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Turn on your system sound to hear the streaming presentation.

If you have technical problems, click “Help” or submit a question asking for

assistance.

Participate in ‘Group Chat’ by maximizing the chat widget in your dock.

Submit questions for the lecturer using the Q&A widget. They will follow-up

after the lecture portion concludes.
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Don Wilcher

Visit ‘Lecturer Profile’ in your console for more details.
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Course Kit

Freenove Ultimate Starter Kit for Raspberry Pi 4 B 3 B+
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Agenda:

 Introduction to the Raspberry Pi 4 (RPi4)
* What is Physical Computing?

* What is Physical Computing Automation?
* What is Processing?

e Lab: A Processing LED Flasher
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Introduction to the RPi4. ..
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Introduction to the RPi4. ..
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camera port
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Introduction to the RPi4. ..

Raspberry Pi 4 Tech Specs

Gigabit
New, more ; Ethernet

powerful D _
processor [

Z'EIuEIET l

Choice of RAM:

[46E) (555)

USB-C Power Supply Micro HDMI ports
Supporting two 4K displays

Source:
https://www.raspberrypi.org/products/raspberry-pi-4-model-b/specifications/



https://www.raspberrypi.org/products/raspberry-pi-4-model-b/specifications/
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Question 1

What Bluetooth specification is implemented on a RPI4?
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Introduction to the RPi4. ..

Specifications

* Broadcom BCM2711, Quad core Cortex-A72 [ARM v8) 64-bit SoC
15GHz

* 2GB, 4GB or 8GB LPDDR4-3200 SDRAM (depending on model)

» 24 GHz and 5.0 GHz IEEE 802 1ac wireless, Bluetooth 5.0, BLE

» (Gigabit Ethernet

 21SB 3.0 ports: 2 USB 2.0 ports.

» Raspberry Pi standard 40 pin GPI0 header (fully backwards compatible
with previous boards)

» 2 x micro-HDMI ports (up to 4kp&0 supported)

o Z-lane MIPI DSI display port

s 2-lane MIPI CSl camera port

s 4-pole stereo audio and composite video port

» H.265 (4kpé0 decode), H244 [1080pa0 decode, 1080p30 encode)

» OpenGL ES 3.0 graphics

* Micro-SD card slot for loading operating system and data storage

+ 5V DC via USB-C connector (minimurm 34%)

» 5V DC via GPIO header [minimum 34%)

» Power over Ethernet (PoE) enabled [requires separate PoE HAT)

» Operating temperature: 0 - 50 degrees C ambient

2]

* A good quality 2.5A power supply can be used if downstream USB

peripherals consume less than 500mA in total.

Source:
https://www.raspberrypi.org/products/raspberry-pi-4-model-b/specifications/
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Introduction to the RPi4. ..

4 ™\
3V3 power o (1)(2) o 5V power
GPIO 2 (SDA) o (3)(4) o 5V power
GPIO 3 (SCL) o (5 (6 ) o Ground
GPIO 4 (GPCLKO) o (7)(8) o GPIO 14 (TXD)
Ground o (9 )10} o GPIO 15 (RXD)
GPIO17 © (1)(12) o GPIO 18 (PCM_CLK)
GPIO 27 o (13)(14) o Ground
GPIO 22 © (15)(16) > GPIO 23
3V3 power (1 7)1 8] GPIO 24
GPI0 10 (MOSI) (19)(z0} Ground
GPIO 9 (MISO) © 2)(22) > GPIO 25
GPIO 11 (SCLK) o oD > GPIO 8 (CED)
Ground o (25)(26) o GPIO 7 (CE1)
GPIO 0 (ID_SD) CIz0) > GPIO 1 (ID_SC)
GPIO 5 o (29)(30) o Ground
GPIO 6 GG GPIO 12 (PWMO)
GPIO 13 (PWM1) o G3)(34) o Ground
GPIO 19 (PCM_FS) o (35)(36) o GPIO16
GPIO 26 © (37)(38) o GPIO 20 (PCM_DIN)
Ground o (39)(0) o GPIO 21 (PCM_DOUT)
. J

Source:
https://www.raspberrypi.org/documentation/usage/gpio/

11
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Introduction to the RPi4. ..
Specifications. . .

What is MIPI?
a) MIPI is the Mobile Industry Processor Interface.
b) The MIPI is a standard that defines industry specifications for the
design of mobile devices such as
l. smartphones
. tablets
lii. laptop computers
Iv. hybrid devices

Source:
https://www.mipi.org/specifications/dsi 12
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Introduction to the RPi4. ..
Specifications. . .

