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An electronic device with various purposes needs in-depth study from the very
beginning of the idea, before getting the final product. It relates to an essential
role in providing user's infrastructure and service. The research objectives are to
obtain the electronic circuits, modules, and devices by integrating the wiring. The
research methods are conducted in the form of designing, manufacturing,
assembling, and diagnosing. Designing stage is to obtain several electronic
circuits as a liaison and the manufacturing stage to obtain the printed circuit
board. The assembling stage is to obtain the gateway boards which controlled by
the Arduino modules and diagnosing stage to obtain the interface device for
communicating (IDC) is formed by integrating the wiring. Integrating several
electronic circuits, modules, and devices have resulted in an IDC. Operating the
IDC uses two different systems, i.e. from the telephony system to the radio-
frequency system or vice versa with a half-duplex mechanism.
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INTRODUCTION

The electronic devices have used on the
telecommunication networks in general [1]
and as a radio communication system [2] are
related to the types of equipment, operating
principles, protocols determined, and
frequency band standards to get automatic
traffic [3], [4]. They have been become
alternatives in choice of uses [5], variety of
shapes and colors, and play an essential role in
providing users’ infrastructure and services
[6]. An important stage to diagnose the
relationship between components of the broad
area in the form of an electronic module or
mini motherboard is better known as the
electronic circuit analysis [7]. In the scopes of
electronics or telecommunication engineering
or the others related to the electronic circuit
design and analysis, the aspects in design and
analysis are dealt with in the essential stages
[8], [9]. The strategy in general of circuit
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analysis is to create and solve a system which
is very closely related [10], [11]. Even though
an electronic system formed from various
electronic circuits has been fabricated and
verification tests carried out, it is still possible
to recheck related to the existence and
connection between its components and figure
out the values of voltage and current in each
element [12], [13].

Related research for reviewing to
diagnose the relationship between the
electronic devices are described in the
following paragraphs. The activity on
electronic circuit analysis is one of the
fundamental steps which help on the
reviewing to the design results or finished
product of electronic board or module that
used for several purposes [14]. Even though
efforts are made to minimize typing errors,
printing mistakes, and other topographical
errors, still there could be found some
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omissions [15]. The activity of analysis to the
electronic circuit is very essential for any
electronics engineer or someone whom
expertise on the electronic circuit. Reviewing
with the purposes is the activity to secure a job
or to learn the concepts, the proper effort must
be made is so important [16]. It is also for
transferring a piece of new knowledge and
skills, keeping it there from short-term to long-
term memory. The reviewing activity is a more
valuable or complex effort that needed to be
putin [17].

The electronic device under tests (EDUTs)
has captured responses after the signal coming
from the electronic test equipment (ETE) is
given to it [18]. The EDUTs with proper
operation can be proven or faults in the device
can be traced. Using the ETE is essential to
make serious work with electronic devices and
systems [8]. In the practical and assembly
electronics engineering require the use of a lot
of different kinds of ETE that range from the
very simple and cheap price to very complex
and sophisticated and highly price such as the
automatic test equipment (ATE). The ATE
often includes a lot of instruments in real-time
and simulated forms [19]. The advanced gear
test is necessary when and for developing
circuits or modules and systems that are
needed when doing the test of production or
when existing with troubleshooting in the field
of production units [4].

Based on the related research to review
diagnose, then defined the problem
formulations related to design some electronic
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circuit, fabrication of mini motherboard,
assembly between modules, and the integrated
wiring of several electronic circuits, modules,
and devices [20]. The research on the design of
an interface device between the
communication systems based on Arduino
modules has been well-drafted out [21].
Assembly amount of hardware, i.e., the
modules of Arduino UNO R3 and MEGA2560
R3, the electronic circuits as the main
component or subsystem and support systems
followed by integration of all the components
of electronic are carried out with wiring on the
input and output ports connected to the radio-
frequency and telephony systems [20]. The
block diagram of the relationship between the
gateways in the interface device system [20] is
shown in Figure 1.

