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Executive Summary

The following document outlines the process followed to develop a clock radio for the
University of Victoria’s ECE 299 project. The device required a clock with time setting,
formatting, and alarm capabilities in addition to a radio with channel reception, volume
adjustment, and channel information display. The constraints under which development
took place included the use of a Raspberry Pi Pico for processing, MicroPython for
programming, SPI for communication with the Display, and |12C for communication with the
radio module. Additional requirements included design and manufacturing of both a PCB
and an enclosure with a theme of “Home Province.”

We used an object-oriented approach to develop the software making individual Button,
Icon, Radio, and Display classes as well as a class for each state of our device. The states
included Menu state, Clock state, Radio state, Alarm state, and Play Alarm state.

Using KiCAD we designed a circuit schematic and PCB layout for the device. The alarm and
radio were played on a single speaker using a diode circuit. We achieved proper radio and
alarm volume using an LM386-N audio amplifier with a gain of 20. The circuit received
power through the microUSB input of the Raspberry Pi Pico. The PCB layout featured a 3.3V
power plane on the front copper, a ground plane on the back copper and 10, 20, and 30 mil
traces connecting components. We selected a 30-mil trace width from the amplifier output
to the speaker input to maximize current delivered to the speaker.

We modelled a two-piece enclosure to contain the PCB using SolidWorks. The enclosure
contained mounting holes for the PCB, display, speaker, and input devices. We used #4-40
screws and nuts to secure all components. The cover was secured to the base using a
wood screw and friction between the base’s plastic extrusions and the wooden cover.

To improve the design, we would reduce the PCB size and match its shape with that of the
enclosure. Alarm reliability was problematic during the demonstration and could be
resolved by updating the triggering time when the time zone is modified. To improve the
volume range of the radio, the audio amplifier could be powered with 9V instead of 5V
increasing the minimum voltage at which signal distortion occurs.
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l. Project goals

Design and prototype a clock radio that allows users to set and display time, manage alarms,
and tune into radio channels through a user-friendly interface, utilizing a Raspberry Pi Pico
for intelligence handling, and incorporating an OLED display and speaker for output.

ll. List of constraints

Below are the list constraints set for this project, these constraints were taken from the
course page [1].

—

) Raspberry Pi Pico must be used for intelligence handling.

) The display must communicate with the Pico board using SPI.
) The Raspberry Pi Pico to be programmed using Python.
)
)

A W N

Design and order a PCB from a commercial manufacturer.

ol

Final demonstration must happen in the week of July 29.

lll. Project expectations

Below is the list of project expectations set for this project. These expectations were taken
from the course page [1].

Clock Functionality:

1. Set/Edit time through a user interface.

2. Display time in 12-hour/24-hour format as desired by the user.
3. Set/Edit alarm time through a user interface.

4., Trigger alarm as set by the user.

5. Snooze alarm and turn off alarm through a user interface.

Radio Functionality:

1. Tune to at least one radio channel through a user interface.
2. Play radio output on a speaker.

3. Volume control of audio output through a user interface.

4. Display radio channel info to the user.
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IV. Design choices

The section below describes our design process and the reasoning behind the design
choices made.

Hardware

In general, cost, reliability, and ease of use were considered when selecting the hardware
for our clock radio.

Display

To handle all the requirements related to displaying information from the clock radio
system, we selected the SSD1306 OLED display. This display was chosen due to its SPI
compatibility, power requirements, image quality, mounting requirements. An image of the
display is shown in Figure 1.

Figure 1: SSD1306 Display

Based on the project constraints, the display was required to communicate with the
Raspberry Pi using the SPI communication protocol. As reflected in the SSD1306
datasheet, the internal MCU of the display supports 4-wire SPl communication [2].
Communication is done through the serial clock (SCK), serial data in (SDA), chip select
(CS), and the data/command (DC) lines of the display.

The power requirements of the SSD1306 are satisfied by the 3.3V output voltage of the
Raspberry Pi. According to the SSD1306 datasheet, the allowable supply voltage is
between 1.65V and 3.3V [2]. This allowed us to power the display directly from the 3.3V
plane on our PCB reducing the PCB’s complexity.

Luo and Wu suggest that LCD displays are good alternatives to OLED displays due to LCDs
having higher resolution and longer lifetime. We selected an OLED display since, according
to Luo, they are thinner, have excellent contrast, and a wide viewing angle [3]. Since the
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screen is small, contrast and viewing angle are highly important for viewing the information
displayed effectively.

Another benefit of the SSD1306 is its simplistic and cheap mounting method. Based on the
hole pattern found in the datasheet, the mounting holes are 3mm in diameter. Thus, it can
be mounted with four #4-40 screws and nuts.

Finally, we selected the SSD1306 over the SSD1309 due to its far lower cost. Despite being
smaller, the SSD1306 features the same size dot matrix (128x64) as the SSD1309 and
matches the quantity of information it can display at once. Thus, in selecting the SSD1306
we lowered the cost of our final design by $16 [4] without sacrificing the quality of our UI.

Radio Module

The RDA5807M was selected to fulfill the device’s radio functionality. The attributes
possessed by this receiver that motivated our decision to use it include the frequency
range it supports, the communication protocol it uses, its power requirements, volume and
frequency control features, physical package characteristics, and cost. An image of the
RDA5807M breakout board is shown in Figure 2

Figure 2: RDA5807M Breakout Board

According to the RDA5807M datasheet, it can decode FM (frequency modulated)
frequencies in the range of 50MHz to 115 MHz [5]. As many local radio stations broadcast
in this range [6] the module’s frequency range permitted the clock radio to receive multiple
channels exceeding the project expectations.

The radio module supports communication with an MCU through the I12C protocol. As the
Raspberry Pi features two dedicated 12C controllers [7], the microcontroller interfaced with
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the radio module directly through software. The speed of I2C communication and
resilience to data loss referred to by Mankar were beneficial when implementing the radio
functionality [8]. Leveraging the rapid response time of I2C communication, we were able
to implement reliable real time volume and frequency adjustment without the need for an
“enter” command from the user.

The RDA5807M features digital audio gain control (volume adjustment) and autonomous
search tuning [5]. These features were leveraged when implementing the volume control
and seek functionality of our device.

Additionally, the package of the RDA5807M was advantageous since it compatible with
breadboard testing and through hole soldering. This allowed the radio functionality to be
tested on the breadboard without the need to solder header pins saving both cost and
time. The TEA5767 from NXP Semiconductors was considered as an alternative due to its
low cost ($2.40) however its package requires externally soldered pins [9].

Finally, the low cost of the RDA5807M module makes it a better option than many similar

products. For example, alternatives such as the SI4703 [10], and BK1086 [11] have similar
features but are more expensive. A breakout board containing the SI4703 comes at a cost
of $24.95[12].

Audio Amplifier

The LM386 audio amplifier was chosen to amplify the radio output and alarm signals in our
radio clock design. This decision was driven by several key factors, including the LM386’s
suitable technical specifications, performance characteristics, cost-effectiveness, and
reliability.

According to the LM386’s datasheet [13], it is an 8-pin power amplifier designed for low
voltages operations. The LM386 has a default gain of 20, which can be increased to any
value from 20 to 200 by the addition of an external resistor and capacitor between pins 1
and 8. This flexibility allows for easy customization to suit amplifying the radio output and
alarm signals for the clock radio design. A pin configuration of the LM386 is shown in the
Figure 3 below:



Figure 4 shown below depicts the bandwidth of the LM386 [13]. For the 20-gain circuit
used in the radio clock, the bandwidth exceeds the audible range of humans (20Hz -
20kHz) [14]. This bandwidth is adequate for the purposes of alarm and radio output to the
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Figure 3: LM386 IC Top View
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speaker, ensuring that the sound produced is clear and covers the full spectrum of audible

frequencies.

Pushbutton

From a hardware perspective, the qualities considered when selecting components to

VOLTAGE GAIN (dB)

50

20

10uF
i M—Hh
=0

1k 10k

100k ™

FREQUENCY (Hz)

Figure 4: Voltage Gain vs Frequency

receive user input consisted of the button’s dimensions, cost, mounting requirements and
reliability. Push buttons were considered since they are low-cost and can be made reliable
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through simple software debouncing. The R13-24A was selected since it satisfied all the
desired qualities while being accessible through the UVic Tech Shop. The button has an
outer diameter of 8mm and threads that extend 6mm [15]. 6mm threads allowed our
enclosure to maintain a thickness of above 4mm, conserving durability, while leaving
thread space for the nut.

Encoder

The PEC11R Series — 12mm Incremental Encoder was selected to take inputs from the
user. The primary function of the PEC11R encoder is to convert the rotational position of its
shaft into an electrical signal that the microcontroller can interpret.

