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Overview

Cell towers go down. Power goes out.
LoRa mesh radio keeps working!

This is an off-grid message board. It listens
for messages sent across a LoRa mesh
network and shows them on a 4.2" tri-color
e-ink display. There is no internet, no cell
service, and no subscription required!

Messages arrive over 915MHz radio from
any node running Meshtastic (). The
newest message is shown in bold red so it
reads across a room, with older messages
dropping to black underneath it.

E-ink holds its image with no power at all.
The display only draws current when it
redraws, so the board runs for over a day
on a 2000mAh battery.

A button on the top cycles through three
views. The weather view pulls a three day
forecast, sunrise + sunset times, and the
current moon phase. The message view
lists what has come in over the mesh. The

node view shows every radio the board
has heard, sorted by signal strength.
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Parts
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This fully featured message board can also
read CO2, temperature, and humidity
readings from a STCC4 and SHT41 sensor
connected to STEMMA QT port on the
Feather ESP32-S3. These readings run
along the top of the screen next to the
battery level with an estimated runtime.

The board decodes messages

using Adafruit CircuitPython MeshFruit (), a
library written for this project. It is receive
only. The board listens to the mesh but
never transmits, so it will not appear in
anyone's node list.

Adafruit ESP32-S3 Feather with 4MB Flash
2MB PSRAM

The ESP32-S3 has arrived in Feather format - and what a great way to
get started with this powerful new chip from Espressif! With dual 240
MHz cores, WiFi and BLE support, and native...

https://www.adafruit.com/product/5477

4.2" 300x400 Tri-Color elnk / ePaper - Bare
Display

E-Ink/E-Paper displays make for great low-power displays that are
daylight visible and keep their image even when...

https://www.adafruit.com/product/6382
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Adafruit elnk Feather Friend with 32KB SRAM

Easy e-paper finally comes to your Feather with this Adafruit Elnk
Feather Friend that's designed to make it a breeze to add an elnk
display. Chances are...

https://www.adafruit.com/product/4446

Adafruit RFM95W LoRa Radio Transceiver
Breakout - 868 or 915 MHz

"You see, wire telegraph is a kind of a very, very long cat. You pull his tail
in New York and his head is meowing in Los Angeles. Do you
understand this? And...

https://www.adafruit.com/product/3072

Adafruit STCC4 and SHT41- CO2, Temperature
& Humidity Sensor

CO2 sensors are essential for determining if a room is too 'stuffy' - high
CO2 makes humans grumpy and tired. That's why it's always nice to take
a deep breath...

https://www.adafruit.com/product/6478

Soft Tactile Button (8mm) x 10

Put your project in stealth mode with these silent Soft Tactile Switch
Buttons. Tactile switches are standard input...

https://www.adafruit.com/product/3101

Lithium lon Battery - 3.7V 2000mAh

Lithium-ion polymer (also known as 'lipo' or 'lipoly') batteries are thin,
light, and powerful. The output ranges from 4.2V when completely
charged to 3.7V. This...

https://www.adafruit.com/product/2011
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STEMMA QT / Qwiic JST SH 4-pin Cable -
100mm Long

This 4-wire cable is a little over 100mm / 4" long and fitted with JST-SH
female 4-pin connectors on both ends. Compared with the chunkier JST-
PH these are 1mm pitch instead of...

https://www.adafruit.com/product/4210

High-strength 'rare earth' magnet (x4)

Yow! These things are super powerful. .47" diameter and 18" thick discs.
Great for use with your SpokePOV Kit. If you have an aluminium frame,
use tape/foam sticky tape to...

https://www.adafruit.com/product/9

M2.5X5mm Screws (x8)
M2.5X5mm Screws

Circuit Diagram

Circuit Diagram

This provides a visual reference for wiring of the components. This diagram was
created using Fritzing software ().
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4.2"Tri-Color
elnk Display

« RFM95W VIN to 3V on the Feather
« RFM95W GND to GND on the Feather
« RFM95W SCK to SCK on the Feather

« RFM95W MOSI to MOSI on the Feather
« RFM95W MISO to MISO on the Feather

« RFM95W CS to 11 on the Feather
« RFM95W RST to 12 on the Feather
« RFM95W GO to A5 on the Feather

Button goes between Feather AO and GND — internal pull-up, so no external resistor
needed. Sensor on the STEMMA QT port with a JST SH cable, so no soldering.

SCK, MOSI and MISO are shared with the elnk Feather Friend, so D5, D6, D9 and D10

are unavailable.

©Adafruit Industries
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Code

The code for this project listens for LoRa
mesh packets, decodes them, and draws
them to the e-ink display. It also reads the
air quality sensor, checks the battery, and
fetches a weather forecast over WiFi.

Click on the Download Project Bundle
button below to get all the files. Save the
zip. Plug your Feather into your computer
via a known-good data+power USB cable.
The CIRCUITPY drive shows up in your
computer's File Explorer or Finder
(depending on your operating system).
Copy the files to CIRCUITPY.

