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Guidelines for teachers

Traffic light control system with Raspberry Pico and Phyton
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Introductory notes
About the project

We will start with the programming of a prototype built on a single bread board. Subsequently a
model of the crossroad can be made on paper or cardboard, which will be placed on a sheet of
polystyrene where rectangular holes - of suitable dimensions - will be made to house the four
170-points breadboards. These will then be connected to the breadboard with the RPi Pico, button
and switch. The various devices will then be connected to the relative GPIOs of the Raspberry Pi
Pico board and, finally, the entire system will be programmed.

Learning objectives
The students involved in the project will have the opportunities to:

Understand and implement timing diagrams

Understand an electronic circuit in detail

Create circuits using Raspberry Pi Pico and electronic components

Be able to create a floor plan of a system by creating a paper model using everyday
materials

Learn the fundamentals of basic programming to implement a proposed model

Analyze and identify the parameters and functions to be controlled in a complex system
Interface, through the Raspberry Pi Pico GPIO, the I/O signals coming from the devices
Develop, through the Raspberry Pi Pico Thonny software, a complex control system
Test the prototype

Optimize and define the optimal work solution by sharing among the patrticipants

Connection to other subject areas and/or specific STEM concepts

Mathematics

Technology

Electronics

Information Technology

Realization of artifacts related to a technical-scientific project

Hardware and Software that you may need

Hardware Software Crafting material
- 3-5 x breadboards 170 points - Excel - Some sheets of A4 or A3 size white
- https://amzn.eu/d/bcFYyKs - Word paper or paperboard
- 1 x Raspberry Pi Pico - Thonny- - A sheet of expanded polystyrene
- 1 x pushbutton 4.0.1 IDE - A sheet of alveolar polypropylene
- 1 x switch SPDT - 1 x Cutter
- Jumper wires kit - 1 x Scissor
- Wiring cables kit (M/M and M/F) - 1 x Glue
- 2 (or 4) x preassembled led traffic - 1 x Double-sided tape
lights single kit: - 1 x Pencil
https://www.amazon.it/ZHITING- - 1 x Pencil sharpener
Display-semaforo-Mini-semaforo- - Some fine permanent markers of

elettronici/dp/B0859ZPM47 various colors

- Stationery equipment like pencils,
pens, paper sheets
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The working phases

1.

2.

o gk

© ~

The teacher may choose, based on the level of the students, one of the options presented
both for the programming part and the realization of the plan of the road intersection.

The initial phase will be the identification of the correct functioning of a traffic light control.
Particular attention must be paid to the timing of the signals and to safety measures to be
adopted. This can be done through a quick Internet search guided by the teacher.
Subsequently the timing diagram of the system will have to be studied, initially in the simplest
possible way and subsequently taking into account an overlap time of the red lights, in order
to ensure that the intersection is free from any vehicles.

Setting up the Raspberry Pi Pico board

Create the first operating program using the “Thonny” IDE for Raspberry Pi Pico

Make all the necessary interconnections between the GPIOs of the Raspberry Pi Pico board
and the various external components

Transfer the program from the PC to the Raspberry Pi Pico board

Design and create a plan of the road intersection where the bread boards and the various
components will be positioned

Test the correct functioning of the system

Study and realization of the timing diagrams

The first step to carry out the project is to analyze and create a diagram with the timing of the
various signals of each fraffic light. For a correct understanding of each step, it's necessary to
start with the simplest timing diagram, without red lights overlapping. Once completed, the pros
and cons are brought to the attention of the students.

The timing diagrams can be made on squared paper or using a spreadsheet or any graphics
program.

a) Simplest Timing Diagram with NO red light overlap

The sequence of each traffic light will be, in the example shown in Fig.1:

e Green: 4 sec.

e Yellow: 1 sec.

¢ Red: 5 sec. (the time of the red signal must be equal to the sum of the green and yellow
of the opposite traffic light)

In this case it is assumed that the green light of the traffic light [1], that we call G1, and the

red light of the opposite traffic light [2], that we will call R2, light up simultaneously.