The PEC11R has both a pushbutton and rotary encoder. The pushbutton can be debounced
using a simple debouncing algorithm to ensure that only intentional presses are registered.
The rotary encoder has a total of three pins. The first two, Pin A and B, output two
quadrature signals that the microcontroller reads to determine the direction and amount of
rotation [16]. The third pin is the common ground pin.

A potentiometer could have been selected over an encoder. The potentiometer’s main
benefitis its ease of use. The Pico can easily detect rotation through one of its ADC input
pins. The encoder’s main benefit over the potentiometer is continuous rotation detection
[17]. For tuning the radio, the user requires access to a range of frequencies too large to be
implemented using a potentiometer. To access the entire range the sensitivity of the
potentiometer would not be practical. The same problem exists with setting the time. With
an encoder, the user was given access to a wide range of frequencies and could set time
easily.

Software

We developed the software using an object-oriented style approach with interrupts to
detect use input. GitHub provided version control.

Program Structure

All the requirements for the clock radio required software to be written. For our clock radio,
we used an object-oriented style of programming due to its readability, ability to efficiently
develop software as ateam, and scalability. Figure 5 shows the class hierarchy (parent,
child relationships) used to implement the clock radio’s functionality.
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Figure 5: Clock Radio Class Hierarchy

In addition to understanding the hierarchical relationship between classes, understanding
the interdependencies between the classes is also important. Figure 6 show’s the
dependencies between the classes in our program.
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Figure 6: Class Interdependencies

Note that “button” refers to a software defined button appearing on the display, not a
physical button. With an understanding of the program’s structure, the basic functionality

such as control flow and I/0 can be understood. The code for the Icon and Button classes
is included in Figure 7 below for convenient reference.

pos_x * grid_size x + 2

pos_y * grid_size y + 2

self.width = grid size x + 2

self.height =

= border
utton(Icon):

f __init_ (self, txt, pos_x, pos_y, select, has_border):

super() nit_ (txt, pos_x, pos_y, has_border)
= pos_x

Figure 7: Icon and Button Classes
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Taking User Input - Interrupts

The program monitors for user input using interrupts. As each state has a different
movement pattern for the selector on the screen and different values to be adjusted by the
encoder, each state redefines the following member functions from the “State” Base class:

e “B1Handler” (button functionality)
e “ENCA” (encoder pin A)
e “ENCB” (encoder pin B)

These three member functions act as handlers for the interrupts triggered by the button
and encoder respectively. An additional interrupt is configured for the “ENTER” button (the
encoder pushbutton). Interrupt configuration, a sample “B1Handler” function (in this case
from PlayALARM state), and the handler to implement “ENTER” are shown in Figures 8, 9
and 10 below.

button_1.irg(handler=current_state.BlHandler, trigger=Pin.IRQ FALLING)

EncoderA.irg(trigger=machine.Pin.IRQ RISING | machine.Pin.IR(Q FALLING, handler=current_state.ENCA)

EncoderB.irg(trigger=machine.Pin.IRQ RISING | machine.Pin.IRQ FALLING, handler=current_state.ENCE)

enter._irg(handler=Enter_ Handler, trigger=Pin.IR() FALLING)

Figure 8: Interrupt configuration

def BlHandler(self,pin):
slobal current_state, current_posx, current_posy
debounce_handler({pin):
if{current_posx <= @):
current_posy-=1
current_pos
if(current_posy d current_posx<=8):
current_posx=3
current_posy=5
if{current_posx!=

current_posx -=

self.update()

display.render(self.icons)

Figure 9: Sample Clock State B1Handler
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interrupt handler for the e

Enter_Handler(pin):

hal ENTER, current_state
debounce_handler(pin):
ENTER = True

Figure 10: Encoder Pushbutton handler

Control Flow

Control flow of a program refers to the pattern in which the program changes behaviour. As
seen in Figure 5, classes with the “_State” suffix define the behaviour the program should
exhibit when the user has entered a given State. An instance of each “State” class is
declared in the program and a global “current_state” variable is declared to track which
state the program is in. In each state, variables of the “Button” class type (seen in Figure 7)
are declared and assigned a specific state to change to when they are pressed.

The update buttons function in the “Display” class is responsible for monitoring for state
changes. Note that the program structure ensures this function runs at each iteration of the
program’s main While loop. The code is shown in Figure 11 below.
def update_buttons(self, icons):
yal current_state, ENTER, current posx, current_posy

ist of red

or icon in icons:

current_posx and icon.grid y == current_posy:

elected = True

ENTER = False

icon.selected = False

Figure 11: Update Buttons Function

As seenonlines 100 to 107 in Figure 11, if the encoder pushbutton(“Enter”) has been
pressed while a button with a state configured is selected, the current state is changed to
the button’s “state” member and the “change_state” function (shown in Figure 12 below) is
called with this state as an argument.
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def change state(state):

obal current_state, current posx, current_posy
current_state = state
current_posx = current_state.start_posx
current_posy = current_state.start_posy
EncoderA.irq(trigger=machine.Pin.IRQ_RISING | machine.Pin.IRQ_FALLING, handler=current_state.ENCA)
EncoderB.irq(trigger=machine.Pin.IRQ_RISING | machine.Pin.IRQ_FALLING, handler=current_state.ENCE)
button_1.irgq(handler=current_state.BlHandler, trigger=Pin.IR(Q FALLING)
current_state_update()

display.render{current state.icons)

Figure 12: Change State Function

This function changes the value of “current_state”, ensures the interrupt handlers for all
input devices are reassigned to those of the new current state and ensures the selector’s
position on the screen is appropriate for the new current state (the position defined by the
state’s “start_posx and start_posy” members).

Displaying Output

The display class handles visual output. It uses a “render” function to render a list of icons
to the screen. Each state class contains an “icons” member list with all icons and buttons
to be rendered when the state is entered. In this way, different information can be displayed
on the screen depending on the state. The “render” function is shown in Figure 13 below.

ender(self, icons):
g al current_state
self.55D.fi11(8)

or icon in icons:

if isinstance(icon, Button) and icon.selected:

, icon.ypos_text, 1)

2, icon.ypos_text - 2, icon.width, icon.height)

ext{icon.text, icon.xpos_text, icon.ypos_text, 1)
if icon. rder:
self.55D.rect{icon.> ext - 2, icon.y xt - 2, icon.width, icon.height, 1)
self.55D.show()

Figure 13: Render Function

The function is passed the icons list from the current state. This list is iterated over and for
eachicon, text and bordering is rendered to the screen at a position stored internally by the
icon or button itself. If the icon’s position matches the selector’s position, the region
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surrounding the button is inverted (black turns white and vice versa) to indicate this to the
user.

Encoder Logic

Many functionalities relied on the encoder’s proper function. We implemented an interrupt
based algorithm to detect encoder rotation and determine the rotation direction. As with
the push button, interrupts were used to maximizes the speed at which our program
executed and minimize delay in detecting user input. When the encoder is rotated in the
clockwise direction the encoder emits a rectangular pulse from Pin A before emitting a
similar pulse from pin B. When the encoder is rotated in the counterclockwise direction,
the reverse occurs. Figure 14 shows the output from probing the encoder with Pin A on
channel 1 and Pin B on channel 2 of the oscilloscope.

Figure 14: Capture of Clockwise Encoder Rotation

Pin A and Pin B were configured to trigger interrupts on both the rising and falling edges of
their respective pulses. Separate handlers were configured for pins A and B. The handlers
begin by reading the values from both encoder pins. They then perform edge detection.
Due to the overlapping of pulses, the specific edge that triggered the interruptis
determined using the logic in Figure 15 below.

# Determine
if B state =

B rising edge = True

elif B state == and A state == 1:

B falling edge = True

Figure 15: Edge Detection
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Once both arising and falling edge has been detected, we know the encoder is being
rotated. To determine the direction, we compare the current values of each pin using the
code in Figure 16 below.

if B _rising edge and B _falling_edge:

year, month, day, weekday, hours, minutes, seconds, subseconds = rtc.datetime()

if A state != B _state:

Figure 16: Determining Rotation Direction

If the interrupt is triggered (on what now must be arising edge) and reading the pins results
in opposite logic values, the signal resembles that of Figure 14. Pin A is leading Pin B, and
the direction must be clockwise. If the logic values are equal, the opposite is true.

Debouncing Logic

The debouncing of pushbuttons is managed by the “debounce_handler” function as shown
in Figure 17. This function is called from the interrupt handler functions for all the
pushbuttons to ensure that the input is valid and not affected by mechanical bouncing.

def debounce_handler({pin):
lobzl last_pressed_time
current_time = wutime.ticks ms{}
if current_time - last_pressed_time < debounce_delay:
return False

last_pressed_time = current_ti

return pin.value(} == @

Figure 17: Debouncing Algorithm

This algorithm operates by comparing the current time obtained using “utime.ticks_ms()”,
with the time of the last recorded button press “last_pressed_time”. If the time elapsed
since the last press is shorter than a predefined debounce delay (50ms), the function
determined that the current press is due to bouncing and returns “False”. Otherwise, if the
time is greater than 50ms, the function stores the current time and checks the state of the
button pin. If the pin’s value is 0, the button is pressed, and the function returns true.

