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Overview

The work is mysterious and important.

Welcome to Lumon Industries, making life better for all humankind since 1865. In your
service to Lumon as a severed employee, you will partake in the Macrodata
Refinement department. You will work on your newly designed terminal that allows for
portability on the severed floor; a further commitment from Lumon to improve the
conditions for severed employees ever since the Macrodat Uprising that your
colleagues bravely organized. The next time you are granted a hall pass, feel free to
carry the portable terminal by its sleek handle to your preferred area, whether it be
the calming Plant Room, the inspiring Perpetuity Wing or the idyllic Mammalians
Nurturable Department.

This project is built around a Raspberry Pi
5 running Python code inspired by the
Macrodata Refinement program in the TV
show Severance. A DRV2605L breakout
vibrates a small haptic motor as your
cursor gets closer to the intimidating
numbers on the screen. A Raspberry Pi

Touch Display 2 is used for the screen.
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You can toggle between the bouncing
screensaver and your Macrodata file with
the right-click button. When you right-click,
you also save your progress on your file.

A piece of acrylic gives you access to the
back of your MDR terminal, letting you
store your trackball and power supply for
on-the-go refining during your next
overtime contingency protocol or ORTBO.

When you complete your file, you'll be
invited to praise Kier with the hopes of a
waffle party in your future.
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Parts

Raspberry Pi 5 - 4 GB RAM

The Raspberry Pi 5 is the newest
Raspberry Pi computer, and the Pi
Foundation knows you can always make a
good thing better! And what could make
the Pi 5 better than the...
https://www.adafruit.com/product/5812

Official Raspberry Pi 5 Active Cooler
The Raspberry Pi 5 Active Cooler is
compatible with the Raspberry Pi 5 and
the
https://www.adafruit.com/product/5815

Raspberry Pi Touch Display 2 - 7"
720x1280 with Capacitive Touch
Raspberry Pi Touch Display 2 is the
sequel to the popular Raspberry Pi Official
Display. Like the original,...
https://www.adafruit.com/product/6079
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Panel Mount Glowing Trackball

""There is one who may claim it by right.
For this assuredly is the palantir of
Orthanc from the treasury of Elendil, set
here by the Kings of...
https://www.adafruit.com/product/5060

Adafruit DRV2605L Haptic Motor
Controller - STEMMA QT / Qwiic

The DRV2605 from Tl is a fancy little
motor driver. Rather than controlling a
stepper motor or DC motor, its designed
specifically for controlling haptic motors

https://www.adafruit.com/product/2305

2x of the NeoKey Breakouts

NeoKey Socket Breakout for Mechanical
Key Switches with NeoPixel

The only thing better than a nice
mechanical key, is one that also can glow
any color of the rainbow - and that's what
the Adafruit NeoKey Breakout will let
you...
https://www.adafruit.com/product/4978
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2 x Kailh Mechanical Key Switch
Clicky Blue

16mm Panel Mount Momentary
Pushbutton - Black

OK, this item is pretty simple - it's a panel
mount pushbutton. It's not that exciting,
no LEDs, no bells & whistles. But we really
like it anyways — look at that...
https://www.adafruit.com/product/1505

https://www.adafruit.com/product/5123

1 x Cyan MA Keycaps
for MX Compatible Switches - 5 pack

https://www.adafruit.com/product/5174

1 x Vibrating Mini Motor Disc
Vibrating Mini Motor Disc

https://www.adafruit.com/product/1201

1x STEMMA QT / Qwiic JST SH 4-pin Cable
Socket

https://www.adafruit.com/product/4397

1 x SD/MicroSD Memory Card
16GB Class 10 - Adapter Included

https://www.adafruit.com/product/
2693

1x 27W PD Power Supply 5.1V 5A with USB C
Official Raspberry Pi

https://www.adafruit.com/product/5814

1 x Silicone Cover Stranded-Core Wire
30AWG in Various Colors

https://www.adafruit.com/product/2051

1 x Black Nylon Machine Screw and Stand-off Set
M2.5 Thread

https://www.adafruit.com/product/
3299

1 x Adafruit CSl or DSI Cable Extender Thingy
Adafruit CSI or DSI Cable Extender Thingy

https://www.adafruit.com/product/3671

1 x Flex Cable for Raspberry Pi Camera or Display
300mm /12"

https://www.adafruit.com/product/1648

1x JST PH 2-Pin Cable
Socket Connector 100mm

https://www.adafruit.com/product/261

1x JST PH 2mm 4-Pin to Pin Header Cable
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200mm

3955

1 x 2.0mm Pitch Connector Kit
JST PH Compatible

https://www.adafruit.com/product/4422

1 x Right angle USB A extender
Right angle USB A extender

https://www.amazon.com/dp/
BOBY8ZFGWY

Circuit Diagram

Right Click

4-pin JST-PH
Connector
* Red - GND

* Black - Right click
* White - Left Click
* Green - Scroll Click (not used)

Raspberry Pi

- Haptic breakout GND to Pi GND (black wire)

« Haptic breakout VIN to Pi 3.3V (red wire)

« Haptic breakout SDA to Pi SDA (blue wire)

« Haptic breakout SCL to Pi SCL (yellow wire)

« Haptic breakout + to vibration motor + (red wire)
- Haptic breakout - to vibration motor - (black wire)
« Pi Display VIN to Pi 5V (red wire)

« Pi Display GND to Pi GND (black wire)

« Button input to Pi power button input (red wire)

« Button GND to Pi power button GND (black wire)

NeoKey Breakouts

« Left-click NeoKey A to JST-PH white wire
« Right-click NeoKey A to JST-PH black wire
« Left-click NeoKey C to JST-PH red wire
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« Left-click NeoKey C to right-click NeoKey (red wire)

3D Printing

You can 3D print all of the parts for this project. There is a terminal chassis and a
mouse enclosure inspired by the design of the Macrodata Refinement terminals on
Severance. The back of the chassis can utilize a piece of acrylic or be 3D printed.

The STL files can be downloaded directly here or from Printables.

https://adafru.it/1afm

https://adafru.it/1afn

Parts

« Electronics mount - mount for the display, haptic breakout and Raspberry Pi.
Print one, no supports.

- Terminal front plate - press fits in the front of the chassis. Print one, no supports.

« Terminal case - main enclosure for the terminal. Print one, supports required.
More info below.
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- Terminal back plate - slides into a track in the back of the chassis to allow for
access to the electronics and storing the mouse. Can be cut from acrylic or
printed with no supports.

- Terminal handle - handle for carrying and propping the chassis. Print one, build
plate supports.

« Handle knobs - knobs to secure the handle to the case. Print two, no supports.

- Back plate knob - attaches to the back plate to provide a grip for sliding. Print
one, no supports; color change for the knob.

« Mouse enclosure - enclosure for the trackball and NeoKey breakouts. Print one,
no supports.

« Mouse mount - mount for the trackball and NeoKey breakouts. Print one, no
supports.

« Mouse lid - flat lid that press fits into the mouse enclosure. Print one, no
supports.

The terminal case is a really large print.
You'll probably need to angle it and print it
standing upright with supports to allow it
to fit on your build plate if you have an
average sized printer. Tree supports work
really well for this print.

If you choose to use acrylic for the back of
the case, you'll cut a piece that is 10" x 4"
(25.4 cm x 1016 cm).
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Design Inspiration

The terminal computers in Severance are inspired by the Data General 6053
terminal (https://adafru.it/1afo). A few 3D printed replicas (https://adafru.it/1afp) have
been created (https://adafru.it/1afq) and | thought it would be fun to imagine a

portable version that could live within the Severance universe. | took inspiration from
the Sears Go Anywhere TV Radio (https://adafru.it/1afr) that were manufactured
around the same time as the Data General terminal (late 1970s).

Python Virtual Environment Prep

As Carter writes in his Python Virtual Environment Usage on Raspberry Pi
guide (https://adafru.it/1a90):

Starting with the October 10, 2023 Bookworm release (https://adafru.it/
199D) of the Raspberry Pi OS (https://adafru.it/XMd), the use of Python
Virtual Environments (https://adafru.it/199E) (venv) when pip installing

packages is required. No more sudo pip. This will break things and require
learning new things. Yeah.

You will need to setup a Python virtual environment (venv) on your Raspberry Pi 5 for
this project. Don't worry though! If you follow along with the guide step by step, you'll
be just fine.