1 # SPDX-FileCopyrightText: 2026 Pedro Ruiz for Adafruit Industries
2 #
3 # SPDX-License-ldentifier: MIT
4
5 e
6 MeshFruit e-ink message board.
7
8 Listens for LoRa mesh broadcast text messages and renders the most
9 recent ones to a 4.2 inch tri-color e-ink panel, alongside a weather
10 forecast, air quality and battery runtime.
il
12 A button on AO cycles views. Switching does not reboot, so the message
13 buffer survives a view change.
14
15 Receive only. This board does not transmit and will not appear in the
16 mesh node list.
17 "
18
19 import os
20 import time
21
22 import adafruit_max1704x
23 import adafruit_meshfruit
24 import adafruit_rfm9x
25 import adafruit_ssd1683
26 import adafruit_stcc4
27 import alarm
28 import board
29 import digitalio
30 import displayio
31 import microcontroller
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32
33
34
35
36
37
38
39
40
M
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87

import neopixel

import terminalio

from adafruit_debouncer import Debouncer

from adafruit_bitmap_font import bitmap_font

from adafruit_display_text import label, wrap_text_to_pixels
from fourwire import FourWire

import mesh_icons
import mesh_weather

displayio.release_displays()

# --- settings

LATITUDE = os.getenv("LATITUDE")

LONGITUDE = os.getenv("LONGITUDE")

WIFI_SSID = os.getenv("CIRCUITPY_WIFI_SSID")
WIFI_PASSWORD = os.getenv("CIRCUITPY_WIFI_PASSWORD")

USE_FAHRENHEIT = True

# --- radio

# US 915MHz band, 250kHz slots. Slot N sits at 902.125 + (N - 1) * 0.25
# MHz, and slot 20 is the default for the public channel. Outside the

# US this has to match whatever the nodes around you are using: run
# "meshtastic --info" on a node to read its operating frequency.
FREQUENCY = 906.875

CHANNEL_HASH = 0x08

SYNC_WORD_REG = 0x39

MESH_SYNC_WORD = 0x2B

RADIO_IRQ_PIN = board.A5

# --- layout

WIDTH =400

HEIGHT =300

MARGIN =10

TEXT_WIDTH = WIDTH - MARGIN * 2

BLACK = 0x000000
RED = OxFFO000
WHITE = OxFFFFFF

HEADER_BASELINE =16
RULE_Y =30
CONTENT_TOP =52
CONTENT_BOTTOM = 262
STATUS_RULE_Y =272
NODES_TOP = 64
MESSAGE_GAP =14
FOOTER_TEXT_OFFSET =9

WEATHER_SPLIT_Y =168
WEATHER_MSG_TOP =182
WEATHER_MSG_LIMIT = 2
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88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
m
12
13
14
15
16
17
18
19
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

SKY_ICON_X = WIDTH - 100
SKY_TEXT_X = SKY_ICON_X + 18
SUN_ROW_Y =6

MOON_ROW_Y =62

# Weight carries recency, size carries fit. All faces are from the
# public domain Misc-Fixed family, trimmed to printable ASCII.
FONT_PATHS = {

"large_bold": "/fonts/9x18B.pcf",

"medium_bold": "/fonts/7x14B.pcf",

"medium": "/fonts/7x14.pcf",

"name": "/fonts/6x13B.pcf",

"small": "/fonts/6x10.pcf",

)
MAX_LARGE_LINES =2

# --- behaviour

MAX_MESSAGES =12
SEEN_HISTORY = 20
REFRESH_SECONDS = 20

BUTTON_PIN = board.AO
VIEWS = ("weather", "messages", "nodes")
VIEW_TITLES = {"weather": "Weather", "messages": "MeshFruit", "nodes": "Nodes"}

# The panel cannot redraw more than once every 180 seconds, so the
# pixel carries the fast feedback the display cannot.

BLINK_SECONDS = 0.35

PIXEL_PRESS = (0, O, 60)

PIXEL_MESSAGE = (0, 50, 0)

PIXEL_QUEUED = (60, 25, 0)

PIXEL_SOON = (50, 40, 0)

PIXEL_DRAWING = (40, O, 40)

REFRESH_SOON_SECONDS =10

# With no mesh traffic nothing would trigger a redraw, so the battery,
# air and weather readings would sit stale indefinitely. Redraw on this
# interval regardless. Each refresh costs about 20 seconds of panel
# drive, so this trades a little runtime for readings you can trust.
IDLE_REFRESH_SECONDS = 1800

CPU_FREQUENCY =80_000_000
SLEEP_SECONDS = 0.2

AIR_SETTLE_SECONDS =1.0
BATTERY_RATE_FLOOR = 0.5

# Learned short names are cached in NVM so they survive a reboot.
NAMES_MAGIC = b"MF1"

NAMES_MAX = 24

NAME_LEN =4

ENTRY_LEN =4 + NAME_LEN

# Nothing here is compute bound, so run the CPU slower.
microcontroller.cpu.frequency = CPU_FREQUENCY

©Adafruit Industries
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144

145 # --- hardware
146

147 # The STEMMA sensors come up first. board. STEMMA_I2C() claims and

148 # manages I2C_POWER itself, and if another peripheral gets there first

149 # the bus comes up with no pull ups, which surfaces as a wiring error

150 # rather than a power one.