Inturn, once the programmed time has elapsed, the green light of the traffic light [2], that

we call G2, and the red light of the opposite traffic light [1], that we will call R1, light up

simultaneously. Refer to Figure 1

b) Timing diagram with red lights overlap

In this case we considered the need to allow some time for the two red lights to overlap

before triggering the green. This is to be sure that, once the green has been turned on,

there is no longer any vehicle in the intersection.

This is the main safety criterion, required by road regulations and traffic law.

Now the sequence of each traffic light will be, in the example shown in Fig.2:

e Green: 4 sec.

e Yellow: 1 sec.

e Red: 7 sec. (the time of the red signal must be equal to the sum of the green and yellow
of the opposite traffic light plus the overlapping time that we assumed as 1 sec each
side). Refer to Figure 2
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Figure 1

Timing Diagram with NO red light overlapping
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Here we introduce a safety red
light overlapping, at the end of
each red light ON cycle, in order
to ensure safety and be sure that
the intersection is clear, free from
any vehicles.

Figure 2

The teacher can intervene by raising safety issues, for example:

Is an overlay of red lights necessary? If so, why?

How long should the red lights overlap if necessary?

On the basis of which parameters would you calculate the overlap time of the red lights?
In the case of a pedestrian traffic light, how would you regulate the various times of the

traffic light?
Etc.

STEAM2GO Project
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Clicking on the links below you can download the Timing Diagrams in various format:

Link to the Timing Diagrams in MS Excel:
= Simplest Timing Diagram with NO red light overlap
= Timing diagram with red lights overlap

Link to the Timing Diagrams in PDF format:
= Simplest Timing Diagram with NO red light overlap
= Timing diagram with red lights overlap

Link to the Timing Diagrams in JPG format:
= Simplest Timing Diagram with NO red light overlap
= Timing diagram with red lights overlap

Introducing the Raspberry Pi Pico board

What is Raspberry Pico?

Raspberry Pi Pico is a low-cost, high-performance microcontroller board with flexible digital
interfaces. Key features include:

RP2040 microcontroller chip designed by Raspberry Pi in the United Kingdom
Dual-core Arm Cortex MO+ processor, flexible clock running up to 133 MHz
264kB of SRAM, and 2MB of on-board flash memory

USB 1.1 with device and host support

Low-power sleep and dormant modes

Drag-and-drop programming using mass storage over USB

26 x multi-function GPIO pins

2 x SPI, 2 x12C, 2 x UART, 3 x 12-bit ADC, 16 x controllable PWM channels
Accurate clock and timer on-chip

Temperature sensor

8 x Programmable 1/0O (PIO) state machines for custom peripheral support

The Raspberry Pi Pico comes as a castellated module which allows soldering direct to carrier
boards, while the Pico H comes with pre-soldered headers (recommended).

Layout of Raspberry Pi Pico is shown in Figure 3 (front) and 4 (rear)

" Figure 3 Figure 4

For the correct assembly of the button and the switch it is hecessary to check the operation of
the pins using the tester supplied with the Mobile Maker Space (see “Notes on connecting buttons
and switches” on page 20).
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The breadboard

Breadboard is a way of constructing electronics without having to use a soldering iron.
Components are pushed into the sockets (holes) on the breadboard and then extra 'jumper’ wires
are used to make connections between the various components.

Breadboards are made for prototyping doing quick experiments. They are not suitable for keeping
circuits together for a long time. The connections are not permanent, so it is easy to remove a
component if you make a mistake, or just start over and do a new project. In Figure 5 the layout
of a breadboard and its internal connections.