Python Virtual Environment Usage on
Raspberry Pi

By Carter Nelson

0 Basic Venv Usage

https://learn.adafruit.com/python-virtual-
environment-usage-on-raspberry-pi/basic-

W@ I:m W venv-usage

Always venv

On the Other Ideas page (https://adafru.it/1a9P) in the venv guide, there is a tip for
having the virtual environment enabled automatically at boot by editing the .bashrc
file (sudo nano .bashrc) and adding this line to the bottom:

1 source home/user/venv/bin/activate
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Where venv is the name of your virtual environment. You can take this a step further
by adding the alias (https://adafru.it/1a9Q) for running Python scripts as sudo to your
.bashrc file as well:

1 alias gogo='sudo -E env PATH=$PATH python'

You can change gogo to any command you want. This way, every time you boot up
your Pi, you'll have your Python venv enabled and you'll be able to use your alias for
running Python scripts.

File Edit Tabs Help
GNU nano 7.2 .bashrc -

ome/pi-lumon/lumon/bin/activate

o="sudo -E PATH=SPATH python'

Installing Blinka on Raspberry Pi

Text
CircuitPython libraries and adafruit-blinka will work on any

emphasized ) . . .
0 . Raspberry Pi board! That means the original 1, the Pi 2, Pi 3,
with a blue

] Pi 4, Pi 5, Pi Zero, Pi Zero 2 W, or even the compute modules.
exclamation:

Text emphasized At this time, Blinka requires Python version 3.7 or later,
c with a yellow which means you will need to at least be running
exclamation: Raspberry Pi OS Bullseye.
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Prerequisite Pi Setup!

In this page we'll assume you've already gotten your Raspberry Pi up and running and
can log into the command line

Here's the quick-start for people with some experience:

1. Download the latest Raspberry Pi OS or Raspberry Pi OS Lite (https://adafru.it/
Pf5) to your computer

2. Burn the OS image to your MicroSD card (https://adafru.it/dDL) using your
computer

3. Re-plug the SD card into your computer (don't use your Pi yet!) and set up your
wifi connection by editing supplicant.conf (https://adafru.it/yuD)

4. Activate SSH support (https://adafru.it/yuD)

5. Plug the SD card into the Pi

6. If you have an HDMI monitor we recommend connecting it so you can see that
the Pi is booting OK

7. Plug in power to the Pi - you will see the green LED flicker a little. The Pi will

reboot while it sets up so wait a good 10 minutes

8. If you are running Windows on your computer, install Bonjour support so you can
use .local names, you'll need to reboot Windows after installation (https://
adafru.it/IPE)

9. You can then ssh into raspberrypi.local (https://adafru.it/jvB)

The Pi Foundation has tons of quides as well (https://adafru.it/BJY)

Text
We really really recommend the latest Raspberry Pi OS only. If

emphasized . '
0 ith a red you have an older Raspberry Pi OS install, run "sudo apt-get
Wi r
update" and "sudo apt-get upgrade" to get the latest OS!

exclamation:

Update Your Pi and Python

Run the standard updates:

sudo apt-get update
sudo apt-get -y upgrade
sudo apt-get install -y python3-pip
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and upgrade setuptools:

sudo apt install --upgrade python3-setuptools

Text emphasized . . . .
. You may need to reboot prior to installing Blinka. The
with a blue o . . o
) raspi-blinka.py script will inform you if it is necessary.
exclamation:

Text

. If you are installing in a virtual environment, the installer
emphasized

may not work correctly since it requires sudo. We
recommend using pip to manually install it in that case.

with a yellow
exclamation:

Setup Virtual Environment

If you are installing on the Bookworm (released in 2023) or later version of Raspberry
Pi OS, you will need to install your python modules in a virtual environment. You can
find more information in the Python Virtual Environment Usage on Raspberry

Pi (https://adafru.it/19a5) guide. To Install and activate the virtual environment, use the

following commands:

cd ~
sudo apt install python3-venv
python3 -m venv env --system-site-packages

You will need to activate the virtual environment every time the Pi is rebooted. To
activate it:

source env/bin/activate

To deactivate, you can use deactivate, but leave it active for now.
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Automated Install

We put together a script to easily make sure your Pi is correctly configured and install
Blinka. It requires just a few commands to run. Most of it is installing the
dependencies.

cd ~

pip3 install --upgrade adafruit-python-shell

wget https://raw.githubusercontent.com/adafruit/Raspberry-Pi-Installer-Scripts/master/raspi-bl
sudo -E env PATH=$PATH python3 raspi-blinka.py

If you are installing on an earlier version such as Bullseye of Raspberry Pi OS and not
using a Virtual Environment, you can call the script like:

sudo python3 raspi-blinka.py

If you are installing an older version of
Raspberry Pi OS, your system default
Python is likely Python 2. If so, it will ask to
confirm that you want to proceed.

Choose yes.

It may take a few minutes to run. When it
finishes, it will ask you if you would like to

reboot. Choose yes.

©Adafruit Industries Page 15 of 58


https://learn.adafruit.com//assets/98682
https://learn.adafruit.com//assets/98682
https://learn.adafruit.com//assets/98683
https://learn.adafruit.com//assets/98683

Once it reboots, the connection will close.

After a couple of minutes, you can
reconnect.

Manual Install

If you are having trouble running the automated installation script, you can follow
these steps to manually install Blinka.

Enable Interfaces

Run these commands to enable the various interfaces such as |12C and SPI:

sudo raspi-config nonint do _i2c 0

sudo raspi-config nonint do spi 0

sudo raspi-config nonint do_serial hw 0

sudo raspi-config nonint do ssh 0

sudo raspi-config nonint do camera 0

sudo raspi-config nonint disable raspi config at boot ©

Install Blinka and Dependencies

Blinka needs a few dependencies installed:
sudo apt-get install -y i2c-tools libgpiod-dev python3-libgpiod

pip3 install --upgrade adafruit-blinka adafruit-platformdetect

Raspberry Pi 5 Adjustments

At the moment, RPi.GPIO is installed, which causes issues. Just remove it with the
following command:

pip3 uninstall -y RPi.GPIO
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Check I12C and SPI

The script will automatically enable I2C and SPI. You can run the following command
to verify:

ls /dev/i2c* /dev/spi*

You should see the response

/dev/i2c-1 /dev/spidev0.0 /dev/spidev0.1l

1: 1s /dev/i2c dev/spi*

/d c-1 /dev/spidev0.0 /dev/spidev0.1l
pi@devpi: |

Fixing CEO and CE1 Device or Resource Busy Issue

In order to use the CEO and CE1 pins in Python, you will need to disable them from OS
usage. To do so, check out the Reassigning or Disabling the SPI Chip Enable
Lines (https://adafru.it/19fg) section of this guide.

Enabling Second SPI

If you are using the main SPI port for a display or something and need another
hardware SPI port, you can enable it by adding the line

dtoverlay=spil-3cs

to the bottom of /boot/config.txt and rebooting. You'll then see the addition of some /

dev/spidevl.x devices:

Pi 5. Cannot determine SOC peripheral base address

comment out this line :
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1 #dtparam=spi=on

Blinka Test

c Text emphasized with a If onewire is enabled, you may need to use
yellow exclamation: another digital input besides D4.

Create a new file called blinkatest.py with nano or your favorite text editor and put

the following in:

1 import board

2 import digitalio

3 import busio

4

5 print("Hello, blinka!")

6

7 # Try to create a Digital input

8 pin = digitalio.DigitallnOut(board.D4)

9 print("Digital 10 ok!")
10

N # Try to create an 12C device
12 i2c = busio.l2C(board.SCL, board.SDA)
13 print("12C ok!")
14
15 # Try to create an SPI device
16 spi = busio.SPI(board.SCLK, board.MOSI, board.MISO)
17 print("SPI ok!")
18
19 print("done!")

Save it, make sure your virtual environment is activated, and run at the command line
with:

python3 blinkatest.py

You should see the following, indicating digital i/o, 12C and SPI all worked.
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I pi@devpi: ~/py - O X

python blinkatest. py

Install the Required Libraries

You will need to install the DRV2605 library onto your Raspberry Pi. In the terminal,

enter:

pip install adafruit-circuitpython-drv2605

You'll also need some extra fonts:

sudo apt install ttf-mscorefonts-installer

After installing, update the font directory cache with this command:
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sudo fc-cache -vr

Download the Project Bundle

Once you've finished setting up your Raspberry Pi with Blinka and the library
dependencies, you can access the Python code files and graphics by downloading
the Project Bundle.

To do this, click on the Download Project Bundle button in the window below. It will
download as a zipped folder.