Making a workable specification is needed
to start producing a prototype for the design
so that the design specification is well-drafted
out. The electronic circuit design is often a race
against time in prototypes to turn into
deployable of the production units. To get
there, some stages are needed to go through
the design, i.e, planning, schematic drawing,
printed circuit board (PCB) Ilayout, and
prototyping. The microcontroller-based
electronic prototype [22], [23] or the other is
unique as an interface device for
communication system  with different
protocols and standards, but still half-duplex
type not full-duplex [20]. However, this design
is a simple idea to bridge two different systems
that can be communicated [24].
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Figure 1. The block diagram of relationship between the gateways in the interface device system
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Guided by the formulation of the
problems, so that described the analysis
between the electronic circuits that have been
made or over the several modules. Based on
some stages that are needed, the research
objectives were set which included diagnosing
a) several the electronic circuits as a liaison
and combining them in an integrated board, b)
the gateway boards are controlled by the
Arduino modules, and c) the IDC is formed
through integrated wiring.

METHOD

The research materials in the form of
hardware and software are needed to conduct
all the research objectives. The hardware
related to the manufacture of several
electronic circuits is the MT8870E IC type
DTMF decoder, chip of 4066,
electromechanical relays, and some resistors,
capacitors, transistors, and diodes. The
hardware related to obtaining the two gateway
modules is (i) Arduino modules (UNO R3 and
MEGA2560 R3) [21], (ii) the module of Voice
Operated Transmit (VOX), (iii) the ISD2560
recording module, (iv) the circuit of tone
decoder, (v) module of PSTN telephone, (vi)
radio transceiver device, (vii) the GSM to
analog  phone converter, and  (viii)
microcontroller downloader. For the purposes
of supplying electrical power, selected
switched-mode power supply of 12 volts and 5
volts via voltage regulator chip of 7805. The
required software, i.e. Easily Applicable
Graphical Layout Editor (EAGLE) [25] and
Arduino IDE [21].

This research is designing and

manufacturing a mini motherboard,
assembling  several electronic circuits,
modules, and devices, and carrying out

integrated wiring with the time span of the
activity is two months at the Laboratory for
Instrumentation and Automation, Electrical
Engineering Study Program, Faculty of
Engineering and Science, University of Ibn
Khaldun Bogor. The acquisition of the three
research objectives is an effort to realize the
half-duplex interface device for
communicating based on the modules of
Arduino UNO R3 and MEGA2560 R3 are
controlled by the touch-tone signal or
otherwise known as the dual-tone multiple-
frequency (DTMF) signal [26].
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The step for achieving the first research
objective is in the form of the electronic
circuits and integrated module by designing
and manufacturing, whereas the second
research objective is in the form of the
electronic device through integrated wiring by
assembling and diagnosing. The step to over
the electronic circuits, modules, and devices as
the integrated device by integrating the wiring.
The flowchart for research methods is shown
in Figure 2.

An Electronic Device Reviewed by
Diagnosing on the Modules Embodiment
the electronic circuits and integrated
module

i 1) Designing stage to obrain several the electronic circuits
as a liaison.
#2) Manufacturing stage to obtain the printed circuit board.

—)I Designing and Manutacturing I

15 the designing and manutacturing

no amount of hardware, has been done?

the electronic device through integrated
winng

v

#1) Assembling stage to obtain the gateway boards are
controlled by the Arduino modules.
#2) Diagnosing stage to obtain the interface device for
communicating (IDC) ure formed through integrated wiring.

—DI Assembling and Diagnosing I

1s the assembling and diagnosing
amount of hardware, has been done??

Figure 2. The flowchart for research methods

Based on Figure 2 it is shown that the research
methods are carried out in stages related to
the research objectives.
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RESULTS AND DISCUSSION

Electronic Circuits and Integrated Module
This section contains an explanation of the
design and manufacture, while the integration
of the circuit is realized in the form of a mini
motherboard or printed circuit board (PCB) as
a form of the integrated module with several
electronic circuits integrated into a single unit.

Electronic Circuits

This subsection contains an explanation of
the electronic circuits for DTMF signal
detection, switching, indicator lamp, and relay
drivers.