The five blocks of the horizontal
lines are electrically connected
to each other
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In Figure 6 an example of how to
connect a LED with a battery and a
button

Figure 6

In Figure 7 another type of breadboard, simpler and
smaller, which does not have the vertical strips for the
connections and distribution of the power supply and GND

Top view Bottom view
Figure 7
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Programming Raspberry Pico board

First you need to download and install the “Thonny” IDE (Integrated Development Environment)
software for Raspberry Pi Pico. An IDE is software that allows you to write code directly, compile
it and download it to the Raspberry Pi Pico board to make it work. Often it also provides other
features (such as debugger, help, keyword highlighting, etc.).

You can download the “Thonny” IDE and view all the features here:
https://thonny.org/

Create our "Traffic Lights" program with Raspberry Pi Pico

Now we are going to prepare the connections in order to use the GPIOs of the Raspberry Pi Pico
board to connect the external devices, in our case two pre-assembled mini traffic lights, a button
and a switch.

Connecting the Raspberry Pico GPIOs to external devices

The next step is to connect the Raspberry Pico GPIOs to the bread boards. To do this it is
necessary to use the jumper wires, included in the Mobile Maker Space. The Raspberry Pi Pico
GPIOs are shown in the following Figure 8
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It is convenient to make a spreadsheet with the interconnections between the Raspberry Pi Pico
GPIOs and the various traffic lights present in the respective breadboards. Examples are in
Figure 9 (two LEDs traffic lights) and Figure 10 (input devices)

Raspberry Pi pico Led Traffic Lights Raspberry Pi piCO Input device

GP # PIN | Traffic Light n.| Colour Pin

GP 12 16 1 Green1| G GP# PIN Type

GP 11 15 1 Yellow1| Y GP 15 20 Start Push-button

o i 1 L L GP 14 19 Maintenance switch
Ground 13 1 --- GND

GPa 6 2 Green2| G 3V3 36 VCC

GP 3 5 2 Yellow 2 Y . . .

e | & 5 w3 | R Figure 10 Input devices PinOut
Ground 3 2 - GND

Figure 9 two LEDs traffic lights PinOut

Clicking on the link below you can download the PinOut tables:
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Link to the PinOut table in MS Excel format:
=  Two LEDs traffic lights PinOut.xlsx
= |nput devices PinOut.xlIsx

Link to the PinOut table in JPG format:
=  Two LEDs traffic lights PinOut.jpg
= |nput devices PinOut.jpg

Create our "Traffic Lights" with Raspberry Pi Pico

The system can be implemented in two different ways:

o the fastest is to build a prototype with a single breadboard on which to assemble all the
components. This system does not provide for the creation of street layout drawings and
the construction of the platform on which to place the various components Figure 11

¢ realization of the street layout drawings and the construction of the platform on which to
place the various components. This system requires more time because it also involves
some graphic realization and construction of the panel on which to insert the various
elements Figure 12 - 13

Figure 11 Figure 12 Figure 13

Now it is necessary to make all the connections between the Raspberry Pico board and the
breadboard(s) following the PinOut indicated in Figure 9 and 10.

Once the connections are completed we can start programming our Raspberry Pi Pico using the
IDE software “Thonny”. Four different programs can be created, in order of increasing difficulty:

The first two programs:

1. TL NO overlap NO buttons
2. TL overlap NO buttons

are made, for simplicity, without the button and switch inputs. The traffic light sequence will
automatically start the sequence without the intervention of external devices ("Start" button and
"Maintenance" switch).

The third and fourth are a little more complex as they will also use the "Start" button and
"Maintenance" switch to activate the various program phases:

3. TL NO overlap Buttons
4. TL overlap Buttons

STEAM2GO Project Renato Gatti - Loris Ranalli - Giovanni De Rita
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Pay attention to the following indications:

Once the Raspberry Pi Pico board has been connected to the PC via USB, it will be
necessary to choose the correct board you want to program in the "Thonny" development
environment, in the "Tools" - "Options" - "Interpreter” tab, in our case "MicroPhyton
(Raspberry Pi Pico) (Figure 14)

Python is a peculiar programming environment. It does not use curly braces to group
statements but uses "indentation" only, i.e. shifting subordinate instructions to the right. It
may happen that the compiler shows errors due to some error in indentation but they can
be solved by activating the "Assistant” (Figure 15) and "Shell" (Figure 16) functions in the
"View" tab, which will provide the information to solve any problems.

at the beginning of each sequence it is important to set all the GPIO outputs to "0", so that
all the LEDs are turned off when the program starts

every time you set a GPIO to "1" and program the time in which that LED will remain on,
you will also need to turn it off by bringing it back to "0" before turning on the next one and
vice versa.

