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TechKnowTone…Requirements…

Timescales: Example Programme

STEM 1:

• Project launch

• Initial design - Fascia

STEM 2:

• Physical design

• Circuit design

• Parts List

STEM 3:

• Coding:

• Switches

• Functions

• If / Else or Switch 

• Controlling LEDs

STEM 4:

• Playing Music

• Choosing melodies

STEM 5:

• Bringing it together

STEM 6:

• Test & Demonstration

STEM 1

STEM 2

STEM 3

STEM 4

STEM 5

STEM 6

Making It

Coding



TechKnowTone…Physical…

Consider Requirements:

• Who is it for?

• How big will it be?

• How will it look?

• What will it do?

• Play tunes - How many?

• Flash Lamps - …

• Respond to user input

• ….

• How will it be powered?

• Battery pack

• Mains adapter

• How will it be controlled?

• Simple power up

• Push button start

• Remote controlled

• Sound activated (clap!)

• …

• ….

• How will I test it?

• What are my constraints?

• What will it cost?

MANY THINGS TO CONSIDER!

ENGINEERS WORK TO 

REQUIREMENTS

DESIGN == MAKING DECISIONS



TechKnowTone…Physical Design…

Merry

Christmas!

Merry

Christmas!

• Who is it for?

• How big will it be?

• How will it look?

?



TechKnowTone…Electronics…

Physical Design:



TechKnowTone…Switches…

How will it be powered?

• Battery pack

• Mains adapter

USB

Code

+

5v

PSU /

Battery

7v – 12v

RESET

Arduino UNO

What will it do?

• Play tunes - How many?

• Flash Lamps - …

• Respond to user input

LEDs have

• x2 wires

• x1 resistor

14 Input/Outputs:

• 6 PWM

• Tx / Rx

6 Inputs

• 10-bit A/D

How will it be controlled?

+5v

+5v

GND

GND
RESISTORS MUST BE 

USED WITH LEDs 

AND SPEAKERS!

IR Sensor

Switches



TechKnowTone…LEDs…

USB

RESET

Arduino UNO

Using Switches:

3 x Push Switches
5k6Ω

S13 S12 S11
SA1

SA2

SA3

5k6Ω

10kΩ

22kΩ

3 Switches Gives 7 Combinations!

SA1 SA2 SA3 I/P

0 0 0 0

1 0 0 512

0 1 0 367

0 0 1 208

1 1 0 623

1 0 1 569

0 1 1 459

1 1 1 660

Reduces Parts Count!

No Resistors Needed



TechKnowTone…My Solution…

USB

Arduino UNO

Using LEDs:

3 x Push Switches Using Ladder Network

11 LEDs Without Using Tx/Rx

Speaker

LEDs Must Have Limiting Resistors

120Ω

11 x 680Ω

IF ~ 5mA



TechKnowTone

C3 C2 C1 C0

R0

R1

R2

R3

IR Sensor

Speaker

8Ω

16 x LED Matrix

560Ω

12
0Ω

Audio o/p

Received IR Serial Data

Row Drives - active LOW

Column Drives - active HIGH

Max. LED current = 6.1 mA

Av. LED current    = 1.5 mA

My Solution: Multiplexed LED’s & Infrared Remote

Parts List:

1 Arduino UNO

1 Speaker (8 ohms)

1 120 ohm Resistor

1 IR Sensor

16 RED LEDs

4 560 ohm Resistors

13+ Jumper Wires

…Your Circuit Diagram…



TechKnowTone…Why Multiplexing…

Draw Your Circuit Diagram:

USB

Code

+

5v

PSU /

Battery

7v – 12v

RESET

Arduino UNO

+5v

+5v

GND

GND



TechKnowTone…What Is Multiplexing?…

Why Use Multiplexing?