Clock Functionality

To implement the clock functionality, we utilized the RTC (Real-Time Clock) of the
Raspberry Pi Pico, which ensures accurate and reliable timekeeping. This choice provides
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consistency and minimizes errors in time display and alarm functionality. We found that
writing data to the display too frequently introduced noise to the speaker output. To
maintain optimal performance and avoid excessive noise, we implemented an interrupt
triggered by a MicroPython “Timer” object. The interrupt updates the display with the
current RTC time every minute, preventing the overuse of SPI lines while maintaining
accurate time display.

Users interact with the clock through a simple interface: a pushbutton allows them to
navigate through the menu, while a rotary encoder is used for adjusting parameters such as
time and format. By default, the clock displays time in a 12-hour format, but the user can
easily switch to 24-hour through the menu interface. Time adjustments are simple with
buttons on the display for minutes and hours, which can be incremented/decremented
with encoder inputs. As there is no extra input required to set the time (the time is updated
with every encoder rotation) adjusting the time can be done rapidly. Time zones are
managed using the UTC (Coordinated Universal Time) format, allowing users to set their
local time from anywhere in the world.

For the alarm functionality, several customizable settings are provided. Users can set or
edit the alarm time using the same method as adjusting the clock time. The snooze
duration can be customized, with a minimum duration of one minute. Additionally, users
have the option to select from three different alarm tones and five different volumes,
providing variety for the alarm.

Radio Functionality

The main functionalities for the radio include volume adjustment, manual frequency
adjustment, automatic frequency adjustment, and displaying relevant channel and radio
data to the user.

Appendix C contains a link to the “rda5807.py” library used to communicate with the radio
module. Through testing, we found that this library eliminated an issue in which the radio
would output a severely distorted signal (static) for all channels until power cycled. This
issue occurred when rapidly programing the radio module or selecting an even valued
volume setting.

As our program relies heavily on interrupts, we suspect the issue may have been due to bus
locking which can be caused if the main device is interrupted when transmitting data to a
sub node [18]. The library enabled selection of any volume level in the 0 to 15 range instead
of only the odd volume levels. Additionally, the library enabled very frequent programming
of the radio module without causing the issue mentioned above.
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Volume adjustment was implemented using the encoder as a dial. We placed an icon
within the radio menu and included logic in the encoder interrupt handlers to increment or
decrement the volume on the display, and program the radio with the updated volume
when the user rotated the encoder dial. We ensured to limit the volume to range from0to 5
to prevent the user from selecting an invalid volume. A limit of 5 was selected because
while still being loud, audio quality was maintained. Beyond this level distortion occurred.
As discussed above, the use of the rda5807 library enabled rapid programming of the radio
module which was leveraged to implement real time volume adjustment. As the user
rotates the dial, the volume of the radio audibly changes (see GitHub lines 449 to 454).

Our clock radio exceeded the channel setting requirements by allowing any channel
between the 88 and 108 MHz ranges to be tuned to. We implemented frequency
adjustment identically to volume adjustment. An icon was added in the radio menu for
frequency adjustment and when the user navigates to the icon the encoder can be rotated
to increase or decrease the frequency. An additional icon was added to allow for automatic
tuning. According to the RDA5807 datasheet, bits 8 and 9 of register 0x2 are responsible for
initiating and terminating the module’s seek operation [5]. The “rda5807.py” library
contains “seek_up” and “seek_down” functions which write the appropriate 8-bit flags to
register 0x2 (see GitHub lines 458 to 472).

V. Project planning

This section outlines the planning and coordination strategies used to accomplish the
project goals effectively. We have included a Gantt chart that details the various steps
involved in the project, as shown in Figures 18, 19, 20, and 21, along with a table (Table 1)
displaying the specific roles and responsibilities of each team member.

Table 1: Group Member Roles

Task Mainly Completed By
Learn Git Both

Test display Both

Test speaker Both

Test radio module Both

Test the complete circuit Khephren Gould
Circuit schematic Quinn Mudge
PCB design Both

Order PCB Khephren Gould
Code radio functionality Khephren Gould
Code clock Functionality Quinn Mudge
Code alarm Functionality Khephren Gould
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Code display Functionality Khephren Gould
Complete Final Program Both

Design Enclosure SolidWorks Khephren Gould
Order Enclosure Khephren Gould
Assemble Enclosure Both

Paint Enclosure Both

Solder PCB Quinn Mudge
Test PCB Both

Assemble the final design Khephren Gould
Test and troubleshooting Both

Final Demonstration Both

To facilitate communication and collaboration, we used Discord for regular updates and
calls, and GitHub for version control. The use of these programs proved effective for sharing
code, ensured that tasks were completed on schedule, and ensured everyone was aligned
with the project objectives. See Appendix C for the GitHub repository link.
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Figure 18: Gantt Chart 1
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Figure 19: Gantt Chart 2
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While the chart above shows the initial project plan, modifications were necessary to
accommodate the schedules of both group members. Figures 20 and 21 highlight the
changes made to the original project schedule.

v . Phase -4 Design Enclosure Phase -4 Design Enclosure @ Jul|2 - 27 @ 26 days
Design enclosure in Solidworks Jul 2 - 11 _J
Buy Parts Jul12-13 R
Cut enclosure Jul14-15 [_rIP

v Assemble enclosure Jul15-16

Paint Enclosure Jul 26 - 27 '-I—»q

Figure 20: Gantt Chart 3

@ Phase -2 Design and order PCB (KiCad)

£ rFlb d ... [
Circuit schematic Jun 24 -29 ]
PCB Design Jun29-30 [ |
Order PCB Ju2 &

Figure 21: Gantt Chart 4
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VI. Circuit design and schematic

Below is the circuit schematic for the clock radio project, Figure 22. This design integrates
a variety of components to achieve the desired functionality, including audio amplification,
and communication to display and radio module.
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Figure 22: Circuit Schematic

OLED Display

The OLED display circuit schematic is shown in Figure 23 below. The OLED display is
connected to the Raspberry Pi Pico via SPI lines for communication. This setup enables
efficient data transfer between the Pico and the display. The display is powered using a 3V3
supply, which is compatible with its operating voltage requirements as described in the
datasheet [2].
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Figure 23: OLED Display Circuit Schematic

Radio Module

The radio module circuit schematic is shown in Figure 24 below. The radio module uses
two pullup resistors on the I12C lines connected to 3V3 when idle. These resistors ensure
the SDA and SCL lines are pulled high when not in use, as recommended by the Texas
Instruments 12C guide [19]. Pullup resistors are essential for I2C communication because
they manage the RC time constant for line charging and discharging. Smaller resistors offer
faster communication but higher power consumption, while larger resistors slow
communication but reduce power use. The selected resistors balance these factors for
reliable performance.

The radio module is powered by 3V3 to match the I12C logic levels and ensure stable
operation.

The left and right audio outputs of the radio module are connected in parallel using two
resistors. This configuration ensures that no audio channel is lost and maintains balanced
audio output across both channels. However, we did not end up combining the signals in
our final product. Instead, we used only the left audio output (LOUT), as testing showed
that this was adequate for our needs.
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Figure 24: Radio Module Circuit Schematic
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The rotary encoder circuit schematic is shown in Figure 25 below. The circuit for the rotary

encoder uses the suggestion filtering circuit provided in the PEC11R datasheet [16]. This

hardware-based filtering helps to debounce the rotary encoder, addressing the challenges

associated with software-based debouncing approaches, which can be complex and less

reliable.
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i
i

GND
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Figure 25: Rotary Encoder Circuit Schematic
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Push Buttons

The push button circuit schematic is shown in Figure 26 below. The four pushbuttons are
wired directly from the 3V3 output of the Raspberry Pi Pico to the corresponding GPIO pins.
This configuration ensures that pressing a button pulls the GPIO pin voltage to 3V3, which
is then detected by the Pico.

In software, the pushbuttons are configured to use the internal pulldown resistors of the
Pico. This setup ensures that when a button is not pressed, the GPIO pin reads a low
voltage (0V), as the internal pulldown resistor pulls the voltage to ground. When the button
is pressed, the GPIO pin reads a high voltage (3V3), providing a clear and reliable signal to
the Pico.