In the comments, preceded by the hash character (#) there are all the explanations for

each single command.
) & Thonny - K:\__STEAM2GO Ottobre 2022\ Lin

MicroPython (RP2(30) . Object inspector
MicroPython (ESP32) \ f
MicroPython (ESP8266) J

MicroPython (generic)
CircuitPython (generic)

| T Thonny options X File Edit View Run Tools Help
General Interpreter Editor Theme & Font Run & Debug Terminal Shell Assistant _1 5 v A55|5tant -

j e ; Exception

Which kind of interpreter should Thonny use for running your code? TL NO

Local Python 3 5 OVE€  Files

Local Python 3 s

Remote Python 3 (SSH) 3 fl Heap

MicroPython (S5H) g H

MicroPython (EV3) ‘ 1 elp

MicroPython (BBC micro:bit) . Notes

QOutline

o
Program tree

. 3 Stack
Figure 14

1
1 Ln.
) EEEIN
1
1

TODO )(?l
Variables Lt
& Thonny - K:\__STEAM2GO Ottobre 2022\____Link per pro Figure 15

File Edit ViewARun Tools Help

NS w == Click here to watch the
o Exception video of the prototype on
ovVE .
:'es a single breadboard made
‘ €ap ] .
£ Hebp with the program with
& Notes "4.TL overlap Buttons"

Figure 16

The following pages show the four programs made with Raspberry Pi Pico and "Thonny":

P W

TL NO overlap NO buttons
TL overlap NO buttons

TL NO overlap Buttons

TL overlap Buttons
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The first two programs we are going to create are the simplest, which do not use the input
devices, button and switch:

1. TL NO overlap NO buttons

Figure 17 shows the “TL NO overlap NO buttons” program using only the GPIOs indicated in
Figure 9.

TL NO overlap_NO Buttons.py

from machine import Pin
from utime import sleep

led_red_1 = Pin(2, Pin.OUT)
led_yellow 1 = Pin(3, Pin.OUT)
led_green_1 = Pin(4, Pin.OUT)
led_red_2 = Pin(1@, Pin.OUT)
led_yellow 2 = Pin(11, Pin.OUT) #A:
led_green_2 = Pin(12, Pin.OUT)

led_red_1.value(@)
led_red_2.value(@)
led_yellow_1.value(@)
led_yellow_2.value(d)
led_green_l.value(@)
led_green_2.value(@)
sleep(1)

for i in range (1,3):
led_yellow_1.value(l)
led_yellow_2.value(1)
sleep (8.5)

2 led_yellow_1.value(@)
28 led_yellow_2.value(@)
29 sleep (8.5)

while True:

led_red_1.value(l)
led_green_2.value(1)
sleep(5)
led_green_2.value(@)
led_red_1.value(l)
led_yellow_2.value(l)
sleep(2)
led_yellow_2.value(@)
led_red_1.value(8)
sleep(@)

led_red_2.value(l)
led_green_1.value(1)

46 sleep(5)

47 led_green_l.value(@)
led_red_2.value(l)
led_yellow_1.value(1l)
sleep(2)
led_yellow_1.value(@)

52 led_red_2.value(d)

53 sleep(@)

Figure 17 TL NO overlap NO buttons

Here you can download the first Raspberry Pico Code program:

1. TL NO overlap NO buttons

STEAM2GO Project Renato Gatti - Loris Ranalli - Giovanni De Rita
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2. TL overlap NO buttons

Figures 18 shows the “TL overlap NO buttons” program using only the GPIOs indicated in
Figure 9.

