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Weekly Focus Reading

CPS Intro/UART

GPIO/Scope

SPI Bus

|2C Bus
Networking
Web Server

Evaluation
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Monday

1/10: CPS Introduction

1/17: MLK Day

1/24: 12C Bus Overview

1/31: SPI Bus Overview
2/7: Networking Overview
2/14: Redis/matplotlib

2/21: Exam 1

Wed

1/12: Pi Intro/UART Bus

1/19:
Electronics/GPIO/LED

1/26: Pressure Sensor

2/2: Accelerometer
2/9: Flask
2/16: CPS Wrapup

2/23: CE Intro/ Logic

Lab

Project 0 Raspberry Pl Setup
Project 1 UART Controlled LED

Project 2 12C Pressure/Temperature
Sensor

Project 3 Project 2 SPI Flash Memory
Project 4 Flask Web Server

P5 Demultiplexer

P6 ALU

https://engr210.github.io/



https://engr210.github.io/

Raspberry Pi/lUART

Metwork:
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Workstation Serial Interface

UART

A




Raspberry Pi Overview



* Releasedin 2012 to teach basic computer science in schools and
developing countries.

- Managed by Raspberry Pi Foundation
 Original target application was robotics.

« 3B+ Costs $35, 4B Costs $75
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B
Raspberry Pi Hardware

* Processor
* Broadcom BCM2837B0 quad-core ARM A53
* 64-bit 1.4Ghz

- GPU
 Broadcom Videocore-IV

- 1GB LPDDR2 SDRAM

 Gigabit Ethernet, 2.4GHz and 5GHz
802.11b/g/n/ac Wi-Fi

« HDMI Video Output
 Audio Output
« 32GB SD Card Drive

INDIANA UNIVERSITY
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Presenter
Presentation Notes
Over 30 million units sold 


Raspberry Pi Software

Typically runs a variant of Linux

Pi OS Linux
* Formerly known as Raspian
Debian based
Createdin 2012
Managed by the Raspberry Pi Foundation
Uses LXDE (lightweight X11 Desktop Environment) Desktop Environment by default

Others
* Ubuntu
* LibreElec
* RetroPie
« TLXOS

Possible to create “bare-metal” programs.
» Documentation can be challenging

INDIANA UNIVERSITY
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Raspberry Pi Block Diagram

40-way DIL Header

5V, 3.3V, GND

UART, 12C
125, SPI, PWM
GPIO Bank 0

SOVEEEERY SPI/SDIO

Antenna 7
AS53

E DSI DISP1

Micro SD

PAM2306
Dual DC-DC
Converter

TFT Display

[+
SV DCIN HDMI Qut Audio Out /
(Micro USB) Camera Composite Out

Image 2 Raspberry Pi 3 block diagram with key components

https://xdevs.com/article/rpi3 oc/
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https://xdevs.com/article/rpi3_oc/

4 b
85 mm
Power over Ethernet
5V DCvis GPIO  40-Pin GPIO Header Mounting Hole (PoE) via PoE hat
24GHzand5GHz | S
802.11 ac Wireless ‘ <: 2 USB Ports
LAN, Bluetooth 4.2 [ |
BLE 7
Broadcom BCM283780
Cortex-A5764bitSoC [ | <: 2 USB Ports
1.4 GHz 1GB RAM 6 mm
<71 LANPort
A Csl ﬁ
Vvl HDMI  Camera 3.5mm 4-Pole
MicoUSB Port Composite Video and
Audio Socket
Introduction to Raspberry Pi 3 B+
www.TheEngineeringProjects.com
. vy
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BN 1T R
Rospherry Pi 3 Model B+
(©) Respberry Pi 2017
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GPIO 2 Serisl Data (120)|
GPI03 Serial Cloek (12¢)]
GPD &

Ground|

PO 17 Chip Enable-CEL [SPi1]|
GPIC 27

GPIO 22

3.3

GPMO 10 MOS! [SP10)

GPID 0% MIS(HSFI ﬂ"

GPID 11 SCLK |5P1 0}

Ground

GO @ EFPROM Serkal DATA )]
GFo S

GO &

GPIO 13 [FWM)

[PWM] GPIO 19 MISO [SP1 1)

T

Grownd

GPIO 14 [UART TX)

GPIO 15 (LIART RX)

GPIO 1B Chip Enabla-CED (SP1] [PWM]
Ground

GPID 23

GMO 24

Ground

GPIO 25

GPIO & Chip Enable-CED {SPID)
GPIO 7 Chips Enabide-CEL{SPIO)

