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ARDUINO NRF24L01 MAILBOX MONITOR 
Version 1.00  29-06-2020 

1 INTRODUCTION 
 

This project is a mail box notifier for indicating the presence of letters and other post items in my 

mail box at the street access to my garden. It is a standard "Swiss Post" specification mailbox, but 

the ideas and design could be adaptable for other types. This document describes the design and 

construction of this device. 

 
 
Mailbox with (not to scale) 

 
rear mounted transmitter 

 
 
 
receiver 

 

It consists of a battery operated transmitter part and a receiver part. 

The transmitter uses an ATmega328P and an NRF24L01 2.5GHz transceiver module together with 

an infrared sensor array embedded in a mat on the base of the mailbox. The sensor array uses a 

reflection and beam break principle to detect objects in the mailbox. It periodically scans (every 32 

seconds) and transmits status data including the detection status and battery condition to the 

receiver. It is optimized for very low power consumption. 

The receiver part also uses an ATmega328P and an NRF24L01 together with a sounder and LEDs to 

indicate the presence of post items and the battery condition of the transmitter. The receiver is 

permanently active and is powered via a USB power supply. 

This is a development of a project I started over 5 years ago. It had a fundamental rework 4 years 

ago but still on prototype boards. The version here is new and differs only from the previous version 

in that it is now on printed circuit boards but the electronics and program design is the same. This 

design proved very reliable and had a battery life of at least 2.5 years. 
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2.1 ABBREVIATIONS 
 

IC   Integrated Circuit 

IDE  Interactive Development Environment 

IR  Infra red 

LED  Light Emitting Diode 

MCU  Microcontroller Unit 

PCB   Printed Circuit Board 

SMD  Surface Mount Device 

USB  Universal Serial Bus 

USBTTL a device for interfacing a USB connection to a serial port 
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3 GENERAL SOLUTION 
 

3.1 TRANSMITTER 
 

The key elements are an ATmega328P 

microcontroller, an NRF24L01+  transceiver 

module including power amplifier and antenna, 

a CD74HC4051E 1x8 analog switch,  a Pololu 

#2561 type 3.3 volt step-up/regulator and a 

sensor array (shown below) consisting of four 

forward facing IR LEDs with a TSSP58038 beam 

break sensor. 

 

 
 

The design priorities are low power consumption for maximum battery life, and reliability.  

In normal running mode, the device sleeps for four consecutive 8 second watch dog timer intervals. 

It then switches on the boost converter which powers the main circuit. A 38kHz carrier is generated 

by the MCU and 20 bursts of about 15 carrier pulses are delivered to the first IR LED via the 

CD74HC4051E analog switch. The returned pulses are monitored by the TSSP58038 IR receiver and 

the count stored. This cycle is repeated for the 3 other LEDs.  When all 4 IR LEDs have operated in 

this round robin style, the results are analysed to determine if there is an object in the mail box. The 

battery voltage is then measured. The radio is then powered up and the results transmitted to the 

receiver and the acknowledgement from the receiver (if any) is recorded so the connection health 

can be sent, as an additional parameter, in the next cycle. The boost converter is then switched off 

and the MCU sleep cycle initiated. The active period is a fraction of a second per cycle. So repeats the 

whole cycle, with every 10 cycles forcing a complete system reset. 

 
Pololu #2561 step-up 

It is important to ensure that the voltage delivered to the IR LEDs 

is constant throughout the life of the battery, hence the 

requirement for the boost converter. The boost converter has 

been modified by the removal of its 100k pull up resistor to 

change its behaviour from normally on to normally off. 

 

The 100K resistor is the lowest component in the illustration 

opposite. 
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The component values selected are appropriate for this particular application, however, in some 

cases, experimentation may be required. If the LEDs are under driven, their beam risks not being 

correctly detected, registering a false positive. It these are overdriven, the beam may penetrate thin 

paper, resulting in a failed detection. Adjusting the series resistor currently R9 may help, but see 

troubleshooting below. Wide angle (60 degree) LEDs are used here to ensure the beam is not too 

concentrated. 

In order to be able to use a standard (16MHz) optiboot loader for uploading software, the device 

runs with a 16MHz crystal. However, immediately the device starts, the pre-scaler reduces the clock 

rate to 4MHz stay within the specification for the minimum powers supply voltage. The brown out 

detection feature of the MCU is not active in this application.   