{TL overlap_NO Buttons.py:

from machine import Pin
from utime import sleep

led_red_1 = Pin(2, Pin.OUT)
led_yellow_1 = Pin(3, Pin.OUT)
led_green_1 = Pin(4, Pin.OUT)
led_red_2 = Pin(19, Pin.OUT)
led_yellow_2 = Pin(11, Pin.OUT)
led_green_2 = Pin(12, Pin.OUT)

led_red_1.value(@)
led_red_2.value(2)
led_yellow_1.value(@)
led_yellow_2.value(@)
led_green_1.value(@)
led_green_2.value(9)
sleep(l)

for i in range (1,3):

led_yellow_1.value(l)
led_yellow_2.value(l)
sleep (2.5)

led_yellow_1.value(@)
led_yellow_2.value(@)
sleep (2.5) :

while True:

led_red_1.value(l)
led_green_2.value(l)
sleep(5)
led_green_2.value(8)
led_red_1.value(l)
led_yellow_2.value(1)
sleep(2)
led_yellow_2.value(2)
led_red_2.value(l)
sleep(2)
led_red_1.value(@)
led_red_2.value(2)
sleep(@)

led_red_2.value(l)
led_green_1.value(l)
sleep(5)
led_green_1.value(9)
led_red_2.value(1)
led_yellow_1.value(l)
sleep(2)
led_yellow_1.value(@)
led_red_1.value(l)
sleep(2)
led_red_1.value(2)
led_red_2.value(2)
sleep(9)

Figure 18 TL overlap NO buttons

Here you can download the second Raspberry Pico Code program:

2. TL overlap NO buttons

STEAM2GO Project
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https://drive.google.com/file/d/1MIgvTml6ZfvAQHJN6DJi95JiOyjh_iLB/view?usp=share_link

The third and the fourth programs we are going to create are a bit more complex, because they
use the input devices, button and switch:

Figure 19 shows the “TL NO overlap buttons” program using only the GPIOs indicated in Figures
9-10.

3. TL NO overlap Buttons

TL NO overlap Buttons.py

from machine import Pin
from utime import sleep

led_red_1 = Pin(2, Pin.OUT)
7 led_yellow_l = Pin(3, Pin.OUT)
led_green_1 = Pin(4, Pin.OUT)
led_red_2 = Pin(1@, Pin.OUT)
led_yellow_2 = Pin(11, Pin.OUT)
led_green_2 = Pin(12, Pin.OUT)
start = Pin(15, Pin.IN, machine.Pin.PULL_DOWN)
service = Pin(14, Pin.IN,machine.Pin.PULL_DOWN)
START_STATE = @
SERVICE_STATE = @

led_red_1.value(8)
led_red_2.value(d)
led_yellow_1.value(@)
led_yellow_2.value(@)
led_green_1.value(d)
led_green_2.value(@)
sleep(1)

7 def on():

led_red_1.value(l)
led_green_2.value(l)
sleep(5)
led_green_2.value(@)
led_red_1.value(l)
led_yellow_2.value(l)
sleep(2)
led_yellow_2.value(@)
led_red_1.value(@)
sleep(@)

led_red_2.value(l)
led_green_1.value(l)
sleep(5)
led_green_1.value(@)
led_red_2.value(l)
led_yellow_l.value(l)
sleep(2)
led_yellow_1.value(@)
led_red_2.value(d)
sleep(@)

def maintenance():
led_yellow_1.value(l)
led_yellow_2.value(l)
sleep (.25)
led_yellow_1.value(@)
led_yellow_2.value(@)
sleep (0.25)

while True:
START_STATE=start.value()
if START_STATE==1:
for 1 in range (1,3):
led_yellow_1.value(l)
led_yellow_2.value(l)
sleep (8.5)
led_yellow_1.value(8)
led_yellow_2.value(@)
sleep (8.5)
while START_STATE==1:
print ("START %s
if SERVICE_STATE==0:
on()
else:
maintenance()
SERVICE_STATE=service.value()