GPIO 1 EEPROM Serlal Cleck (12C)
Grouwnd

GPIO 12 {PWM)

Grownd

GPIO 16 Chip Enable-CEZ (SP1 1)
GPIO 20 MISO [SP1 1)

GPIO 21 SCLK |$P11)




arm
CORTEX"-A53

CoreSight™ multicore debug and trace

Core |

NEON SIMD engine [
ArmvB-A with cypto ext.
32b,/ 64b CPU Rogling

B-84k |-cache w/ parity B-tdk D-cache w/ECC

ACP sCu L2 w/ECC (1 28kB~2MB)

Configurable AMBA®™ 4 ACE or AMBA 5 CHI coherent bus interface
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Presenter
Presentation Notes
1.4Ghz 
32-bit and 64-bit code
ARMv8-A Architecture
8-stage in-order pipeline
Includes NEON SIMD extensions for media engine and signal processing applications
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Power Draw Benchmark
B Fower Draw (Idle) [ Power Draw (Load)

Fi A
FiB

Pi A+
Pi B+
Pi Zero
Pi Zero W
Fiz2
Fi3
Pi3 A+
Fi3 B+
FidB

0 4 f 8

]

Watts (Lower is Betier)

https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b
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https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b

Raspberry Pi Power Usage

700
Does not show peak
instantaneous current
600 | |dling
_— ® Loading LXDE
Watch 1080p Video
'é 400 = Shoot 1080p Video R8£P iJv
£
$ 300
= |
5]
200
“ B ' 1 '
0
Zero ZeroW A+ Pi2B Pi3B+

Raspberry Pi power usage chart incorporating Pi 3B plus

https://raspi.tv/2018/how-much-power-does-raspberry-pi-3b-use-power-measurements
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https://raspi.tv/2018/how-much-power-does-raspberry-pi-3b-use-power-measurements

Linpack Benchmark

B Linpack(SP) @ Linpack (DP Linpack (SP NEON
Pi A
Pi B
Pi A+
Pi B+
Pi Zero
PiZero W
pi 7 —
Pi 3 —
Pi3 A+ p—
= B r—
Pi 4 =
0 500

MIPS (Higher is Better)

https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b
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https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b

Gpiozero Benchmark

Pi A
PiB

Pi A+
Pi B+
Pi Zero
PiZero W
P12
Pi3
Pi3 A+
Pi3 B+
Pi4

0 10 20 30 40 50

Switching Rate (kHz, Higher is Better)

https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b
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https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b

Ethernet Throughput Benchmark

PiA
Pic D
Pi A+
Pi 8+ D
Pi Zero

PiZero W

Pi 2
Pi3

Pi3 A+

Pi3 B+
Pi 4

0 250 500 750 1000

Throughput (Megabits per Second, Higher is Better)

https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b
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https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b

Wi-Fi Throughput Benchmark
B Wi-Fi Throughput (2.4GHz) W Wi-Fi Throughput (5GHz)

Pi A

Pi B

Pi A+
Pi B+
Pi Zero
Pi Zero W
Pi 2
Pi3

Pi 3 A+
Pi3 B+
Pi 4

50 75 100 125

Throughput (Megabits per Second, Higher is Better)

https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b
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https://medium.com/@ghalfacree/benchmarking-the-raspberry-pi-4-73e5afbcd54b

On Android 64-bit:

Geekbench 4 - Multi-core & single core score - Android 64-hit

Intel Core i7-8565U

== Broadcom BCM2837

—

In single core, the difference is 656%. In multi-core, the differential gap is 608%.

Geekbench 4 - Multi-core & single core score - Android 64-bit

Intel Atom x5-Z8350

Intel Core i3-3220

Intel Atom x5-Z8300

Intel Core 2 Quad Q9400

Intel Celeron J1800

Broadcom BCM2837 |

https://gadgetversus.com/processor/intel-core-i7-8565u-vs-broadcom-bcm2837/

INDIANA UNIVERSITY
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https://gadgetversus.com/processor/intel-core-i7-8565u-vs-broadcom-bcm2837/

Wifi Connection to Pi



] Static IP Address when on the IU Nework

1. Each Pi has the following:
— Static IP Address
— DNS Name

2. The name will be:

— ise-pi-xxxxxx.luddy.Indiana.edu where xxxxxx is the 6-digit serial number on
the white tag attached to the pi.