No. LEDs Without Multiplexing With Multiplexing

1 1 Resistor + 2 Wires 1 Resistor + 2 Wires

2 2 Resistors + 3 Wires 1 Resistor + 3 Wires

4 4 Resistors + 5 Wires 2 Resistors + 4 Wires

9 9 Resistors + 10 Wires 3 Resistors + 6 Wires

16 16 Resistors + 17 Wires 4 Resistors + 8 Wires

25 25 Resistors + 26 Wires 5 Resistors + 10 Wires

36 36 Resistors + 37 Wires 6 Resistors + 12 Wires

… … …

921,600 921,600 Resistors + 921,601 Wires 720 Resistors + 1,280 Wires

1280 x 720 HD Reduces Component Count!



TechKnowTone…Generalised Solution…

What Is Multiplexing?

C0 C1 C2 C3

R3

R2

R1

R0

16 x LED Matrix

0                  0                 0                 1

0                  0                 1                 0

0                  1                 0                 0

1                  0                 0                 0

1  1  1  0

1  1  0  1

1  0  1  1

0  1  1  1

Consider a 4 x 4 display on which we want to draw

a diagonal line:

Time

Time

C0R0

C3R3

C0

C1

C2

C3

R0

R1

R2

R3

We use a 4 x 4 array to store the LED ON/OFF states, 

and a counter to drive the column lines and address 

the array to retrieve the LED states as the count 

progresses.

Counter frequency is high to avoid visible flickering of 

the LEDs.

We run the counter continuously and simply load 

HIGH or LOW states into the array to turn the 

respective LED ON or OFF.

Row data changes only when column drives are LOW 

to avoid ghosting effects.

Column ON period widths can be varied to provide a 

dimming effect for the whole display.

C3R0

C0R3



TechKnowTone…Software Modes…

USB

Arduino UNO

A Generalised Solution:

3 x Push Switches

120Ω

6 x 560Ω

IF ~ 5mA

S13 S12 S11

IR Sensor

Speaker

8Ω

SWB1 SWB2 SWB4

GND

GND

+5v



TechKnowTone…Coding Essentials…

Modes Of Operation – After setup

Mode 1 – Twinkle Lamps:
• From ‘Start’ or from Mode 2 ‘tune’ wait 2 seconds delay

• While in Mode 1:

• Randomly set lamp pattern every 700ms

• Multiplex lamps

• Check for serial keyboard

• Check for infrared codes 

• Change brightness up/down

• Loop every 1ms

• Loop

Mode 2 – Play Music:
• From Mode 1

• While in Mode 2:

• Play the first/next note

• Change lamp pattern in sequence

• Wait for note to end:

• Multiplex lamps

• Check for serial keyboard

• Check for infrared codes

• Loop every 1ms

• If more notes to play Loop

• Switch to Mode 1

Respond to key code
• 0 - 9 - Play a tune –> Mode 2

• * - toggle lamps ON/OFF

Respond to key code
• 0 - 9 - Play a different tune

• # - STOP playing current tune -> Mode 1

• <> - change pattern sequence



TechKnowTone…Switches…

Coding – Essentials:

• Switches

• If… Else…

• Counters:

• Inc++; Dec--;

• Timing delays

• Flags

• Functions

• Passing Variables

• For…

• Random Numbers

• Switch… Case…

• Using Libraries

• Music

• Infrared ?

• Arrays [ ]

• Large programs



TechKnowTone…Switches…

Using Switches:

GND

I/P

Vcc +5v

0v

‘1’

HIGH

Open

GND

I/P

Vcc +5v

0v

‘0’

LOW

Closed

GND

I/P

0v

‘1’

HIGH

SN

Arduino

INPUT_PULLUP

I/P

HIGH

LOW

I/P

HIGH

LOW

Long Push Two Quick Pushes’

Switch Bounce

Time

0 - 10 ms

GND

I/P

Vcc +5v

0v

‘1’

HIGH

USB

RESET

3 x Push Switches

S13 S12 S11



TechKnowTone…Switches…

Requirement:

• Use internal pull-up resistor for stability.

Requirement:

• Read switch state on Pin 13.



TechKnowTone…Switches…

Requirement:

• Read switch transitions on Pin 12.

H

L

Requirement:

• Count and display switch pushes.