1 # SPDX-FileCopyrightText: 2025 Liz Clark for Adafruit Industries
2 # SPDX-License-ldentifier: MIT
3
4 # Based on https://github.com/Lumon-Industries/Macrodata-Refinement
5 # JavaScript project
6
7 import json
8 import os
9 import math
10 import hashlib
" import shutil
12 import time
13 import random
14 import tkinter as tk
15 from PIL import Image, ImageTk, ImageFont, ImageDraw
16 from data import DataNumber
17 from data_bin import Bin
18 from palette import Palette
19 try: # blinka with haptics?
20 import board
21 import busio
22 import adafruit_drv2605
23 except NotimplementedError:
24 pass
25
26 TOTAL_REFINEMENT_GOAL = 250 # how many numbers to refine?
27 LOCATION = "Cold Harbor"
28
29 def get_username():
30 username = os.environ.get('USER')
31 if username:
32 return username
33 username = os.environ.get('LOGNAME')
34 if username:
35 return username
36 username = os.environ.get('USERNAME')
37 if username:
38 return username
39 return "Mark S."
40

41 def generate_serial_number(username):
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42 nn

43 Generate a Severance-style serial number based on the username.
44 Format: OXAAAAAA : OxBBBBBB where A and B are hex values derived from username.
45 "

46 username_bytes = username.encode('utf-8')

47 first_hex =0

48 for i in range(min(3, len(username_bytes))):

49 first_hex = (first_hex << 8) | username_bytes]i]

50 second_hex =0

51 if len(username_bytes) > 3:

52 remaining_bytes = username_bytes[3:]

53 for i, byte in enumerate(remaining_bytes):

54 second_hex "= (byte << (8 * (i % 3)))

55 else:

56 hash_obj = hashlib.md5(username_bytes)

57 digest = hash_obj.digest()

58 second_hex = int.from_bytes(digest[:3], byteorder='big')

59 serial = f"Ox({first_hex:06X} : Ox{second_hex:06X}"

60 return serial

61 def calculate_distance(x1, y1, x2, y2):

62 """Calculate Euclidean distance between two points
63 return math.sqgrt((x2 - x1) ** 2 + (y2 - y1) ** 2)

64 # pylint: disable=too-many-branches,too-many-lines,broad-except,unused-argument

65 # pylint: disable=too-many-statements,too-many-locals,too-many-public-methods,too-many-nested-
66 blocks

67 class MacrodataRefinementTerminal:

i

68 def __init__(self, username=None, location=LOCATION):
69 self.palette = Palette()

70 if username is None:

7 username = get_username()

72 # game settings

73 self.username = username

74 self.location = location

75 self.completion =0

76 self.total_goal = TOTAL_REFINEMENT_GOAL

77 self.total_refined = 0

78 self.image_path = "lumon-logo.png"

79 self.logo_img = Image.open("lumon-logo-small.png")
80

81 # graphics

82 self.root = tk.Tk()

83 self.root.title("Lumon MDR Terminal")

84 self.screen_width = self.root.winfo_screenwidth()

85 self.screen_height = self.root.winfo_screenheight()
86 self.root.geometry(f'{self.screen_width}x{self.screen_height}+0+0")
87 self.root.grid_rowconfigure(0, weight=1)

88 self.root.grid_columnconfigure(0, weight=1)

89 self.root.bind("<F11>", self.toggle_fullscreen)

90 self.root.bind("<Escape>", self.exit_fullscreen)

91 self.root.bind("<g>", self.exit_program)

92 self.root.protocol("WM_DELETE_WINDOW", self.exit_program)
93 self.root.focus_force()

94 self.canvas = tk.Canvas(

95 self.root,

96 width=self.screen_width,

97 height=self.screen_height,
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98 bg=self.palette.BG,

99 highlightthickness=0
100 )

101 self.canvas.pack(fill="both", expand=True)
102 try:
103 self.image = Image.open(self.image_path)
104 self.photo = ImageTk.Photolmage(self.image)
105 self.canvas_image = self.canvas.create_image(0, O, image=self.photo, anchor="nw")
106 except Exception as e:
107 print(f"Error loading image: {e}")
108 self.canvas_image = None
109 self.screen =1

10 # macrodata settings

m self.completion_message_elements = {}
112 self.x_pos, self.y_pos =100, 100

13 self.x_speed, self.y_speed = 2, 2

14 self.base_size = 24

15 self.number_spacing = 50

16 self.margin = 80

17 self.data_numbers =[]

18 self.ui_elements = {}

19 self.selection_start = None
120 self.selection_rect = None

121 self.selection_active = False
122 self.wiggle_numbers =]
123 self.wiggle_timer =0
124 self.wiggle_interval = 600
125 self.wiggle_amplitude = 2.0
126 self.wiggle_speed = 0.2

127 self.wiggle_phase = 0
128 self.wiggle_phase_x = 0.0
129 self.wiggle_phase_y = 0.0
130 self.wiggle_phase_rotation = 0.0

131 self.numbers_need_selection = False
132 self.waiting_for_next_wiggle = False

133 self.next_wiggle_timer = 0

134 self.next_wiggle_delay = 210
135 self.base_wiggle_amplitude = 1.5
136 self.max_wiggle_amplitude = 10.0

137 self.proximity_threshold = 350
138 self.wiggle_speed_x = 0.058
139 self.wiggle_speed_y = 0.047
140 self.wiggle_speed_rotation = 0.02

141 self.glow_step =0
142 self.fade_step =0

143 self.fade_timer =0

144 self.max_fade_steps = 20
145 self.completion_photo = 0
146 self.completion_triggered = False

147
148 # mouse settings
149 self.mouse_x=0
150 self.mouse_y =0

151 self.canvas.bind("<Motion>", self.track_mouse)
152 self.bins =]
153 self.canvas.bind("<Button-1>", self.start_selection)
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155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
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179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

self.canvas.bind("<B1-Motion>", self.update_selection)
self.canvas.bind("<ButtonRelease-1>", self.end_selection)
self.root.bind("<Button-3>", self.toggle_screen)
# start program & autosave
self.animate()
self.setup_autosave(interval=300)
try:
self.i2c = busio.l2C(board.SCL, board.SDA)
self.drv = adafruit_drv2605.DRV2605(self.i2c)
self.haptic_enabled = True
self.effect_level =0
self.haptic_effects = {
0: 0,
1.9,
2:13,
3:47,
)
print("Haptic feedback initialized")
except Exception as e:
print(f"Haptic initialization error: {e}")
self.haptic_enabled = False

def update_haptic_intensity(self, proximity_factor):
if not self.haptic_enabled:
return

if proximity_factor < 0.1:
self.effect_level = 0
elif proximity_factor < 0.4:
self.effect_level =1
elif proximity_factor < 0.7:
self.effect_level = 2
else:
self.effect_level =3

if self.effect_level == O:
self.drv.stop()

else:
effect_id = self.haptic_effects[self.effect_level]
self.drv.sequence[0] = adafruit_drv2605.Effect(effect_id)
self.drv.play()

def track_mouse(self, event):
self.mouse_x = event.x
self.mouse_y = event.y

def apply_mouse_avoidance(self, number):

nn

Apply an avoidance effect where numbers move away from the mouse cursor
if not hasattr(number, 'mouse_offset_x'):
number.mouse_offset_x =0
if not hasattr(number, 'mouse_offset_y'):
number.mouse_offset_y =0
if self.screen = 2 or number.bin_it:
return
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210 dx = number.x - self.mouse_x