w INDIANA UNNVERSITY BLOOMINGTON




Using Putty to ssh into Pi

#R PuTTY Configuration ? *
Category:
=R S_ession Basic options for your PuTTY session
BT I_.oglging Specify the destination you want to connect to
Ejm}{::bnard Host Name (or IP address) Port
Bl [[isepi-986245 luddyindianaed | |[22
- Features Connection type:
- Window @ 55H | OSerial (O Other: | Telnet v
- Appearance
- Behaviour Load. save or delete a stored session
-~ Translation Saved Sessions
[#- Selection |
- Colours
[=- Connection Default Settings ot
.. Data aws_lora
camera
E] grglj? hawk_home o
- pi-399474
- Serial silo_bbg -
- Telmet silo_wbg
- Rlogin
- SUPDUP Close window on exit:

() Aways (O MNever (@ Only on clean exit

About Help Cancel

INDIANA UNNVERSITY BLOOMINGTON




After logging into the machine:

= Username: pi

= Password: e101class

dddddddddd Ty

INDIANA UNIVERSITY
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Suppose there is a problem ...



] UART can help diagnose the problem.

1. AUART-type console is available on most linux machines.

2. Enables debug of system where network does not come up properly

w INDIANA UNNVERSITY BLOOMINGTON




UART Overview



] UART Overview

« Universal Asynchronous Receiver Transmitter

* Full-Duplex - Receive and Transmit Simultaneously

« Communication with systems using different clocks.

TH = X
RX TX
Device A UART Device B

w INDIANA UNNVERSITY BLOOMINGTON




] Waveform

Frame

|‘ |

o
T
e hakep

BAUD = 1/PERIOD
TYPICAL BAUD RATES: 4800, 9600, 19200, 38400,57600, 115200
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] Pins

« TX (output): Transmit Data
« RX(input): Receive Data
*  Flow Control

 nCTS: Clear to Send - prevents Pi from transmitting data when high.

« nRTS: Ready to Send - indicates Pi is ready to receive data when low

w INDIANA UNNVERSITY BLOOMINGTON




USB to Serial Converter



Serial Connection to PI

1t USB-to-Serial Adapter

INDIANA UNIVERSITY
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FTDIUSB-UART Converter

Workstation

Virtual COM Port USB < UART >
RX/TX

INDIANA UNIVERSITY
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Future Technology
Devices International Ltd

FT232BL/BQ USB UART IC

The FT232B is a USB to serial UART
interface with the following advanced

features:

.

INDIANA UNIVERSITY
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Single Chip USB to Asynchronous Serial
Data Transfer

Full Handshaking & Modem Interface
Signals

UART I/F Supports 7 / 8 Bit Data, 1/ 2
Stop Bits and Odd/Even/Mark/Space/No
Parity

Data rate 300 => 3M Baud (TTL)

Data rate 300 => 1M Baud (RS232)
Data rate 300 => 3M Baud
(R5422/RS485)

384 Byte Receive Buffer / 128 Byte
Transmit Buffer for high data throughput
Adjustable RX buffer timeout

Fully Assisted Hardware or X-0On / X-Off
Handshaking In-built support for event
characters and line break condition
Auto Transmit Buffer control for RS485
Support for USB Suspend / Resume
through SLEEP# and RI# pins

4,35V to 5.25V single supply operation
Support for high power USB Bus powered
devices through PWREN# pin

Integrated level converter on UART and
control signals for interfacing to 5V and
3.3V logic

Integrated 3.3V regulator for USB IO
Integrated Power-On-Reset circuit
Integrated 6MHz - 48Mhz clock multiplier
PLL

UHCI / OHCI / EHCI host controller
compatible

USBE 1.1 and USB 2.0 compatible

USB VID, PID, Serial Number and Product
Description strings in external EEPROM
EEPROM programmable on-board via USB
Available as a compact lead free RoHS

compliant 32-LD LQFP package (FT232BL) or

32-LD QFN package (FT232BQ).
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Connecting the Pi



Connecting with Putty

« Connect USB cable
* Determine the COM port of FTDI cable
» Connect to COM port using Putty
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Console Connections
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iy Device Manage — O
File Action View Help
&= ||

v &% bl-scic-T2n1vi2 -

| Audic inputs and outputs
% Batteries
0 Bluetooth
® Cameras
[ Computer
- Disk drives
[G& Display adapters

w i Firmware

ﬁ System Firmware 1.19.2

== IDE ATA/ATAPI controllers
3% Imaging devices

@ Mice and other pointing devices
[ Monitaors

v & Ports (COM &LPT)
ffl USE Serial Port (COM13)