151 i2c = board.STEMMA_I2C()

152 air_sensor = adafruit_stcc4.STCC4(i2¢c)

153 air_sensor.continuous_measurement = True

154 time.sleep(AIR_SETTLE_SECONDS)

155 battery = adafruit_max1704x.MAX17048(i2c)

156

157 spi = board.SPI()

158

159 # The elnk Feather Friend owns D5, D6, D9 and D10. Park the SRAM and SD
160 # chip selects so they do not drive the shared SPI bus.

161 for pin in (board.D6, board.D5):

162 parked = digitalio.DigitallnOut(pin)

163 parked.direction = digitalio.Direction.OUTPUT
164 parked.value = True

165

166 # Leave reset and busy as None. The Feather Friend does not bring those

167 # out to D8 and D7, and claiming those pins corrupts the 12C bus.

168 display_bus = FourWire(

169 spi, command=board.D10, chip_select=board.D9, reset=None, baudrate=1000000
170 )

171 time.sleep(1)

172 display = adafruit_ssd1683.SSD1683(

173 display_bus, width=WIDTH, height=HEIGHT, highlight_color=RED, busy_pin=None
174 )

175

176 rfm9x = adafruit_rfm9x.RFM9x(

177 spi,

178 digitalio.DigitallnOut(board.D11),

179 digitalio.DigitallnOut(board.D12),

180 FREQUENCY,

181 )

182 rfm9x.signal_bandwidth = 250000

183 rfm9x.spreading_factor = 11

184 rfm9x.coding_rate = 5

185 rfm9x.preamble_length =16

186 rfm9x.enable_crc = True

187 rfm9x._write_u8(SYNC_WORD_REG, MESH_SYNC_WORD) # pylint: disable=protected-access
188

189 # Defaults to the public channel key. Pass psk= for a private channel.

190 mesh = adafruit_meshfruit.Meshtastic_Compatible()

191

192 pixel = neopixel.NeoPixel(board.NEOPIXEL, 1, brightness=0.2, auto_write=True)

193

194 button_pin = digitalio.DigitallnOut(BUTTON_PIN)

195 button_pin.direction = digitalio.Direction.INPUT

196 button_pin.pull = digitalio.Pull.UP

197 button = Debouncer(button_pin)

198

199 FONTS = {name: bitmap_font.load_font(path) for name, path in FONT_PATHS.items()}
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200
201
202
203
204
205
206
207
208
209
210
21
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

rule_palette = displayio.Palette(1)
rule_palette[0] = BLACK

# --- state

messages =[]

seen =]
node_names = {}
node_stats = {}
view_index =0
pending = False
warned_soon = False

# Held in dicts so the functions below can update them without a
# global statement.

radio_state = {"rssi": None}

forecast = {"data": None, "at": 0.0}

# --- sensors

def read_air():
"""Read the air sensor. Returns a display string, or None.

CO2 is read first: the driver fetches the whole measurement on that
property, so asking for temperature first reports "not ready".
try:
co2 = air_sensor.CO2
humidity = air_sensor.relative_humidity
celsius = air_sensor.temperature
except (RuntimeError, OSError) as error:
print("air read failed:", error)
return None

degrees = celsius *9 /5 + 32 if USE_FAHRENHEIT else celsius
unit = "F" if USE_FAHRENHEIT else "C"
return f"{co2} ppm {round(degrees)}{unit} {round(humidity)}%"

def format_hours(hours):
"""Render a duration compactly: 45m, 6h, 2d."""
if hours <1:
return f'{max(round(hours * 60), 1)}m"
if hours < 48:
return f"{round(hours)}h"
return f"{round(hours / 24)}d"

def read_battery():
"""Charge state and estimated time remaining.

charge_rate is percent per hour, signed. Dividing the remaining
capacity by it gives a runtime estimate, which matters more than a
percentage on a board meant to outlast a power cut.