What is MIPI?
There are two standard MIPI ports packaged on a RPi4.

a) Camera Serial Interface (CSI)
.. A specification of the MIPI Alliance
ii. Defines an interface between a camera and a host processor

b) Display Serial Interface (DSI)
.. A specification of the MIPI Alliance
ii. A versatile, high-speed interface for displays in smartphones,

tablets, laptop computers, automotive and other platforms.

Source:
https://www.mipi.org/specifications/dsi 13
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Introduction to the RPi4. ..

What is MIPI? Specifications. . .

¥y in f @ @ Member Login ContactUs  Visit our Blog -

m|p|a”iance AboutUs ~ Membership ~ Specifications + Resources + News v Events ~ \ @ Join MIPI

- MIPI Display Serial Interface (MIPI DSI) _

A versatile, high-speed interface for displays in smartphones, tablets,
laptops, automotive and other platforms

Quick Facts

Get the Specification
MIPI D8I v1.3.1

Member version @

MiPI D-PHY « High performance
- Low power Versions
« Low EMI

Current Version:

UHD resolution v1.3.1 (December 2015)

Embedded displays

Smart meters

Video game devices

Smart waiches

Virtual or augmented reality Head-mounted devices Developed by

in-sight (glass) devices

Display Working Group

I0E=a0
Source:

https://www.mipi.org/specifications/dsi

14
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What is MIPI? Specifications. . .

DSI Port

Source:
https://www.raspberrypi.org/documentation/hardware/display/

15
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Introduction to the RPi4. ..

What is MIPI? Specifications. . .

CSI Port

Source:
https://projects.raspberrypi.org/en/projects/getting-started-with-picamera

16
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Question 2

What is MIPI?

17
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What is Physical Computing?...

Physical Computing
Physical computing, in the broadest sense, means building interactive physical
systems by the use of software and hardware that can sense and respond to the

analog world

Sensors

Interactive

Interaction Real World
System

Actuators

18
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Sensor
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What is Physical Computing?...

Real World

Raspberry Pi 4

Interaction

19
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Question 3

What world does Physical Computing interact with?

20
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What is Physical Computing?

Concept

Source:
https://projects.raspberrypi.org/en/projects/getting-started-with-picamera

21
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What is Physical Computing?...

Concept

...................

----------------------
--------------------

.............
W ysansansseseanes e i ns e Sgys -

A Basic Physical | i a .
Computlng """"""" Be: SNQS Weiin il M
Device: DC Motor | o | —

https://youtu.be/GsazTRleXfM *
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What is Physical Computing?...

Concept

A Basic Physical
Computing Device:
DC Motor Controller = ,\~.. .....

............

Block Diagram N e

electric motor

Breadboard Wiring
Diagram

L B
lllllllllllllllllllllllll
S1:Tactile R1- 100 ohm D1: 1N4001
Pushbutton Switch
L I - " w9 - L B B I . W L I L I - w
L B L] " " @ " W L L - " 8 W @

23
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Concept

A Basic Physical
Computing Device:
DC Motor Controller
Block Diagram

Python Code

What is Physical Computing?...

button
motor

gpliozero
time
button Button(2)
motor Motor(17,18)
True-
button.wait_for_press()

motor.forward()
("Button Was Presssed")
time.sleep(10)
("Button Not Pressed")
motor.stop()

Sponsored By

24
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What is Physical Computing?... @

Conce pt DC Motor Control Software o

A 4

Raspberry Pi 4

Pushbutton Switch

DC Motor

A Basic Physical Computing Device:
DC Motor Controller Block Diagram »
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What is Physical Computing Automation?

Automation — use of control systems and information technologies to reduce
the need for human work in the production of goods and services. In the scope
of industrialization, automation is a step beyond mechanization [1].

Physical Computing Automation
Creating control systems that use sensors and information technologies that
augment the human worker (aka production operator).

Source:
https://en.wikipedia.org/wiki/Automation

26


https://en.wikipedia.org/wiki/Automation
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What is Physical Computing Automation?

Figure 1.4
hascroo [

Ths I.l.I-I- ol A _;'ll'. slCAal CroComirolie Frl_llgld:'ﬁl-l.l'.g
computing system ' -f"-

i 2| “;.._ o Ld s et :

. |.::.| H \—‘ ﬁ

g : —

Serna

A0 ML M DR

Physical Computing Concept

Source:

O'Sullivan, D., & Igoe, T. (2004). Physical computing: Sensing and controlling the physical world with computers. Boston, MA:
Thompson.

27
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What is Physical Computing Automation?