1) DTMF signal detection circuit

The electronic circuit for detecting the
frequency of the DTMF signal, e.g., the chip of
MT8870E type DTMF decoder is used in which
added with electronic components in the form
of resistors, capacitors, and crystal oscillators
with a frequency of 3.5796 Mhz., so that the
circuit can operate to detect the frequency of
DTMF signals. The DTMF signal frequency
detection circuit which is used as a controller
in accordance with the program created,

The schematic diagram of the circuit and
electronic components for frequency detection
of DTMF signals is shown in Figure 3.
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Figure 3. The schematic diagram of the circuit and
electronic components for frequency
detection of DTMF Signals

Based on Figure 3, it is shown that the
electronic circuit for detecting the frequency of
the DTMF signal.

2) Switching circuit

The circuit is installed on the A2 gateway
module which functions as a gateway interface
for telephone-based communication systems.
Each IC component consists of four electronic
switches in each switch consisting of one pin of
input driver and two pins functioned as
switches. The switch operates, if the pin of
input driver is given a high input in the form of
a voltage in the range of 3 to 5 volts.
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Installation of the resistors in parallel and
connected to the ground line is function for a
large reduction in the current flowing at the
pin of input driver.

The schematic diagram of an electronic
circuit using the IC of 4066 is shown in Figure
4.

| D| D3 \
= 7 -
a a O
+ n + = £ s
= =
<L 0o [v=] el () r=)
gLt g gl= “Ig gl 23
B o E>"| 1 |s>»"°l “|
—tt—Eor—Art— e —ai—
R& R9 R10
By . B
. ] A G
o @ a a
+ = + + +
Slae o z El< o % Bl o % P« o %
g =3¢ =H ) =] g =
:] g ﬁl Ql v[ m[ vx m|
ka— L [ B |
— e — A — i —
R11 R12 R13 — A —
D= R17
«] . N
aa o a
& = - T & =
b g 2 8 F ]
gL 2Je 81 Cle 5l Yls
E>°°] “| D" o B -
— AR — WA e — A

Figure 4. The schematic diagram of an electronic
circuit with IC of 4066

Based on Figure 4 can be explained that the
switch circuit with IC of 4066 is a replacement
circuit for the push button (keypad) 1, 2, 3, 4,
56,78 9 0, * # on the telephone module
used by the system for calls to a specific
telephone number.

3) Indicator lamp circuit

For conditions where the gateway-Al
board is connected when the module
indicators of Push to Talk (PTT) radio, Carrier
Operated Relay (COR), and the gateway-Al
and the gateway-A2 are connected, while the
gateway-A2 board is connected when the
module indicators of the ringer, voice signal,
and the gateway-A1l and the gateway-A2 are
connected. The indicator circuits are
functioned as a visual indication when
communicating between communication
devices based on the radio-frequency and the
telephony communication systems.

The schematic diagram of the indicator
lamp circuit is shown in Figure 5.
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Figure 5. The schematic diagram of the indicator
lamp circuit

Based on Figure 5 it is shown that the
indicator circuit is a circuit of a series of
indicator lights between the resistor and LED
components.

4) Relay driver circuit

There are three relay driver circuits in the
gateway-A1l board. The relay driver circuit is
used for connecting the TX and RX voice signal
lines from radio-based communication devices
and to the microphone and speaker lines of
telephony-based communication device, so
that communication can be carried out
between radio-based communication device
and telephone-based communication device.
The relay driver circuit to disconnect the voice
signal is in the sound recorder and storage
circuit.

The schematic diagram of the relay driver
circuit in the gateway-Al board is shown in
Figure 6.
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Figure 6. The schematic diagram of the relay driver
circuit in the gateway-A1 board
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Based on Figure 6 can be explained that the
relay driver circuit is installed in the gateway-
A1l and gateway-A2 boards.

The existence of a relay driver circuit on
the gateway-A2 board consists of four relay
driver circuits. In addition to the relay used for
connecting voice signals to the microphone
and speaker, there is also a relay as a
substitute for the ON/OFF hook switch for the
telephone module, so that the telephone
module can be used for reception or telephone
calls, and a relay driver circuit to disconnect
voice signals of a sound recorder and storage
circuit and a relay driver circuit used to
disconnect of a voice signal from a sound
recording and storage circuit.