Although the circuit was designed with four pushbuttons, the final product did not require
all four, demonstrating flexibility in the design to accommodate evolving project needs. The
final design only utilized one pushbutton.
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Figure 26: Push Buttons Circuit Schematic

Spare GPIO Solder Points

The circuit schematic is shown in Figure 27 below. Spare GPIO solder points are included
in the design to accommodate potential future expansions or additional features. These
points provide flexibility, allowing for easy integration of extra components or
functionalities as needed without requiring significant redesign or modification of the
existing circuit.
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The redundant alarm speaker circuit schematic is shown in Figure 28 below. A redundant

circuit for an additional alarm speaker was added, connected to a GPIO pin of the Pico and

ground. This speaker operated independently of the primary alarm speaker, providing an

alternative option for sound output. However, in the final product, this redundant speaker

circuit was not utilized.

Audio Select

The audio select circuit schematic is shown in Figure 29 below. The alarm output, played
through a GPIO pin, is connected to two diodes, which are the routed in parallel with the

Alarm_0UT 1
2

Ls1
BQ Speaker

Alarm Speaker Redundant

Figure 28: Alarm Speaker Redundant Circuit Schematic

radio output. The diodes are used to prevent the output from the radio module from feeding

back into the GPIO pin connected to the alarm output. This isolation ensures that the alarm

and radio signals do not interfere with each other.

This resistor helps condition the signal from the radio module, managing signal levels to
prevent distortion and protecting the circuit from potential overcurrent. The resistor

ensures that the audio signal from the radio is clear and properly integrated with the alarm

output.



32

When either the alarm or radio is selected, its audio is direct through the audio output
circuit for playback.
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Figure 29: Audio Select Circuit Schematic

Audio Output

The audio output circuit schematic is shown in Figure 30 below. The selected audio signal,
whether from the alarm or the radio, is first fed into a capacitor for filtering DC signals. The
filtered signalis then amplified by the LM386 audio amplifier, which is configured with a
gain of 20. The LM386’s Pin 6 is connected to the 5V power supply, with two capacitors in
parallel to this pin for additional filtering. These capacitors are used to bypass high-
frequency noises from the 5V power input.

The amplified signal is then passed through a 470 yF capacitor, which is connected
between the amplifier output and the speaker. This capacitor blocks any DC component of
the signal, preventing it from reaching the speaker and potentially causing damage. The
filtered and amplified audio signal is then sent to the 8-ohm speaker, allowing the user to
hear the sound clearly.
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Figure 30: Audio Output Circuit Schematic

The choice for this amplifier circuit was made due to experiments done in the laboratory,
following the test procedure described in the LM386 amplifier lab manual [20]. In this
experiment, the circuit shown in Figure 31 was wired on a bread board. The following key

results were observed:

Figure 31: 20 Gain Amplifier Circuit Schematic
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For a gain of 20, the amplifier maintained a constant output voltage of approximately 2.25V

across the entire frequency range of 20Hz to 20kHz, indicating a bandwidth well above the
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audible range. The circuit was powered with +5V, and a sine wave with 0.1V amplitude and
3kHz frequency was input using a signal generator.

The output voltage was measured across different frequencies in the audible range for
humans, confirming stable performance, as shown in Table 2.

Frequency (Hz) Output Voltage (V)
20 2.34
40 2.31
80 2.28
160 2.25
200 2.25
400 2.25
800 2.25
2000 2.25
4000 2.25
8000 2.25
16000 2.25
20000 2.22

Table 2: Frequency Response of LM386

Figures 32 and 33 illustrate the voltage across the resistor and the output voltage of the
LM386 for different input frequencies, as measured on an oscilloscope.

Freqi2 ) 20.0Hz
Thresholds
~

Figure 32: 100mV input at 20Hz, gain of 20, voltage across resistor plotted with output voltage of LM386



VII. Bill of Materials and Cost Analysis

Figure 33: 100mV input at 3kHz, gain of 20, input plotted vs output

PCB Materials

A list of all components used in the development of the PCB is shown in Table 3

Table 3: Cost of PCB Components

35

Label in | Component Part number Cost($)/unit | Source of
schematic | Description quantity cost
information
C1,C2 10nF Bipolar | C321C103K3G5TA 0.00/2 ECE299
Ceramic capacitor Component
List
C3,C6 10 uF Bipolar, | C322C106K3R5TA 0.00/2 ECE299
Ceramic capacitor Component
List
C4 47nF Bipolar, | C327C473K3G5TA 0.00/1 ECE299
Ceramic, Component
capacitor List
C5 470uF,Polarized, 35ZLH470MEFC10X16 | 0.00/1 ECE299
Electrolytic Component
capacitor List
R1,R2,R3, | 10k resistor CF14JT10KO 0.00/5 ECE299
R4,R5 Component
List
R6,R7 2kQ resistor CF14JT2K00 0.00/2 ECE299
Component

List
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R8 10Q resistor CF14JT10ROTR-ND 0.00/1 ECE299
Component
List
R9 1kQ resistor CF14JT1KOOTR-ND 0.00/1 ECE299
Component
List
D1,D2 General purpose | TN4007 1.11/2 Digikey
rectifier diode
SW1 Panel Mount Push | R13-24A 1.50/1 ECE299
Button Component
List
LS1 8Q) speaker A18111000UX0172 4.00/1 ECE299
Component
List
SW3 Rotary Encoder PEC11R-4215F-S0024 | 1.00/1 ECE299
Component
List
U1 Raspberry Pi Pico SC0916 5.00/1 ECE299
Component
List
u2 Audio Amplifier LM386N-4 4.00/1 ECE299
Component
List
us Radio Module | RDA5807M 2.00/1 ECE299
(Through Hole) Component
List
DISP1 1.3” OLED Display | SSD1306 4.00 ECE299
Component
List
LS1, SW1 2 Position PCB | 1984617 0.64/2 Digikey
Terminal Block
DISP1 7 Position  Pin | 1945148 1.00/1 Mouser
Header
U1 10 Position Socket 1.01/2 Digikey
Header BC065-10-A-L-D
u3 5 Position Socket 0.70/2 Digikey
Headers PPTC051LFBN-RC
N/A PCB N/A 21.64 PCBWay

The total cost of all PCB components including the cost of PCB manufacturing was $50.42.



Enclosure Materials

A list of all components required for manufacturing the enclosure is shown in Table 4.

Table 4: Cost of Enclosure Materials

Label in | Component Cost($)/unit Source of cost
schematic Description quantity information
BASE 3D-Printed PLA | 25.60/1 University of
Enclosure Base Victoria Digital
Scholarship
Commons
COVER 6mm Laser Cut | 12.30/1 University of
Plywood Victoria Digital
Scholarship
Commons
N/A 2" #4-40 Screw | 9.50/100 McMaster Carr
N/A #4-40 Hex Nut 2.20/9 McMaster Carr
N/A Blue Paint 2 Micheals Crafts
N/A Green Paint 2 Micheals Crafts
N/A Brown Paint 2 Micheals Crafts
N/A White Paint 2 Micheals Crafts
N/A Yellow Paint 2 Micheals Crafts

The total cost of all materials required for the enclosure was $47.90

Miscellaneous

Table 5 shows a list of all other materials required for manufacturing the clock radio.

Table 5 Cost of Miscellaneous Components

Component Cost/unit Source of cost

Description quantity information

Paint Brushes 2 Micheals Crafts

USB Cable for 5 ECE299

Pico Component
List

The total cost of the components above was $7.00

Analysis

Development of our Clock Radio had a total cost of $105.32. Upon completing cost
analysis for each subcomponent (PCB and Enclosure) the PCB came at a cost of $50.42
and the enclosure came at a cost of $47.90. Numerous improvements to lower this cost
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are possible including combining our PCB order with other groups, eliminating the use of
sockets, and modifying the physical geometry of the PCB.

First, ordering PCBs in bulk (with other groups) would have reduced the shipping cost
incurred in acquiring the PCB from $15.62 to $7.81. Additionally, the added cost of the
female sockets (used for connecting U1, and U3 to the PCB) could have been eliminated by
soldering the raspberry pi and radio module directly to the PCB. These connectors were
purchased for convenient insertion and removal of these components for testing and
would not be required for further prototypes or a final product.

Designing a smaller PCB with a geometry matching that of the enclosure would have
enabled us to significantly reduce the enclosure’s size. In doing so, the cost of the 3D
printed base would have been reduced by approximately $5.00. In summary, by
implementing the improvements suggested above, the overall cost of our Clock Radio
would lower by $16.23.

VIII. Printed Circuit Board

The general design paradigms followed when designing the layout included using pours to
minimize traces, including test points at power inputs to key components, maximizing
trace width for relatively higher current connections, and creating a detailed silkscreen to
facilitate the soldering process.

The final PCB layout accounts for an additional speaker and three additional pushbuttons.
This was done in case using a single speaker for both alarm and radio output proved
unfeasible or if the addition of features required additional pushbuttons.

