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Abstract
This work considers the analysis and implementation of half-duplex wireless intercom
constructed from locally made materials. Half duplex wireless intercoms can be of use in any
setting where portable radio communications are necessary, including business, public
safety, military, and outdoor recreation. The wireless module employed was (NRF24L01)
that could cover as far as 2000 fts radius in distance. Results obtained showed that excellent
signal quality was obtained from 0-80 m between two communication points A and B. The
equipment, if produced commercially, would be very cheap in monetary value. In addition,
the intercom device is robust, easy-to-use, and simple.
Keywords: Half-duplex, radio communications, signal quality, wireless intercom.
1. Introduction
There is a great demand for reliable communication that is secure and easy to use.
Electronic mail is one solution but is not secure enough to stop criminal activities from
hackers. Wired communications are quickly going out of style with the advancement of
wireless technologies and wireless devices. Because wireless communication is a surging
technology that shows no signs of slowing down; it has the potential to address the needs of
the demanding market and eliminate the need for additional hardware to connect multiple
users for a simple environment. Basavaraj et al.,(2016), Das and Misra, (2011), Fernandez
et al., (2007), Wisely, (2001), and Singh et al., (2012) investigated various wireless
applications and proposed different procedures and algorithm to achieve secure
communication and address cost issues.
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For communication within a small environment, an alternative cheap solution would be a
wireless intercom system using encryption, where a group of people can communicate
quickly and securely without the need for major installation projects or complicated hardware
systems. In contrast to existing results, this work considers the analysis and implementation
of a wireless intercom to address the issue of security and cost effectiveness.
The intercom system is divided into 3 major modules namely: the voice compression, the
encryption/error correction, and the wireless communication Basavaraj et al.,(2016). Figure 1
shows the block diagram of a wireless intercom.
Microphone

Sound
Amplifier

Microcontroller

Antenna

Figure 1: Block diagram of the wireless phone intercom.
2. Materials and Method
2.1.
Microcontroller
A microcontroller is a type of microprocessor furnished in a single integrated circuit and
needing a minimum of support chips. Its principal nature is self-sufficiency and low cost
Esantosa et al., (2019). It is not intended to be used as a computing device in the
conventional sense; that is, a microcontroller is not designed to be a data processing
machine, but rather an intelligent core for a specialized dedicated system. Microcontrollers
are embedded in many control, monitoring, and processing systems. Some are generalpurpose devices but most microcontrollers are used in specialized systems such as washing
machines, telephones, microwave ovens, automobiles, and weapons of many kinds
Esantosa et al., (2019). A microcontroller usually includes a central processor, input and
output ports, memory for program and data storage, an internal clock, and one or more
peripheral devices such as timers, counters, analog-to-digital converters, serial
communication facilities, and watchdog circuits.
More than two dozen companies in the world manufacture and market microcontrollers.
They range from 8 to 32-bit devices. Those at the low end are intended for very simple
circuits and provide limited functions and program space, while those at the high end have
many of the features associated with microprocessors. The most popular ones include
several from Intel (such as the 8051), Zilog (derivatives of their famous Z-80
microprocessor), Motorola (such as the 68HC05), Atmel (the AVR), Parallax (the BASIC
Stamp), and Microchip Esantosa et al., (2019).
2.2.
Automatic Voltage Regulator (AVR) Microcontrollers
2.2.1. Digital
An electronic signal transmitted as binary code can either be the presence or absence of
current, high and low voltages or short pulses at a particular frequency. In general, humans
perceive the world in analog, but robots, computers and circuits use digital. A digital signal is
a signal that has only two states. These states can vary depending on the signal, but simply
defined, the states are ON or OFF, never in between.
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In the world of Arduino, Digital signals are used for everything with the exception of Analog
Input. Depending on the voltage of the Arduino the ON or HIGH of the Digital signal will be
equal to the system voltage, while the OFF or LOW signal will always equal 0V. This is a
fancy way of saying that on a 5V Arduino, the HIGH signals will be a little under 5V and on a
3.3V Arduino the HIGH signals will be a little under 3.3V.
To receive or send Digital signals, the Arduino uses Digital pins # 0 - # 13. Th Analog In pins
may also setup to act as Digital pins. To set up Analog In pins as Digital pins, use the
command: pin Mode (pin Number, value); where pin Number is an Analog pin (A0 – A5) and
value is either INPUT or OUTPUT. To setup Digital pins, use the same command but
reference a Digital pin for pin Number instead of an Analog In pin. Digital pins default as
input, so really, it is only needed to be to OUTPUT in pin Mode. To read these pins use the
command: Digital Read (pin Number); where Pin Number is the digital pin to which the digital
component is connected. The Digital Read command will return either a HIGH or a LOW
signal. To send a digital signal to a pin, use the command: digital write (pin Number, value);
where pin Number is the number of the pin sending the signal and value is either HIGH or
LOW.
The Arduino also has the capability to output a digital signal that acts as an Analog signal,
this signal is called Pulse Width Modulation (PWM). Digital Pins # 3, # 5, # 6, # 9, # 10 and
#11 have PWM capabilities. To output a PWM signal, use the command: analog write (pin
Number, value); where pin Number is a Digital Pin with PWM capabilities and value is a
number between 0 (0%) and 255 (100%) Maddock, (1994).