ERVICE %d" %(START_STATE,SERVICE_STATE))

Figure 19 TL NO overlap Buttons

Here you can download the third Raspberry Pico Code program:

3. TL NO overlap buttons
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https://drive.google.com/file/d/1qTmS3W2rgkUV9uDdYWcBPYvOaB_RaXw0/view?usp=share_link

Figure 20 shows the “TL NO overlap buttons” program using only the GPIOs indicated in Figures
9-10.

4. TL overlap Buttons

from machine import Pin
from utime import sleep

led_red_1 = Pin(2, Pin.OUT)

led_yellow_1 = Pin(3, Pin.OUT)

led_green_1 = Pin(4, Pin.OUT)

led_red_2 = Pin(1@, Pin.OUT)

led_yellow_2 = Pin(11, Pin.OUT)

led_green_2 = Pin(12, Pin.OUT)

start = Pin(15, Pin.IN, machine.Pin.PULL_DOWN)
service = Pin(14, Pin.IN,machine.Pin.PULL_DOWN)
START_STATE = @

SERVICE_STATE = @

led_red_1.value(@)
led_red_2.value(@)
led_yellow_1.value(®)
led_yellow_2.value()
led_green_1.value(®)
led_green_2.value(2)
sleep(1)

def on():

led_red_1.value(l)
led_green_2.value(1)
sleep(5)
led_green_2.value(@)
led_red_1.value(l)
led_yellow_2.value(1)
sleep(2)
led_yellow_2.value(@)
led_red_2.value(l)
sleep(2)

led red_1.value(@)
led_red_2.value(2)
sleep(@)

led_red_2.value(1)
led_green_l.value(1)
sleep(5)
led_green_1.value(@)
led_red_2.value(1)
led_yellow_1.value(l)

4 sleep(2)

5 led_yellow_1.value(@)
led_red_1.value(l)
sleep(2)
led_red_1.value(2)
led_red_2.value(2)
sleep(8)

d

°
LK

maintenance():
led_yellow_1.value(1)
led_yellow_2.value(1)
sleep (.25)
led_yellow_1.value(@)
led_yellow_2.value(@)
sleep (8.25)

while True:
START_STATE=start.value()
if START_STATE==1:
for i in range (1,3):
led_yellow_1.value(1)
led yellow_2.value(1)
1 sleep (2.5)
72 led_yellow_1.value(@)
7 led_yellow_2.value(@)
4 sleep (@.5)
75 while START_STATE==1:
7¢ print ("START %s - SERVICE %d" %(START_STATE,SERVICE_STATE))
if SERVICE_STATE==0:
on()
else:
maintenance()
SERVICE_STATE=service.value()

Figure 20 TL overlap Buttons
Here you can download the fourth Raspberry Pico Code program:

4. TL overlap buttons
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https://drive.google.com/file/d/1lS_aUV0jRLdmt8Yj22gtFsSDlH8OHRp0/view?usp=share_link

Once the programming is complete we can move on to the test phase, using the prototype with a
single breadboard (Figure 11) or create the street layout drawings and the construction of the
platform (Figure 12-13) as indicated below.