The schematic diagram of the relay driver
circuit in the gateway-A2 board is shown in
Figure 7.
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Figure 7. The schematic diagram of the relay driver
circuit in the gateway-A2 board

Based on Figure 7 it is shown that the relay
driver circuit is installed in the gateway-A2
boards.

Integrated Boards and Power Supply
System

Manufacturing boards for the gateway-A1l
and gateway-A2 boards are used for DTMF
circuits, relay driver circuits, and IC for
switches circuits. The processes of creating a
board are assisted by the Easy Application
Graphical Layout Editor (EAGLE) application.
The Arduino’s boards-based electronic device
controlled by DTMF signals for a system
consisting of several electronic circuits and
components that are integrated into a single
unit, so that the system can operate optimally.
In the integration process required wiring of
all electronic circuits. The electronic circuits in
the interface device system are divided into
two gateway boards. The gateway-A1l board is
an interface for communication system based
on radio-frequency and the gateway-A2 board
is an interface for telephony-based
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communication system. The circuits are
integrated into the interface device system in
the form of boards and supported by the
power supply system. The PCB of gateway-A1l
is shown in Figure 8.
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Figure 8. The PCB of gateway-Al

The PCB of gateway-A2 is shown in Figure 9
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Figure 9. The PCB of gateway-A2

Based on Figure 8 and Figure 9 can be
explained that the board is used for placing
electronic components which include resistors,
capacitors, transistors, relays, diodes, ICs, and
others.

The main power supply used in the
interface device system is a switched-mode
power supply with 12 volts and a maximum
current of 5 amperes. The systems are also
made for supplying voice recording and
storage circuits installed on the boards of
gateway-Al and gateway-A2. The measured
output voltage is 12.20 volts when there is no
load and 11.90 volts when there is a load. The
measured output voltage value is 5.08 volts.
Based on the results of these measurements,
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the indicated voltage value is relatively stable
and can be wused for power supply
requirements at the minimum system.

The cross-section of the power supply
device is shown in Figure 10.

power supply system of 5 volts

power supply system of 12
volts

Figure 10. The cross-section of the power supply
device
Electronic Device
Wiring
This section consists of (a) the gateway-
Al board, (b) the gateway-A2, and (c) the
integration of interface device.

through Integrated

Gateway-A1 Board

The grouping of several modules on the
gateway-Al board includes (i) module of
Arduino UNO R3, (ii) circuits of DTMF and
relay on the gateway-Al board, (iii) voice
recorder and storage circuit, (iv) circuit of
Voice Operated Transmit (VOX), and (v) circuit
of indicator lamp on gateway-A1 board.

1) Module of Arduino UNO R3
Several additional explanations in the
following descriptions.

¢ The input pins are enabled, including pins
A0, A1, A2, A3, and A4, while the output
pins, including pins A5, D2, D3, D4, D5, D6,
D7,D8,D9,D10,D11, D12, and D13.

+¢ In addition to the input and output pins, on
the Arduino UNO R3 module there is also
TX and RX pins for data communication
purposes with other microcontroller device
or device for continuous data
communication purposes.

% The Arduino UNO R3 module is connected
to the Arduino MEGA2560 R3 module in the
gateway-A2 module via the TX/RX data pin
which is used as a data communication line
continuously.

¢ The power supply is used of 12 volts from a
switched-mode power supply connected
through the power supply port.

¢ The AO pin is connected to the out pin of the
VOX sound detection circuit, while the pins
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of A1, A2, A3, and A4 are connected to the
output pins of Q1, Q2, Q3 and Q4 of the
DTMF tone detection circuit.

+ Pin of D4 is connected to pin of 15 on the
DTMF MT8870E IC in the DTMF signal
detection circuit which functions as a
detector for the presence of keypad button
presses, pin of A5 is connected to the base
of transistor Q4 through a resistor to drive
the relay driver circuit-3, output pin of D2
is connected to the pin of transistor base Q2
through a resistor to drive the relay driver
circuit-1, pin of D3 is connected to the base
pin of transistor Q3 through a resistor to
drive relay driver circuit 2, pins of D5, D6,
and D7 are connected to the indicator light
circuits, pins of D9, D10, and D11 are
connected to the addressing input pins of
A0, A1, A2, A3, A4, A5, A6, and A7, pin of D8
is connected to the CE pin on the sound
recording and storage circuit, pin of D12 is
connected to pin of the Carrier Operated
Relay (COR) and pin of D13 is connected to
the pin of the Push To Talk (PTT) on the
accessories of radio device.