H

L

Count = 3



TechKnowTone…Infrared…

SB1 SB2 SB4

SB1SB2SB4

0

1

2

3

4

5

6

7

HIGH

HIGH

HIGH

HIGH

LOW

LOW

LOW

LOW

HIGH

HIGH

LOW

LOW

HIGH

HIGH

LOW

LOW

HIGH

LOW

HIGH

LOW

HIGH

LOW

HIGH

LOW

H

L

SB1

H

L

SB2

H

L

SB4

Read Switches… …Display Value



TechKnowTone…LEDs…

Up = FF629D / 511DBB

Left = FF22DD / 52A3D41F

OK = FF02FD / D7E84B1B

Right = FFC23D / 20FE4DBB

Down = FFA857 / A3C8EDDB

1 = FF6897 / C101E57B

2 = FF9867 / 97483BFB

3 = FFB04F / F0C41643

4 = FF30CF / 9716BE3F

5 = FF18E7 / 3D9AE3F7

6 = FF7A85 / 6182021B

7 = FF10EF / 8C22657B

8 = FF38C7 / 488F3CBB

9 = FF5AA5 / 449E79F

0 = FF4AB5 / 1BC0157B

* = FF42BD / 32C6FDF7

# = FF52AD / 3EC3F1B

Repeat = FFFFFF

TL1838

You will ned to install the Arduino-IRremote-master library. Download it from here:   https://github.com/z3t0/Arduino-IRremote

H

L
tGND

Vcc

o/p



TechKnowTone…Music…

GND

D10
D9
D8

D7
D6
D5



TechKnowTone…Notation & Mapping…

MUSIC

http://www.makingmusicfun.net/htm/printit.htm - Free printable sheet music



TechKnowTone

Notes:

This reference sheet is intended for use with the 

Arduino ‘NewTone’ Library - v1.0 dated 01/20/2013

Created by Tim Eckel

Include the ‘pitches.h’ reference file in your 

workspace folder, which contains all of the note 

definitions.

For example to play Middle C you would used the 

reference NOTE_C4 in your code.

…Simple Tune…



TechKnowTone…Multiple Tunes…

C
4

 

G
3

 

G
3

 

A
3

 

G
3

 

N
u

ll
 

B
3

 

C
4

 

A Simple Tune:



TechKnowTone…Bringing It Together…

Multiple Tunes:

Can you:

• Add more notes to a melody?

• Add more melodies?



TechKnowTone…Source Code…

Modes Of Operation – After setup

Mode 1 – Twinkle Lamps:
• From ‘Start’ or from Mode 2 ‘tune’ wait 2 seconds delay

• While in Mode 1:

• Randomly set lamp pattern every 700ms

• Light lamps

• Check for serial keyboard

• Check for infrared codes 

• Change brightness up/down

• Loop every 1ms

• Loop

Mode 2 – Play Music:
• From Mode 1

• While in Mode 2:

• Play the first/next note

• Change lamp pattern in sequence

• Wait for note to end:

• Light lamps

• Check for serial keyboard

• Check for infrared codes

• Loop every 1ms

• If more notes to play Loop

• Switch to Mode 1

Respond to key code
• 0 - 9 - Play a tune –> Mode 2

• * - toggle lamps ON/OFF

Respond to key code
• 0 - 9 - Play a different tune

• # - STOP playing current tune -> Mode 1

• <> - change pattern sequence



TechKnowTone…End…

Novelty Source Code:

Features:

• Uses libraries which must be installed

• Pre-loaded with 10 Christmas carols

• Includes a ‘Tempo’ variable

• Reads inputs from:

• Serial port keyboard characters

• IR detector

• 1 - 3 or more switches

• Drives 6 LEDs

• Dims LEDs for a ‘twinkle’ effect

Adjust the code to:

• Match your switch and LED count

• Add to or change the 10 melodies



TechKnowTone…End…

Merry

Christmas!

Merry

Christmas!

Enjoy!Enjoy!Enjoy!Enjoy!



TechKnowTone…XXX…