©Adafruit Industries
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256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
3N

nin

try:
percent = min(max(battery.cell_percent, 0), 100)
rate = battery.charge_rate

except (RuntimeError, OSError) as error:
print("battery read failed:", error)
return None

text = f"{round(percent)}%"
if rate > BATTERY_RATE_FLOOR:

return f"{text} +{format_hours((100.0 - percent) / rate)}"
if rate <-BATTERY_RATE_FLOOR:

return f"{text} {format_hours(percent / abs(rate))}"
return text

# --- fonts and text

def face(size):
"""Return the font and its line height for a named face.
font = FONTS[size]
return font, font.get_bounding_box()[1] + 4

i

def wrap_for(text, size):
"""Wrap text to the panel width for a named face."""
font, line_height = face(size)
return wrap_text_to_pixels(text, TEXT_WIDTH, font), font, line_height

def size_for(index, text):
"""Pick a face for a message at this position in the list.

The newest message is always bold and red. It uses the large face
unless it runs long, in which case it steps down so it does not
crowd older messages off the panel.
if index I= 0:
return "medium"
lines, _, _ = wrap_for(text, "large_bold")
if len(lines) > MAX_LARGE_LINES:
return "medium_bold"
return "large_bold"

# --- node names

def load_names():
"""Restore cached short names from NVM."""
blob = bytes(microcontroller.nvm[: 4 + NAMES_MAX * ENTRY_LEN)])
if blob[:3] = NAMES_MAGIC:
return
for index in range(min(blob[3], NAMES_MAX)):
start =4 + index * ENTRY_LEN
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312

313

314
315
316

317

318
319
320
321
322
323
324
325
326
327
328
329
330

331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367

number = int.from_bytes(blob[start : start + 4], "little")
short = blob[start + 4 : start + ENTRY_LEN].rstrip(b"\x00")
if short:
node_names[f"i{number:08x}"] = short.decode("utf-8")
print("restored", len(node_names), "node names")

def save_names():
"""Persist known short names to NVM.

Only called when a name changes, since NVM sits in flash and has a
finite write endurance.
items = list(node_names.items())[:NAMES_MAX]
blob = bytearray(NAMES_MAGIC + bytes([len(items)]))
for node, short in items:

blob +=int(node[1:], 16).to_bytes(4, "little")

# CircuitPython's bytes has no ljust, so pad by hand.

raw = short.encode("utf-8"):NAME_LEN]

blob +=raw + b"\x00" * (NAME_LEN - len(raw))
microcontroller.nvm[O : len(blob)] = blob

def decode_name(raw):
"""Decode a Nodelnfo name field, or None if it is not valid UTF-8."""
if not raw:
return None
try:
return raw.decode("utf-8")
except UnicodeError:
return None

def display_name(node):
"""Short name for a node if Nodelnfo has been heard, else its ID."""
return node_names.get(node, node)

# --- drawing

def add_rule(group, y_pos, thickness=2):
"""Draw a horizontal rule across the content width."""
bitmap = displayio.Bitmap(WIDTH - MARGIN * 2, thickness, 1)
group.append(
displayio.TileGrid(bitmap, pixel_shader=rule_palette, x=MARGIN, y=y_pos)

def draw_header(group, air, charge):
"""Title, air readings and battery, above the rule.
group.append(
label.Label(
terminalio.FONT,
text=VIEW_TITLES[VIEWS[view_index]],
color=BLACK,

i
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368
369
370
371
372
Si/E]
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
an
412
413
414
415
416
417
418
419
420
421
422
423

scale=2,
x=MARGIN,
y=HEADER_BASELINE,

)

name_font, _ = face("name")
if air:
group.append(
label.Label(
name_font,
text=air,
color=BLACK,

anchor_point=(0.5, 0.5),
anchored_position=(WIDTH // 2, HEADER_BASELINE),

)
if charge:
group.append(
label.Label(
name_font,
text=charge,
color=BLACK,
anchor_point=(1.0, 0.5),
anchored_position=(WIDTH - MARGIN, HEADER_BASELINE),

)
add_rule(group, RULE_Y)

def draw_empty(group, text, y_pos):
"""Placeholder for a view with nothing to show yet."""
group.append(
label.Label(
terminalio.FONT, text=text, color=BLACK, scale=2, x=MARGIN, y=y_pos

def draw_messages( # pylint: disable=too-many-locals
group, top=CONTENT_TOP, bottom=CONTENT_BOTTOM, limit=None

"""Message list. Returns the number of messages shown."""
if not messages:
draw_empty(group, "Listening for messages...", top + 10)
return O

meta_font, meta_height = face("name")

y_pos = top
shown =0

for index, (node, text) in enumerate(messages):
if limit is not None and shown >= limit:
break
size = size_for(index, text)
lines, font, line_height = wrap_for(text, size)
needed = meta_height + len(lines) * line_height + MESSAGE_GAP
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424
425
426
427
428
429
430

431
432
433
434
435
436
437
438
439
440

441
442
443
444
445
446
447
443
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

a7
472
473
474
475
476
477
478
479

# Always show the newest message even if it runs long, but never
# start a later block that cannot fit.
if shown > 0 and y_pos + needed > bottom:

break

color = RED if index == 0 else BLACK
group.append(
label.Label(
meta_font, text=display_name(node), color=color, x=MARGIN, y=y_pos

line_y =y_pos + meta_height + 8
for line in lines:
if line_y > bottom:
break
group.append(
label.Label(font, text=line, color=color, x=MARGIN, y=line_y)