¢ The Arduino UNO R3 module is connected
to the Arduino MEGA2560 R3 module in the
gateway-A2 module via the TX/RX data pin
which is used as a data communication line
continuously.

+» The power supply is used of 12 volts from a
switched-mode power supply connected
through the power supply port.

Configuring the pins on the Arduino UNO

R3 module on the gateway-A1 board is shown

in Figure 11.

to Module of Relay-3
to Module of Relay-1
to Module of Relay-2
to IC of DTMF8870 on pin of 15
to Indicator Lamp of COR
to Indicator Lamp of PTT
Module of D7 to Indicator Lam_p is Connected
D8 to ISD2560 on pin of CE
Arduino UNO R3 D9 to 1SD2560 on pins of A0-A3

to ISD2560 on pins of A4-A5

to pin of RX Arduino MEGA2560 R3
to pin of TX Arduino MEGA2560 R3

Caption on image: VOX = Voice Operated Transmit; IC = Integrated Circuit;
DTMF = Dual Tone Multiple Frequency; COR = Carrier Operated Relay; PTT = Push to Talk

Figure 11. Configure the pins on the Arduino UNO

R3 module on the gateway-A1 board
Based on Figure 11 can be explained that the
Arduino UNO R3 module functions for
processing input and output (I/0) data on the
gateway-A1 board.
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2) Circuits of DTMF and Relay on the gateway-
A1 board

The DTMF signal input path is located at
pin 2 (-IN), and as an output at pins 11 (Q1),
12 (Q2), 13 (Q3), and 14 (Q4). The input pin is
connected to the RX sound line of the radio
device at pin of 8, while pin of 15 is connected
to pin of D4 on the Arduino UNO R3 module.
The gateway-Al board contains two relay
driver circuits that function to connect voice
lines between radio-based communication
device and telephony-based communication
device.

The circuit of relay-1 contains a transistor
Q1 and in the circuit of relay-2 there is a
transistor Q2 which functions as an electronic
switch with the base pin connected to the
Arduino UNO R3 module on pins of D2 and D3,
the collector pins of the transistors Q2 and Q3
connected to one of the relay coil pins, the pin
of emitter is connected to the ground line,
while the other relay coil is connected to 5
volts of power supply. For the relay switch of
pin of 1 is connected to the RX voice signal
path from the radio-based communication
device and the voice signal from the
microphone on the telephone module. For the
relay switch of pin 2, it is connected to the TX
voice signal line from the radio-based
communication device and the voice signal
from the speaker on the telephone module.

The circuits of DTMF and relays on the
gateway-A1 board are shown in Figure 12.

Qa to pin of A1

.. 3] to pin of A2

DTMF Circuit 32 to pin of A3
Q1 to pin of A4

RX Out Radio—{\1 0]
LY ;i

Circuit of ™ 0 pin of RX Out Radio

D2. Drive ouT to pin of Microphone on Telephone Module

Relay-1
(RX Audio)

Circuit of
Relay-2 out
(TX Audio) IN

o pin of TX In Radio

D3 Drive to pin of Speaker on Telephone Module

Figure 12. The circuits of DTMF and relay on the
board of gateway-A1l

Based on Figure 12 it is shown, that the DTMF
circuit is mounted on the gateway-A1 board.

3) Voice recorder and storage circuit

Voices that have been recorded are used
for automatic announcements according to the
end user (end user) pressing the bottom push
button/DTMF keypad. The input pins of A0 to
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A7 of the sound recording and storage circuit
are connected to the Arduino UNO R3 module
at pins of D9, D10, and D11, and pin CE is
connected to the Arduino UNO R3 module at
pin of D8.

The connection of the circuit of sound
recorder and storage in the board of gateway-
Al is shown in Figure 13.