[
T A

™ Printers

Ll Processors

B Security devices

!‘t Software components
B Software devices

1 Snund viden and name contrallerc
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% PuTTY Configuration 7 >
Categony:
= Sgssiun Basic options for your PuTTY session
""" Logging Specify the destination you wart to connect to
[=)- Terminal o
.. Keyboard ’_‘saudJQL _Speed
Bl [com15 | [1152000 ||
- Features Connection type:
= Window (ORaw (i Telnet (D Rlogin (O SSH| (@) Serial
ﬁppearance Load, save or delete a stored session
- Behaviour
.. Tranzlation Saved Sessions
- Selection | |
- Colours .
Default Settings
[=- Connection aws_lora Load
- Data batman Save
- Proy conduit console =
lab2_silo
- Telnet mysio Delete
- Rlagin pi
- 55H
- Senal Close window on exit:
(JAways  (JNever  (®) Only on clean exit
About Help Qpen Cancel

INDIANA UNIVERSITY
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Might have to hit Enter a couple of times ...
Username: pi
Password: e101class

BB COM15 - PuTTY - O X

INDIANA UNIVERSITY
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Connecting with Mac/Linux

* Connect the USB/Serial Cable

 Look in the /dev directory to find name of device.
« Linux: ttyUSBx where x is an integer starting at O
« MacOS: cu.x where x is likely something like usbserial

» Connect to the device using screen utility
* hitps://pbxbook.com/other/mac-tty.html

INDIANA UNIVERSITY
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https://pbxbook.com/other/mac-tty.html

dev : bash — Konsole x

File Edit View Bookmarks Settings Help

hidraw® loop20 ptmx ttyll tty51 ttyS12 : vcsald
hpet loop3 ttyl2 tty52 ttyS13 vcsad
loop4 random ttyl3 tty53 ttyS14 vcsab
hwrng loop5 rfkill ttyl4d tty54 ttyS15 vcsab
btrfs-control loopb ttyl5 tty55 ttyS16 vcsal
loop? rtcd ttyl6 tty56 ttyS17 ¢
kmsg loop8 ELE] ttyl? tty57 ttyS18 ttyUSBO® vga_arbiter
loop9 sdal ttyls tty58 ttyS18—uhid vhei
loop-control ttyl9 tty59 ttyS2 uinput vhost-net
onsole loopB sgl tty2 ttyé ttyS20 urandom vhost-vsock
loopl mcelog sgl tty2e tty60 ttyS21 userio vmci
pu_dma_latency loopl® mem tty2l tty6l ttyS22 vcs vsock
loopll memory_bandwidth snapshot tty22 tty62 tty523 wesl zero
loopl2 midi tty23 tty63 ttyS24 vcs2
loopl3 sr@ tty24 tty7 ttyS25 vwvcs3
loopl4 tty25 tty8 ttyS26 vcs4d
loopl5 network_latency tty26 tty9 ttyS27 wvcs5
loopl6 network throughput tty27 ttyprintk ttyS28 vcsé
loopl7 null tty28 ttysSe ttyS29 wves7
loopl8 port tty29 ttysSl ttyS3 vcsa
loopl9 ppp tty3 ttyS1e ttyS30 vcsal
loop2 psaux tty30 ttySll ttyS31 vcsa2
bhimebaug@r t |

INDIANA UNIVERSITY
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dev : bash — Konsole

File Edit View Bookmarks Settings Help
bhimebau@mercury: $ screen /dev/ttyUSBO 115200)

INDIANA UNIVERSITY
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[ dev:

File Edit View Bookmarks Settings Help

el01-986246 login: |

INDIANA UNIVERSITY
SCHOOL OF INFORMATICS, COMPUTING, AND ENGINEERING



After logging into the machine:

« Username: pi
 Password: e101class

dev : screen — Konsole

File Edit View Bookmarks Settings Help

el01-986246 login: pi
Password:
Last login: Sat Sep 26 13:17:18 BST 2020 on ttyl

Linux el01-986246 5.4.51-v7+ #1333 SMP Mon Aug 10 16:45:19 BST 2020 armv7l
pi@el01-986246:~% |

INDIANA UNIVERSITY
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Determine IP Address

