PaperMono LoRa Arduino Fa— kU 7L

PaperMono LoRa %> FIL 7O 5 LT,

| B> 77O 35 4

EL FEH

o M5Stack R— RY X —JvD/N—2 3> >=3.39
o IR— KA T3> = M5PaperMono

o M5Unified 54 73U D/N—2 3> >=0.2.20

o M5GFX 473U DN—2 3> >=0.2.27
RadioLib 21 7S UDN—=3> >=7.21
M5PM1 S+ 7S DN—2 3> >=1.0.7
M5IOEL 4 7S DN—2 3> >=1.0.9

o

o

o

AR

PaperMono (CHBE T 7z SX1262 |&. BEAD SPI > SCK=39 . MIS0=40 . MOSI=38 . NSS=41 %ML £7, RadioLib ® Module %
ERY % & Fld. loraspi XT3 SPISettings ZiJEL. radio.begin() ZMU'HTHIIC loraSpi.begin(kSckPin, kMisoPin,
kMosiPin, kNssPin) ZR{TTIMELNHD T, CNSDREZEET S L. RadioLib AT 7 )L +D SPI E>ZFRAL. SX1262 Li&EE
TETHHALICKE T 2560 H D 9, {KFMATS—I—FIiE RADIOLIB_ERR_CHIP_NOT_FOUND ( -2 ) T,

PaperMono @ LoRa EBiRA % —7JL{fE5 LoRa_EN & M5PM1 GPIO2 ICHEHISINTWET, SX1262 DUt w MES SX_NRST &7 VT FHRAVF
f§5 SX_ANT_SW (&, #1211 M5IOE1 GPIO16 ( M5IOE1_PIN_10 ) ¥ GPIO2 ( M5IOE1_PIN 2 ) ICEMSNTWEY, o7 TOJ S LI F
9 M5PM1 GPIO2 % HIGH (Z LT LoRa BFEZEMICL. M5IOEL GPIO1e T SX1262 !t w bk L7zt EZEREEICKE L T MIOEL GPIO2 T
TOTFRAYFORBEHIHLET. CNSDOEVAELLRESNTUAWNEE. SX1262 BAER I £ I3XZETETAVARELAH D £
ER

by gl
ZnT7OY Z LI M5SPML ZHIfHIL T LoRa DERE 7V THRA v FEBEMICL. SX1262 Ut v L £9, SX1262 D#EALER. EBLETD
Hello PaperMono #X Xwt—I% 3MTCISEFL. XEBRZEBDE D) 7ILEZXZ—ICRRLET,

cpp

1/10 | Update Time: 2026-08-25



O© 0 N O U b W N

a o oo a0 u a0 b b B b D B D D D DN W WWWWRWOWWWWNDNDNDNDDNDDNDNDDNDDNDNNDNRERFEFEEBE R B B BB RPB B
a A W N B O O 0 N O 00D W N B O O 0 N 00 0 b W N FHF O O 0 N 00 a0 » W N H O O 0N O b W N R O

#include
#include
#include
#include
#include

#include

namespace

constexpr
constexpr
constexpr
constexpr
constexpr
constexpr
constexpr

constexpr

constexpr
constexpr
constexpr
constexpr
constexpr
constexpr

constexpr

constexpr

constexpr

SPIClass
SX1262 ra

kNssPin, kIrgPin, RADIOLIB_NC, kBusyPin, loraSpi,
SPISettings(kSpiFrequencyHz, MSBFIRST, SPI_MODEO));

M5Canvas
M5PM1 pml
M5I0E1 1o

volatile
int trans

uint32_t

<Arduino.h>
<M5I0E1.h>
<M5PM1.h>
<M5Unified.h>
<RadioLib.h>
<SPI.h>

float kFrequencyMhz = 868.0f;
float kBandwidthKhz = 125.0f;

uint8_t kSpreadingFactor
uint8_t kCodingRate = 5;
uint8_t kSyncWord = 0x34;
int8_t kTxPowerDbm = 22;
uintle_t kPreamblelLength
uint32_t kSendIntervalMs

int kMosiPin = 38;
int kMisoPin = 40;
int kSckPin = 39;
int kNssPin = 41;
=H

int kBusyPin = 21;

int kIrgPin

uint32_t kSpiFrequencyHz

12;

20,
3000;

8000000

auto kResetPin = M5IOE1_PIN_10;

auto kAntennaSwitchPin =
loraSpi (HSPI);

dio = new Module(

canvas(&M5.Display);
5

el;

bool transmissionFinished

M5IOE1_PIN_2;

false;

missionState = RADIOLIB_ERR_NONE;

messageNumber = 1;

void IRAM_ATTR onTransmissionFinished()