Drawing and crafting the floor plan of a two ways junction

The plan of the traffic light intersection can be made with a sheet of paper of the size, as in our
case, 28x34 cm., cutting out an A3 sheet or using a simple A4 sheet. Figures 21-22-23

Figure 21 Figure 22

Figure 23

The plan could be created by hand with felt-tip pens or colored pencils or by using a drawing
program and printing it; in our case we used MS Word.
Three different layouts are shown below:

= “Draft Layout_2 lights” Figure 24
= “Draft Layout_4 lights” Figure 25
= “Traffic Light Layout for Assembly” Figure 26
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Figure 25 Figure 26

Clicking on the links below you can download the Layout in various format:

Link to the Layout realized using MS Word:

= Draft Layout 2 lights

= Draft Layout 4 lights

= Traffic Light Layout for Assembly
Link to the Layout realized in PDF format:

= Draft Layout 2 lights

= Draft Layout 4 lights

= Traffic Light Layout for Assembly
Link to the Layout realized in JPG format:

= Draft Layout 2 lights

= Draft Layout 4 lights

= Traffic Light Layout for Assembly

After creating the paper layout it will be necessary to create a 1 cm high styrofoam base where
the bread boards will be inserted. The styrofoam sheet must have the size of the paper sheet
(you can use a A4 sheet) used to create the graphic layout or slightly larger Figure 27-28

-
Figure 27 Figure 28

The layout and the styrofoam sheets cut to size are shown in Figure 29

Figure 29
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https://docs.google.com/document/d/1hcVwRG1eqH5LAKb6IqF8164-BlvnWbzu/edit?usp=share_link&ouid=116682022783087267773&rtpof=true&sd=true
https://docs.google.com/document/d/1lLtzwZC869xdvaiheoTmfiFrMxCWPX_j/edit?usp=share_link&ouid=116682022783087267773&rtpof=true&sd=true
https://docs.google.com/document/d/1tu3ghAzjV8q5nOOrrvRLvYFXOT6NiDay/edit?usp=share_link&ouid=116682022783087267773&rtpof=true&sd=true
https://drive.google.com/file/d/1HMqNXyAvsXNY4GBtONeXXUtLHd2Ldk8L/view?usp=share_link
https://drive.google.com/file/d/1ApMzsLkiCmKRgM9x-3irTGpEGYtoWUmf/view?usp=share_link
https://drive.google.com/file/d/1KFWhu4XkavNt3_bEoiEKLyvqAieKLI9x/view?usp=share_link
https://drive.google.com/file/d/1GwOgEUhmkDMuSIudcO56wBttf0ZGfy4P/view?usp=share_link
https://drive.google.com/file/d/1EsPL8S9Ur6a3A0BwI-mmnYX-v_hINw_t/view?usp=share_link
https://drive.google.com/file/d/1k2Zmeotb5ZclZgK29v2d9g-RPgnQ2KTN/view?usp=share_link

The next step will be to mark the exact position of the breadboards on a drawing of the intersection
using a previously created layout. Figure 31-31

Figure 30 Figure 31

Once we have marked the exact outlines of the breadboards on the drawing, we will need to cut
out the outlines using a cutter Figure 32

Once this is done, we need to draw the outlines on the styrofoam plate using the design we have
just shaped as a reference and guide. Figure 33

Figure 32 Figure 33

Now we are ready to cut out the breadboard slots in the styrofoam sheet where we will insert
the breadboards. Figures 34-35-36

Figure 34 Figure 35 Figure 36

It will be necessary to pay a little attention in shaping perfectly the marked slots in the styrofoam
so that the breadboards fit perfectly into the styrofoam plate.

Once you have cut the slots in the styrofoam sheets, you will have to insert the breadboards, each
one in its housing, as shown in Figure 37.

The result of this intermediate step is shown on Figure 38.
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Figure 37 Figure 38

We can now place the paper layout previously made on the polystyrene base and proceed to
insert the mini LED traffic lights on the relative breadboard, following the steps shown in Figures
39-40

Figure 39 Figure 40

Below is the layout of the complete traffic light with the two LEDs traffic lights inserted in the
breadboard Figure 41

Figure 41 Figure 42
Figure 42 is another example of the same crossroad but with two traffic lights per street.

Now we can connect the LED devices to the I/Os of the Micro:Bit board.

It is necessary to bend the pins of the jumper wires that are to be plugged into the breadboard by
90°, in order to be able to cover them with the planimetry drawing. See Figures 43-44-45
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Figure 43 Figure 44 Figure 45

In Figure 46 is an example of the final complete system.