)

line_y +=line_height

y_pos += needed
shown +=1

return shown

def draw_nodes(group):
"""Node list: who has been heard, how strongly, how often."""
if not node_stats:
draw_empty(group, "No nodes heard yet...", CONTENT_TOP + 10)
return O

name_font, name_height = face("name")
small_font, small_height = face("small")

# Strongest signal first, so the nearest neighbours lead.
nodes = sorted(node_stats.items(), key=lambda item: -item[1]["rssi"])

y_pos = NODES_TOP
shown =0
for node, stats in nodes:
name = display_name(node)
has_name = name != node
block = name_height + (small_height if has_name else 0) + 12
if y_pos + block > CONTENT_BOTTOM:
break

color = RED if shown == 0 else BLACK
group.append(
label.Label(name_font, text=name, color=color, x=MARGIN, y=y_pos)
)
group.append(
label.Label(
small_font,
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480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
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506
507
508
509
510
51
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535

text=f"{stats['rssi']} dBm {stats['count']} pkt",
color=color,

anchor_point=(1.0, 0.5),
anchored_position=(WIDTH - MARGIN, y_pos),

# Only worth a second line once Nodelnfo has given us a name,
# otherwise it would just repeat the ID above it.
if has_name:
group.append(
label.Label(
small_font, text=node, color=color, x=MARGIN, y=y_pos + name_height

y_pos += block
shown +=1

return shown

def draw_weather(group, weather): # pylint: disable=too-many-locals
"""Forecast on the top half, newest messages underneath."""
if weather is None:

draw_empty(group, "No forecast yet...", CONTENT_TOP + 10)

else:

big_font, _ = face("large_bold")
name_font, name_height = face("name")
small_font, _ = face("small")

unit = "F" if USE_FAHRENHEIT else "C"

mesh_icons.draw_weather_icon(
group, weather["code"], MARGIN + 24, CONTENT_TOP + 14, RED
)
group.append(
label.Label(
big_font,
text=f"{weather['now']{unit}",
color=RED,
x=MARGIN + 62,
y=CONTENT_TOP + 22,

)
group.append(
label.Label(
name_font,
text=mesh_weather.describe_code(weather["code"]),
color=RED,
x=MARGIN + 152,
y=CONTENT_TOP + 22,

for offset, rising, value in (
(SUN_ROW_Y, True, weather["sunrise"]),

©Adafruit Industries

Page 17 of 34



536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570

571
572
/)
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591

(SUN_ROW_Y + 20, False, weather["sunset"]),

if not value:
continue
mesh_icons.icon_sun_marker(group, SKY_ICON_X, CONTENT_TOP + offset, rising)
group.append(
label.Label(
small_font,
text=value,
color=BLACK,
x=SKY_TEXT_X,
y=CONTENT_TOP + offset,

phase = mesh_weather.moon_phase(weather["date"))
if phase is not None:
moon_y = CONTENT_TOP + MOON_ROW_Y
mesh_icons.icon_moon(group, SKY_ICON_X, moon_y, phase)
# Two short lines keep the column narrow instead of running
# the name out to the panel edge.
for index, word in enumerate(mesh_weather.moon_name(phase).split(" ")[:2]):
group.append(
label.Label(
small_font,
text=word,
color=BLACK,
x=SKY_TEXT_X,
y=moon_y - 6 + index * 14,

labels = ("Today", "Tomorrow", "Next day")
y_pos = CONTENT_TOP + 48
for index in range(min(3, len(weather["highs"]))):
group.append(
label.Label(
small_font, text=labels[index], color=BLACK, x=MARGIN, y=y_pos

)
group.append(
label.Label(
small_font,
text=(
f"{weather['highs'][index]} / {weather['lows'][index]{unit}"
f' {mesh_weather.describe_code(weather['codes'][index])}"
)
color=BLACK,
x=MARGIN + 90,

Y=Yy_pos,

)

y_pos += name_height

add_rule(group, WEATHER_SPLIT_Y, thickness=1)
return draw_messages(
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group, top=WEATHER_MSG_TOP, bottom=CONTENT_BOTTOM, limit=WEATHER_MSG_LIMIT

def draw_status(group, hidden):
"""Pinned status bar along the bottom of the panel.""
add_rule(group, STATUS_RULE_Y, thickness=1)
small_font, _ = face("small")
baseline = STATUS_RULE_Y + FOOTER_TEXT_OFFSET

if VIEWS[view_index] == "nodes":
left = f"{len(node_stats)} nodes heard"
elif hidden > 0O:
left = f"{len(messages) - hidden} shown, {hidden} older"
elif messages:
left = f"{len(messages)} held"
else:
left = "no messages yet"

group.append(
label.Label(small_font, text=left, color=BLACK, x=MARGIN, y=baseline)
)
group.append(
label.Label(
small_font,
text=(
f'{radio_state['rssi']} dBm"
if radio_state["rssi"] is not None
else "listening"
),
color=BLACK,
anchor_point=(1.0, 0.5),
anchored_position=(WIDTH - MARGIN, baseline),

def build_group(air, charge, weather):