21 dy = number.y - self.mouse_y
212 distance = math.sqrt(dx*dx + dy*dy)
213 avoidance_radius = 100
214 max_repel_distance =12
215 if distance < avoidance_radius:
216 normalized_distance = 1.0 - (distance / avoidance_radius)
217 repel_factor = normalized_distance * normalized_distance * 0.8
218 repel_distance = max_repel_distance * repel_factor
219 if distance > 0.1:
220 repel_x = (dx / distance) * repel_distance
221 repel_y = (dy / distance) * repel_distance
222 else:
223 angle = random.uniform(0, 2 * math.pi)
224 repel_x = math.cos(angle) * repel_distance
225 repel_y = math.sin(angle) * repel_distance
226 number.mouse_offset_x = repel_x
227 number.mouse_offset_y = repel_y
228 else:
229 if hasattr(number, 'mouse_offset_x') and number.mouse_offset_x != 0O:
230 number.mouse_offset_x *= 0.95
231 if abs(number.mouse_offset_x) < 0.05:
232 number.mouse_offset_x =0
233 if hasattr(number, 'mouse_offset_y') and number.mouse_offset_y != 0:
234 number.mouse_offset_y *= 0.95
235 if abs(number.mouse_offset_y) < 0.05:
236 number.mouse_offset_y =0
237
238 def save_progress(self, filepath=None):
239 e
240 Save the current progress and bin data to a JSON file.
241 "
242 if self.screen != 2 or not self.bins:
243 return False
244 if filepath is None:
245 save_dir = f"/home/{self.username}/mdr_saves/"
246 os.makedirs(save_dir, exist_ok=True)
247 filepath = os.path.join(save_dir, f"'mdr_{self.location.lower()}.json")
248 try:
249 save_data ={
250 "timestamp": int(time.time()),
251 "username": self.username,
252 "location": self.location,
253 "completion": self.completion,
254 "total_goal": self.total_goal,
255 "total_refined": self.total_refined,
256 "bins": []
257 }
258 for bin_idx, bin_obj in enumerate(self.bins):
259 bin_data ={
260 "bin_id": bin_idx,
261 "levels": bin_obj.levels,
262 "last_refined_time": bin_obj.last_refined_time
263 }
264 save_data["bins"].append(bin_data)
265 with open(filepath, 'w') as f:
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266 json.dump(save_data, f, indent=2)

267 print(f"Progress autosaved to {filepath}")

268 return True

269 except Exception as e:

270 print(f"Error saving progress: {str(e)}")

271 return False

272

273 def load_progress(self, filepath=None):

274 e

275 Load progress and bin data from a JSON file.

276 Verifies that the saved total goal matches the current total goal,
277 otherwise starts a new save.

278 "

279 if filepath is None:

280 filepath = os.path.join(f"/home/{self.username}/mdr_saves/",
281 f'mdr_{self.location.lower()}.json")

282 if not os.path.exists(filepath):

283 print(f"Save file {filepath} not found")

284 return False

285 try:

286 with open(filepath, 'r') as f:

287 save_data = json.load(f)

288 required_keys = ["timestamp", "username", "location", "completion", "bins"]
289 for key in required_keys:
290 if key not in save_data:

291 print(f"Invalid save file: missing '{key} field")

292 return False

293 if "total_goal" in save_data:

294 saved_goal = save_data["total_goal"]
295 if saved_goal |= TOTAL_REFINEMENT_GOAL:
296 print("Starting fresh with new refinement goal")

297 backup_path = filepath + f".goal_{saved_goal}.bak"
298 try:
299 shutil.copy2(filepath, backup_path)
300 print(f"Created backup of old save at {backup_path}")
301 except Exception as backup_err:
302 print(f"Warning: Could not create backup: {str(backup_err)}")
303 return False

304 self.completion = save_data["completion"]
305 if "total_goal" in save_data:
306 self.total_goal = save_data["total_goal"]

307 else:
308 self.total_goal = TOTAL_REFINEMENT_GOAL
309

310 if "total_refined" in save_data:

31 self.total_refined = save_data["total_refined"]

312 if self.screen == 2 and self.bins:

313 for bin_data in save_data["bins"]:

314 bin_idx = bin_data["bin_id"]

315 if bin_idx < len(self.bins):

316 self.bins[bin_idx].levels = bin_data["levels"]

317 self.bins[bin_idx].last_refined_time = bin_data["last_refined_time"]
318 self.bins[bin_idx].update_progress_bar()

319 if "total_refined" not in save_data:
320 self.update_total_refined()

321 self.update_top_progress_bar()
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322 return True

323 except Exception as e:

324 print(f"Error loading progress: {str(e)}")

8525 return False

326

327 def setup_autosave(self, interval=300):

328 e

329 Setup automatic saving at five minutes.

330 e

331 self.save_progress|)

332 self.root.after(interval * 1000, lambda: self.setup_autosave(interval))
333

334 def create_ui_elements(self):

335 """Create the Ul elements for the MDR terminal""

336 for element_id in self.ui_elements.values|():

337 self.canvas.delete(element_id)

338 self.ui_elements.clear()

339 if hasattr(self, 'progress_fill_id'):

340 self.canvas.delete(self.progress_fill_id)

341 usable_width = self.screen_width - (2 * self.margin)

342 header_height = 40

343 footer_height = 30

344 self.ui_elements['top_frame'] = self.canvas.create_rectangle(
345 self.margin - 5, self.margin - 5,

346 self.margin + usable_width -50, self.margin + header_height + 5,
347 outline=self.palette.FG, fill=self.palette.BG, width=2

348 )

349 print(self.canvas.bbox(self.ui_elements['top_frame']))

350 self.ui_elements['top_curve'] = self.canvas.create_line(

351 self.margin, self.margin + header_height + 15,

352 self.margin + usable_width, self.margin + header_height + 15,
353 fill=self.palette.FG, width=2

354 )

355 self.ui_elements['location'] = self.canvas.create_text(

356 self.margin + 20, self.margin + header_height/2,

357 text=self.location,

358 font=('Arial', 18),

359 fill=self.palette.FG,

360 anchor='w'

361 )

362 logo_x = self.margin + usable_width - 75

363 logo_y = self.margin + header_height/2

364 self.lumon_logo_photo = ImageTk.Photolmage(self.logo_img) # pylint: disable=attribute-defined-
365 outside-init

366 self.ui_elements['logo'] = self.canvas.create_image(

367 logo_x, logo_y,

368 image=self.lumon_logo_photo,

369 anchor=tk.CENTER

370 )

371 logo_bbox = self.canvas.bbox(self.ui_elements['logo'])

372 completion_text = f"{self.completion}% Complete"

373 outlined_img = self.create_outlined_text(completion_text, font_size=20, stroke_width=1)
374 self.completion_photo = outlined_img

375 completion_x = logo_bbox[0] - 20

376 self.ui_elements['completion'] = self.canvas.create_image(
377 completion_x, self.margin + header_height/2,
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378 image=outlined_img,

379 anchor=tk.E
380 )

381
382 bins_y_position = self.screen_height - self.margin - 100
383 progress_bar_height = 30
384 spacing_after_bar = 30
385 bottom_frame_y = bins_y_position + 5 + progress_bar_height + spacing_after_bar
386 self.ui_elements['bottom_curve'] = self.canvas.create_line(
387 self.margin, bins_y_position - 25,
388 self.margin + usable_width, bins_y_position - 25,
389 fill=self.palette.FG, width=2
390 )

391 self.ui_elements['bottom_shield'] = self.canvas.create_rectangle(
392 self.margin - 5, bottom_frame_y-16,
393 self.margin + usable_width + 5, bottom_frame_y,
394 outline=", fill=self.palette.BG, width=2
395 )
396 self.ui_elements['bottom_frame'] = self.canvas.create_rectangle(
397 self.margin - 5, bottom_frame_y,
398 self.margin + usable_width + 5, bottom_frame_y + footer_height,
399 outline=self.palette.FG, fill=self.palette.FG, width=2
400 )

401 serial = generate_serial_number(self.username)
402 self.ui_elements['serial'] = self.canvas.create_text(
403 self.margin + usable_width/2, bottom_frame_y + footer_height/2,
404 text=serial,
405 font=('Courier', 14),
406 fill=self.palette.BG
407 )
408 if 'completion' in self.ui_elements:
409 self.canvas.tag_raise(self.ui_elements['completion'])

410 print("Raised completion text to top")

an self.update_top_progress_bar()

412

413 def create_outlined_text(self, text, font_size=24, stroke_width=1):
414 e

415 Creates an image with outlined text using PIL's stroke feature
416 "

417 font = ImageFont.truetype("/usr/share/fonts/truetype/msttcorefonts/arial.ttf", font_size)
418 dummy_img = Image.new("RGBA", (1, 1), (0, 0, O, 0))

419 dummy_draw = ImageDraw.Draw(dummy_img)
420 bbox = dummy_draw.textbbox((0, 0), text, font=font)

421 text_width = bbox[2] - bbox[0]
422 text_height = bbox[3] - bbox[1]
423 padding =6
424 width = text_width + padding * 2 + stroke_width * 2
425 height = text_height + padding * 2 + stroke_width * 2
426

427 img = Image.new("RGBA", (width, height), (O, O, 0, 0))
428 draw = ImageDraw.Draw(img)
429 fill_color = self.palette.BG
430 stroke_color = self.palette.FG

431 position = (padding + stroke_width, padding)
432 draw.text(position, text, font=font, fill=fill_color,

