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Signals



Analog and Digital
• We can store only digital signal.


• We will convert everything 
that is analog to digital.


• When reading or writing digital 
signals we need to establish 
values for:


• Bits per sample.


• Sampling rate. Image source: www.electronicproducts.com



Bits per sample
• How many bits are used to represent a value.



Bits per sample
• For n bits:


• Values will range between 0 and 2^n - 1.


• Eg. for 3 bits we will have:


• 000 - 0


• 001 - 1


• 010 - 2


• 011 - 3


• 100 - 4


• 101 - 5


• 110 - 6


• 111 - 7



Bits per sample



Sampling
• Make measurements



Sampling



Sampling



Frequency

Image source: https://commons.wikimedia.org/wiki/File:Wave_frequency.gif



Sampling Rate

• Nyquist Theorem: Sampling rate >= 2*max frequency

https://whatis.techtarget.com/definition/Nyquist-Theorem



Voice Frequency
• Human audible range:


• 20 Hz to 20KHz.

Titze, I.R. (1994). Principles of Voice Production, Prentice Hall (pp. 188), ISBN 978-0-13-717893-3.

https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-13-717893-3


Voice Frequency

Image source: www.proav.de/audio/speech-level.html



Source: https://www.youtube.com/watch?v=qf97H6cV5QQ



Voice Frequency

Image source: www.proav.de/audio/speech-level.html

Telephony, voice frequency range: 300Hz to 3400Hz.



Ohm Law

Image source: http://stat.case.edu/~pillar/genealogy/ohm.gif

I =
V
R



Ohm Law

http://www.ohmslawcalculator.com/ohms-law-calculator



Resistors in Series

REQ = R1 + R2 + R3 = 1kΩ + 2kΩ + 6kΩ = 9kΩ

https://www.electronics-tutorials.ws/resistor/res_3.html



Resistors in Parallel

https://www.electronics-tutorials.ws/resistor/res_4.html



Voltage Divider Network
Kirchhoff’s Voltage Law: 
  “the supply voltage in a closed circuit is equal to the sum of all the voltage 
   drops (I*R) around the circuit” 



Voltage Divider Network

https://www.electronics-tutorials.ws/resistor/res_3.html



Voltage Divider Network

R1 = 0 
Vout = ?
R1 = 0 

Vout = Vin
R2 = 0 

Vout = ?
R2 = 0 

Vout = 0

R2 = infinit 
Vout = ?

R2 = infinit 
Vout = Vin

R1 = 0 
R2 = 0 

Vout = ?
Short c

ircuit



Electronic Components



LEDs



Light-emitting Diode



Resistors



https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-resistor-color-code



https://www.digikey.com/en/resources/conversion-calculators/conversion-calculator-resistor-color-code





Peripheral I/O

• General Purpose Input/Output (GPIO)


• Pulse Width Modulation (PWM)


• Serial Communication



Raspberry Pi 3 Model B

https://developer.android.com/things/hardware/raspberrypi.html

Quad-core 64-bit ARM Cortex-A53

1.2GHz

Four USB

Ports

Wired

Networking

Wireless

Networking

HDMI

Composite

Video

Power

Camera 

connection

40-pin GPIO connector



Raspberry Pi 3 Model B

Micro SD

card reader

https://developer.android.com/things/hardware/raspberrypi.html



I/O Pinouts



Output and Input
• Digital Pins


• Two values:


• Low (0)


• High (1)


• Acts either:


• Battery (OUTPUT)


• Voltage meter (INPUT)



Output

• Pin 12 can act like a 
battery (OUTPUT)


• LOW - 0V


• HIGH - 5V, 3.3V or 1.8V

Arduino
Raspberry Pi

Others



What resistor to use?

?

3.3VLed



Led



Compute R1

Vout = Vin(
R2

R1 + R2
)

R2

R1 + R2
=

Vout

Vin

R2Vin = R1Vout + R2Vout

R1 =
R2(Vin − Vout)

Vout

R1 =

Vout

Iout
(Vin − Vout)

Vout

R1 =
Vin − Vout

Iout
R1 =

Vin − Vout

Iout
=

3.3V − 2V
0.020A

= 65Ω

http://www.ohmslawcalculator.com/led-resistor-calculator



Input
• In this case we are 

measuring


• Represented on one bit.

Vout



I/O Pinouts

https://pinout.xyz



Pulse Width Modulation 
PWM

https://www.arduino.cc/en/Tutorial/PWM



Pulse Width Modulation 
PWM

https://www.arduino.cc/en/Tutorial/PWM

• PWM Pins


• Capable to generate square 
wave signals.


• We control the % of the duty 
cycle:


• 0 - 0%


• 255 - 100% (check hardware 
specs)


• Possible usage:


• Led dimming.


• Control a servo motor.

GPIO = LOW (0)

GPIO = HIGH (1)

Between 1.1Hz and 19MHz 



Analog to Digital  
Convertors



Analog to Digital  
Convertors

• When reading or writing digital signals 
we need to establish values for:


• Bits per sample.


• 1 bit - GPIO Input.


• n bits - 0..2^n - 1


• Sampling rate.



Analog to Digital  
Convertors

Features 

• 8 x 17-bit 0 to 5V Single Ended Inputs 

• Control via the Raspberry Pi I2C port 

• Stack up to 4 ADC Pi boards on a 
single Raspberry Pi 

• ...

https://www.abelectronics.co.uk/p/69/adc-pi-raspberry-pi-analogue-to-digital-converter



Setup

Image source: https://rehhoff.me



Flashing the Image
• Prerequisite:


• Micro-USB cable.


• Ethernet cable.


• MicroSD card reader.


• 8GB or larger microSD card.


• Optional items:


• HDMI cable.


• HDMI-enabled display.



Step 1
• Download the Android Things 

Setup Utility.


• https://partner.android.com/
things/console/#/tools


• Using the setup utility:


• Select the option to install 
Android Things and optionally 
set up Wi-Fi.


• Insert the microSD card into 
the microSD slot on the 
underside of the Raspberry Pi.

https://partner.android.com/things/console/#/tools
https://partner.android.com/things/console/#/tools


Step 2
• Connect a USB cable to J1 for power.


• Connect an Ethernet cable to your 
local network.


• (Optional) Connect an HDMI cable to 
an external display.


• Verify that Android is running on the 
device.


• Connect to the IP address using 
the adb tool:


• adb connect <ip-address>


           connected to <ip-address>:5555



Raspberry Pi OS



Raspberry Pi OS

https://projects.raspberrypi.org/en/projects/raspberry-pi-setting-up



Lecture outcomes

• Understand how to establish the needed 
components.


• How to establish the hardware characteristics 
for the needed components.


• How to use the available pins for input and 
output.


• Setup the development platform.