-

10—

to pin of TX Out Radio (+)
to pin of TX Out Radio (-)

1SD2500 IC Series Module
for the Gateway- Board

Replayed/Recorded[ >

Microphone Input[

Figure 13. The connection of the circuit of sound
recorder and storage in the board of
gateway-Al

Based on Figure 13 can be explained that the
function for voice recording and sound that is
heard after recording.

Connection at the pins of D9, D10, and
D11 for sound playback are shown in Table 1.

Table 1. Connection at the Pins of D9, D10, and

D11 for Sound Playback
No. Pins of D9, D10, D11 Address
1 000 0000 00 00
2 011 000011 11
3 101 111100 11
4 110 11111100

4) Circuit of Voice Operated Transmit (VOX)

For conditions where the presence of a
sound signal is detected on the input line, the
output pin is logic of low, the output pin of this
circuit is connected to the Arduino UNO R3
module on the gateway-A1l board; module at
pin AO as one of the input pins on the module
of microcontroller. The input pin of circuit of
VOX is connected to the speaker line in the
telephone module installed in the gateway-A2
board.

The circuit of VOX connection in the
gateway-Al board is shown in Figure 14.

Int. J. Electron. Commun. Syst, 1 (2) (2021) 41-55

Circuit of
Speaker on Input . .
Telephone Module Audio Voice Op e{r%% Transmit RE—> A0

Figure 14. The circuit of VOX connection in the
gateway-A1l board

Based on Figure 14 it is shown that the circuit
of VOX functions to detect the presence of a
signal that is used to drive pin of the Push to
Talk radio (PTT), so that the radio signal is
transmitted.

5) Circuit of indicator lamp on gateway-A1
board

The input lines on the indicator lamp
circuit are connected to the output port on the
Arduino UNO R3 module at pins of D5, D6, and
D7. The connection of the indicator lamp
circuit is shown in Figure 15.

LT Input-1

bl g Input-2

Figure 15. The connection of the indicator lamp
circuit

Gateway-A2 Board

The grouping of several modules on the
gateway-A2 board includes (i) module of
Arduino MEGA2560 R3, (ii) circuits of DTMF,
switching IC, and relay, (iii) sound recorder
and storage circuit, (iv) ring detector circuit,
(v) tone decoder circuit, (vi) telephone device
module and (vii) circuit of indicator lamp on
the gateway-A2 board.

(1) Module of Arduino MEGA2560 R3
A number of additional explanations in
the following descriptions.

e The activated-on input port are pins of Al,
A2, A3, A4, D42, and D43, while the output
port are pins of A0, A5, D2, D3, D4, D5, D6,
D7, D8, D9, D10, D11, D44, D45, D46, D47,
D48, D49, D50, D51, D52, and D53.

e The pins of A1, A2, A3, and A4 are
connected to the output of the DTMF signal
detection circuit at pins of Q1, Q2, Q3, and
Q4, while pin of D42 is connected to the out
pin of the tone decoder circuit, and pin of
D43 is connected to the speaker for
detecting the ringing sound of the onboard
module of telephone device (ring detector).
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e The output port at pin of A0 is connected to
the base pin of Q4 through a resistor to
drive the circuit of relay-3, pin of D2 is
connected to the base pin of the transistor
Q2 through a resistor to drive the circuit of
relay-1, pin of D3 is connected to the base
of the transistor Q3 through a resistor to
drive the circuit of relay-2, pin of A5 is
connected to the base of transistor Q5
through a resistor to drive the circuit of
relay-4, pins of D4, D5, and D6 are
connected to address input port on pins of
A0, A1, A2, A3, A4, A5, A6, and A7, while pin
of D11 is connected to the CE pin (pin of 15)
on the sound recording and storage circuit,
pins of D8, D9, and D10 are connected to
the indicator light circuit, while pins of D44
to D53 are connected to the IC pins which is
used to drive the switch IC circuit as a
substitute for the keypad as the push
button on the telephone device module.

e Moreover, while being connected to several
circuits in the gateway-A2 board, the
Arduino MEGA2560 R3 module is also
connected to the Arduino UNO R3 module
in the gateway-A1 board via the TX/RX data
pins which is used as a data communication
line continuously.

e The power supply voltage used is 12 volts
of power supply system that comes from a
switched-mode power supply connected
through the power supply port.