2.2.2. Analog
A continuous stream of information with takes values between and including 0% and 100%.
Humans perceive the world in analog. Everything we see and hear is a continuous
transmission of information to our senses. The temperatures we perceive are never 100%
hot or 100% cold; they are constantly changing between our ranges of acceptable
temperatures. This continuous stream is what defines analog data. Digital information, the
complementary concept to Analog, estimates analog data using only ones and zeros.
In the world of Arduino, an Analog signal is simply a signal that can be HIGH (on), LOW (off)
or anything in between these two states. This means an Analog signal has a voltage value
that can be anything between 0V and 5V (unless you mess with the Analog Reference pin).
Analog allows one to send output or receive input about devices that run at percentages as
well as on and off. The Arduino does this by sampling the voltage signal sent to these pins
and comparing it to a voltage reference signal (5V). Depending on the voltage of the Analog
signal when compared to the Analog reference signal, the Arduino then assigns a numerical
value to the signal somewhere between 0 (0%) and 1023 (100%). The digital system of the
Arduino can then use this number in calculations and sketches.
To receive Analog Input, the Arduino uses Analog pins # 0 - # 5. These pins are designed for
use with components that output Analog information and can be used for Analog Input.
There is no setup necessary, and to read them use the command: analog Read (pin
Number); where pin Number is the Analog In pin to which the Analog component is
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connected. The analog Read command will return a number including or between 0 and
1023.
The Arduino also has the capability to output a digital signal that acts as an Analog signal;
this signal is called Pulse Width Modulation (PWM). Digital Pins # 3, # 5, # 6, # 9, # 10 and
#11 have PWM capabilities. To output a PWM signal, use the command: analog write (pin
Number, value); where pin Number is a Digital Pin with PWM capabilities and the value is a
number between 0 (0%) and 255 (100%). On the Arduino UNO PWM, pins are signified by a
~ sign Maddock, (1994).
2.2.3. Input Signals
Input signals are signals entering an electrical system. The electrical system in this case is a
microcontroller. Input to the Arduino pins can come in one of two forms; Analog Input or
Digital Input.
Analog Input enters the Arduino through the Analog In pins # 0 - # 5. These signals originate
from analog sensors and interface devices. These analog sensors and devices use voltage
levels to communicate their information instead of a simple yes (HIGH) or no (LOW). For this
reason, a digital pin cannot be used as an input pin for these devices. Analog Input pins are
used only for receiving Analog signals. It is only possible to read the Analog Input pins so
there is no command necessary in the setup ( ) function to prepare these pins for input. To
read the Analog Input pins, use the command: analog Read (pin Number); where pin
Number is the Analog Input pin number. This function will return an Analog Input reading
between 0 and 1023. A reading of zero corresponds to 0 Volts and a reading of 1023
corresponds to 5 Volts. These voltage values are emitted by the analog sensors and
interfaces. If an Analog Input that could exceed Vcc + 5V is obtained, the voltage that 1023
corresponds may be changed by using the Aref pin. This pin sets the maximum voltage
parameter the Analog Input pins can read. The Aref pin’s preset value is 5V. Digital Input
can enter the Arduino through any of the Digital Pins # 0 - # 13. Digital Input signals are
either HIGH (On, 5V) or LOW (Off, 0V). Because the Digital pins can be used either as input
or output, there is a need to prepare the Arduino to use these pins as inputs in the setup( )
function. To do this, type the command: pin Mode (pin Number, INPUT); inside the curly
brackets of the setup( ) function where pin Number is the digital pin number to be declared
as an input. The pin Mode in the loop( ) function may be changed if there is a need to switch
a pin back and forth between input and output, but it is usually set in the setup( ) function
and left untouched in the loop( ) function. To read the digital pins set as inputs, use the
command: digital Read (pin Number); where pin Number is the Digital Input pin number.
Input can come from many different devices, but each device’s signal will be either Analog or
Digital, it is up to the user to figure out which kind of input is needed, hook up the hardware
and then type the correct code to properly use these signals Maddock, (1994).
2.2.4. Output Signals
Output signals are signals exiting an electrical system, in this case a microcontroller. Output
to the Arduino pins are always digital. However, there are two different types of digital
output; regular digital output, and PWM output. Output is only possible with digital pins # 0 # 13. The digital pins are preset as output pins, so unless the pin was used as an Input in the
same sketch, there is no reason to use the pin Mode command to set the pin as an output.
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Should a situation arise where it is necessary to reset a digital pin to output from input, use
the command: pin Mode (pin Number, OUTPUT); where pin Number is the digital pin
number set as output. To send a digital output signal, use the command: digital Write (pin
Number, value); where pin Number is the digital pin that is outputting the signal and the
value is the signal. When outputting a Digital signal, value can be either HIGH (On) or LOW
(Off).
Digital pins # 3, # 5, # 6, # 9, # 10 and #11 have PWM capabilities. This means you can
output the digital equivalent of an Analog signal using these pins. To output a PWM signal,
use the command: analog write (pin Number, value); where pin Number is a digital pin with
PWM capabilities and value is a number between 0 (0%) and 255 (100%) Singh et al.,
(2012).
2.3.
Wireless Module (NRF24L01)
The nRF24L01 + (nRF24L01p) is a single chip 2.4GHz transceiver with an embedded
baseband protocol engine, suitable for ultralow power wireless applications. The nRF24L01+
is designed for operation in the world-wide ISM frequency band at2.400-2.4835GHz. In
general, to design a radio system with the nRF24L01+, you simply need an MCU
(microcontroller) and a few external passive components. The high air data rates combined
with two power saving modes make the nRF24L01+ very suitable for ultralow power
designs. nRF24L01+ is drop-in compatible with nRF24L01, and on-air compatible with
nRF2401A, nRF2402, nRF24E1 and nRF24E2. Inter-modulation and wideband blocking
values in nRF24L01+ are much improved in comparison to the nRF24L01 and the addition
of internal filtering to nRF24L01+ has improved the margins for meeting RF regulatory
standards Maddock, (1994). Figure 2 shows a typical wireless module.
Features of the wireless module (NRF24L01) includes:













Worldwide 2.4GHz ISM band operation, Free license to use.
126 RF channels.
High air data rate: 250kbps, 1 and 2Mbps.
Transmitter: 11.3mA at 0dBm output power.
Receiver: Fast AGC for improved dynamic range.
Receiver: Integrated channel filters.
Enhanced ShockBurst:1 to 32 bytes dynamic payload length,6 data pipe MultiCeiver for
1:6 star networks.
Host Interface:4-pin hardware SPI,3 separate 32 bytes TX and RX FIFOs.
Low Power Management: 1.9 to 3.6V supply range.
GFSK modulation.
Auto packet transaction handling.
Easy for design.
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Figure 2: Wireless module (NRF24L01) (Image courtesy hobbytronics.co.uk)
2.4.
Design Analysis
The design work in this project is divided into four different segment which work together to
achieve the goal of the wireless phone intercom. The segments are as follows:
1. The Power Supply.
2. The Sound Input Section.
3. The Controller Unit.
Transmitter
Receiver
4. The Switching Section.
2.4.1. The Power Supply
The power supply consists of a 9V battery connected to a fixed voltage regulator (7805) to
step down the voltage to 5V for the microcontroller. The battery is also connected to a
filtering capacitor to filter the battery charges.
2.4.1.1. Power Supply Stage
The power supply stage is a linear power supply type and involves the use of a 9V battery,
filter capacitor. The choice of the filter capacitor is dependent on the output current.
√ ,

(1)

√

where,

(2)