-- Control
Operator

Figure 1.4

physical a==®.'_

hascroconiro) e P
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Physical Computing Automation Concept

Source:

O'Sullivan, D., & Igoe, T. (2004). Physical computing: Sensing and controlling the physical world with computers. Boston, MA:
Thompson. 28
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What is Processing?

A programming language created to make programming interactive graphics

easier.
C++
R . . Arduino ) JavaScript

Processing is comprised of c e

multiple computer | - ’
languages Wiring Pois

Design By Numbers HTML5
Postscript Ruby Processing
Processing.py I.:Euby

Source: Python
Reas, C., & Fry, B. (2015). Getting started with processing (2nd ed). Make: Community.

29
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What is Processing?...

Horme Raspberry PiImage

Get Started

Download This is the recommended, and easiest way to get started: .
Reference - isting
. Tutorials Download Image (1.82GB)
Downloading = |
rechnical Processing 3.4 « Released July 2018
Social Follow Get Started for instructions how to install this image file

Processing

Install Processing onto existing installation

Alternatively, if you already have an existing installation of Raspbian you want to keep, you can install
Processing by running the following in a terminal:

Tar-balls

Lastly, if you are an expert user, and know your way around Linux, you can also manually downleoad
and install the compressed archives below. Those also come with a copy of Java built-in.

processing-3.5.3-linux-armvéehf.tgz (95.5 MB)

Source:

https://pi.processing.org/download/ »



https://pi.processing.org/download/
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What is Processing?...

Install Processing onto existing installation

Alternatively, if you already have an existing installation of Raspbian you want to keep, you can install
Processing by running the following in a terminal:

curl https://processing.orgfdowmleoad/install-arm. sh

udo =sh E COpy

Source:
https://pi.processing.org/download/ 31
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Question 4

What is the design concept behind the Processing Language?

32
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What is Processing?...

& r::, @ske‘[oh_?ﬂﬂ?SI alPro.

File Edit Sketch Debug Tools Help

sketch_200731a v

Processing installed
successfully on a
RPi4 !

33



Continuing

Education Sponsored By
Center

What is Processing?...

ﬂ shapes | Processing 3.5.4 — O e
File Edit Sketch Debug Tools Help TGD|bEII’

Tabs
fize(48n, 128); . y o
Processing Integrated
Development Environment
(IDE) Text Editor

Message Area

Console/Errors

Console A Error
34
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What is Processing?...

=L

Processing (0,0,-100} (100,0,-100)
Coordinating
System
(.00 [mul.n,; ox (0.0.0) w:m.,-:n,:u]:F !
(100,100,-100)
(0,100 : ' )
L {100,100} m‘mﬂ’mﬁ (100,100,0)
+¥ +¥

Source:
https://processing.org/tutorials/drawing/

35
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What is Processing?...

Box | Processing 3.5.3
Eile Edit Sketch Debug Tools Help

How to use the . Pl
Coordinate System H 1100 2o, a00100;
to create Shapes in f oo 0, 150,30,

[ Line( 10, , 7Y
Processing d 1-ne(180,70, 150,100);

A 1ine(1808,70, 150,100);

36
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What is Processing?...

Processing size(400, 120):
creg%?‘eggogox rect(70, 30, 80, TO):
line(7@, 30, 110, 18):

1ine(l11@,10, 180,18):

1ine(186,10, 150,38):

1ine(180,10, 180,78):
1ine(180,70, 150,108):
1ine(186,70, 150,108):

37
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What is Processing?...

Processor Coordinate
System Example

(x , y width, height);

rect{78, 38, 88, T78):

(x1, yl, x2, y2);
line(70, 30, 1160, 10);

Sponsored By

38
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Lab: A Processing LED Flasher
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. Lab: A Processing LED Flasher...
Big IDEAS:

1. Learners will be able to explain to Physical Computing and Automation
Concepts.

2. Learners will be able to explain Constructs.

3. Learners will be able to install the Processing programming language.

4. Learners will be able to upload and run a basic shape processing code on
a Raspberry Pi 4 computer.

5. Learners will be able to upload and run a digital LED flasher processing
code on a Raspberry Pi computer.

40
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Lab: A Processing LED Flasher...

RPi4 LED
Flasher
Block Diagram

LED Flasher Software

A 4

Raspberry Pi 4

Mouse/Keyboard

41
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Lab: A Processing LED Flasher...

Raspberry Pi x1 GPIO Extension Board & Wire x1

e NN

RPi4 LED
Flasher
Components

Raspharry Fi GPID Exlension Shisld

61 E] 5¥s
=50A1 Vs
«8C1L1 G
#GPIOA Tu s
#GND A LD
sGPIOTT GFID1Es
oGPIOZT  GMNDs
sGPI022 GPIDZEs
2V GPIOE4s
=Ml Gl ke
sMI50  GPDDZE5s
aSCK CEDs
=GN CEls
<5040 SCL0s
slPI05 (e
#GPIOE GPDD1Zs
#GPIOTY  GRDs
#GPIOTYS GRIDT6s
sGPIOZE GFIDE0s
#GND  GPIDZ1s

42
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Lab: A Processing LED Flasher...