According to Peterson, ground planes have many advantages, including minimizing
Electromagnetic induction (which causes interference between signals), and reducing PCB
size [21]. For our PCB, the back copper was used as a ground plane. Allcomponents were
connected to common ground using this plane. According to Peterson, ground planes have
many advantages, including minimizing Electromagnetic induction (which causes
interference between signals), and reducing PCB size [21]. For our PCB, the back copper
was used as a ground plane. All components were connected to common ground using this
plane. The front copper was used as a 3.3V power plane. The 3.3V output of the Pico
powered many of our components and adding a 3.3V plane further reduced the number of
traces required on the PCB.

20mil trace width was used to for all 5V power supply traces and 30mil trace width was
used from the amplifier output to the speaker input. Based on measurements performed in
the lab, at volume 5 (the maximum volume setting for our clock radio) the voltage across
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the speaker was approximately 4V. With a voltage (V) of 4V and a speaker resistance (R) of
8Q the current (I) through the speaker can be obtained using Ohm’s law:

(1)
I =0.54

As a 0.5A current is below the 2A limit for a trace width of 30mil suggested by Peterson [22]
a 30-mil trace width was selected.

On the silkscreen, all passive circuit components such as resistors, and capacitors were
labeled with their values and identifiers from the schematic. Additionally, all test points
were labelled with their associated net. This made the soldering process much quicker
while also facilitating the validation process.

Figures 33 and 34 show the final PCB layout.
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Figure 35 shows the 3D model of our PCB generated from KICAD.
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Figure 35: PCB 3D Model
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Finally, Figure 36 shows the manufactured PCB.
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IX. Enclosure Design

Figure 37 shows a front view of the SolidWorks model for our enclosure. The enclosure
consists of a wooded cover and a plastic base. As seen in the figure, the cover connects to
the base through three 20mm extrusions and a #4-40 tapped hole. A grid was created on the
cover for the speaker to play audio through



44

Figure 37: Enclosure Assembly

Figures 38 and 39 show transparent and side views of the enclosure. As seen in Figure 39
models for all components was included in the device to ensure all holes were aligned and
enough space was included for all components. Appendix B contains a drawing set for the
enclosure.
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Figure 39: Enclosure Assembly -
Transparent

Figure 38: Enclosure Assembly —

Side View
Figure 40 shows the SVG file designed in Inkscape. Black and white images for the Bison and
BC Flag designs and the “Bucket Fill” tool from Inkscape was used to assign the appropriate
colours. We selected the bison as it is featured in the crest on the Manitoba flag and the
rising sun as it is featured on the BC flag. All red objects were engraved, and all black lines
were cut. We ensured the dimensions of the cover matched those of the base by exporting
the SVG directly from the SolidWorks model.
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Figure #+:40: Cover SVG File

Additional design choices for the enclosure included using #4-40 screws and #4-40 hex
nuts to fasten all components. This added significant durability to the final product.
Additionally, the base was 3D printed at 20% infill.



X. Testing and validation

Set/Edit Time Through User Interface.

Objective:

To verify that the user can correctly set and edit time using the interface, and that the
system behaves as expected in both 24-hour and 12-hour formats.

Equipment Required:

Raspberry Pi Pico

SSD1306 OLED Display

Rotary Encoder (with pushbutton)
Pushbutton

Breadboard and wires

OLED Display Circuit (shown in Figure 23)
Rotary Encoder Circuit (shown in Figure 25)
Provided Code

Pre-test Setup:

Download the provided test code from Appendix A
Upload the code to the Raspberry Pi Pico using a compatible IDE (e.g., Thonny)

Test Steps:

1.

Select Clock Mode:
Using the menu and enter buttons, navigate to and select the clock button on the
user interface

For 24 hour format:

Set Minutes:

Use the menu button to navigate to the “minute” setting

Rotate the encoder to select the desired value for the minutes

Verify that the minute value displayed in the center of the display updates as the
encoder is rotated both clockwise and counterclockwise.

Ensure that the minute value cannot exceed 59 or be less than 0

3. Set Hours:

Use the menu button to navigate to the “hour” setting
Rotate the encoder to select the desired hour value
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- Verify that the hour value displayed in the center of the display updates as the
encoder is rotated both clockwise and counterclockwise
- Ensure that the hour value cannot exceed 23 or be less than 0

For 12 hour format:

4. Set Minutes:

- Repeat step 2 for setting minutes

- Verify that the minute value cannot exceed 59 or be less than 0

5. SetHours:

- Use the menu button to navigate to the “hour” setting

- Rotate the encoder to select the desired value for the minutes

- Verify that the hour value displayed in the center of the display updates as the
encoder is rotated both clockwise and counterclockwise.

- Ensure that the hour value ranges correctly from 1lamto 11am, 12pmto 11pm,
12am, then back to 1Tam

Post-test Verification:

6. System Stability:

- Observe the system for a few minutes to ensure the time updates correctly and the
system remains active

7. Edge Cases:

- Attempt to setinvalid times (e.g., 60 minutes, 24 hours) and verify that the system
prevents these settings

- Setthetime to 23:59 (or 11:59 pm) and verify that the time turns to 00:00 (or
1:00am)

Set and Trigger Alarm

Objective:

To verify that the alarm functionality works correctly as set by the user, including setting
and editing the alarm time, selecting different alarm tones, and adjusting the volume.

Equipment Required:

- Raspberry Pi Pico

- SSD1306 OLED Display

- Rotary Encoder (with pushbutton)
- Pushbutton

- Provided Code
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Audio Output Circuit (shown in Figure 30)
OLED Display Circuit (shown in Figure 23)
Rotary Encoder Circuit (shown in Figure 25)
Breadboard and wires

Provided Code from Appendix A

Pre-test Setup:

1.

Ensure that the Raspberry Pi Pico is powered on, and the clock radio software is
correctly loaded and running

2. Build the OLED display and audio output circuit
Test Steps:

1. Set Alarm Time

- Setanalarm for one minute from the current time using the user interface

- Wait for the alarm to trigger and verify that the alarm sound plays correctly

- Observe and record the behavior of the alarm when it triggers (e.g., sound, display
notification)

2. Edit Alarm Time

- Restart the project

- Setanew alarm time for two minutes from the current time

- Verify that the alarm triggers correctly after two minutes and that it matches the set
time

3. Test Different Alarm Tones

- Usingthe userinterface, select each of the three different alarm tones one by one

- Setanalarm for a short period (e.g., one minute) and verify that each tone plays
correctly when the alarm triggers

4. Test Volume Control

- Setthe volume to different levels ranging from 0 to 5

- Verify that the volume adjustment affects the alarm sound as expected

- Checkthat the volume levels are distinct and operate as expected (e.g. no
distortion)

5. Edge Case Testing:

Verify that the alarm can only be set to valid times, and ensure the system correctly
handles any attempts to set invalid alarm times

Tune to Radio Channel Through the User Interface

Objective:
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To verify that the radio tuning functionality works correctly through the user interface,
including manual frequency adjustment and the seek function

Equipment Required:

- Raspberry Pi Pico

- RDA5807 Radio Module

- SSD1306 OLED Display

- Rotary Encoder

- Pushbutton

- Audio Output Circuit (shown in Figure 30)

- Radio Module Circuit (shown in Figure 24)

- OLED Display Circuit (shown in Figure 23)

- Rotary Encoder Circuit (shown in Figure 25)

Pre-test Setup:

1. Build and test the above circuits to ensure proper connections and functionality.
2. Verify that the radio module is correctly interfaced with the Raspberry Pi Pico, and
the “rda5807.py” library is loaded

Test Steps:

1. Manual Frequency Adjustments

- Access the radio menu on the OLED Display

- Navigate to the frequency adjustmenticon

- Usetherotary encoder to increment the frequency by 0.1Mhz. Verify that the
frequency displayed on the OLED changes accordingly.

- Continue to increment the frequency in 0.1 MHz steps until the radio module
reaches a known radio frequency. Verify that the correct frequency is tuned and that
the radio output corresponds to this frequency

- Testdecrementing the frequency by 0.1 MHz in a similar manner, ensuring the radio
module tunes to frequencies correctly and the display updates as expected

2. Seek Function

- Access the radio menu on the OLED display

- Navigate to the seek functionicon

- Initiate the seek-up function and verify that the radio module automatically tunes to
the next available station. Ensure that the frequency displayed on the OLED updates
to reflect the new station and that a clear signal is received

- Repeat the process with the seek-down function to verify that the radio module
correctly tunes to previous stations
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3. Edge Case Testing:

- Testthe frequency adjustment by setting the frequency to the lowest (88MHz) and
highest (108MHz) allowable limits. Verify that the program handles these boundary
values and does not allow the user to input an invalid frequency

Xl. Code of Ethics

List the relevant code of ethics of EGBC and describe how you have
followed the relevant codes in your project

The relevant EGBC code of ethics [23] that apply to this project are as follows:

1. Hold paramount the safety, health, and welfare of the public, including the protection
of the environment and the promotion of health and safety in the workplace;

Relevance:

By ordering lead-free PCBs, we ensured that our project minimizes environmental
hazards and promotes safety. Lead-free materials reduce the risk of toxic exposure,
contributing to a safer environment and workplace. Additionally, we made sure the
device is safe to use by powering it with a COTS 5V phone charger, which significantly
reduces the risk of electrocution.