"""Build the full display group for the current view.
group = displayio.Group()

background = displayio.Bitmap(WIDTH, HEIGHT, 1)

bg_palette = displayio.Palette(1)

bg_palette[0] = WHITE

group.append(displayio.TileGrid(background, pixel_shader=bg_palette))

draw_header(group, air, charge)

if VIEWS[view_index] == "nodes":
shown = draw_nodes(group)
hidden = max(len(node_stats) - shown, O)
elif VIEWS[view_index] == "weather":
shown = draw_weather(group, weather)
hidden = max(len(messages) - shown, O)
else:
shown = draw_messages(group)
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hidden = max(len(messages) - shown, O)

draw_status(group, hidden)
return group, shown, hidden

def blink(color):
"""Flash the pixel to signal something the panel cannot show yet."""
pixel[0] = color
time.sleep(BLINK_SECONDS)
pixel[0] = (0, 0, 0)

def refresh_weather():
"""Fetch the forecast if the cached copy is stale.
elapsed = time.monotonic()
if forecast["data"] is not None and elapsed - forecast["at"] < mesh_weather.INTERVAL:

nn

return
fetched = mesh_weather.fetch(

WIFI_SSID, WIFI_PASSWORD, LATITUDE, LONGITUDE, USE_FAHRENHEIT
)
if fetched is not None:

forecast["data"] = fetched

forecast["at"] = elapsed

def draw_board():
"""Render the board and block until the panel finishes updating.
if VIEWS[view_index] == "weather":
refresh_weather()

nin

group, shown, hidden = build_group(
read_air(), read_battery(), forecast["data"]
)
display.root_group = group
print("drawing...", shown, "shown,", hidden, "hidden")
pixel[0] = PIXEL_DRAWING
display.refresh()
time.sleep(REFRESH_SECONDS)
pixel[0] = (O, O, 0)
print("refreshed")

def handle_packet(raw): # pylint: disable=too-many-return-statements
"""Decode one received buffer. Returns True if the panel should redraw.
if len(raw) < adafruit_meshfruitt HEADER_LEN + 1:
return False

nmn

packet = mesh.decode(raw)
if packet.channel_hash = CHANNEL_HASH:
return False

# Sender plus packet ID uniquely identifies a message. The mesh

# rebroadcasts each one several times as the hop count decrements.
packet_key = bytes(raw[4:12])

if packet_key in seen:
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return False
seen.append(packet_key)
if len(seen) > SEEN_HISTORY:
seen.pop(0)

if not packet.payload:
return False

node = packet.sender_id
radio_state["rssi"] = rfm9x.last_rssi

stats = node_stats.get(node)
if stats is None:

node_stats[node] = {"rssi": rfm9x.last_rssi, "count": 1}
else:

stats["rssi"] = rfm9x.last_rssi

stats["count"] +=1

if packet.portnum == adafruit_meshfruit. PORT_NODEINFO:
short = decode_name(packet.user.get("short_name"))
if short and node_names.get(node) != short:
node_names[node] = short
save_names()
print("node", node, "is", short)
# Redraw only if this node is already on the panel.
return any(entry[O] == node for entry in messages)
return False

if packet.portnum != adafruit_meshfruit. PORT_TEXT_MESSAGE:
return False

messages.insert(0, (node, packet.text or "<non-utf8>"))
del messages[MAX_MESSAGES:]

print(node, messages[0][1])

return True

def doze():

"""Light sleep until a packet arrives, or briefly for housekeeping.

The radio is left in continuous receive so its DIOO line can wake
us, which means nothing is missed while asleep. Waking on a short
timer as well keeps the button and refresh cooldown responsive.
rfm9x.listen()
# Setting up the alarm takes time of its own. If the wake time has
# already passed by the time it is armed, light_sleep raises, so
# skip the nap rather than crashing.
try:

alarm.light_sleep_until_alarms(

alarm.pin.PinAlarm(pin=RADIO_IRQ_PIN, value=True),

alarm.time.TimeAlarm(monotonic_time=time.monotonic() + SLEEP_SECONDS),

)

except ValueError:
pass
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760

761 # --- main loop

762

763 load_names()

764 draw_board()

765 last_draw = time.monotonic()

766 print("listening on", FREQUENCY, "MHz")

767

768 while True:

769 doze()

770

771 button.update()

772 incoming = rfm9x.receive(with_header=True, timeout=0.05)

773 if incoming and handle_packet(incoming):

774 pending = True

775 blink(PIXEL_MESSAGE)

776

777 # Active low, so fell means pressed.