The schematic design includes an ICSP header for connecting a programmer for loading the 

bootloader on to it, and an FTDI header for connection a USBTTL device for uploading sketches and 

monitoring the serial console. You must isolate the batteries and the NRF24L01 using the jumpers 

(J9 and J10) when connecting any form of external power source, programmer etc. 

The design includes a method of measuring the battery voltage using the ATmega328P’s  built-in 1.1 

voltage reference.  If the voltage reported by the software deviates from the measured battery 

voltage, there is a calibration factor which can be changed (see Transmitter Configuration). 

The circuit has been designed to support up to two sensor arrays, for future expansion. If this is not 

required, some optimization of the circuit is possible. 

The transmitter can operate in a test mode, selectable by a jumper. In this test mode, the cycle is 8 

seconds instead of the normal 32 seconds. Also in test mode, a red LED indicates the non-sleep part 

of the cycle and the green LED flashes to indicate that all beams are unbroken. 

 

3.1.1 TRANSMITTER SCHEMATIC 
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3.1.2 TRANSMITTER CONSTRUCTION 
 

 

A single PCB is used which includes all components (including the battery 

box and transceiver) on a single side. The antenna of the transceiver is 

within the housing, a waterproof 160X90X60 mm plastic box. The box is 

mounted on the back of the mailbox. 

The PCBs were made by allpcb.com. 

 
 

 

The sensor array is in the form of a mat, made out of two layers of a flexible black plastic 3mm sheet, 

in a sandwich construction. The IR receiver is located centrally, and the 4 forward facing IR diodes 

are arranged around it, so as to bounce their beams off the roof, in such a way that any item in the 

mailbox is likely to obscure at least one of the diodes or the IR receiver itself.  A TSSP58038 IR 

receiver has been specified, however this is quite large and SMD near equivalents exist which may 

be easier to use here.  Important is that all components are recessed below the top surface of the 

mat to prevent direct line of sight between any LED and the receiver. The wiring between the 

components is concealed in the middle of the sensor mat. The connector cable from the mat to the 

transmitter unit is taken out of the back wall of the mailbox directly into the transmitter enclosure. 

 

 

 
 
Sensor mat 

For this particular mailbox, it 

was necessary to make the mat 

in two sections because the 

mat would not fit through the 

mailbox door without undue 

bending. The IR receiver is in 

the middle of the mat. It is 

surrounded by 4 retaining 

screws which hold the two 

layers of the mat together. The 

IR LEDs (sample on right) are 

in the 4 holes with a white 

background. 

 
 
IR LED 
OS-
608F 
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3.1.3 TRANSMITTER CONFIGURATION 
 

3.1.3.1 IDE configuration 
To support the low power configuration of the transmitter, it is necessary to create an additional 

entry, based on [a copy of ] that of the Arduino Uno, in the IDE’s boards.txt file. The essential 

changes are below and their purpose is to configure the fuses to disable the low voltage brown out 

behaviour of the MCU at the time the bootloader is loaded and prepare for the clock frequency 

reduction from 16MHz to 4MHz when sketches are loaded. Note that this does not apply to the 

receiver which runs like a standard Uno. 

This board type must be selected during the one time activity of burning the bootloader onto the 

chip, using a suitable programmer, and each time a sketch is loaded onto the transmitter’s MCU chip, 

using a USBTTL device. For further details of uploading a bootloader or a sketch to a board which 

does not have its own USB interface,  see tutorials on “barebones Arduinos” [ref 3], [ref 4] and, for a 

purpose made USBTTL device, [ref 5] 

build.f_cpu=4000000L 
bootloader.extended_fuses=0xFF 
 

 

 

A specimen board type is shown below: 

 

############################################################## 
 
uno4MHz.name=Arduino Uno 4MHz 
 
# cloned from Uno / 4MHz clock / Brownout disabked 
 
uno4MHz.vid.0=0x2341 
uno4MHz.pid.0=0x0043 
uno4MHz.vid.1=0x2341 
uno4MHz.pid.1=0x0001 
uno4MHz.vid.2=0x2A03 
uno4MHz.pid.2=0x0043 
uno4MHz.vid.3=0x2341 
uno4MHz.pid.3=0x0243 
 
uno4MHz.upload.tool=avrdude 
uno4MHz.upload.protocol=arduino 
uno4MHz.upload.maximum_size=32256 
uno4MHz.upload.maximum_data_size=2048 
uno4MHz.upload.speed=115200 
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uno4MHz.bootloader.tool=avrdude 
uno4MHz.bootloader.low_fuses=0xFF 
uno4MHz.bootloader.high_fuses=0xDE 
 