{

trans

void drawScreen(const String& state, const String& message,

canva

canva

canva

canva

canva

missionFinished = true;

const String& detail = "")

s.fillSprite(TFT_WHITE);

s.setTextDatum(middle_center);

s.setTextColor (TFT_BLACK, TFT_WHITE);

s.setFont(&fonts: :FreeSansBold24pt7b);

s.drawString("LoRa TX", 240, 95);
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canvas.drawFastHLine (40, 150, 400, TFT_BLACK);
canvas.setFont(&fonts::FreeSansBold18pt7b);
canvas.drawString(state, 240, 220);

canvas.setFont(&fonts::FreeSansBold12pt7b);
canvas.drawString(message, 240, 330);
canvas.setFont(&fonts::FreeSans12pt7b);
canvas.drawString(detail, 240, 405);

canvas.drawString("868.0 MHz | SF12 | 16 dBm", 240, 665);

canvas.pushSprite(0, 0);

[[noreturn]] void stopWithError(const String& message, int code)

{

Serial.printf("%s, code: %d\n", message.c_str(), code);
drawScreen("ERROR", message, "Code: " + String(code));
while (true) {

delay(1000);

bool enablelLoRaHardware()

{

const m5pml_err_t pmlError =

pml.begin(&M5.In_I2C, M5PM1_DEFAULT_ADDR, M5PM1_I2C_FREQ_100K);
if (pmlError != M5PM1_OK) {

Serial.printf("M5PM1 1init failed, code: %d\n", pmlError);

return false;

if (pml.gpioSetFunc(M5PM1_GPIO_NUM_2, M5PM1_GPIO_FUNC_GPIO) != M5PM1_OK ||
pml.gpioSet(M5PM1_GPIO_NUM_2, M5PM1_GPIO_MODE_OUTPUT, HIGH,
M5PM1_GPIO_PULL_NONE,
M5PM1_GPIO_DRIVE_PUSHPULL) != M5PM1_OK) {
Serial.println("LoRa power enable failed");
return false;
}

Serial.println("LoRa power: enabled");

const m5ioel_err_t joeError = doel.begin(

&M5.In_I2C, M5IOE1_DEFAULT_ADDR_2, M5IOE1_I2C_FREQ_100K);
if (ioeError != M5I0E1_OK) {

Serial.printf("M5I0El 1init failed, code: %d\n", ioeError);

return false;

joel.pinMode(kResetPin, OUTPUT);
ioel.pinMode (kAntennaSwitchPin, OUTPUT);
if (ioel.setDriveMode(kResetPin, M5IOE1_DRIVE_PUSHPULL) != M5IOE1_OK ||

joel.setDriveMode (kAntennaSwitchPin, M5I0OE1_DRIVE_PUSHPULL) != M5IOE1_OK)

Serial.println("LoRa IO drive setup failed");

return false;
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delay(200);
m5ioel_err_t joeWriteError = M5IOE1_OK;
joel.digitalWriteWithRes (kResetPin, LOW, &ioeWriteError);
delay(100);
joel.digitalWriteWithRes (kResetPin, HIGH, &ioeWriteError);
delay(200);
if (ioeWriteError != M5I0E1_OK) {
Serial.printf("LoRa reset failed, code: %d\n", ioeWriteError);
return false;
}
pinMode (kBusyPin, INPUT);
Serial.printf("LoRa reset: released, BUSY=%d\n", digitalRead(kBusyPin));

return true;

void startPacket()

{

String message = "Hello PaperMono #" + String(messageNumber);

Serial.printf("[LoRa TX] Sending: %s\n", message.c_str());

joel.digitalWrite(kAntennaSwitchPin, HIGH);
transmissionState = radio.startTransmit(message);
if (transmissionState != RADIOLIB_ERR_NONE) {

transmissionFinished = true;

} // namespace

void setup()

{

Serial.begin(115200);
delay(100);
Serial.println("PaperMONO LoRa sender");

auto config = M5.config();

config.clear_display = false;
config.internal_rtc = false;
config.internal_imu = false;
config.internal_mic = false;

M5.begin(config);

M5.Display.setRotation(0);

M5.Display.setBrightness(160);

M5.Display.setEpdMode (epd_mode_t::epd_fast);

canvas.setColorDepth(16);

if (!canvas.createSprite(M5.Display.width(), M5.Display.height())) {
Serial.println("Display canvas allocation failed");
while (true) delay(1000);

