)

Engineering Cyber-Physical Systems

GPIO/LED

Bryce Himebaugh



I Course Schedule

Weekly Focus Reading

CPS Intro/UART
12C Bus

12C and SPI Bus
SPI/Networking

Networking

Web Server

Evaluation

Monday

1/10: CPS Introduction
1/17: MLK Day

1/24: Pressure Sensor

1/31: Accelerometer

2/T: GPIO/LED
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2/14: No Class

2/21: Exam 1

Wed

1/12: Pi Intro/UART Bus

1/19: 12C Bus Overview

1/26: SPI Bus Overview

2/2: MQTT

2/9: Flask

2/16: CPS Wrapup, Exam

Review

2/23: CE Intro/ Logic

Lab
Project 0 Raspberry PI Setup

Project 112C Pressure/Temperature
Sensor

Project 2 SPI Accelerometer
Project 3 MQTT Sensor Data Server

Project 4 Sensor LED Output
P5 Demultiplexer

P6 ALU




GPIO Structure



Equivalent Circuit for Raspberry Pi GPIO pins

3.3 w‘f.

Dutput strength
Dwtput
N 1 Output enable
Hystereszis enable
GPIO
Din 4 ri Input
B <soka T
33V
I:' — Pull-up
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—0 Pull-down
I_




GPIO Library Documentation



] Documentation for the GPIO Library

1. https://sourceforge.net/p/raspberry-gpio-python/wiki/Examples/

rs: Anonymous Bl
Wiki Home
o Examples
= Basic usage
uts

« Outputs

» Checking function of GPIO channels
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https://sourceforge.net/p/raspberry-gpio-python/wiki/Examples

Importing the Library

import RP1.GPIO as GPIO
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Pin Numbering

import RP1.GPIO as GPIO

w INDIANA UNNVERSITY BLOOMINGTON



Pin Numbering



GPIO Pin Numbering Scheme

1.

Used in the GPIO.setmode() Method

— GPIO.BOARD follows Header Numbering

— GPIO.BCM follows the Broadcom Chip Numbering
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3v3
Power
GP102
SDA1 12C
GPI103
SCL1 12€
GPI04
vire
Ground
GPIO17
GPl1027

GP1022

GPIO11
SPI0_SCLK
Ground
S
GPIOS
GPIO6
GPIO13
GPIO19
GPI026

Ground

GPlO18
PCM CLK
Ground

GPI1023

GPl0O24
Ground
GPl025
GPlO8

SPI0_CEO_N
GPIO7

SPI0_CE1 N
ID_SC

Ground
GPIO12
Ground
GPIO16
GP1020

GPIO21




BOARD
m\v\m wPi  BCM
I BCM L, s

—— 2 8 P_SDA 2
3 9 P SCL 34
5 6
4 7 Pa . 15 14
GND 16 15
17 0 P17 - 1 18
27 2 TPr ]
2 3 P22 < L 4 23
— 15 16 |
33V 5 24
10 12 Tpio S
9 13 P9 | 6 25
11 14 P11 23 24 0 8
GND = o 1 7
ID SD -
——==1 27 28 ,
5 21 Ps % 30
6 22 PG 26 12
—_— 31 32 | -
13 23 P13
19 24 P19 | 27 16
26 25 P63 3% 28 20
GND 39 40 P21 29 21

Referencing WiringPi Numbering (more commonly used for applications written in C)
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Pin Numbering One or the other ...

GPIO.setmode(GPIO.BOARD)
GPIO.setmode(GPIO.BCM)
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Input



Pin Input Setup One Pin

Multiple Pins

GPIO.setup(11l, GPIO.IN)

pin_list = [11,12]
GPIO.setup(pin_list, GPIO.IN)
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Pin Input Read

pin_state = GPIO.input(11)
if pin_state == 1:
print("Pin High")
else:
print("Pin Low")
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Output



Pin Output Setup One Pin

Multiple Pins

GPIO.setup(channel, GPIO.OUT)

pin_list = [11,12]
GPIO.setup(pin_list, GPIO.OUT)
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Pin Output Write

# State can be 0 / GPIO.LOW / False or 1 / GPIO.HIGH / True.
GPIO.output(11l, 1)
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PWM



)
& 0% Duty Cycle

oV
I 25% Duty Cycle

5V |— e = e e

oV
50% Duty Cycle

5V

ov

75% Duty Cycle
5V

oV el - - - -

100% D Cycl
SV‘ ‘ o Duty Cycle ‘ ‘

ov
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Pin Output Setup

frequency hz = 100
pwm_out = GPIO.PWM(12, frequency hz)
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Start/Stop PWM

0 >= duty cycle >= 100

pwm_out.start(50)

pwm_out.stop()
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Changing Duty Cycle

pwm_out.ChangeDutyCycle(90)
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Example

RPi.GPIO GPIO

GPIO.setmode(GPIO.BCM)
GPIO.setwarnings( )

GPIO.setup(12,GPIO.0UT)
pwm_out = GPIO.PWM(12,100)

= int(input("Enter an integer duty cycle between © and 100, -1 to exit: "))
pwm_out.start(dc)

(dc >= 0):
pwm_out.ChangeDutyCycle(dc)
dc = int(input("Enter an integer duty cycle between © and 100, -1 to exit: "))
pwm_out.stop()
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LED
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Standard LED