433 stroke_width=stroke_width, stroke_fill=stroke_color)
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461
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464
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486
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489

photo = ImageTk.Photolmage(img)
return photo

def create_completion_text(self, text):
"""Creates and returns a canvas image item with stroke-outlined text"""
photo = self.create_outlined_text(text)
self.completion_photo = photo
return photo

def create_bins(self):

"""Create bins at the bottom of the screen™""
bin_count=5
usable_width = self.screen_width - (2 * self.margin)
actual_bin_width = (usable_width / bin_count) * 0.9

spacing = (usable_width - (bin_count * actual_bin_width)) / (bin_count + 1)

for bin_obj in self.bins:
if hasattr(bin_obj, 'visual_elements'):
for element_id in bin_obj.visual_elements.values|():
self.canvas.delete(element_id)
if hasattr(bin_obj, 'level_elements'):
for element_id in bin_obj.level_elements.values():
self.canvas.delete(element_id)
if hasattr(bin_obj, 'progress_bar_elements'):
for element_id in bin_obj.progress_bar_elements.values():
self.canvas.delete(element_id)
self.bins.clear()
bin_goal = self.total_goal // bin_count
bins_y_position = self.screen_height - self.margin - 100
for iin range(bin_count):
bin_obj = Bin(actual_bin_width, i, bin_goal, self.canvas, palette=self.palette)
X_pos = (self.margin + spacing + (i *(actual_bin_width + spacing))
+ (actual_bin_width / 2))
bin_obj.x = x_pos
bin_obj.y = bins_y_position
self.bins.append(bin_obj)
bin_obj.create_visual_elements()
bin_obj.update_progress_bar()

if 'bottom_shield' in self.ui_elements:
self.canvas.tag_raise(self.ui_elements['bottom_shield"))

if 'bottom_frame' in self.ui_elements:
self.canvas.tag_raise(self.ui_elements['bottom_frame'))

if 'serial' in self.ui_elements:
self.canvas.tag_raise(self.ui_elements['serial'])

def update_total_refined(self):
"""Update total refined count based on all bins' levels
previous_total = self.total_refined
self.total_refined =0

nn

for bin_obj in self.bins:
bin_total = sum(bin_obj.levels.values())
self.total_refined += bin_total

if self.total_refined != previous_total:
self.update_overall_completion()
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490

491 def update_completion_text(self):
492 """Updates the completion text with new percentage"""
493 if 'completion' in self.ui_elements:
494 completion_text = f"{self.completion}% Complete"
495 outlined_img = self.create_completion_text(completion_text)
496 self.canvas.itemconfig(self.ui_elements['completion'], image=outlined_img)
497
498 def should_update_completion(self):
499 """Check if we should update the completion percentage"""
500 if not self.bins:
501 return False
502 for bin_obj in self.bins:
503 if bin_obj.show_levels or bin_obj.opening_animation or bin_obj.closing_animation:
504 return False
505 return True
506
507 def calculate_bin_percentages(self):
508 """Calculate the average completion percentage across all bins"""
509 if not self.bins:
510 return O
51 bin_percentages =[]
512 for bin_obj in self.bins:
513 total_levels = sum(bin_obj.levels.values())
514 max_possible = bin_obj.level_goal * len(bin_obj.KEYS)
515 bin_percentage = (total_levels / max_possible) * 100 if max_possible > 0 else O
516 bin_percentages.append(bin_percentage)
517 avg_percentage = sum(bin_percentages) / len(bin_percentages) if bin_percentages else O
518 return avg_percentage
519
520 def update_overall_completion(self):
521 n
522 Update the overall completion percentage based on total numbers refined.
523 "
524 if not self.bins:
52,5 return
526 raw_completion = (self.total_refined / self.total_goal) * 100
527 self.completion = int(raw_completion)
528 self.update_top_progress_bar()
529
530 def update_top_progress_bar(self):
531 e
532 Update the top progress bar based on bin percentages.
533 "
534 total_percentage = 0
535 bin_count=0
536 for bin_obj in self.bins:
537 total_levels = sum(bin_obj.levels.values())
538 max_possible = bin_obj.level_goal * len(bin_obj.KEYS)
539 bin_percentage = (total_levels / max_possible) * 100 if max_possible > 0 else O
540 total_percentage += bin_percentage
541 bin_count +=1
542 if bin_count > O:
543 calculated_completion = int(total_percentage / bin_count)
544 self.completion = calculated_completion
545 frame_bbox = self.canvas.bbox(self.ui_elements['top_frame'))
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546 frame_left = frame_bbox[0]

547 frame_top = frame_bbox[1]

548 frame_bottom = frame_bbox[3]

549 logo_bbox = self.canvas.bbox(self.ui_elements['logo'])
550 logo_left = logo_bbox[0]

551 location_right = frame_left

5572 if 'location' in self.ui_elements:

553 location_bbox = self.canvas.bbox(self.ui_elements['location'])
554 location_right = location_bbox[2] + 20

555 fill_right = logo_left + 15

556 fillable_width = fill_right - location_right - 4

557 fill_width = (self.completion / 100) * fillable_width

558 if self.completion == 0:

559 fill_left = fill _right

560 else:

561 fill_left = fill_right - fill_width

562 fill_left = max(fill_left, location_right)

563 if 'completion' in self.ui_elements:

564 completion_text = f"{self.completion}% Complete"
565 outlined_img = self.create_outlined_text(completion_text, font_size=20, stroke_width=1)
566 self.completion_photo = outlined_img

567 self.canvas.itemconfig(self.ui_elements['completion'], image=self.completion_photo)
568 completion_x = logo_left - 20

569 if 'completion' in self.ui_elements:

570 self.canvas.coords(

571 self.ui_elements['completion'],

572 completion_x, self.margin + 40/2

S/ )

574 self.canvas.tag_raise(self.ui_elements['completion'))
S)7/5) if hasattr(self, 'progress_fill_id'):

576 self.canvas.delete(self.progress_fill_id) # pylint: disable=access-member-before-definition
577 self.progress_fill_id = self.canvas.create_rectangle( # pylint: disable=attribute-defined-outside-init
578 fill_left, frame_top + 2,

579 fill_right, frame_bottom - 2,

580 fill=self.palette.FG,

581 outline="",

582 width=0

583 )

584 if 'location’ in self.ui_elements:

585 self.canvas.tag_raise(self.ui_elements['location'])
586 if 'completion' in self.ui_elements:

587 self.canvas.tag_raise(self.ui_elements['completion'])
588 if 'logo' in self.ui_elements:

589 self.canvas.tag_raise(self.ui_elements['logo'])

590

591 def toggle_fullscreen(self, event=None):

592 """Toggle fullscreen mode"""

593 is_fullscreen = self.root.attributes("-fullscreen")

594 self.root.attributes("-fullscreen", not is_fullscreen)

595 return "break"

596

597 def exit_fullscreen(self, event=None):

598 """Exit fullscreen mode and quit application""

599 self.root.attributes("-fullscreen", False)

600 self.exit_program()

601 return "break"
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656
657

def exit_program(self, event=None):
"""Exit the program and clean up resources"""
if hasattr(self, 'haptic_enabled') and self.haptic_enabled:
try:
self.drv.stop()
except Exception as e:
print(f"Error stopping haptic motor: {e}")
self.root.quit()
self.root.destroy()

def move_logo(self):
"""Animate the logo bouncing around"""
if self.screen == 1 and self.canvas_image:
self.x_pos += self.x_speed
self.y_pos += self.y_speed
if self.x_pos + self.photo.width() >= self.screen_width or self.x_pos <= 0:
self.x_speed = -self.x_speed
if self.y_pos + self.photo.height() >= self.screen_height or self.y_pos <= 0:
self.y_speed = -self.y_speed
self.canvas.coords(self.canvas_image, self.x_pos, self.y_pos)

def create_number_grid(self):
"""Create the grid of numbers with proper horizontal centering"""
for number in self.data_numbers:
self.canvas.delete(number.text_id)
self.data_numbers.clear()
num_columns = 22
num_rows = 8
usable_width = self.screen_width - (2 * self.margin)
header_height = 40
bottom_line_y = self.screen_height - self.margin - 80 - 25
total_available_height = bottom_line_y - (self.margin + header_height + 15)
horizontal_spacing = usable_width / (num_columns + 1)
vertical_spacing = total_available_height / (num_rows + 1)
grid_width = horizontal_spacing * num_columns
grid_height = vertical_spacing * num_rows
start_x = self.margin + (usable_width - grid_width) / 2 + horizontal_spacing/2
start_y = self.margin + header_height + 15 + (total_available_height
- grid_height) / 2 + vertical_spacing/2
for row in range(num_rows):
for col in range(num_columns):
x = start_x + (col * horizontal_spacing)
y = start_y + (row * vertical_spacing)

data_number = DataNumber(x, y, self.canvas, self.base_size, palette=self.palette)

self.data_numbers.append(data_number)

def update_numbers(self):
""Update the number animations
if self.screen == 2:

i

for number in self.data_numbers:
if number.bin_it:
number.go_bin()
else:
number.go_home()
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658 def update_bins(self):