778 button.update()

779 if button.fell:

780 view_index = (view_index + 1) % len(VIEWS)

781 print("view ->", VIEWS[view_index])

782 blink(PIXEL_PRESS if display.time_to_refresh == 0 else PIXEL_QUEUED)

783 pending = True

784

785 if not pending and time.monotonic() - last_draw > IDLE_REFRESH_SECONDS:

786 pending = True

787

788 # One warning as the cooldown runs out, so a queued change does not

789 # appear to arrive from nowhere.

790 remaining = display.time_to_refresh

791 if pending and O < remaining <= REFRESH_SOON_SECONDS and not warned_soon:

792 blink(PIXEL_SOON)

793 warned_soon = True

794

795 if pending and remaining == 0O:

796 draw_board()

797 last_draw = time.monotonic()

798 pending = False
L 799 warned_soon = False J
k https://github‘com/adafruit/Adafruit_Learning_System_Guides/blob/main/MeshFruit_EInk_Message_Board/code.pd
Files

Four Python files go in the root of the CIRCUITPY drive.

- code.py — setup, display layout, packet handling, and the main loop
- mesh_weather.py — forecast lookup and moon phase

mesh_icons.py — weather glyphs drawn with vectorio

mesh_fonts folder — the five bitmap fonts the layout uses
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Name Date Modified

B mesh_weather.py

B code.py
v i lib

B adafruit_meshfruit.py

> @ adafruit_bitmap_font
> @ adafruit_bus_device
> [ adafruit_display_text
> @ adafruit_register

B adafruit_connection_manager.mpy
B adafruit_debouncer.mpy

B adafruit_requests.mpy

B adafruit_ticks.mpy

B adafruit_max1704x.mpy

B adafruit_stcc4.mpy

B neopixel.mpy

B adafruit_ssd1683.mpy

B adafruit_rfm9x.mpy

B settings.toml
B mesh_icons.py
v @ fonts

B 6x10.pcf
B 6x13B.pcf
B 7x14.pcf
B 7x14B.pcf
B 9x18B.pcf

> sd
B boot_out.txt

Libraries

The Project Bundle includes the libraries, but the screenshot above shows what
the lib folder on CIRCUITPY should look like when you are done. These are the

libraries this project uses.

adafruit_bitmap_font
adafruit_bus_device

adafruit_debouncer
adafruit_display_text
adafruit_max1704x

« adafruit_meshfruit

- adafruit_requests
- adafruit_rfm9x

- adafruit_ssd1683
- adafruit_ticks

« heopixel

Settings

The weather view needs your WiFi credentials and your location.
Open settings.toml on the CIRCUITPY drive and add the following.
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CIRCUITPY_WIFI_SSID = "your-network-name"
CIRCUITPY_WIFI_PASSWORD = "your-network-password"
LATITUDE = "40.7128"

LONGITUDE ="-74.0060"

A WN o

Coordinates are in decimal degrees. Use a negative value for west and for south.
Four decimal places is plenty.

The message and node views work without WiFi. Only the forecast needs it.

Radio settings

The radio has to match the mesh you want to listen to. These values are near the top
of code.py.

« FREQUENCY is setto 906.875, which is slot 20 in the US 915MHz band. Slot N
sits at 902.125 + (N - 1) * 0.25 MHz. Outside the US, run meshtastic --info on
a node to read the frequency for your region.

« CHANNEL HASH is setto 0x08, which is the default public channel.

« MESH SYNC WORD is setto 0x2B. This is written straight to the radio register
because it differs from the library default.

Things to change

A few values near the top of code.py are worth knowing about.

« USE FAHRENHEIT setto False switches the sensor readings and the forecast
to Celsius.

« MAX MESSAGES is how many messages are kept in memory. The oldest drop off
the end.

- IDLE REFRESH SECONDS is how often the board redraws when no messages
arrive, so the battery and sensor readings stay current.

« SLEEP SECONDS is how long the board naps between checks. Shorter is more
responsive to button presses and uses more power.
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3D Printing

3MF files for 3D printing are oriented and
ready to print on FDM machines using PLA
filament. Original design source files may
be downloaded using the links below.

Text emphasized
with a blue
thinking:

The dropdown on the Fusion 360 site allows you to
pick your preferred 3D file format like STEP, STL, etc.

Slice with settings for PLA material

The parts were sliced using BambuStudio
using the slice settings below.

PLA filament 220c extruder
0.2 layer height

10% gyroid infill

200mm/s print speed

Tree Supports

60 C heated bed
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Design Source Files
The project assembly was designed in

Fusion 360. Once opened in Fusion 360, It
can be exported in different formats like
STEP, STL and more.