( )

The total voltage drop, , for the two diodes involved in the rectification process in either of
positive or negative cycles,
[

],

(3)

.
Actual peak voltage value,
(

(

)

(4)

)

The change in peak voltage value over the discharge period,
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where
Since the filter capacitor should not discharge down to 10V in accordance with the input
voltage specification of the voltage regulator, therefore,
(

)

Change in time over the discharge period,
Total current consumption for this design is not expected to exceed 600mA
Hence, the value of the filter capacitor is obtained, thus,

To provide a safety margin, the capacitor value chosen is twice the calculated value which
implies a value of 454.54µF.
The nearest available capacitor value of 100nF is used as the filter capacitor.
2.4.2 The Sound Input Section
A microphone was used as the sound input device to produce electrical signals from air
pressure variations through electromagnetic induction Maddock, (1994).
2.4.2.1 Microphone Stage
The microphone employed in this design is the electrets type microphone with the following
manufacturer’s specifications: Maximum voltage: 3V, Maximum current: 1.8
. Figure 3
shows a typical microphone used in this design.

V+

R1

C1
Rmic

To microphone
preamplifier
stage

Figure 3: Microphone Stage (Image courtesy hobbytronics.co.uk)
To protect the microphone, a limiting resistor, R1 is used to ensure that voltage across, and
current through the microphone are not more than those specified by the manufacturer.
To determine R1,
Given,
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(

)

(

)

(6)
(7)

is a coupling capacitor used to couple the microphone stage to the preamplifier stage. is
selected to have a low reactance at the lowest signal frequency. This gives good
performance over the frequency in use (sound frequency).

2.4.2.2.
Microphone Preamplifier Stage
As shown in Figure 4, the pre-amplifier stage has a transistor operating in the class A mode.
The bias connection used here is the collector-feedback (feedback resistor) biasing
(Maddock, 1994).
V+

RC

R3

RB
R2
From
microphone
C1
stage

C2

To one shot
monostable
stage

Q1

Figure 4: Microphone preamplifier stage (Image courtesy hobbytronics.co.uk)
Recalling the class A bias equations,
(8)
(9)
(10)
(11)
where,
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Let,

(

)

From ( )

From (

)
(

)

From (11),

Therefore, the minimum value obtained for
used.

is

will be

is a coupling capacitor. Here, a high value of capacitance is needed to pass the signal
with little or no loss. Hence, we let
2.4.3. Controller Unit
A microcontroller can be considered a self-contained system with a processor, memory and
peripherals, and can be used as an embedded system. Microcontrollers are used in
automatically controlled products and devices. Various factors are considered in the choice
of microcontroller to use for a particular purpose. These include:
1. The number of digital inputs, analogue inputs. The system concerned requires; a
factor which helps to determine the minimum number of inputs and outputs (I/O)
that the chosen microcontroller must have and the extent of need of an internal
analogue to digital converter module.
2. The size of program memory storage required.
3. The magnitude of clock frequency; a factor which determines the execution rate of
tasks by the microcontroller
4. The number of interrupts and timer circuits required.
5. An internal ADC stage.
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In this work, the number of computation that would be inputted is largely dependent on the
amount of memory available. Accordingly, a microcontroller with a large memory, sufficient
input/output, and analogue/digital channels such as the ATMEGA328P is acceptable for use.
2.4.3.1. Major Blocks in the AVR MCU.
The major parts of the PIC Microcontroller Unit (MCU) are the program memory, data
memory which is also called file register, the working register, and finally the EEPROM
memory section.
1.
2.
3.
4.

Program Memory: 32K word length
File Register Memory (Data Memory): 2K word length
EEPROM Memory: 1K word length
Working Register: Byte wide used in most instructions



2.4.3.2.
Features
High Performance, Low Power AVR® 8-Bit Microcontroller

– Advanced RISC Architecture
– 131 Powerful Instructions – Most Single Clock Cycle Execution
– 32 x 8 General Purpose Working Registers
– Fully Static Operation
– Up to 20 MIPS Throughput at 20 MHz
– On-chip 2-cycle Multiplier