7. Provide professional opinions that distinguish between facts, assumptions, and
opinions;

Relevance:

We tried to base our project decisions on solid research and provided references for our
sources. By clearly separating facts from assumptions and personal opinions in our
documentation, we aimed to make sure our work was reliable and transparent.

11. Clearly identify each registrant who has contributed professional work, including
recommendations, reports, statements, or opinions;

Relevance:

We used a Gantt chart to break down the tasks of the project by role, which helped us
clearly identify and assign responsibilities. This approach ensured that everyone’s
contributions were documented and acknowledged, making it easier to recognize who
was involved in each aspect of the project.
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12. Undertake work and documentation with due diligence and in accordance with any
guidance developed to standardize professional documentation for the applicable
profession; and

Relevance:

We documented various aspects of our project, including the design of the enclosure,
the circuit schematic, the PCB layout, the code, and three test procedures. This
thorough documentation ensured that our work followed standard practices and
provided a clear and comprehensive record of our project.

13. Conduct themselves with fairness, courtesy, and good faith towards clients,
colleagues, and others, give credit where itis due and accept, as well as give,
honest and fair professional comment.

Relevance:

We made sure to be respectful and professional with everyone involved, including
classmates, teammates, lab TAs, and instructors.

Xll. Conclusions and recommendations

This project aimed to successfully design, develop, present, and document a clock radio.
Many design and project management decisions benefitted the project’s results.

As almost every desired feature was software reliant, programming efficiently and
maintaining organized was critical. Using an object-oriented organization allowed for
division of the main program into smaller components (classes) which were assigned
between group members. Another important aspect of the design was maintaining
efficiency of operation while minimizing input devices. By implementing software defined
icons and buttons we implemented all required functionalities with only two input devices.
Using SolidWorks was beneficial to ensure all components mounted off the PCB integrated
with the enclosure properly. By using SolidWorks, the enclosure required only a single
iteration, was durable, supported all components, and fit the theme.

As many improvements can be made to the design including PCB layout, alarm software,
and power supply. Additionally, numerous features could have been added to further
improve the user experience.

The first recommendation consists of reducing the PCB size and modifying the PCB shape.
As the enclosure manufacturing cost came to almost $40, size was a significant issue for the
enclosure. The sized could have been reduced if the PCB was made smaller and it’s shape
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was changed from rectangular to crest like in order to scale down the enclosure. An
additional improvement consists of revising the alarm software. In the final demonstration,
a bug in the alarm software caused it to trigger prematurely. We determined adjusting the
time zone before setting the alarm caused this problem. In the future, further edge case
testing should be done to mitigate similar issues. Finally, we limited the volume range on the
final product to only range from 0 to 5 due to distortion occurring at higher levels. Providing
the LM386 with a higher input voltage (such as 9V) could eliminate distortion and allow for a
larger volume range.
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Appendix A - Test Procedure Source Code and Results

Set and Edit Time

Set_Edit_Time_Test.py

ECE299-Radioclock/Set_Edit_Time_Test.py at main - quinnmudge/ECE299-Radioclock
(github.com)

Test Results

Clock Test 1 (youtube.com)

Clock Test 2 (youtube.com)

Clock Test 3 (youtube.com)

Set and Trigger Alarm

Set_Trigger_Alarm_Test.py

ECE299-Radioclock/Set_Trigger_Alarm_Test.py at main - quinnmudge/ECE299-Radioclock
(github.com)

Test Results

Trigger Alarm Test (youtube.com)

Tune to Radio Channel Through User Interface

Radio_Test.py

ECE299-Radioclock/Radio_Test.py at main - qguinnmudge/ECE299-Radioclock
(github.com)

Test Results

Tune Radio Test (youtube.com)



https://github.com/quinnmudge/ECE299-Radioclock/blob/main/Set_Edit_Time_Test.py
https://github.com/quinnmudge/ECE299-Radioclock/blob/main/Set_Edit_Time_Test.py
https://www.youtube.com/shorts/5V4hxOeXz14
https://www.youtube.com/shorts/Ua02TxcxGwo
https://www.youtube.com/shorts/OizWfaE0fc8
https://github.com/quinnmudge/ECE299-Radioclock/blob/main/Set_Trigger_Alarm_Test.py
https://github.com/quinnmudge/ECE299-Radioclock/blob/main/Set_Trigger_Alarm_Test.py
https://www.youtube.com/shorts/P9G2Sgx-afo
https://github.com/quinnmudge/ECE299-Radioclock/blob/main/Radio_Test.py
https://github.com/quinnmudge/ECE299-Radioclock/blob/main/Radio_Test.py
https://www.youtube.com/shorts/5HAJuYEUoVk

Appendix B- Enclosure Drawing Set

The drawing set for our clock radio consists of Figures C1, C2, and C3 below
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Figure B 1 Assembly Drawing

56.00
o .-_"‘

32.00

WNLFES CTHIEWES PRI

DRAEMSORD ARE M IHCHES [ L]
T3 ER A

FRALTE CHECLED
ARG CHE  REND 3 e
TWa P =TT G Arre:
THIRE PLACE CEC AL 1 e
TR R LI LIRS oA
TOUERANC KO PEw =

T,

Sheet]

]

DaTE
[T

TALE: A
ECE 299 BO1/GO]

ENCLOSURE

SZE DWG. WO, REW

A 1 ROA
SCALE: 1:5 WEIGHT: EHEET 1 OF 1

1
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Appendix C — Source Code

External Radio Module Communication Library

101Things/19_fm_radio/rda5807.py at master - dawsonjon/101Things (github.com)

Main Program

Editing ECE299-Radioclock/main.py at main - quinnmudge/ECE299-Radioclock
(github.com)
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https://github.com/dawsonjon/101Things/blob/master/19_fm_radio/rda5807.py
https://github.com/quinnmudge/ECE299-Radioclock/edit/main/main.py
https://github.com/quinnmudge/ECE299-Radioclock/edit/main/main.py

EncoderA = machine.Pin{27, machine.Pin.IN, machine.Pin.PULL_UP}
Encoderi machine.Pin{2&, machine.Pin.IN, machlne.Pin.PULL_UFP)

machine.Pin{23, machine.Pin.0UT)

A_state
B_state
A_rising_edge
A_falling edge

E_rising_edge

current_posx
current_posy =
grid size_x
grid size_y

button_1 = Pin{13,

enter = Pin{5, Pin.

last_pressed_time

debounce_delay =




62

float, b: fleat, tolerance: float

tolerance

_init (self, txt, po border):

border

Button{Icon}:

f __init  (self, txt, pos_x, pos_y, select, has_border):
super() init_ (txt, pos_x, pos_y, has_border)

self.grid




Pin{18)
= Pinf{13)
= Pinf16)

SPI_DEVICE
self.oled spi = SPI{SPI_DEVICE, baudrate=1 B, 5

.550 = ssdi3e PI{width, height, self.oled_s

.Ssp.Fillfe)}
.S5D.show()

ef invert_region{self, x, y, width, height):

if icom.grid_x == current_posx and icon.grid y

== current_posy:
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if ENTER and icon.stat

current_state = icon.state

wder(self, icons):
al curremt_state
Fill{a)
icon in icons:

if izinstance(icon, Button

icon.width+5, icon.helght)

icon.width, icon.hei




F__init  {self):
global display
self.display = display
et BlHandler{pim):
pass

et ENCA{self,

3y 12h{self,hour, minute):
@ and hour <
period = “"AM"
if hour == @8:
hour = 12
lze:
period = "PM"
if hour > 12:
hour -= 12

return F"{hour}:{minute:

def update(self):

Clockstate{State):
def _ init_ (self):
global Alarm_s
super{).__init_ ()}

self.menu = Button{“Menu",8,5,True,True)

self.menu.configurestate{Menu_s})

self.format_time = "12h"