(=)
multicom
Red Emitting Colour ul P

Features:

 High intensity

& Standard T-1 34 diameter package
» General purpose leads

* Reliable and rugged

Package Dimensions:

1
' 3 5802

5(02
(0.2)
1(004)
,_ I B6 (0.344)
_I 06
Nate 3 0
05(0.02)
05(0.02 —
{ ) 2541(1)
Minirnum

8

5|

4|

1)
O ! 004)

Minimum
Dumensions | MEmeNres (Inehes)

Specification Table

| Chip Material Lens Colour | Source culcrur] Part Number
| Mears | pifused | Red | mvssaA |
Notes:

1. Tolerance is +0.25 mm (0.017) unless otherwise noted
2. Protruded resin under flange is 1 mm (0.04°) maxmum
3. Lead spacing is measured where the leads emerge from the package
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Standard LED

Q
multicom
Red Emitting Colour ul P

Absolute Maximum Ratings at T, = 25°C

Parameter Maximum Unit
Power Dissipation a0 mw
Peak Forward Current 100
(1710 Duty Cycle, 0.1 ms Pulse Width) A
Continuous Forward Current 20
Derating Linear From 50°C 04 mA /[ "C
Reverse Voltage 5 v
Operating Temperature Range -25°C to +80°C
Storage Temperature Range -40°C to +100°C
et zmocss

Electrical Optical Characteristics at T, = 25°C
Parameter Symbol | Minimum | Typical | Maximum Unit Test Condition

Luminous Intensity L 40 med 20 mA (Note 1)
Wiewing Angle 265 25 Deg {Mote 2}
Peak Emission Wavelength p B840 nm Iy = 20 mA
Dominant Wavelength d 635 nm Iy = 20 mA (Note 3)
Spexciral Line Half-Width AL 25 nm Iy=20 mA
Forward Voltage Wy 2 25 v Iy= 20 mA
Reverse Current Ig - - 100 pA Vp=5V

Notes:

1. Luminous intensity is measured with a light sensor and filter combination that approximates the
CIE eye-response curve

2. 8y is the off-axis angle at which the luminous intensity is half the axial luminous intensity

3. The dominant wavelength (id) is derived from the CIE chromaticity diagram and represents the
single wavelength which defines the colour of the device
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Standard LED

2]
multicom
Red Emitting Colour ul P

Typical Characteristics

I - Vi (T, = 25°C) Relative Luminous Intensity - Iy (T, = 25°C)

50 7 2 =
= 45 f 18
£ a0 E 18]
= / LK
= 30 / 3
£ s 12
§ [
5 & ]
3 £ 00
5 / 306
g w0 / £
w 5 _'/ 5 0.2
0y 7214 16 18 2 22 24 28 li'zu__
Forward Voltage Ve (V) 05 10 15 20 25 30 35 40 45 50
o Forward Current Ig (mA)
Wavelength Characteristics (T, = 25°C)
Relative Luminous Intensity - T
45,000
2 wgm 2z 1000
E 38,000 2 5o
3 oo £ a0
3 25000 ) —
£ g 100 -
£ w0m £ T
3 15000 E 5
2 2z W
£ 1000 2
5 5000 K
& Ol &
400 450 £00 550 600 650 700 W0 w0 @ e w0
Wavelangth 4 (nm) Ambient Temperature T, (°C)
=Ty
0 Directive Characteristics (T, = 25°C)
0° 10" 20" 30" 40"
T 40 = -,
£ - 50°
T
H
£ 50+
Bl
B
s il
10
- Y- -
£ { X LN
o I N S e AT
0 20 4o G 80 100 = AYA- s0°

Ambient Temperature T, (C} 20% 40% 60% 60% 100%

mgortant Moo : This 18 Sheet nd 5 corters (T THIaiar ) bk 1 ST ol PIMTilr PGl 0up O CoTares (7 “CVous) i A Koensed I E D a7 8 granls o T e o
£ AT e cORCan i 3 uGach 1 o e, o S oy nidech g e o

A o USorsof i 118 Shect Ao i 1 Tl 1k IASGion ad s sty of 1 rochics o T Eucs.
L2y B g b o any ki o o ramitans o e
8 a8 41 0 M o FRSISCE o G Rty Y UG ¥ Pl ary ekling i 15 1egigence Mutic

11 it g o i . © Pereer Famad i 2011

wrecevclemer?d.com
warentarnalL.oom

muﬂ?comp

Page <3> 181011 V11




| [ —

Anode
X
Cathode

v(®) 2R

w INDIANA UNNVERSITY BLOOMINGTON




	GPIO/LED
	Slide Number 2
	GPIO Structure
	Slide Number 4
	GPIO Library Documentation
	Documentation for the GPIO Library
	Importing the Library 
	Pin Numbering
	Pin Numbering
	GPIO Pin Numbering Scheme 
	Slide Number 11
	Pin Numbering
	Input
	Pin Input Setup
	Pin Input Read
	Output
	Pin Output Setup
	Pin Output Write
	PWM
	Slide Number 20
	Pin Output Setup
	Start/Stop PWM
	Changing Duty Cycle
	Example
	LED
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31

