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translating between
world and computer

o1 a

translating resistance to voltage HIGH, LOW

0% Duty Cycle - analogWrite(Q)

25% Duty Cycle - analogWrite(64)

50% Duty Cycle - analogWrite(127)

translating analog to digital

75% Duty Cycle - analogWrite(191)

Il ! ! L L

U U U
100% Duty Cycle - analogWrite(255)
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Intro to electricity

o NUCLEDS N
\ S o (PROTONS  AND....._
NEUTRONS)

Voltage (V) - is electrical pressure or force.
Sometimes referred to as potential. Voltage drop
is the difference in voltage between the two ends
of a conductor through which current is flowing.

Hiagh
Potential Current Flow

L’"Rm“m Current (I) - is the quantity of electronics passing
a given paoint.

Y’"”" The unit of current is Ampere.
1Amp = 6,280,000,000,000,000,000 electronics

passing a point in one second.

_EW—P;?;&;F—
Water Analogy
If we compare electricity to water flowing Resistance (R) - conductors are not perfect,
through a pipe, then: they resist the flow of current to some degree.
Voltage is the water pressure, the unit of resistance is the Ohm (Q).

Current is the stream of flow of water,
Resistance is the valve.

book tip: Forrest M. Mims “Getting Started in Electronics”
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simple LED circuit

schematic symbols:

power supply resistor variable resistor LED switch



swatch: Velostat pressure sensor

analog sensor

constructed from layering a piece
of Velostat between two pieces of
copper tape on paper and folded in

half.
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TEMPLATE MATERIALS ASSEMBLE FOLD H Resistor.________ Ohm
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¥ % g % hard press: Ohm
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Velostat




Piezoresistance

"Piezo” derived from
the Greek piezein,
which means to
squeeze or press

Conduchive
Threads

" Flexible subshale

Rasistance decreass of

T plazonsslsiive rubber

pressure conductive rubber

1) (b} [ch

Tactile sensing in dexterous robot hands
https://www.researchgate.net/publication/2825573%4_Tactile_sensing_in_dexterous_

robot_hands_-_Review/figures?lo=1









but.............. what if...... the light

should go O f f when |

p re S S the sensor?
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VOLTAGE
DIVIDER
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DIGITAL
CONVERTER
(ADC)




in this mode it
will beep wher
there is a direct
connection (<100
ohm)

auto-ranging

| DIGITAL MULTIMETER  Autorange

SmApAV
CFHzOHE
600V CAT Il

A com
10A 400mA
\ FUSED FUSED ]
MAX 30sec. =
every 15 min,

the numbers on the dial are not
multipliers, but indicate the maxi-
maum reading range.

for example: if the dial is on 20K an
the display says “12.4"

then you are reading 12.4K ohm or
12,400 ohm

MULTIMETERS

manual-range

DTE30BE

DIGITAL
MULTIMETER < wnoui




light press: Ohm

hard press: Ohm




light press: 300 Ohm hard press: 50 Ohm
























5V

. R1 _ V1
R2 ~ V2




5V

. R1 _ V1
R2 ~ V2




5V

. R1 _ V1
R2 ~ V2

500 0hm  ?V




5V

. R1 _ V1
R2 ~ V2

5000hm 1V







5V




5V




light press:

hard press:




VOLTAGE
PULL-UP DIVIDER

RESISTOR

VARIBLE
RESISTOR




QUESTIONS?
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DIGITAL
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Arduino

Arduino Uno Arduino Leonardo Arduino Due Arduino Ydn Arduino Tre Arduino Micro

Arduine Esploza Arduino Ethernet Arduino Mega 2560

LilyPad Arduino USB LilyPad Arduino LilyPad Axduino LilyPad Arduino i ot Ao i SoE
Simple SimpleSnap
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I\/Ilcro USB

. Mlcro ,

33
- Regulator

nn Sew/CIIp'
JST Battery
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open Arduino IDE...

o ® sketch_junO1a | Arduino 1.8.5

sketch_jundla

18 void setup() {

2 // put your setup code here, to run once:

3

4 }

5

68 void loop() {

7 // put your main code here, to run repeatedly:

8
9}

Arduino/Genuino Uno on /dev/cu.usbmodem1411




open: File >> Examples >> Communication >> Graph

@ Arduino MR Edit Sketch Tools Help
@ ® New BN |

Built-in Examples

Open... #0  01.Basics >
Open Recent > 02.Digital >
sketch_jun01a Sketchbook > 03.Analog >
1| PR Examples 04.Communication Sl ASCliTable
2 // puty Close #W " 05.Control »  Dimmer
3 =S %S | 06 .Sensors S Gaon
4 3} Save As... T#8S  07.Display > Midi
5 Page Setup %8P | 08.Strings > MultiSerial
6Bvoid loop( print 3ep 09.USB > PhysicalPixel
7 // put Yyour—murmeouernere;—wd  10.StarterKit_BasicKit > ReadASCIIString
8 11.ArduinolSP > SerialCallResponse
9 % Teensy > SerialCallResponseASCI|
~ SerialEvent
o SerialPassthrough
Adafruit Circuit Playground > VirtualColorMixer
Bridge > |
Esplora >
Ethernet >
Firmata >
GSM >
LiquidCrystal >
Robot Control >
Robot Motor >
SD >
Servo >
SpacebrewYun >
Stepper >
Temboo >




select Board

@ Arduino File Edit Sketch Help

oo Auto.Format ®T Boards Manager...
Archive Sketch
Fix Encoding & Reload Teensyduino
Serial Monitor 0 ¥EM Teensy 3.6
22 Serial Plotter 3L Teensy 3.5
| "~ Teensy 3.2/ 3.1 '
gi | WIiFi101 Firmware Updater Teensy 3.0
25 Board: "Arduino/Genuino Uno" Teensy LC
26 Port > Teensy++ 2.0
27 Get Board Info Teensy 2.0
28Evoid setup() { i . . |
29 // initialize the serial | prodrammer; SUSBunylSP ’ LR