High Endurance Non-volatile Memory Segments

– 4/8/16/32K Bytes of In-System Self-Programmable Flash program memory
(ATmega48PA/88PA/168PA/328P)
– 256/512/512/1K Bytes EEPROM (ATmega48PA/88PA/168PA/328P)
– 512/1K/1K/2K Bytes Internal SRAM (ATmega48PA/88PA/168PA/328P)
– Write/Erase Cycles: 10,000 Flash/100,000 EEPROM
– Data retention: 20 years at 85°C/100 years at 25°C
– Optional Boot Code Section with Independent Lock Bits
 In-System Programming by On-chip Boot Program
 True Read-While-Write Operation
– Programming Lock for Software Security
• Peripheral Features
– Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
– One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
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Mode
– Real Time Counter with Separate Oscillator
– Six PWM Channels
– 8-channel 10-bit ADC in TQFP and QFN/MLF package
Temperature Measurement
– 6-channel 10-bit ADC in PDIP Package
Temperature Measurement
– Programmable Serial USART
– Master/Slave SPI Serial Interface
– Byte-oriented 2-wire Serial Interface (Philips I2C compatible)
– Programmable Watchdog Timer with Separate On-chip Oscillator
– On-chip Analog Comparator
– Interrupt and Wake-up on Pin Change
• Special Microcontroller Features
– Power-on Reset and Programmable Brown-out Detection
– Internal Calibrated Oscillator
– External and Internal Interrupt Sources
– Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
• I/O and Packages
– 23 Programmable I/O Lines
– 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
• Operating Voltage:
– 1.8 - 5.5V for ATmega48PA/88PA/168PA/328P
• Temperature Range:
– -40°C to 85°C
• Speed Grade:
– 0 - 20 MHz @ 1.8 - 5.5V
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• Low Power Consumption at 1 MHz, 1.8V, 25°C for ATmega48PA/88PA/168PA/328P:
– Active Mode: 0.2 mA
– Power-down Mode: 0.1 A
– Power-save Mode: 0.75 A (Including 32 kHz RTC)
2.4.3.3.
The Transmitter Section
The transmitter section transmits the voice signal to the other intercom i.e. between two
communication parties. A wireless module (NRF24L01) was used in this case.
2.4.3.4.
The Receiver Section
The receiver section in the other intercom receives the voice signal transmitted by this first
intercom. A wireless module (NRF24L01) was also used in this case.
2.4.3.5.
Working Register
The working register is a single byte register that is used in most of the AVR MCU
instructions. The working register is nearly always involved in any action involving data in the
file registers. Whenever two values are used in arithmetic operations or logic operations, one
of the values will be loaded into the working register at the start of the instruction. After the
instruction finishes, that result is often left in the working register Maddock, (1994).
Special Function Registers
In the ATMEGA328P, there are many special function registers. The most important ones
are:
Status Register
The Status register contains information about the result of the most recently executed
arithmetic instruction. This information can be used for altering program flow in order to
perform conditional operations. Note that the Status Register is updated after all ALU
operations, as specified in the instruction set reference. This will, in many cases remove the
need for using the dedicated compare instructions, resulting in faster and more compact
code.
The Status register is not automatically stored when entering an interrupt routine, and
restored when returning from an interrupt. This must be handled by software.
SREG – AVR Status Register
The features of the AVR Status Register – SREG – are shown below:
• Bit 7 – I: Global Interrupt Enable
The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual
interrupt enable control is then performed in separate control registers. If the Global Interrupt
Enable Register is cleared, none of the interrupts are enabled independent of the individual
interrupt enable settings. The I-bit is cleared by hardware after an interrupt has occurred,
and is set by the RETI instruction to enable subsequent interrupts Mehta, (2003). The I-bit
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can also be set and cleared by the application with the SEI and CLI instructions, as
described in the instruction set reference.
• Bit 6 – T: Bit Copy Storage
The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or
destination for the operated bit. A bit from a register in the Register File can be copied into T
by the BST instruction, and a bit in T can be copied into a bit in a register in the Register File
by the BLD instruction.
• Bit 5 – H: Half Carry Flag
The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry Is
useful in BCD arithmetic. See the “Instruction Set Description” for detailed information.
• Bit 4 – S: Sign Bit, S = N ⊕V
The S-bit is always an exclusive or between the Negative Flag N and the Two’s Complement
Overflow Flag V.
• Bit 3 – V: Two’s Complement Overflow Flag
The Two’s Complement Overflow Flag V supports two’s complement arithmetic.
• Bit 2 – N: Negative Flag
The Negative Flag N indicates a negative result in an arithmetic or logic operation.
• Bit 1 – Z: Zero Flag
The Zero Flag Z indicates a zero result in an arithmetic or logic operation.
• Bit 0 – C: Carry Flag
The Carry Flag C indicates a carry in an arithmetic or logic operation.
ATMEGA328P Pin out
The midrange family of microcontrollers offers a wealth of features and factions. All functions
are not available at one time due to the limited number of pins. A typical 28 pin dual inline
package for the ATMEGA328P is shown in Figure 5. Notice that each pin has multiple
functions. For example, pin 5 can be used as an input/output port pin.