}

drawScreen("INITIALIZING", "SX1262");

if (!enablelLoRaHardware()) {
stopWithError("LoRa power init failed", -1);
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loraSpi.begin(kSckPin, kMisoPin, kMosiPin, kNssPin);
Serial.println("LoRa SPI: HSPI/SPI3 at 8 MHz");
const 1int state = radio.begin(kFrequencyMhz, kBandwidthKhz,
kSpreadingFactor, kCodingRate, kSyncWord,
kTxPowerDbm, kPreamblelLength, 3.0f, true);
if (state != RADIOLIB_ERR_NONE) {
stopWithError ("SX1262 init failed", state);

radio.setCurrentLimit(140);
radio.setPacketSentAction(onTransmissionFinished);
drawScreen("READY", "Sending every 3 seconds");

startPacket();

void loop()

if (!transmissionFinished) {
delay(5);

return;

transmissionFinished = false;
const String message = "Hello PaperMono #" + String(messageNumber);
if (transmissionState == RADIOLIB_ERR_NONE) {
Serial.printf("[LoRa TX] Sent: %s\n", message.c_str());
drawScreen("SENT", message,
"Message " + String(messageNumber));
} else {
Serial.printf("[LoRa TX] Failed, code: %d\n", transmissionState);
drawScreen("SEND FAILED", message,

"Code: " + String(transmissionState));

radio.finishTransmit();
delay(kSendIntervalMs);
++messageNumber;

startPacket();
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#include <Arduino.h>
#include <M5IOE1l.h>
#include <M5PM1.h>
#include <M5Unified.h>
#include <RadioLib.h>
#include <SPI.h>

namespace {

constexpr float kFrequencyMhz = 868.0f;
constexpr float kBandwidthKhz = 125.0f;
constexpr uint8_t kSpreadingFactor = 12;
constexpr uint8_t kCodingRate = 5;
constexpr uint8_t kSyncWord = 0x34;
constexpr int8_t kTxPowerDbm = 22;
constexpr uintl6_t kPreamblelLength = 20;

constexpr int kMosiPin S8
constexpr int kMisoPin = 40;

constexpr int kSckPin = 39;

constexpr int kNssPin = 41;
constexpr int kIrgPin = 5;
constexpr int kBusyPin = 21;

constexpr uint32_t kSpiFrequencyHz = 8000000;

constexpr auto kResetPin = M5I0OE1_PIN_10;
constexpr auto kAntennaSwitchPin = M5IOE1_PIN_2;

SPIClass loraSpi (HSPI);
SX1262 radio = new Module(
kNssPin, kIrgPin, RADIOLIB_NC, kBusyPin, loraSpi,
SPISettings(kSpiFrequencyHz, MSBFIRST, SPI_MODEO®));
M5Canvas canvas(&M5.Display);
M5PM1 pml;
M5IOE1l ioel;

volatile bool packetReceived = false;

uint32_t receivedCount = 0;
void IRAM_ATTR onPacketReceived()

{

packetReceived = true;

void drawScreen(const String& state, const String& message,

const String& rssi = "", const String& snr = "",

const String& detail = "")

canvas.fillSprite(TFT_WHITE);
canvas.setTextDatum(middle_center);
canvas.setTextColor (TFT_BLACK, TFT_WHITE);

canvas.setFont (&fonts::FreeSansBold24pt7b) ;
canvas.drawString("LoRa RX", 240, 95);
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canvas.drawFastHLine (40, 150, 400, TFT_BLACK);
canvas.setFont (&fonts::FreeSansBold18pt7b);
canvas.drawString(state, 240, 215);

canvas.setFont (&fonts::FreeSansBold12pt7b);
canvas.drawString(message, 240, 310);

canvas.setFont (&fonts::FreeSansl2pt7b);
canvas.drawString(rssi, 240, 390);

canvas.drawString(snr, 240, 445);

canvas.drawString(detail, 240, 515);

canvas.drawString("868.0 MHz | SF12 | CR 4/5", 240, 665);

canvas.pushSprite(0, 0);

[[noreturn]] void stopWithError(const String& message, int code)

{

Serial.printf("%s, code: %d\n", message.c_str(), code);
drawScreen ("ERROR", message, "Code: " + String(code));
while (true) {

delay (1000);

bool enableLoRaHardware()

{

const m5pml_err_t pmlError =

pml.begin(&M5.In_I2C, M5PM1_DEFAULT_ADDR, M5PM1_I2C_FREQ_100K) ;
if (pmlError != M5PM1_OK) {

Serial.printf("M5PM1 init failed, code: %d\n", pmlError);

return false;

if (pml.gpioSetFunc(M5PM1_GPIO_NUM_2, M5PM1_GPIO_FUNC_GPIO) != M5PM1_OK ||
pml.gpioSet (M5PM1_GPIO_NUM_2, M5PM1_GPIO_MODE_OUTPUT, HIGH,
M5PM1_GPIO_PULL_NONE,
M5PM1_GPIO_DRIVE_PUSHPULL) != M5PM1_OK) {
Serial.println("LoRa power enable failed");
return false;
}

