSOR ReCeVES VOLTAGE COMING QUT OF THE Q]
PRom I0T DEVICE, ADIUSTS SENSOR AND REACT mﬁ}
AND RETURNS IT TD REFLECT DATA TS VALUE OR CHANGE




POTENTlO METER IS ONE EXAMPLE OF AN
ANALOG SeNsSOR DeEVICE

iy

ROTATE THE
DIAL BETWEEN
TWO FIXED ENDS

(mapped to OV,5V)

SENSOR MEASURES

ROTATION BY SENDING

REDUCED VOLTAGE
(OR NUMERIC MAPPING)
CORRESPONDING TO SHIFT



" I L
; p 13 WHAT IS A THERMISTOR ?
.. WHAT TYPE OF SENSOR IS
g? IT— AND HOW DOES IT WORK’
S

[ WHAT DD YOU THINK HAPPENS
DO YOUR IF SENSOR SENDS OUT HIGHER

RESEARCH VOLTAGE THAN IT RECElves?




ANALOG-TO - DIGI TAL MANY (OT BEVICES
HAVE BULILT-IN ADC

TOT DEVICES ~— @D

ARE DIGITAL! oo [ MANY SENSORS €AV
O WORK WITH ADCs VIA
ANALDG SENSORS

& A CONNECTOR BOARD'
NEED TD 'DigITIZE’

THEIR VALUES BEFORE T
TOT BEVICE CAN USE THEM @ LIOBRI 'A"R“l ¥
SENSDRS /beVICES
RANDLE MUCH OF
DIGITAL This FOR YOU
ANALOG s e . .
TRANSPARENTLY

INPUT



DIGITAL SENSDORS ALSO DETECT WORLD
BY MEASURING ELECTRICAL

— o THEY OUTPUT DICITAL
4— i SIGNALS (EITHER BY
OV USING BINARY STATE

OR BY USING AN Abc)
SV
e
-«

ON SIMPLEST EXAMPLE
@ ON/OFF swiren




ADVANCED DIGITAL SENSORS

DIGITAL INPUTS

SIGNAL ARE MORE RELIABLE
[Q READ ANALOG SIGNALS  MORE ReL

[} CONVERT USING ON-BOARD ADC
[ OUTPUT PURELY DIGITAL SIENALS

TO 10T

DEVICE
DIGITAL TEMP SENSOR

’ ':
I } f ‘1 ;>
1
¢ 7
o /




[ibVHI\ICEb DIGITAL SENSORS

DIGITAL DATA HAS EXAMPLE - CAMERA AS
ADDED BENEFITS DGITA L
SENSOR

SENSORS CAN BE MORE
COMPLEX, SEND DETAILED DATA

EASIER TD ENCRYPT DATA
FOR SECURE TRANSMISSION

DIGITAL CAMERAS
USE SENSORS LIRE

THIS TO CAPTURE
MGHRT FROM THE

LENS AS PIXELS
IN A FRAME / IMAGE

MORE IMMUNE TO ENVIRONMENTAL
AND ELECTRONIC 'NOISE’

MORE FLEXIBILITY IN SIGNAL %
PROCES SING SYSTEMS B




WHAT ARE ACTUATORS?

- OPPOSITE OF SENSORS
CONVERT ELECTRICAL

“M

WORLD

2 ¥ N device

EXAMPLES

@ LED
@ SPEAKER
[y RELAY

Bl SCREENS

Ke
fokes ~ R STEPPER

s sugnal tothe
cHon

senc} elecH@|




USE AN ACTUATOR PICK YOUR HARDWARE PATH
| ADD AN ACTUATOR (USE GUIDE)
gt

‘ ARDUIND - WiD TERMINAL

SINGLE BOARD  RASPRERRY
COMPUTER PL

SINGLE BORRD — NIRTUAL
COMPUTER DEVICE




JUST LIKE SENSORS,
ACTUATOR TIPES e
‘ OF ACTUATORS

CONTROL SIGNAL AND aa 7& -
-- CONTROI.
= SIGNAL

A souRcEOFENERGY BASED ON SIGNAL  THEY

Q CONVERT ENERGY INTD SOME

MOTION OR INTERACTION

EXAMPLE : CONTROL SIGNAL TRIGGERS

ENERGY swiTcH TO MOVE, TURNS LIGHT
ROTARY ON IN ROOM




ACTUATORS CAN BE CATEGDRIZED

/

’ <  BY THE FUNCTION THEY SERVE
| AND HOw THEY CONVERT ENERGY
i? learn b PNEUMATic

—-—

Abou & ‘H‘IDRAULIC
@RELECTRIC '
(B THEPTM.AﬁL_.
IOk MAGNETIC

DO YOUR

"RESEARCH




ANALOG ACTUATORS

2 —

) ©

s |
\ ’

w .

0

( -

< e

3

s o

"

L4l

ANALOG ACTUATOR
CONVERTS ANALOG
SIGNAL INTD SOME
INTERACTION THAT IS
PROPORTIONATE TO

- v =

VOLTAGE SUPPLED

DAC = DIGITAL TO ANALOG
CONVERTER

&4 W a e s = *Ta S e "E S s ™

REQUIRED TO CONVERT TOT
DEVICE, DIGITAL OUTPUT (0,1)

T ANALOG VOLTAGE (mmce)



PULSE WIDTH MODULATION [ = SWITCR BIGITAL SIGNAL #ROM
0T BEVICE BETWEEN TWO

50% DuTY STRTGS CRGAT’ING PULSES

® CYCLE

VARYING THE DUTY cvcn.e(ONIOFF
DURATION) MODULATES PULSE

I50rPm  WIDTH = CREATING AN OVTPUT
1 SIGNAL THAT ACTS ANALDG

)

MOTOR Contvol a motor's

Sbu.d with a SV
dmui’ul Suﬂln

j Pulse modulation
& YP " Vavies avg vpm based

on duly eycle




THE DUTY CVcLe INFLUENCE S

\ I L
N : . OF MODULATED -’ THE SPeEeD OF
| PULSE RoTATION OF
5 oo
-— CONTROL ACTURTOR
= SIGNAL

MOTION

DO YOUR
RESEARCH HOW WOULD YOou Keep

MOTOR ROTATION smooTid’




(1) HAVE 2 STATES (CONTROLLED
BY HEH AND LOW VOLTAGE)

\—lKe' DIGITM. SGNSORS

— -.- o o = aw» "

@Hhve BUILT-IN DAC THAT
CONVERTS DIGITAL INPUT |NTD
ANALDG SIGNAL THEY CAN USE!

DIGITAL ACTUATORS

EXAMPLE [ 2 stares (on /oFe)

SimPLE HIGH VOLTAGe = ON
LED LOW VOLTAGE = OFF




N L NHAT ARE SOME 0THER
“ | BEXAMPLES OF
- E? 2-STATE
b ACTURTORS ©
HOW ABOUT A
DO youﬁ SOLENOI D 4
wResenccH P WHERE 1S 1T Usep?

<




CHALLEMGE

. LooK AT YOUR PREVIOUS

LISTS OF IOT DEVICES

FOR EACH DEVICE - WHAT
SENSORS / ACTUATORS ARE
THEY CONNECTED TO’

. WHAT IS THEIR PURPOSE ?




| WHATS NEXT? |

LEARN TO

SEND o
RECE IVE
MESSAGES

YOUR DEVICE S
TO THE INTERNET Heir o

SN MQTT BROKER
|
\ / ! 43/ ConneeT

\
\
\ \

INTERNET

—————
‘
- ——_—




000"
> CR
@3 EAT
=
eI
CS