124

Olajide et al., Analysis and implementation…

FUTOJNLS 2020 VOLUME- 6, ISSUE- 1. PP- 112 - 130

Figure 5: Pin out of the ATMEGA328P (Image courtesy hobbytronics.co.uk)
The choice as to which pin will be used in a particular application is controlled by
programming various special functions registers. Figure 3.8 shows the pin configuration of
ATMEGA328P.
1. CLOCK/CLKIJN: Oscillator Crystal input and external Clock source input.
2. CLOCK/CLKOUT: Oscillator crystal output connected to crystal or resonator in crystal
oscillator mode
3. RST (inv): Master Clear (reset) input and programming voltage input. This pin is an
active low reset to the device.
4. DO – B5: Bi- directional I/O port.
5. A0 – A5: Bi-directional analog I/O port.
6. Vss: Ground –
7. Vdd: Positive +
2.4.4 The Switching Section
The switching section contains a switch which allows the intercom to understand whether we
want to transmit or receive. A Push-to-talk (PTT) button was used in this case. For talking,
we need to press the switch and talk, then this voice signal is transmitted to the other
intercom and the receiver section of that handset receives the voice signals.
A capacitor was attached to the push button to avoid denouncing.
2.5.
Principle Operation of Wireless Phone Intercom
Electrets microphones have a flexible diaphragm on the inside that moves based on the
sound wave that hits them. The diaphragm is parallel to another conducting plate which
creates a capacitor with variable capacitance based upon the flexing of the diaphragm, and
subsequently the sound pressure wave that the microphone is picking up. With the
microphone connected to the circuit the way it is, it will produce an AC current at the base of
the transistor based upon the sound wave hitting the microphone. The base current of the
transistor is amplified and so an amplified sound wave is fed into the microcontroller Mehta,
(2003).
A simple button circuit is used for calling the person on the other end of the wireless
intercom. In particular, a simple pushbutton 10k resistor, and a 100 nF capacitor is used. A
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capacitor is added to the typical button circuit. This capacitor is to help prevent "bouncing" or
erratic signals from the button.
Attached to the microcontroller is an interrupt to pin 3 to detect when the button is pressed.
Interrupts are really nifty. They allow us to "interrupt" the code to provide very precisely
timed events without deteriorating performance Boylestad, (2002).
AttachInterrupt(digitalPinToInterrupt(talkButton), talk, CHANGE);
With this piece of code, the "talk()" function which checks the voltage on pin 3 is assessed. If
the voltage is HIGH or 5 V, the nRF24L01 will switch to transmit mode (sending voice). If the
voltage is LOW or 0 V, the nRF24L01 will switch to receive mode (receiving voice). The
voltage on pin 3 should be HIGH when the button is pressed and LOW when the button is
released. Whenever the voltage on pin 3 "CHANGES" as denoted in our "attachInterrupt"
function, the "talk()" function will execute.
void talk()<br>{<br>
rfAudio.receive();<br>}

if (digitalRead(talkButton)) rfAudio.transmit();<br>

else

2.6
Circuit Diagram
The circuit diagram for the entire design is shown in Figure 6.

Figure 6: Circuit Diagram
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3. Results and Discussions
After carrying out the paper design and analysis, the project was implemented and tested to
ensure its working ability, and was finally constructed to meet desired specifications.
The half-duplex wireless phone intercoms are battery-powered transceivers, that can send
and receive radio messages. They have a half-duplex channel, which indicates that only one
intercom on a channel can transmit a signal at a particular time, although, many radios can
receive that same signal. Unlike a mobile phone, in which both parties can interrupt or add to
the conversation in a ceaseless flow of sound, the half-duplex channel uses a push-to-talk
(PTT) system where one has to press a button in order to speak, and you have to release
that button to hear sound coming from other units. The process of testing and
implementation involved the use of some test and measuring equipment such as measuring
tape. The intercom placed at points A and B, and separated by a fixed distance is then used
to communicate. As shown in Table 1, between 10-80 m distance between points A and B,
the signal quality was good. Above 80 m, a faint signal was received. At 100 m distance
between points A and point B, there was no signal and the intercom could not be used to
communicate.
Table 1: Intercom Test Result
Distance between point A and B (m)
10
20
30
40
50
60
70
80
90
100