Burn Bootloader

30 Serial.begin(9600); v Arduino/Genuino Uno

31 % Arduino Duemilanove or Diecimila
32 Arduino Nano
338 void loop() { Arduino/Genuino Mega or Mega 2560 '
34 // send the value of analog input @: Arduino Mega ADK
35 Serial.printlnCanalogRead(A®)); Arduino Leonardo
36 // wait a bit for the analog-to-digital converter to stabiliz¢ Arduino Leonardo ETH
37 // reading: Arduino/Genuino Micro
38  delay(2); Arduino Esplora
39 } Arduino Mini
40 Arduino Ethernet
Arduino Fio
Arduino BT \

LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older

AvrAdiiina Dalvat MAanteal




select Port

@ Arduino File Edit Sketch Help

| NON | Auto Format ®BT
Archive Sketch
Fix Encoding & Reload
Serial Monitor {+38M
22 Serial Plotter 3L
23 This example code is in t|  WiFi101 Firmware Updater
24
25 ttp://www.arduino.cc/en/.  Board: "Arduino/Genuino Uno" > |
26 _Pot |
27 Get Board Info {dev/cu.Bluetooth-Incoming-Port i
Elvoi dev/cu.usbmodem1421 (Arduino/Genuino Uno |
288vold setupQ) { Programmer: "USBtinyISP" > | fdevt ( d ) i

29 // initialize the serial |
30 Serial.begin(9600);

31 %

32

338void loop() {

34 // send the value of analog input @:

35 Serial.printlnCanalogRead(A@));

36 // wait a bit for the analog-to-digital converter to stabilize after the last
37 // reading:

38 delay(2);

39 %

a0

Burn Bootloader

Arduino/Genuino Uno on /dev/cu.usbmodem1411



[ NON | Graph | Arduino 1.8.5

22

23 This example code is in the public domain.
24

25 http://www.arduino.cc/en/Tutorial /Graph

26 #’,.f

27

288void setup() {

29 // initialize the serial communication:
30 Serial.begin(9600);

31 3}

32

338void loop() {

34 // send the value of analog input 0:
35 Serial.printlnCanalogRead(A@));

36 // wait a bit for the analog-to-digital converter to stabilize after the last
37 // reading:

38 delay(2);

39 %

a0

Sketch uses 1930 bytes (5%) of program storage space. Maximum is 32256 bytes.

Global variables use 188 bytes (9%) of dynamic memory, leaving 186@ bytes for local variables. Maximum is 2048 bytes.

Arduino/Genuino Uno on /dev/cu.usbmodem1421




open Serial Monitor

r

[ NON /dev/cu.usbmodem1421 (Arduino/Genuino Uno)

Send

482
479
482
482
479
481
483
480
480
483
480
480
483
481
479
482

Autoscroll Newline 9600 baud Clear output




void setup() {
Serial .begin(9600);
}

void loop() { ANALOG
Serial.printllanalogRead(A@) k prcrTaL
de'|_ ClyCZ) , CONVERTER

) (ADC)



ANALOG
analogRead(A@); DIGITAL

M CONVERTER

(ADC)




TIP:
Internal pull-up resistors!



EXTERNAL PULLUP INTERNAL PULLUP (20K)

20K Ohm
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pinMode(A@, INPUT_PULLUP

W/
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void setup() { |
pinMode(A@, INPUT_PULLUP);
Serial.begin(9600);

h

void loop() {
Serial.printlnCanalogRead(A@));
delay(2);

¥
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open Serial Monitor

r

[ NON /dev/cu.usbmodem1421 (Arduino/Genuino Uno)

Send

482
479
482
482
479
481
483
480
480
483
480
480
483
481
479
482

Autoscroll Newline 9600 baud Clear output




EXTERNAL PULLUP INTERNAL PULLUP (20K)

oV oV




sensor’s resistance range

sensor'’s

voltage range

sensor’s 10bit ADC

range

Ssensor

e =

+

resistor

N/ —
sensor max Q min Q mean Q max V min V | max ADC | min ADC
resting activated resistor resting activated resting activated




QUESTIONS?



iy

HIGH, LOW

0% Duty Cycle - analogWrite(0)

25% Duty Cycle - analogWrite(64)

LT T

50% Duty Cycle - analogWrite(127)

75% Duty Cycle - analogWrite(191)

100% Duty Cycle - analogWrite(255)
|




digital ------=---- > HIGH / LOW

digitalWrite(PIN#, HIGH);

HIGH - 1 - VCC - on

LOW - 0 - GND - off

digitalWrite(PIN#, LOW);



digital ---------> PWM .=..

analogWrite(PIN#, [0-255]);

0% Duty Cycle - analogWrite(0)

25% Duty Cycle - analogWrite(64)

50% Duty Cycle - analogWrite(127)

JEpEpEpENE

75% Duty Cycle - analogWrite(191)

PULSE
10?% Duty Cylcle - analoIQWrite(zS_?)
‘ ‘ WIDTH
MODULATION