# Brownout disabled 
uno4MHz.bootloader.extended_fuses=0xFF 
uno4MHz.bootloader.unlock_bits=0x3F 
uno4MHz.bootloader.lock_bits=0x0F 
uno4MHz.bootloader.file=optiboot/optiboot_atmega328.hex 
 
uno4MHz.build.mcu=atmega328p 
uno4MHz.build.f_cpu=4000000L 
uno4MHz.build.board=AVR_UNO 
uno4MHz.build.core=arduino 
uno4MHz.build.variant=standard 
 
############################################################## 
 

 

 

 

3.1.3.2 Voltage Reference Correction 
 

If the measured battery voltage differs significantly from the voltage reported in serial console, then 

it is necessary to adjust the correction factor in the transmitter program (function readVcc() )   

transmitter program function readVcc()   

long readVcc() { 
  // from https://code.google.com/p/tinkerit/wiki/SecretVoltmeter 
  long result; 
  // Read 1.1V reference against AVcc 
  ADMUX = _BV(REFS0) | _BV(MUX3) | _BV(MUX2) | _BV(MUX1); 
  delay(2); // Wait for Vref to settle  
  ADCSRA |= _BV(ADSC); // Convert 
  while (bit_is_set(ADCSRA, ADSC)); 
  result = ADCL; 
  result |= ADCH << 8; 
  result = ((1126400L / result) * 1.033 ) ; // Back-calculate AVcc in mV  
  return  result; 
} 
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3.2 RECEIVER 
 

As with the transmitter, the receiver uses a ATmega328P MCU chip with an identical NRF24L01 

transceiver module. It is powered through a USB power supply so no special power saving 

techniques are used. The receiver design is very simple and could also easily be adapted to using an 

Arduino Nano or Uno instead of the raw ATmega328P as used here, if required. 

 

 

 

It has three LEDs to indicate status. There is red 

power on LED, which also has the function of 

indicating the link status. If there has be no 

recent contact with the transmitter, this blinks 

at 10Hz. There is a yellow LED to indicate if 

there are post items in the mail box and a blue 

LED which will start to blink periodically when 

the batteries in the transmitter part become 

depleted. The number of blinks in the cycle (if 

any) is determined by the transmitter battery 

voltage. 

There is also a magnetic buzzer which is driven 

at 2048Hz for a few seconds, and about 30 

seconds after the first detection of new mail. 

For testing purposes, there is a jumper selection 

of the transmitter pipe. This is principally for 

testing a new transmitter against the existing 

receiver unit. 

 

Unlike the  transmitter part, the ATmega328P here runs at 16MHz, so for burning a bootloader onto 

it, or uploading code to it, it is treated exactly like an Arduino Uno. 

 

3.2.1 RECEIVER SCHEMATIC 
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4 TROUBLESHOOTING 
 

4.1 RADIO COMMUNICATION FAILURE  
 

If, in a new installation, the receiver does not receive any signal from the transmitter,  then verify 

that radio parameters such as pipe, data rate and channel match between the two parts.  

If that fails,  then put the transmitter temporarily in test mode to increase the frequency of the 

transmissions. 

If that fails, then obtain a simple sample sketch [ref 1] or  [ref 2] to load onto the both transmitter 

and receiver parts to help localize the problem and follow any trouble shooting guides in the quoted 

references.  

If the radio communication only begins to fail when the units are separated, then increasing the 

radio power may help, or experiment with the channels to avoid any possible local source of 

interference. The radio link seems to be more sensitive during rainfall (under investigation) 

 

4.2 TRANSMITTER TEST MODE 
 

This is a Jumper setting which increases the frequency of transmissions to every 8 seconds 

(standard is 32 seconds). The red LED will light during the time transmitter is not sleeping. In 

practice, this is only a short flash. The green led will also blink during this period if the beam is 

intact (no broken beams). 

Extended operation in this test mode may shorten the battery life. 
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4.3 SERIAL CONSOLE 
 

Both the transmitter and receiver write debug information to the serial console. The following is an 

example obtained from the receiver: 