659 """Update the bin animations and ensure proper z-ordering"""
660 if self.screen == 2:
661 self.update_total_refined()
662 self.check_for_completion()
663
664 for bin_obj in self.bins:
665 bin_obj.update()
666 if 'bottom_shield' in self.ui_elements:
667 self.canvas.tag_raise(self.ui_elements['bottom_shield'"])
668 if 'bottom_frame' in self.ui_elements:
669 self.canvas.tag_raise(self.ui_elements['bottom_frame'))
670 if 'serial' in self.ui_elements:
671 self.canvas.tag_raise(self.ui_elements['serial'])
672 for number in self.data_numbers:
673 if number.bin_it and number.bin == bin_obj:
674 if hasattr(bin_obj, 'level_elements'):
675 for element_id in bin_obj.level_elements.values():
676 self.canvas.tag_raise(number.text_id, element_id)
677
678 def toggle_screen(self, event):
679 """Toggle between logo and number screens with autosave"""
680 if self.screen==1:
681 self.root.attributes("-fullscreen", True)
682 self.screen = 2
683 if self.canvas_image:
684 self.canvas.itemconfig(self.canvas_image, state='hidden')
685 self.canvas.configure(bg=self.palette.BG)
686 self.completion = 0
687 self.total_refined = 0
688 if hasattr(self, 'completion_triggered'):
689 self.completion_triggered = False
690 if hasattr(self, 'completion_message_elements'):
691 for element_id in self.completion_message_elements.values():
692 self.canvas.delete(element_id)
693 self.completion_message_elements = {}
694 self.create_ui_elements()
695 self.create_bins()
696 self.create_number_grid()
697 self.wiggle_timer =0
698 self.waiting_for_next_wiggle = False
699 self.next_wiggle_timer = 0
700 load_successful = self.load_progress|)
701 all_bins_full = all(bin_obj.is_full() for bin_obj in self.bins)
702 if all_bins_full:
703 print("All bins were previously full. Resetting progress to start over.")
704 for bin_obj in self.bins:
705 bin_obj.levels = {
706 'WQO": 0,
707 'FC": 0,
708 'DR": O,
709 'MA": 0
710 }
mn bin_obj.update_progress_bar()
712 self.total_refined = 0
713 self.completion = 0
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self.update_top_progress_bar()
elif not load_successful:
self.total_refined = 0
self.completion = 0
for bin_obj in self.bins:
bin_obj.levels = {
'WQO'": 0,
'FC" 0,
'DR": O,
'MA": 0
)
bin_obj.update_progress_bar()
self.update_top_progress_bar()
self.select_random_wiggle_group()
else:
self.save_progress|()
self.root.attributes("-fullscreen", True)
self.wiggle_numbers.clear()
self.wiggle_timer =0
self.waiting_for_next_wiggle = False
self.next_wiggle_timer = 0
if hasattr(self, 'progress_fill_id'):
self.canvas.delete(self.progress_fill_id)
for element_id in self.ui_elements.values():
self.canvas.delete(element_id)
self.ui_elements.clear()
for bin_obj in self.bins:
if hasattr(bin_obj, 'visual_elements'):
for element_id in bin_obj.visual_elements.values():
self.canvas.delete(element_id)
if hasattr(bin_obj, 'level_elements'):
for element_id in bin_obj.level_elements.values():
self.canvas.delete(element_id)
if hasattr(bin_obj, 'progress_bar_elements'):
for element_id in bin_obj.progress_bar_elements.values():
self.canvas.delete(element_id)
self.bins.clear()
for number in self.data_numbers:
self.canvas.delete(number.text_id)
self.data_numbers.clear()
if hasattr(self, 'top_progress_elements'):
for element_id in self.top_progress_elements.values():
self.canvas.delete(element_id)
self.top_progress_elements.clear()
if hasattr(self, '‘completion_message_elements'):

for element_id in self.completion_message_elements.values():

self.canvas.delete(element_id)
self.completion_message_elements.clear()
if self.selection_rect:
self.canvas.delete(self.selection_rect)
self.selection_rect = None
self.selection_active = False
self.screen =1
self.canvas.configure(bg=self.palette.BG)
if self.canvas_image:
self.canvas.itemconfig(self.canvas_image, state='normal’)
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770 self.canvas.tag_raise(self.canvas_image)

771 if hasattr(self, 'x_pos') and hasattr(self, 'y_pos'):

772 self.canvas.coords(self.canvas_image, self.x_pos, self.y_pos)
773

774 def start_selection(self, event):

775 """Start a selection box when mouse is pressed"""

776 if self.screen == 2:

777 self.selection_start = (event.x, event.y)

778 self.selection_rect = self.canvas.create_rectangle(

779 event.x, event.y, event.x, event.y,
780 outline=self.palette.SELECT, width=2, dash=(5, 5)

781 )
782 self.selection_active = True
783
784 def update_selection(self, event):
785 ""Update the selection box when mouse is dragged"""
786 if self.screen == 2 and self.selection_active:

787 x1, y1 = self.selection_start
788 x2,y2 = event.x, event.y
789 self.canvas.coords(self.selection_rect, x1, y1, x2, y2)
790

791 def end_selection(self, event):
792 """Process the selection when mouse is released"""
793 if self.screen == 2 and self.selection_active:
794 x1, y1 = self.selection_start
795 x2,y2 = event.x, event.y
796 selected_numbers =]

797 for number in self.data_numbers:
798 if number.inside(x1, y1, X2, y2) and not number.bin_it:
799 selected_numbers.append(number)
800 number.turn(self.palette.SELECT)

801 wiggle_selected =[n for n in selected_numbers if n in self.wiggle_numbers]
802 non_wiggle_selected = [n for n in selected_numbers if n not in self.wiggle_numbers]
803 wiggle_capture_percent = (len(wiggle_selected) / len(self.wiggle_numbers)
804 if self.wiggle_numbers else 0)
805 valid_selection = (
806 wiggle_capture_percent >= 0.7 and
807 len(non_wiggle_selected) <= len(wiggle_selected) * 2
808 )
809 if valid_selection:

810 self.pulse_selected(wiggle_selected, 3)

81 self.refine_numbers(wiggle_selected)

812 for number in wiggle_selected:

813 if number in self.wiggle_numbers:

814 self.wiggle_numbers.remove(number)

815 number.needs_refinement = False

816 self.waiting_for_next_wiggle = True

817 self.next_wiggle_timer = 0

818 else:

819 for number in selected_numbers:
820 number.turn(self.palette.FG)

821 self.update_overall_completion()
822 self.canvas.delete(self.selection_rect)
823 self.selection_active = False
824
825 def pulse_selected(self, numbers, count, size_factor=1.5, current=0):
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826 """Create a pulsing animation for selected numbers

827 if current >= count * 2:

828 return

829 if current < count:

830 progress = current / count

831 size_mod = 1.0 + (progress * (size_factor - 1.0))

832 else:

833 progress = (current - count) / count

834 size_mod = size_factor - (progress * (size_factor - 1.0))
835 for number in numbers:

836 number.set_size(self.base_size * size_mod)

837 self.root.after(50, lambda: self.pulse_selected(numbers, count, size_factor, current + 1))
838

839 def refine_numbers(self, numbers):

840 ""Send selected numbers to bins based on their horizontal position"""
841 wiggling_numbers =[n for n in numbers if n in self.wiggle_numbers]
842 if not wiggling_numbers:

843 return

844 DataNumber.reset_active_bin()

845 all_bins_full = all(bin_obj.is_full() for bin_obj in self.bins)
846 if all_bins_full:

847 print("All bins are full - can't refine more numbers")
848 return

849 number_positions = {}

850 for number in wiggling_numbers:

851 target_bin = number.get_non_full_bin_for_position(self.bins)
852 if target_bin:

853 if target_bin not in number_positions:

854 number_positions[target_bin] =[]

855 number_positions[target_bin].append(number)

856 selected_bin = None

857 max_count =0

858 for bin_obj, bin_numbers in number_positions.items():
859 if len(bin_numbers) > max_count:

860 max_count = len(bin_numbers)

861 selected_bin = bin_obj

862 if selected_bin:

863 DataNumber.active_bin = selected_bin

864 for number in wiggling_numbers:

865 success = number.refine(bin_obj=selected_bin)
866 if not success:

867 number.needs_refinement = False

868 if number in self.wiggle_numbers:

869 self.wiggle_numbers.remove(number)

870

871 def select_random_wiggle_group(self):

872 """Randomly select a CLUSTERED group of numbers that need refinement"""
873 for number in self.wiggle_numbers:

874 number.needs_refinement = False

875 number.wiggle_offset_x =0

876 number.wiggle_offset_y = 0

877 self.wiggle_numbers.clear()

878 all_bins_full = all(bin_obj.is_full() for bin_obj in self.bins)
879 if all_bins_full:

880 return

881 if not self.data_numbers:
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882 return

883 available_numbers =[n for n in self.data_numbers if not n.bin_it]
884 if not available_numbers:
885 return
886 seed_number = random.choice(available_numbers)
887 for number in available_numbers:
888 number.distance_to_seed = calculate_distance(
889 seed_number.x, seed_number.y, number.x, number.y
890 )
891 available_numbers.sort(key=lambda n: n.distance_to_seed)
892 cluster_size = random.randint(3, 6)
893 clustered_numbers = available_numbers[:min(cluster_size, len(available_numbers))]
894 self.wiggle_numbers = clustered_numbers
895 for number in self.wiggle_numbers:
896 number.needs_refinement = True
897
898 def wiggle_selected_numbers(self):
899 """Apply smooth, floating wiggle effect to numbers
900 that need refinement and update haptics
901 e
902 if self.screen == 2 and self.wiggle_numbers:
903 self.wiggle_phase_x += self.wiggle_speed_x
904 self.wiggle_phase_y += self.wiggle_speed_y
905 self.wiggle_phase_rotation += self.wiggle_speed_rotation
906 proximity_factor = O
907 if len(self.wiggle_numbers) > O:
908 center_x = sum(number.x for number in
909 self.wiggle_numbers) / len(self.wiggle_numbers)
910 center_y = sum(number.y for number in
oM self.wiggle_numbers) / len(self.wiggle_numbers)
912 distance_to_mouse = math.sqrt((self.mouse_x - center_x)**2 +
913 (self.mouse_y - center_y)**2)
914 normalized_distance = max(0, min(1, distance_to_mouse / self.proximity_threshold))
915 proximity_factor = 1.0 - normalized_distance
916 dynamic_amplitude = self.base_wiggle_amplitude + (
917 (self.max_wiggle_amplitude - self.base_wiggle_amplitude) *
918 proximity_factor**1.5
919 )
920 self.update_haptic_intensity(proximity_factor)
921 else:
922 dynamic_amplitude = self.base_wiggle_amplitude
923 self.update_haptic_intensity(0)
924 for number in self.wiggle_numbers:
925 if not number.bin_it:
926 index = self.wiggle_numbers.index(number)
927 phase_offset = index * 0.5
928 x_freq2 = 0.37
929 y_freq2 = 0.29
930 primary_x = math.sin(self.wiggle_phase_x
931 + phase_offset) * dynamic_amplitude
932 primary_y = math.cos(self.wiggle_phase_y
933 + phase_offset) * dynamic_amplitude * 0.8
934 secondary_x = math.sin(self.wiggle_phase_x * x_freq2
935 + phase_offset * 1.3) * dynamic_amplitude * 0.3
936 secondary_y = math.cos(self.wiggle_phase_y *y_freq2
937 + phase_offset * 0.9) * dynamic_amplitude * 0.25
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rot_x = math.cos(self.wiggle_phase_rotation
+index * 0.7) * dynamic_amplitude * 0.2
rot_y = math.sin(self.wiggle_phase_rotation
+index * 0.7) * dynamic_amplitude * 0.2
offset_x = primary_x + secondary_x + rot_x
offset_y = primary_y + secondary_y + rot_y
number.wiggle_offset_x = offset_x
number.wiggle_offset_y = offset_y
number.show_wiggle(proximity_factor)

def check_for_completion(self):

"""Check if all bins are full and trigger completion sequence if needed"""

if self.screen = 2:
return

if hasattr(self, 'completion_triggered') and self.completion_triggered:
return

all_bins_full = all(bin_obj.is_full() for bin_obj in self.bins)

if self.bins:
total_refined = sum(sum(bin_obj.levels.values()) for bin_obj in self.bins)
completion_pct = (total_refined / self.total_goal) * 100

else:
completion_pct =0

if all_bins_full or completion_pct >=100:
self.completion_sequence()

def completion_sequence(self):
"""Start sequence for completion"""
self.completion_triggered = True
self.fade_out_numbers|()
self.completion =100
self.update_top_progress_bar()

def fade_out_numbers(self):
"""Fade out all numbers gradually
self.fade_step =0

i

self.fade_timer =0
self.max_fade_steps = 20
self.animate_number_fade()

def animate_number_fade(self):
"""Animate the fading out of all numbers
if self.fade_step >= self.max_fade_steps:
self.show_completion_message()

i

return
alpha = int(255 * (1 - (self.fade_step / self.max_fade_steps)))
for number in self.data_numbers:
number.alpha = alpha
number.update_display()
self.fade_step +=1
self.root.after(50, self.animate_number_fade)

def show_completion_message(self):
"""Show the completion celebration message
if hasattr(self, 'completion_message_elements'):
for element_id in self.completion_message_elements.values|():
self.canvas.delete(element_id)

nn
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self.completion_message_elements = {}
if 'top_curve' in self.ui_elements:
top_y = self.canvas.coords(self.ui_elements['top_curve'])[1] + 15
else:
top_y = self.margin + 80
if 'bottom_curve' in self.ui_elements:
bottom_y = self.canvas.coords(self.ui_elements['bottom_curve'))[1] - 15
else:
bottom_y = self.screen_height - self.margin - 130
center_x = self.screen_width / 2
center_y = (top_y + bottom_y) / 2
self.completion_message_elements['percent'] = self.canvas.create_text(
center_x, center_y - 30,
text="100%",
font=('Courier', 48, 'bold’),
fill=self.palette.FG,
anchor='center'
)
self.completion_message_elements|'praise'] = self.canvas.create_text(
center_x, center_y + 30,
text="Praise Kier",
font=('Courier', 36, 'bold’),
fill=self.palette.FG,
anchor='center’
)
self.glow_step =0
self.animate_completion_glow()

def animate_completion_glow(self):

nin

"""Create a subtle glowing/pulsing effect for the completion message

if (not hasattr(self, 'completion_message_elements')
or 'percent' not in self.completion_message_elements):
return

glow_factor = 0.8 + (0.2 * (math.sin(self.glow_step / 10) + 1) / 2)

percent_size = int(48 * glow_factor)

praise_size = int(36 * glow_factor)

self.canvas.itemconfig(
self.completion_message_elements['percent'],
font=('"Courier', percent_size, 'bold’)

)

self.canvas.itemconfig(
self.completion_message_elements['praise'],
font=('"Courier', praise_size, 'bold')

)

self.glow_step +=1

self.root.after(100, self.animate_completion_glow)

def animate(self):

i

"""Main animation loop
if self.screen ==1:
self.root.attributes("-fullscreen", True)
self.move_logo()
else:
self.update_bins()
self.update_numbers|)
for number in self.data_numbers:
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1050 self.apply_mouse_avoidance(number)

1051 if self.waiting_for_next_wiggle:

1052 self.next_wiggle_timer +=1

1053 self.next_wiggle_delay = random.randint(180, 240)
1054 if self.next_wiggle_timer >= self.next_wiggle_delay:
1055 self.waiting_for_next_wiggle = False

1056 self.next_wiggle_timer = 0

1057 self.select_random_wiggle_group()

1058 elif (not self.wiggle_numbers and not self.waiting_for_next_wiggle
1059 and self.wiggle_timer == 0):

1060 self.select_random_wiggle_group()

1061 self.wiggle_selected_numbers|)

1062 self.root.after(20, self.animate)

1063

1064 def run(self):

1065 """Start the application"""

1066 self.root.mainloop()

1067

1068 if _name__=="__main__":

app = MacrodataRefinementTerminall()
app.run()
https://github.com/adafruit/Adafruit_Learning_System_Guides/blob/main/Raspberry_Pi_Severance_MDR_Terminal/lumon.py

After downloading the Project Bundle, move the folder to your /home/user directory.
Then, unzip the folder by right-clicking on the folder in the File Manager and
selecting Extract or with your preferred command line tool. Keep the following files in
the /home/user directory:

« lumon.py

- data.py

- data_bins.py

- palette.py

« lumon-logo.png

« lumon-logo-small.png

How the Code Works

The code consists of four files. Two of the files are helper files: data.py file handles
the number grid graphics and data_bins.py handles the bin animations and data.
palette.py contains the color palette for the entire program. The main program file is
in lumon.py. It handles the gameplay, graphics, mouse input and saving/loading the
game progress JSON files.
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Special Features

The code is involved since it is basically a full game, but here are some fun features in
it:

« Your username on your system is converted to the serial number at the bottom
of the screen (0xO00000 : OxO00000)

» You can change the goal number for numbers to refine at the top if you want to
experience 100% faster

« JSON files are used to save and load progress

« As you move the cursor, the numbers will move out of its path

« As the cursor gets closer to the chosen numbers, the chosen numbers will jump
around more and the vibration from the haptic motor will increase in intensity

« Since its written in CPython, it doesn't have to be run on a Raspberry Pi. Most of
the development was actually done on Windows. You'll just need to edit some of
the file paths to make it fit your system.