Electronic components like Adafruit's
boards, displays, connectors and more can
be downloaded from the Adafruit CAD
parts GitHub Repo ()

Assembly

©Adafruit Industries

Solder short headers to the bottom of the
Feather. Solder short socket headers on
top of the elnk Feather Friend to fit the
Feather ESP32 S3 on top of the elnk
Friend.

Measure 50mm long silicone ribbon wires
to connect the LoRa board and button to
the Feather.

A spring antenna is soldered to the LoRa
board.
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The elnk Feather Friend fastens to a plate
mount with machine screws.

A 2000mAh LiPo battery is held in place
with a retainer. The battery retainer use

machine screws to secure it to the plate
mount.

The STEMMA sensor is fastened to the
edge of the plate, next to the vents on the

case to allow air to reach it away from the
Feather boards.
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The e-ink display slides into the case,
under the snap fits, from the opposite side
of the vents.

The mounting plate slides into the case
from the vent side of the case, under the
snap fits, and presses into the case to hold
the display in place.
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The ribbon cable has just enough length to
reach the port on the elnk Feather Friend.

Gently bend the ribbon cable into the port
on the elnk Feather Friend. Use tweezers
to secure the ribbon cable with the two
side tabs on the port.

The Feather's headers press fit into the
sockets on the elnk Feather Friend.
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The LoRa board is secure with a clip and
mounts to the battery holder with
additional machine screws.

The button is sandwiched between the
case wall and the cutout.
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The STEMMA and battery cables are
plugged into the ports on the Feather.

Magnets press fit into the cavities in the
lid.

The lid snap fits to the case with no
screws.
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Quick Reference

Press the button — cycle to the next view:
weather, messages, nodes

Blue NeoPixel — button press registered,
the panel is redrawing now

Amber NeoPixel — button press
registered, waiting on the refresh
cooldown

Green NeoPixel — a new message arrived
Yellow NeoPixel — the panel will redraw
within ten seconds

Purple NeoPixel — the panel is updating,
about twenty seconds

Boot Up

Plug in the battery or connect USB power.
The board restores any node names it has
learned, draws the current view, and starts
listening.

The first draw takes about twenty seconds.
The display holds whatever was on it
before that, so the old image stays until
the new one is ready.
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Refresh Rate

Tri-color e-ink cannot redraw more than once every three minutes. The display driver
enforces this, and refreshing sooner would damage the panel.

This makes the board a bulletin board rather than a chat window. A message that
arrives right after a refresh waits for the next one. The board queues it and redraws as
soon as the panel allows.

The NeoPixel is how you know a press or a message registered before the screen
catches up.

The board also redraws every thirty minutes on its own, so the battery level, air
readings, and forecast stay current even when no messages arrive.

Header
The top of every view shows the same three things.
« The name of the current view on the left

« CO2 in parts per million, temperature, and humidity in the middle
- Battery percentage and estimated runtime on the right

Runtime reads as 72% 14h on battery, or 72% +3h while charging, where the
second number is time to full. A reading with no second number means the battery is
holding steady and an estimate would be noise.

Status Bar

The bottom of every view shows how many messages are held and the signal
strength of the last packet heard, in dBm. A number closer to zero is a stronger signal.
Around -90 is a normal indoor reading.

Button

Press the button to move to the next view. The order is weather, then messages, then
nodes, then back to weather.

Switching views does not reboot the board, so messages received earlier are still
there when you come back.

Weather View

The current conditions row shows an icon, the temperature, and a description, all in
red. Sunrise, sunset, and the moon phase sit on the right.
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Below that is a three day forecast with a high, a low, and a description for each day.
The bottom half of the screen shows the two newest messages.

The forecast updates every thirty minutes. WiFi is only used for this, and the rest of
the board works without it.

Messages View

Messages are listed newest first. The newest one is drawn in bold red so it reads from
across a room. Older messages are black.

A long message drops to a smaller size so it does not crowd the others off the screen.
It stays red.

The board shows as many complete messages as fit. It never cuts one off partway.
When messages do not fit, the status bar reads something like 3 shown, 5 older.

Nodes View

Every radio the board has heard is listed, strongest signal first. Each row shows the
node name, its ID, the signal strength, and how many packets have come from it.

A node shows its short name once it has sent a Nodelnfo broadcast. Until then only
the ID appears, which looks like 109d43fc8.

Node names are saved to the Feather's non-volatile memory, so they survive a reboot.
Without this, the board would show raw IDs until every node happened to announce
itself again, which can take up to three hours.

Sending a Message

Any node on the same channel can send to the board. Pair a Meshtastic node to your
phone over Bluetooth, set the region to match your board, and send a message on
the default channel.

The board is receive only. It listens to the mesh but never transmits, so it will not
appear in anyone's node list.

Battery Life
The board runs for over a day on a 2000mAh battery.

E-ink draws power only while redrawing. Most of the remaining draw is the radio
listening and the processor waking to check for packets. The board light sleeps
between checks and wakes on the radio's interrupt pin, so nothing is missed while it
naps.
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