BreadBoard x1

---------------------------------------------------------------
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
---------------------------------------------------------------
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

llllllllllllllllllllllllllllllllllllllllllllllllll
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

LED x1 Resistor 2200 x1 Jumper Wire MM x2

3 .

g A —————————————————

43
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RPi4 LED Flasher:
Circuit Schematic
Diagram

schematic diagram

3l

o

A
11

I 131
N 5
."-:_F_': 1 14
f_ 2063 2]

23]

| 2L

29

a1

34}

25

ar]

4.3 v

SDA1 TADO
SCL1 RADO
GPIO4 GPIO18
GPIO17 GPIOZ3
GPIOZT7 GPIOZ24
GPIO22 GPIOZS
MOSI CED
MISO CE1
SCLK SCLO
SDAD GPIO12
GPIOS GPIO16
GPIOE GPIO20
GPIO13 GPIO21
GPIO19

GPIO26 Raspbearry Fi

GO Extension Shiakd
GND

PEBRBBERERREr

]

44
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Lab: A Processing LED Flasher...

Hardware connection

LLIRR I TRRUL RN .

& Il

OE 8 % F "9 OF R E S
R EEFREE R R F

T T
R EET R ERETE R F

RPi4 LED Flasher:
Breadboard
Wiring Diagram

*® FEAFRFRETEFFETEFFFEFER

--------------

0 00 O O O 0 O
jidiidiimiiiiimiimiaiiiiifiiiiaaiapieE
Ragpberry P8 GPIQ Extensicn Shiskd

ElHEFRE

45
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Lab: A Processing LED Flasher...

T processing.io.+*; - |/O Library for Raspberry Pi

¢ ledPin = 17; jefine ledPir
ledState = false; define ledState
setup() { o )
-;*':-_-'lﬂﬂ 168) - Switching (in secs) between
et Frame rate backgrounds and flashing external LED

|
JULPUTL HLAC

frameRat r-"l:|r
-
L LhNe LedrE 1l

RPi4 LED Flasher:
R GPID.pinMode (ledPin, GPIO.ODUTPUT);
Processing Code

Breakdown
draw() {
ledState = !ledState; [ -~ x|
f [ ledState) {
GPIO. d'iz'ita'l.'n'r"i'l:e’ledp'in. GPIO.HIGH); 1 RED background
background(255, 8, 8); //set the fill colos -

GPIO.digitalWrite{ledPin, GPID.LOW):
background{182) : et the Till color ¢ ~ |
1 —=ef]
Gray background
46
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Lab: A Processing LED Flasher...

Processing
LED Flasher:
Demo

https://youtu.be/OLGJVIMOUGE

47
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Question 5

What Processing Language instruction allows background switching?

48
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Please consider the resources below:
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O'Sullivan, D, & Igoe, T. (2004). Physical computing: Sensing and controlling the physical world with computers. Boston, MA: Thompson.

Reas, C., & Fry, B. (2015). Getting started with processing (2nd ed). Make: Community.

Freenove Ultimate Starter Kit for Raspberry Pi 4 B 3 B+

https://www.amazon.com/Freenove-Raspberry-Processing-Tutorials-

Components/dp/BO6W54L7B5/ref=sr 1 1?crid=3P2WAY3NHNYUU&dchild=18&keywords=freenova&qid=1596553527&sprefix=frenova%2Caps%2C153&
sr=38-1

MIPI DSI:
https://www.raspberrypi.org/documentation/hardware/display/

Processing Language:
https://pi.processing.org/download/
https://processing.org/tutorials/drawing/

Raspberry Pi 4 GPIO:
https://www.raspberrypi.org/documentation/usage/gpio/

Raspberry PiCamera Project:
https://projects.raspberrypi.org/en/projects/getting-started-with-picamera

Raspberry Pi 4 Specification:
https://www.raspberrypi.org/products/raspberry-pi-4-model-b/specifications/ 49
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https://www.raspberrypi.org/documentation/hardware/display/
https://pi.processing.org/download/
https://processing.org/tutorials/drawing/
https://www.raspberrypi.org/documentation/usage/gpio/
https://projects.raspberrypi.org/en/projects/getting-started-with-picamera
https://www.raspberrypi.org/products/raspberry-pi-4-model-b/specifications/
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