Signal quality
Signal Okay
Signal Okay
Signal Okay
Signal Okay
Signal Okay
Signal Okay
Signal Okay
Signal Okay
Faint signal received.
No signal

3.1. Module Power Supply
1. Power Supply Stage: After completing the power supply up to the regulator, direct
current (DC) was supplied to the circuit through the battery. Power supply observations and
necessary corrections were made.
2. Regulator Stage: When this stage was finished, reference voltages were set and all pins
were checked for proper signal levels before inserting the 7805.
3.2. Sound Input
After completing the power supply stage, we tested the microphone, to ensure its
functionality.
3.3. Micro-Controller Programming
After completing this stage which consists of the ATMEGA328P, few passive components
and the C Language, 5 volts DC was supplied to the circuit and appropriate measurement of
signal level were taken and necessary corrections were made for optimum signal output,
also proper debugging of the C script were carefully carried out in this stage to ensure
compatibility and error free [Appendix A].
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3.4.
Implementation
The implementation of this project was done on the breadboard. The power supply was first
derived from a bench power supply. (To confirm the workability of the circuits before the
power supply stage was soldered). Stage by stage testing was done according to the circuit
diagram on the breadboard, before soldering of circuit commenced on Vero board. The
various circuits and stages were soldered in tandem to meet desired workability of the
project.
3.5.
Construction
The construction of the project was done in two different stages; the soldering of the circuits
as shown in Figure 7 and 8, and the coupling of the entire project to the casing as shown in
Figure 9.

Figure 7: Soldering and component arrangements on the Vero board.
3.6.
Casing and Boxing
The second phase of the project construction involves the casing of the project. This project
was coupled to a plastic casing.

Figure 8: The finished soldered project.
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Figure 9: The cased finished project.
4. Conclusion
This work which discussed the design and construction of a wireless phone intercom, was
designed considering some factors such as economic application, design economy,
availability of components and research materials, efficiency, compatibility and portability
and also durability. The design and construction of the wireless intercom was achieved with
minimal resources. The systems operated effectively just like any other half-duplex which
are handheld, portable radios: that communicate wirelessly (using radio waves) on a single,
shared frequency band.
Half duplex wireless intercoms can be of use in any setting where portable radio
communications are necessary, including business, public safety, military, outdoor
recreation. All the components used for construction are readily available and were bought
off-shelf, and at very moderate prices. The wireless module employed was (NRF24L01) that
could cover as far as 2000fts radius in distance. The equipment, if produced commercially,
would be very cheap in monetary value.
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APPENDIX 1: PROGRAM CODE
#include "RF24.h"
#include <SPI.h>
#include <RF24Audio.h>
#include "printf.h" // General includes for radio and audio lib
RF24 radio(7,8); // Set radio up using pins 7 (CE) 8 (CS)
RF24Audio rfAudio(radio,0); // Set up the audio using the radio, and set to radio number 0
inttalkButton = 3;
void setup() {
Serial.begin(115200);
printf_begin();
radio.begin();
radio.printDetails();
rfAudio.begin();
pinMode(talkButton, INPUT);
//sets interrupt to check for button talk abutton press
attachInterrupt(digitalPinToInterrupt(talkButton), talk, CHANGE);
//sets the default state for each module to recevie
rfAudio.receive();
}
//void talk()
//Called in response to interrupt. Checks the state of the button.
//If the button is pressed (and held) enters transmit mode to send
//audio. If button is release, enters receive mode to listen.
void talk()
{
if (digitalRead(talkButton)) rfAudio.transmit();
elserfAudio.receive();
}
void loop()
{
//sets interrupt to check for button talk abutton press
attachInterrupt(digitalPinToInterrupt(talkButton), talk, CHANGE);
}
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