-

self.Alarm_on = Icon{"Al: +Alarm_s.is_on,2,8,False)

self.hour_adj = Button{"Hr.",1,5,F L, True)

self.min_adj = Button{"Min",2,5,False,True}
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lockstate(state):
__init_ (self):
al Alarm_s

self.menu = Button(“"Menu",8,5,Trus,True)
self.menu.configurestate(Menu_s}
self.fi

self.h

self.m
self.f

self.clock =

self.update_time()
self.icons

self.timer = Timer()
self.timer.init{period

if(self.format_time=="24h"):

clock_text = '{:e2d}:{:e2d}".format(hours, minutes)




else:

self.clock.text = clock_text

f update(self):
self.menu.configurestate{Menu_s}

self.A n.text = * AL:"™ +Alarm _s.is_on
display.update_buttons(self.icons)

f timer_callback{self, timer}:

stance{current_state,Clockstate)):

display.render(self.icons)

f BlHandler{self,pin):
gl 1 current_state, current_posx, current_posy
if debounce_handler{pimn}:
if{current_posx <= @ and current_posy
current_posy=2
current_posx = 1

elif{current_posx<=8 and current_posy ==a):

current_posy=5

current_posx=2

current_posx -= 1
self.up
display.render(self.icons)
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def EnCA(self, pinm):

global A state, ising edge, A falling edge, rotation direction, radiec, rtc,SNOOZE

A_state - Encodera.v
B_state = Encoderp.v

if a_state
A_rising_edge = True
elif A_state == @ and B_state == 1:

A_falling edge = True

if A_rising edge A_falling edge:
year, month, day, weekday, hours, minutes, seconds, subseconds = rtc.datetim
if A_state != B_state:
if self.hour_adj

if hours+l<

hours+=1

minutes = (minutes + Alarm_s

if minutes+1<=59:
ric.datetime({year, month, day, weekday, hours, (minutes+1), seconds, subseconds})
if{minutes + Alarm_s.snooze )
hours+=1
minutes = (minutes + Alarm_s.s

SHOOZE = [year, month, day, weekday, hours, minutes+1, seconds, subseconds]
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SNDODZE = [year, month, day, weekday, hours, minutes+Alarm_s. Length+1, seconds, subseconds]

weekday+=1

e+=1
rtc.date e((year, month, day, weekday, (hours+1}, minutes, seconds, subseconds})
if(minutes + Alarm_s
hours+=1
minutes = (minutes + Alarm_s

= [year, month, day, weekday, hours+1, minutes, seconds, subseconds]

= [year, month, day, weekday, hours+1l, minutes+Alarm s eLength, seconds, subseconds]
self.

A_rising edge = False

A_falling edge = Fa

self.upda

display.r

_time()
(self.i
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A_state = Encodera.

B_state - Encodere.

B_state == 1
B_rizing edge = True
elif B_state --
B_falling edge = True

B_rising_edge and B_falling edge:

year, month, day, weekday, hours, minutes, seconds, subseconds = rtc.datetime()

A state == B_state:

f self.hour_ad]
1f hours-1»=
rtc.date
if(minutes + Alarm_s.sn h »=
hours+=1
minutes = (mimutes + Alarm_s.

SNDDZE = [year, month, day, weekday, hours-1, minutes, seconds, subseconds]

[vear, month, day, weekday, hours-1, minutes+Alarm_s.s Length, seconds, subseconds]

if self.min_ad]j.sel ed:
year, month, day, weekday, hours, minutes, seconds, subseconds = ritc.datetime()}
1f minutes -
rtc.datetime(({year, month, day, weekday, hours, (minutes-1}, seconds, subseconds})
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if{minutes + Alarm_s
hours+=1
minutes = (minutes + Alarm_s Length) X &8

SNDOZE = [year, month, day, weekday, hours, minutes-1, seconds, subseconds]

SNDOZE = [year, month, day, weekday, hours, minutes+Alarm s.s Length-1, seconds, subseconds]

if{self.format_time
self.format_time

self.format_
if self.time
if{self

self.zone-=1

rtc.datetime((year, month, day, weekday, (hours-1), minutes, seconds, subseconds}))
if{minutes + alarm_s.snoozelLength »=
hours+=1

minutes = (minutes + Alarm_s.s

SNDOZE = [year, month, day, weekday, hours-1, minutes, seconds, subseconds]

SNDDZE = [year, month, day, weekday, hours-1, minutes+Alarm_s. zelength, seconds, subseconds]
self.time_zone.text = "UTC™+str{self.zc
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B_rising edge = False
B_falling edge = False
self.update_time()

display.render{self.i

Radiostate(state):
def __init  (self):
super()._ init_ ()

bal radio, Menu_s

Button{® "+str(self.freq)+"FM", 1, 3,F
= Button("Menu" True,True)
igurestate(Menu_s)
= Button("vol.",1 G » True)
Icon{str{self. I »2,2,Fals
= Button(

zelf.frequ
self.

a

igurestate(Menu_s)
display.update buttons({self.

ctationName(self):
if (fleats_are_equal{self.freq , 181.9)):
self.station.text = "CruW"




elif{floats_are_equal{self.freq
self.station.text = “CBUX"
elif{floats_are_equal{self.freqg
self.station.text = “CBOW™
elif{floats_are_equal{self.freqg
self.station.text = “CIZN"
elif{floats_are_equal(self.freq
self.station.text = “CBU"
elif{floats_are_equal(self.freq
self.station.text = “cTOC"
elif{floats_are_equal{self.freqg
self.station.text = “CBUF"
elif{floats_are_equal{self.freqg
self.station.text = "CKKQ"
elif{floats_are_equal(self.freq
self.station.text = “CHIT"
elif{floats_are_equal{self.freqg
self.station.text = “KWPZ"
elif{floats_are_equal(self.freq
self.station.text = “CHBE"

elif{floats_are_equal(self.freq

self.station.text = "CILS"
elif{floats_are_equal{self.freqg

self.station.text = “KAFE"
else:

self.station.text =

ENCA{self,pin):
global A state, A rising edge, A_falling edge, rotation_direction, radio

A_state = Encodera.value(}
B_state = Encodere.value(}




if A_state == 1 and B_state ==
A_rising_edge = True

glif A state == @ and B_state ==
A _falling edge = True

if A rising edpge and A falling edge:
if A _state != B_state:

if{self.vol_adj.selected):
if{self.volume+l <=5}):
radio.set_volume({self.volume+l }
radio.update_rds()
self.volume+=1

self.vol disp.text = str{self.volume}

if{self.radioon.selected):
if{self.is_omn = "N"}:
self.is_om = "v"

self.radioon.text = "On: + self.is_on
radio.mute{False)
radio.update_rds()

else:
self.is_om = "N"
self.radioon.text = "on: " + self.is_on
radio.mute(True}

radio.update_rds()

if{self.freq_adj.selected}:

if{self_freg+a.1 <= 188):
radio.set freguency MHz(self.freq +8.1}
self.freq +=8.1
radlo.update_rds()

self.setstationName( )




"+ {self.freg:.1f}"+"FM"

A_rising edge = Fa

A_falling edge = Fals

ef ENCB{self,pin):

global B state, B rising edge, B_falling edge, rotation direction, radic

A_state = EncoderA.value()

B_state = EncoderB.value()}

if B_state ==
B_rising edge

elif B_state == @ and .
B_falling edge

if B_rising_edge and B_falling edge:
if A state =—= B_state:

if(self.freq_ad].selected):
if({self.freg-8.1 »= )
radio.set_frequency MHz(self.freq-a.1})
self.fregq-=8.1
radio.update_r

self.frequ_dis X "+f"{self.freq: . . 1F}"+"FM"
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if{self.volume-1
radio.set_volume{ self.volume-1 )
radio.update_rds()
self.volume-=1

self.vol_disp.text = str{self.volume}

if{self.rai

+ self.is_on
radio.mute{False)
radio.update_rds()

self.is_on = "N"

self.radioOn.text = "0On: " + self.is on

radio.mute{True}

radio.update_rds()

k.selected):

self.freq = radio.get_frequency MHz()
self.frequ_disp.text = " "+f"{self.freq:.1f}"+"FM"
self.setstationName()

display.render{self.icons)

B_rising_edge = False

B_falling edge = False

=t BlHandler{self,pin):
global curremt_posx, current_posy
if debounce_handler{pin):
current_posx -=1
if{current_posx<e and current_posy 1= 8):
current_posx 1
current_posy
if{current_posx==-1 and current_posy
current_posx = 2
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self.upc
display.render({self.ic

B2Handler(self,pin):

Alarmstate(state):
F__init_ {self):
super().__init_ ()

j = Button("Min.

tton("Menu

pyself.h

Iself.minut-':_ dj,self.menu,self.alarmon,self. _adj,s ,5elf

f update(self):

tate{Menu_s)




display.update_buttons({self.icons)

ENCA{self,pin):
global a_state, A_rising edge, A_falling edge, rotation _direction, radioc, mysong

A_state = EncoderA.value(}

B_state = Encoderg.value(}

if A_state == 1 and B_state
A_rising_edge = True
glif A_state == @ znd B_state == 1:

A_falling edge = True

if a_rising edge and A_falling edge:

if A_state != B_state:
if{self.song_adj.selected):
if{self.song_id+l <= 2):
self.song_id +=1
mySong = music{songs[self.song_id-1], pins=[Fin{2&)]}
self.song disp.text = " " + str{self.song_id)
if{self.snocoze_adj.selected):
if (self.snoozeLength+l < 6@ }:
self.snoozeLength+=1
self.snooze_disp.text = " "#str(self.sncozeLength) + " Mins"™
if self.hour_adj.selected:
if self.alarm_hour+1l<=22:
self.alarm_hour+=1
stronum = "{:82d}".format{self.alarm_minute)
if{Clock s.format_time=="24h"):
celf.alarm_disp.text = " "+str{self.alarm_hour}+":"+str_num
else:
self.alarm_disp.text = " "+self.convert_to_12h({self.alarm_hour,self.alarm_minute}
if self.minute_adj.selected:
if self.alarm_minute+1l<=59:
self.alarm_minute+=1
:02d}" . format{self.alarm minute




if{Clock_s.format_time=="24h"):

self.alarm_disp.text = +str{self.alarm_hour)+":"+str_num
else:
self.alarm_disp.text = " "+self.convert_to_12h({self.alarm_hour,self.alarm_minute)
if{self.alarmOn.selected):
if{self.is_on = "N"}:
self.is_on = "¥"
self.alarm_on.text = "On: " + self.is_on
else:
self.is_on = "N"
self.alarm_on.text = "On: " + self.is_on
if self.volume_adj.selected:
if (self.volume + 1} <= 5:
self.volume += 1
self.volume_disp.text = " "+str(self.volume)
mySong.duty = self.volume*2888 + 180

display.render({self.icons)

A_rising edge = False
A_falling edge = False

ENCE{self,pin):
global B_state, B_rising edge, B _falling edge, rotation_direction, mySong

A_state = Encodera.valuef)

B_state = EncoderB.value()

A_state ==
B_rising_edge = True
elif B_state == and A_state ==

B_falling edge = True

falling edge:

if B_rising_edge and B

if A_state — B_state:

else:
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song_id-1], pins

(self.snoozelLength) + * Mins"
if self.hour_adj

if =elf.alarm_ho
self.ala

str_num =

if{Clock_s.format_

self.alarm_disp. ry+""+str_num

vert_to_1zh(self.alarm_hour,self.alarm_minute}

if self. = g
if self.alarm_minute-
self.alarm_minute-
str_num =
if{clock_s.format_ti
elf.alarm_disp.text +stri{self.alarm_hour)+":"+str_num

elf.alarm_disp. = " "+s5elf. vert_to_1zh(self.alarm_hour,self.alarm_minute}

-

= "on: " + self.is_on

"On: " + self.is_on




self.volume -= 1
self.volume_disp.text = " "+str(self.volume)

mysong.duty = self.volume*2888 + 188

display.render{self.icons)

pdss

B_rising_edge = False

B_falling edge = False

def BlHandler{self,pin}:
global curremt_state, current_posx, current_posy
if debounce_handler{pin}:
if{current_posx <= 8):
current_posy-=1
current_posx=8
if{current_posy==8 and curreni_posx<=8}:
current_posx=3
current_posy=5
if{current_posx!=8}):
current_posx -= 1
self.update()

display.render({self.icons)

def BZHandler(self,pin):

pass

class PlayvALARM({State):
def _ Init (self):
super{y.__init ()
self.ALARM = Icon{"ALARM", 1, 2,True}
self.Instructionsl = Icon{"SNOOZE: CCW", 8,5,False)
self.Instructions2 = Icon{"OFF: CW", @,8,False)
self.icons = [self.ALARM, self.Instructionsl, self.Instructions2]

self.start posx = 1
a

self.start_posy =

update(self):

display.update buttons{self.icons)
BlHandler({self,pin):

pass
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ef B2Handler(self,pin):

elf,pim):
al A_state, A_rising edge, A falling edge, rotation_direction,current_state, Clock_s,SNDOZE, rtc, mySo

EncoderA.value(}
= Encoderg.value()

f a_state == 1 and B_state == @&:
A_rising_edge = True
1if A_state nd B_state == 1:

A_falling edge = True

if A_rising_edge
if A_state != B_state:
change_state(Clock_s)
year, month, day, weekday, hours, minutes, seconds, subseconds = rtc.datetime()}
if{minutes + Alarm 5.5 ength >
hours+=1
minutes = (minutes + Alarm_s gth)
[year, month, day, weekday, hours, minutes, seconds, subseconds]

[year, mocnth, day, weekday, hours, minutes+Alarm_s.sn Length, seconds, subseconds]

A_rising_edge
A_falling edge = False

ef ENCB(self,pin):

global B_state, B_rising edge, B_falling edge, rotation_direction, curremt_state,SNOOZE, mySong

A_state = EncoderA.

B_state = Encoderg.v



if BE_state == 1 and A_state ==
B_rising_edge = True

elif B state == @ and A_state == 1:

B_falling edge = True

_falling_edge:
if A _state =— B_state:

if BE_rising_edpe and B

pass

else:

———=
LA

change_state(Clock_s)
SNOOZE = [8,8,8,8,8,8,8,8]
mysong.stop()

B_rising_edge False
B_falling edge = False

class MaimMmenustate(state):
f __init_ {self):

super{).__init_ ()

global icons

self.clock _but Button(“CLOCK", 1, 8, False, True)

self.radio_but = Button("RADIO", 1, 2, False, True)
self.alarm_but = Button("ALARM", 1, 4, True, True)
self.clock _but.comfigurestate{Clock_s)
self.radio but.comfigurestate{Radic_s)
self.alarm_but.configurestate{Alarm_s)
self.icons = [self.radioc_but, self.alarm_but, self.clock but]
self.start_posx = 1
self.start_posy = 4
display.render{self.icons}
update(self):
display.update_buttons{self.icons)
BlHandler{self,pim):
global current_state, curremt_posy

it debounce_handler{pin}:
current_posy -=
if{current_posy<@):




current_posy = 4
self.update()

display.render{self.icons)

def ENCA{self,pin):

pass

def ENCE{self,pin):

pass

def debounce_handler{pin}:
global last_pressed_time
curremt_time = utime.ticks_ms({}
if current_time - last pressed_time < debounce_delay:
return False
last_pressed_time = current_time

return pin.value{) = @ # Check if b

def Enter_Handler({pin):
global ENTER, current_state
if debounce_handler{pin}:
ENTER = True

def change_ state{state):
global current_state, curremt_posx, current_posy
current_state = state
curremt_posx = current_state.start_posx
curremt_posy = current_state.start_posy

encodera. irg{trigger=machine.Pin.IRQ RISING | machine.Pin.IR) FALLING, handler=current_state.EMCA)

eEncoderE. irg{trigger=machine.Pin.IRQ RISING | machine.Pin.IR) FALLING, handler=current_state.ENCE)

button_1.irg{handler=current_state.BlHandler, trigger=Pin.IRQ FALLING)
curremt_state.update()

display.render{current_state.icons)

class ClockRadio:
def __init ({self):
global rRadio s, current_state
button_1.irg(handler=current_state.BlHandler, trigger=Pin.IRQ FALLING)
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Encodera.irg(trigger=machine.Pin.IRQ) RISING | machine.Pin.IRQ FALLING, handler=current_state.ENCA)
Encoderg.irg(trigger=machine.Pin.IRQ RISING | machine.Pin.I FALLING, handler=current_state.ENCE)
emter.irg{handler=Enter_Handler, trigger-Pin.IRQ FALLING)
def update(self, state):

global radio_programming timer

state.update()

pass

radic_i2c . sda=Pin{e}, scl = Pin(1), freg=18e
radic = rdaS8a7.r wWradio_i2ec)

Memu_s = Mone

Clock_s = State()
Alarm_s

Clock_s

Radioc_s tadiostate()

Menu_s = MainMmenustate()

current_state = Menu_s

clock_radio

Playalarm_s




86

song: = "@ E3 1 8;2 B4 1 ;4 E3 1 8;8 1 8318 E4 1 @312 E3
SONES [songl, song2, song3]

MySONg = mus

curremt_posx, current_posy, Flayalarm_s

if{{Aalarm_s

ritc.datetime()[5]=-=¢ ) or (SNDDZE[8] == rtc.datetime(
SNOOZE[1] == ri« eti ] 1 SNDDZE[2] == rtc.datetime( ] and SNOOZE[2] = rtc.datetime(}[3] and

SNOOZE[4] == rix et 4] and SNDOZE[S5] == ric.dateti [5] and SNOOZE[G] == rtc.datetime(][ﬁ]}}ﬂ

change_state(Playalarm_s)

mySCng.resumel )
le True:

clock_radio.upda current_state)

if{isinstance{current_state,PlayALARM
radio.mute(True})

radio.update_r

if{rRadio s.
radio.mutefFa

radio.update_|