Mailbox Monitor Receiver Version: MailBoxMonitor_RX  26.05.2020 v1.04 
Nrf24L01 Receiver Starting 
txModeA  
1: BeamStatus = 1; numberOfActiveLeds = 4; Vcc = 3061; Tx Health% = 100; Cycle# = 3; LedCounts = 20  20  
20  20  0  0  0  0   alarm count=0 
2: BeamStatus = 1; numberOfActiveLeds = 4; Vcc = 3061; Tx Health% = 100; Cycle# = 4; LedCounts = 20  20  
20  20  0  0  0  0   alarm count=0 
3: BeamStatus = 1; numberOfActiveLeds = 4; Vcc = 3061; Tx Health% = 100; Cycle# = 5; LedCounts = 20  20  
20  20  0  0  0  0   alarm count=0 
4: BeamStatus = 1; numberOfActiveLeds = 4; Vcc = 3061; Tx Health% = 100; Cycle# = 6; LedCounts = 20  20  
20  20  0  0  0  0   alarm count=0 
5: BeamStatus = 1; numberOfActiveLeds = 4; Vcc = 3061; Tx Health% = 100; Cycle# = 7; LedCounts = 20  20  
20  20  0  0  0  0   alarm count=0 
 

TxModeA refers to the transmission pipe that the receiver is listening on. This is jumper controlled 

on the receiver (choice of two) and must match the transmitter 

BeamStatus: 1 = unbroken (no mail), 0 = broken. 

NumberOfActiveLeds:  4 for one sensor mat, 8 for two sensor mats. 

Vcc: Battery Voltage (millivolts) 

Tx Health% : A statistic based on the number of transmissions acknowledged by the receiver in the 

last session.  

Cycle#: A serial count of the transmissions sent in this session. A new session is started (reboot) 

every 10 transmissions. 

Led counts: Number of pulses received from each LED.  ~20 = unbroken beam, ~0 = broken beam. 

Eight LEDs are shown but here only 4 are active. The remaining 4 are ignored. 

Alarm Count: number of consecutive transmissions where the beam is broken, indicating mail. This 

is used to trigger the buzzer. The buzzer is triggered when this value is 2 (to minimize spurious 

triggers). The yellow LED is lit when this value is >= 1. 

The transmitter serial console output is similar. 
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4.4 ERRATIC BEAM DETECTION 
 

The IR beam must be strong enough to reflect reliably off the mailbox top, down to the IR receiver. 

However, it must not be so strong that it can penetrate paper (mail items). 

Failure to detect an item may be caused by IR light leakage from a LED to the receiver. Some types of 

mail item (say a journal wrapped loosely in polythene) may fail to be detected. 

If it is necessary to regulate the strength of the IR beam, the following may help. 

 Changing the value of the LED current limiting resistor ( R9 in the analog switch input 

circuit) 

 Changing the carrier frequency to make the IR receiver less sensitive 

 Changing the mark/space ratio of the carrier signal. Standard is a 50% duty cycle. 

 Experimenting with various IR LED types with different viewing angles ( a wider angle 

weakens the beam) 

 

4.5 POWER CONSUMPTION / BATTERY LIFE 
 

Higher transmitter power settings or leaving the transmitter in test mode, may contribute to 

reduced battery life. 

 

5 DESIGN OPTIMISATION / VARIANTS 
 

 Redesign the circuit to remove analog switch. This may be a valid option if only one sensor 

mat is required. 

 Use QRE1113 combined very short range (3mm)  IR emitters /receivers instead of the beam 

break method – probably still pulse these (say with a 1kHz carrier burst) to eliminate single 

spurious readings. 

 Miniaturisation of transmitter maybe using a PCB antenna  and mounting the battery holder 

and radio module on the other side of the  PCB. 

 Shorten sleep mode cycles to reduce latency in the system (delay between appearance of an 

post item in the mail box and the signal on the receiver) at the cost of less battery life.  
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6 SOFTWARE DOWNLOAD 
The software for both the transmitter and receiver parts has been published on the Arduino forum :  

https://forum.arduino.cc/index.php?topic=693007.0 

 

 

7 APPENDIX 
 

NRF24L01 – basic theory and simple sketches to test connectivity 

[ref 1] https://github.com/nRF24/RF24/blob/master/examples/GettingStarted/GettingStarted.ino 

[ref 2] https://forum.arduino.cc/index.php?topic=421081.0 

 

Burn Bootloader 

[ref 3] https://www.arduino.cc/en/Tutorial/ArduinoToBreadboard 

 

Load sketches and view serial monitor using a Uno as USBTTL device or purpose USBTTL device 

[ref 4] https://create.arduino.cc/projecthub/PatelDarshil/ways-to-use-arduino-as-usb-to-ttl-

converter-475533 

[ref 5] https://www.ebay.com/itm/FT232RL-FTDI-Serials-Adapter-Module-Mini-Port-f-Arduino-

USB-to-TTL-3-3V-5-5V/201543906640 
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