Code References

It could be that the Macrodata Refinement Terminal is the new PipBoy for maker prop
recreations. | referenced a few open source code iterations when working on this
Python version. LumonMDR by andrewchilicki (https://adafru.it/1afq) is written in C and
Macrodata-Refinement by Lumon-Industries (https://adafru.it/1afs) is written in
Javascript.

Run on Boot

You probably don't want to be futzing with a full keyboard and terminal window to
launch this project every time. Luckily you can configure it to run on boot by creating
a systemd unit file that runs the Python script within the Python venv after the
desktop environment loads.

File Permissions

To allow for all of the files to run on boot without issue, you'll need to adjust the file
permissions before running the systemd file. Run these commands in the terminal:

chmod +x /home/USERNAME/Tlumon.py
chmod +x /home/USERNAME/data.py
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chmod +x /home/USERNAME/data bins.py
chmod +x /home/USERNAME/palette.py

Replace USERNAME with your username on your Raspberry Pi.

Then, run this command for the folder that your saved JSON files are stored:

chmod 755 /home/USERNAME/mdr saves/

systemd

In a terminal, use a text editor to create a systemd file called mdr:

sudo nano /lib/systemd/system/mdr.service

Copy and paste the contents of the text file below into the systemd file:

1 [Unit]

2 Description=Macrodata Refinement

3 After=multi-user.service

4

5 [Service]

6 Type=simple

7 PAMName=login

8 User=pi-lumon

9 Group=pi-lumon
10 WorkingDirectory=/home/pi-lumon

N Environment=DISPLAY=:0
12 Environment=XAUTHORITY=/home/pi-lumon/.Xauthority
13 ExecStart=/home/pi-lumon/lumon/bin/python /home/pi-lumon/lumon.py
14 Restart=on-failure
15 RestartSec=5s
16
17 [Install]
18 WantedBy=multi-user.target

https://github.com/adafruit/Adafruit_Learning_System_Guides/blob/main/Raspberry_Pi_Severance_MDR_Terminal/mdr.service

c Text emphasized with a Replace "pi-lumon" with the username on your
yellow exclamation: Raspberry Pi. The default is usually "pi".
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The file waits for the desktop environment to load and then launches the Python
script within the virtual environment. If it fails, it will keep trying every 5 seconds.

Save the file. Then, in a terminal run these commands:

sudo systemctl enable mdr
sudo systemctl start mdr

This enables the service and starts it. To test, reboot your Pi. After the desktop
environment loads, you should see the script startup automatically with the bouncing
Lumon logo.

TTTTTLLIMNAAY
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Soldering

The 4-pin JST-PH cables are a match for
the trackball mouse button input. This
input lets you add left-click, right-click and
scroll-click buttons. The cable pinout is:

Black - right-click
Red - GND

White - left-click
Green - scroll-click

Cut the green wire off of the 4-pin JST-PH
cable. Scroll-click won't be used for this
project.
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Cut the jumper headers off the wires and
splice them.

Solder the red wire (GND) to the C pin on a
NeoKey. Solder an additional shorter piece
of wire to the pin as well.

Solder the white wire (left-click) to the A
pin on the NeoKey. This will be the left-
click key.
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Solder the black wire to the second
NeoKey A pin. This will be the right-click
key.

Solder the shorter wire connected to the
left-click NeoKey C pin to the right-click
NeoKey C pin. This connects GND
between the two NeoKeys.
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Raspberry Pi Power Button

Solder a 2-pin JST-PH socket to the two
power button pins on the Raspberry Pi.

Prep a 2-pin JST-PH cable with heat shrink
to solder to a button.
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Solder the wires to the button leads.

Cover the leads with the heatshrink.

Plug the button into the JST-PH port on the
Raspberry Pi.

©Adafruit Industries Page 47 of 58


https://learn.adafruit.com//assets/135637
https://learn.adafruit.com//assets/135637
https://learn.adafruit.com//assets/135638
https://learn.adafruit.com//assets/135638
https://learn.adafruit.com//assets/135639
https://learn.adafruit.com//assets/135639

Assembly

Install the active cooler to the Raspberry Pi
5. Plug in the right angle USB A extender
to the Raspberry Pi.
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Mount the electronics mounting plate to
the back of the display with four 8mm
M2.5 screws.

Mount the DRV2605L breakout to the
plate with four M2.5 screws and nuts.

Remove the adhesive backing from the
vibration motor and stick it to the back
circular area of the mounting plate.
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Attach three M2.5 standoffs and nuts to
the Raspberry Pi section of the mounting
plate.

Push the front plate into the main case.
Attach four M2.5 screws into the four
holes to mount the Raspberry Pi.

Attach the mounting plate to the
Raspberry Pi with the M2.5 screws from
the front plate to the three M2.5 standoffs.
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Ribbon Cable

Insert the ribbon cable and the display
ribbon cable into the CSI/DSI extender
breakout.

Insert the other end of the ribbon cable
into the display.

Insert the other end of the display cable
into the port on the Raspberry Pi.
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Winnnnrss==

You can cable manage the ribbon cables
by sliding the longer ribbon cable
underneath the electronics mount.

Pi GPIO

Plug the display power cable into 5V and
GND on the Raspberry Pi GPIO header.

Plug the STEMMA QT cable into the haptic
motor breakout. Plug the socket headers
into the Raspberry Pi GPIO:

STEMMA 3V to Pi 3.3V (red wire)
STEMMA SDA to Pi SDA (blue wire)
STEMMA SCL to Pi SCL (yellow wire)
STEMMA GND to Pi GND (black wire)
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Knobs and Acrylic
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Insert the power button into the button
cutout on the side of the case.

Plug in the power button JST PH cable to
the JST PH socket on the Raspberry Pi.

Attach the handle to the case with a knob
on each side. Secure them with M4 screws
and nuts.
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Slide the piece of acrylic into the track in
the back of the case.

Place the acrylic pull tab at the edge of the
acrylic. When you're happy with the
placement, secure it with some glue.

That completes the terminal assembly!
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Mouse Assembly
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Attach the NeoKey breakouts to the
mouse mount with M2.5 screws and nuts.

Run the JST end of the mouse USB cable
into the mouse enclosure.

Place the mouse mount over the trackball
with M3 screws. Plug the NeoKey JST
cable into the BUTTON port.
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Plug the JST end of the USB cable into the
USB port on the trackball.

Secure the mouse assembly into the
enclosure with the two M3 screws.

Place the front plate into the mouse
enclosure. Plug the MX keys with keycaps
onto the NeoKey breakouts.
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Use

©Adafruit Industries

After your Raspberry Pi boots up, the
Python program will start running. First you
will see the bouncing Lumon logo
screensaver. You can toggle between the
screensaver and the program with the
right-click key on the mouse. Right-clicking
also saves your MDR file progress.

Your goal in Macrodata Refinement is to
isolate the threatening numbers by
drawing a box around them to send them
to their respective bins. The threatening
numbers will have increased movement on
the screen. As your cursor moves closer to
them, their movement will become more
pronounced and you'll hear and feel an
increasing vibration from the haptic motor.
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When you complete your file, you'll be
greeted with "100% Praise Kier" on the
display.

UMM

The power button on the side of the
chassis lets you safely shutdown the
terminal after a long day of refining.
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