* If you are in Luddy, the PI will connect automatically to IU
DeviceNet

* You should have an IP address that begins with 140.
« Use the command ifconfig to verify address of wlanO interface

INDIANA UNIVERSITY
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File Edit View Bookmarks Settings Help

el01-986246 login: pi
Password:
Last login: Sat Sep 26 13:17:18 BST 20820 on ttyl
Linux e101-986246 5.4.51-v7+ #1333 SMP Mon Aug 10 16:45:19 BST 2020 armv7l
pi@el®l-986246:~% ifconfig
eth®: flags=4099<UP,BROADCAST ,MULTICAST> mtu 1500
ether b8:27:eb:63:06:6T txqueuelen 1000 (Ethernet)
RX packets 8 bytes 0 (0.0 B)
RX errors @ dropped @ overruns © frame 0
TX packets @ bytes 0 (0.0 B)
TX errors 0 dropped © overruns @ carrier @ collisions O

lo: flags=73<UP,LOOPBACK,RUNNING> mtu 65536
inet 127.0.0.1 netmask 255.0.0.0
inet6 ::1 prefixlen 128 scopeid 0x1l@<host>
loop txgqueuelen 1000 (Local Loopback)
RX packets 12 bytes 720 (720.0 B)
RX errors @ dropped @ overruns @ frame 0
TX packets 12 bytes 720 (720.0 B)
TX errors 0 dropped © overruns @ carrier @ collisions @

wlan@: flags=4165<iUPf,BROADCAST, RUNNING, MULTICAST> mtu 1500
inet| 140.182.150.208 netmask 255.255.252.0 broadcast 140.182.151.255
inets Te8@yth327:d237:0e97:7089 prefixlen 64 scopeid Ox20<link>
ether b8:27:eb:36:53:3a txqueuelen 1808 (Ethernet)
RX packets 265 bytes 18023 (17.6 KiB)
RX errors @ dropped @ overruns @ frame O
TX packets 475 bytes 73637 (71.9 KiB)
TX errors 0 dropped © overruns @ carrier @ collisions @

pi@el01-986246:~% |

INDIANA UNIVERSITY
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SSH to this IP Address

#8 PuTTY Configuratien ? st
Category:
- S_ession Basic options for your PuTTY session
. i~ logging Specify the destination you want to connect to
=~ Temina
- Keyboard Host Name (or IP address) Port
- Bel | 140.182.150.208] |22 |
- Features Connection type:
= Window (O Raw () Telnet () Rlogin @ 55H () Sedal
Appearance Load, save or delete a stored session
- Behaviour
... Translation Saved Sessions
- Selection
- Colours DefaL (pi) 140.182.150.208 — Konsole X
(=) Connection aws_I——; 5 ] .
. Data batme File Edit View Bookmarks Settings Help
-~ Prowy e bhime
- Telnet lab:}f—
- Rlogin
- 55H

- Seral
arning: Permanently added '140.182.150.208' (ECDSA) to the list of known hosts.
pi@l40.182.150.208's password:
Linux e101-986246 5.4.51-v7+ #1333 SMP Mon Aug 10 16:45:19 BST 2020 armv7l
' e Oct 13 13:18:41 2020

INDIANA UNIVERSITY
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Not at Luddy ...

« Use the raspi-config utility to add the name and password of
your wireless access point.

* Run the command using sudo. For Example:
* “sudo raspi-config”

INDIANA UNIVERSITY
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File Edit View Bookmarks Settings Help
pi@el®1-986246:~% sudo raspi-configl]j

dev : screen — Konsole

File Edit View Bookmarks Settings Help
Raspberry Pi 3 Model B Rev 1.2

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User Password Change password for the 'pi' user
] Network Options Configure network settings
Boot Options Configure options for start-up

Localisation Options Set up language and regional settings to match your
Interfacing Options Configure connections to peripherals

Overclock Configure overclocking for your Pi

Advanced Options Configure advanced settings

Update Update this tool to the latest version

About raspi-config Information about this configuration tool

D00 =N &)

<Select> <Finish=

INDIANA UNIVERSITY
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dev : screen — Konsole

File Edit View Bookmarks Settings Help

—— ] Raspberry Pi Software Configuration Tool (raspi-config) b————

N1 Hostname Set the visible name for this Pi on a network
2 Wireless LAN Enter 55ID and passphrase

N3 Network interface names Enable/Disable predictable network interface na
N4 Network proxy settings Configure network proxy settings

=Select= =Back=
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Please enter SSID

<Cancel=
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