Figure 46

Notes about button and switch connections

The pushbutton pinout used in the prototype is shown below (Figure 47):

Note that pins 1-3 (blue in the figure) are connected to each other, as are pins
2-4 (red in the figure). The connection between pins 1-2 is NORMALLY OPEN
and will only close when the button is pressed. Same for pins 3-4

4

02
Figure 47

The switch pinout used in the prototype is shown below (Figure 48):

Use the vertical lines on both
sides as a reference (one side
has only one bar, the other side
has two bars)

Switch NOT pressed

i (O R (N

Figure 48
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Notes about pull-up and pull-down resistors

Pull-up (or pull-down) resistors are fixed value resistors used between the connection of a voltage
supply (or ground) and a patrticular pin in a digital logic circuit. Commonly paired with switches,
its purpose is to ensure the voltage (or ground) between Ground and Vcc is actively controlled
when the switch is open. Without the pull-up resistor the logic static of the open switch is floating
so it could be either a '0' or a '1", because, not being connected to a stable potential, it behaves
like an antenna and the voltage across it is fluctuating, indeterminate.

Here below some examples of how to connect the pull-up resistor.

SEEAEeEe] 4 % * CEmmmm—— | ¢ B
5Vdc 5Vdc . oooéo ©
N | MCU ms [ mS [ e
* w|Mcu MUV |
- SW1 SWH1 se| ~sxs e B¢
AL _|—L _JL ' EEREE .
Figure 47 Figure 48 Figure 49 Figure 50
No resistor Pull-Up resistor Pull-Up resistor Pull-Up resistor on
Switch unpressed Switch pressed the breadboard
. +
5Vdc ? 5Vdc H N : : :
WL T 8V o sWi. ’ :::%: S
.. rt. L
MCU N MCU *s  ses i@
}' N i » CEEEEED » » » w&!&z .
0V IR R1 l 48484 B
Figure 51 Figure 52 Figure 53
Pull-Down resistor Pull-Down resistor Pull-Down resistor
Switch unpressed Switch pressed on the breadboard

What should be the value of the resistor?

Lets assume we want to limit the current to 1mA. For example if Vcc = 5V, using Ohms law: R=V/I
we obtain R = 5V/1mA (or R = 5000mV/1mA) so R= 5000Q = 5k. In this case we can use a resistor
of 4.7k Q. Normally it's possible to use, in general, a 10kQ resistor, this will need only 0.5mA

Normally in all the microcontroller systems, the pull-up and pull-down resistors are already built
inside the board itself. The input pins can be programmed to be configured as pull-up or pull-down
inputs with simple instructions.

Pull-down example: Start = Pin(15, Pin.IN, machine.Pin.PULL_DOWN)
Pull-up example: Start = Pin(15, Pin.IN, machine.Pin.PULL_UP)

See the RPi guides for further information.
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Supporting files

Worksheet for students

The worksheet for student

Programs

The folder with all the programs

Figures

The folder with all the figures

Videos

The folder with all the videos

RPi Pico guide

Getting started with RPi Pico:

https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico

RPi Pico documentation:

https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html

Thonny IDE guide

Thonny IDE documentation:
https://thonny.org/
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https://drive.google.com/file/d/18l_9w-mr3vwWbGJD7AncJVO51bzO8UeA/view?usp=share_link
https://drive.google.com/drive/folders/1nokWO4zK-r_5Vrcy90BtlD7Yp7LpBP7t?usp=share_link
https://drive.google.com/drive/folders/1fM-iQzjFthXgETRZ8ON1d2AI_LefgNlz?usp=share_link
https://drive.google.com/drive/folders/1g2Su3BQKd212-gokSq0zkK3-hiatmJ9y?usp=share_link
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https://www.raspberrypi.com/documentation/microcontrollers/raspberry-pi-pico.html
https://thonny.org/