Serial.println("LoRa power: enabled");

const m5ioel_err_t joeError = joel.begin(

&M5.In_I2C, M5IOE1_DEFAULT_ADDR_2, M5IOE1_I2C_FREQ_100K);
if (ioeError != M5I0E1_OK) {

Serial.printf("M5I0OE1l init failed, code: %d\n", ioeError);

return false;

ioel.pinMode (kResetPin, OUTPUT);
joel.pinMode (kAntennaSwitchPin, OUTPUT);
if (joel.setDriveMode(kResetPin, M5IOE1_DRIVE_PUSHPULL) != M5IOE1_OK ||

joel.setDriveMode (kAntennaSwitchPin, M5I0OE1_DRIVE_PUSHPULL) != M5IOE1_OK)

Serial.println("LoRa IO drive setup failed");

return false;

{
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}

joel.digitalWrite(kAntennaSwitchPin, LOW);

delay(200);

m5ioel_err_t ioeWriteError = M5I0E1_OK;

joel.digitalWriteWithRes (kResetPin, LOW, &ioeWriteError);

delay(100);

joel.digitalWriteWithRes (kResetPin, HIGH, &ioeWriteError);

delay(200);

if (dioeWriteError != M5I0E1_OK) {
Serial.printf("LoRa reset failed, code: %d\n", ioeWriteError);
return false;

}

pinMode (kBusyPin, INPUT);

Serial.printf("LoRa reset: released, BUSY=%d\n", digitalRead(kBusyPin));

return true;

void resumeReceive()

{

joel.digitalWrite(kAntennaSwitchPin, LOW);

const int state = radio.startReceive();

if (state != RADIOLIB_ERR_NONE) {
stopWithError("Listen failed", state);

} // namespace

void setup()

{

Serial.begin(115200);
delay(100);

Serial.println("PaperMONO LoRa receiver");

auto config = M5.config();

config.clear_display = false;
config.internal_rtc = false;
config.internal_imu = false;
config.internal_mic = false;

M5.begin(config);

M5.Display.setRotation(0);

M5.Display.setBrightness(160);

M5.Display.setEpdMode (epd_mode_t::epd_fast);

canvas.setColorDepth(16);

if (!canvas.createSprite(M5.Display.width(), M5.Display.height())) {
Serial.println("Display canvas allocation failed");
while (true) delay(1000);

3

drawScreen("INITIALIZING", "SX1262");

if (!enablelLoRaHardware()) {
stopWithError ("LoRa power init failed", -1);

8/10 | Update Time: 2026-08-25



166
167
168
169
170
171
172
173
174
175
176
177
178
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
210
211
212
213
214

loraSpi.begin(kSckPin, kMisoPin, kMosiPin, kNssPin);
Serial.println("LoRa SPI: HSPI/SPI3 at 8 MHz");
const int state = radio.begin(kFrequencyMhz, kBandwidthKhz,
kSpreadingFactor, kCodingRate, kSyncWord,
kTxPowerDbm, kPreamblelLength, 3.0f, true);
if (state != RADIOLIB_ERR_NONE) {
stopWithError ("SX1262 1init failed", state);

radio.setCurrentLimit(140);
radio.setPacketReceivedAction(onPacketReceived) ;
resumeReceive();

Serial.println("[LoRa RX] Listening...");
drawScreen ("LISTENING", "Waiting for a packet");

void loop()

{

if (!packetReceived) {
delay(5);

return;

packetReceived = false;

String message;

const int state = radio.readData(message);

if (state == RADIOLIB_ERR_NONE) {
++receivedCount;
const float rssi = radio.getRSSI();
const float snr = radio.getSNR();

const float frequencyError = radio.getFrequencyError();

Serial.printf("[LoRa RX] Data: %s\n", message.c_str());
Serial.printf("[LoRa RX] RSSI: %.2f dBm, SNR: %.2f dB\n", rssi, snr);

Serial.printf("[LoRa RX] Frequency error: %.2f Hz\n", frequencyError);

drawScreen("RECEIVED", message,
"RSSI " + String(rssi, 2) + " dBm",
"SNR " + String(snr, 2) + " dB",
"Packets " + String(receivedCount));
} else if (state == RADIOLIB_ERR_CRC_MISMATCH) {
Serial.println("[LoRa RX] CRC mismatch");
drawScreen("CRC ERROR", "Packet discarded");
} else {
Serial.printf("[LoRa RX] Read failed, code: %d\n", state);
drawScreen("READ FAILED", "Code: " + String(state));

resumeReceive();

ZEMIZ LoRa T— X ZMBRICRHERITE Y, T—HERETI L. BHICAYE-JRE. BFREH. RSSIL SNRARTEIN. P UTILES
R—ICIZARBEREDHNENE Y, CRC T35 —HFHmAMDKMHARE LISRIINLT 2 REZRT L. Z0REBNICREZBERLET,
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