Pins on the Arduino MEGA2560 R3
module connected to the gateway-A2 board is

shown in Figure 16.

A0 —» to Module of Relay-3

Qa—> Al A5 —»to Module of Relay-4
Q33— A2 D2 —»to Module of Relay-1
Q22— :i D3 |—»to Module of Relay-2
Q1>

D4 —»toISD2560 on pins of A0-A3
D5 | —»toISD2560 on pins of A4-A5
{—» to ISD2560 on pins of A6-A7
|—» to ISD2560 on pin of CE

{—» Indicator of Connected

|—» Indicator of Audio Signal
{—» Indicator of Ringer

{—» to ICDTMF8870E on pin of 15
{—» Number key 1
{—» Number key 2
61— Number key 3

Module of
Arduino
MEGA2560 R3

Tone Decoder

to pin of RX on Module of Arduino UNO R3
Speaker

to pin of TX on Module of Arduino UNO R3

Figure 16. Pins on the Arduino MEGA2560 R3
module connected to the gateway-A2
board

Based on Figure 16 it is shown, that the
module of Arduino MEGA2560 R3 functions
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for processing input and output data on the
gateway-A2 board.

(2) Circuits of DTMF, switching IC, and relay

The difference lies in the gateway-A2
board which is equipped with a switching IC
circuit that is used to connect to the telephone
module instead of the bottom push button
(keypad) which functions for telephone call
activities. The DTMF circuit with input port at
pin of 2 (-IN) and connected to the speaker line
of the telephone module, while as output port,
pins of 11 (Q1), 12 (Q2), 13 (Q3), and 14 (Q4)
are connected to input port on pins of A1, A2,
A3, and A4 on the Arduino MEGA2560 R3
module. The gateway-A2 board includes two
relay sets that are used for connecting voice
lines between telephony-based devices and
radio-based devices in the pins of TX and RX
voice lines, and one relay driver circuit used
for activating the on/off hook switch of the
telephone module. The circuits of relay-1 and
relay-2 contains transistors Q2 and Q3 which
function as electronic switches with the base
pin connected to the Arduino MEGA2560 R3
module on pins of D2 and D3, the collector
pins of transistors Q2 and Q3 are connected to
one of the relay coil pins, while pins of the
emitter is connected to the ground line, the
other relay pin is connected to the power
supply of 5 volts.

The detailed explanation, i.e.: a) the switch
on the circuit of relay-1's pins are connected to
the voice signal line from the speaker on the
telephone module and the TX voice line from
radio equipment, b) the switch on the circuit of
relay-2’s pins are connected to the voice signal
line for the microphone from the telephone
module and the RX voice signal line from radio
equipment, and c) the switch on the circuit of
relay-3’s pin is connected to the on/off hook
switch of the telephone module. The pins of
the switch IC devices have been described
previously that each IC for switch contains 4
switches in it, so that for the adequacy of needs
in the interface device system, three ICs for
switch are used. Each IC switch has one pin
that functions to drive the IC switch and two
pins that function as a contact point.

The IC switch pin of 1 is used to drive the
switch on pins 5, 6, 12, and 13 which are
connected to pins D46, D47, D48, D45, and
switch pins 1, 2, 3, 4, 8, 9, 10, 11 connected to
the telephone module. The IC of switch’s pin of



50

Int. J. Electron. Commun. Syst, 1 (2) (2021) 41-55

3 is used to drive the switch on pins of 5, 6, 12, connected to pins D44, D53, D52, and D49 and
and 13 which are connected to pins of D50, switch pins 3, 4, 10, and 11 which are
D51, D52, and D49 and switch pins of 1, 2, 3, 4, connected to the telephone module.

8, 9, 10, and 11 connected to the telephone

The block diagram of the board of

module. The IC of switch’s pin of 4 is used to gateway-A2 is shown in Figure 17.

drive the switch on pins of 5 and 13 which are

A4 A3 A2 Al

Ql Q2 Q3 Q4
IN (-)

DTMF Circuit

Std

IC of 4066
for Switch-1

IC of 4066

for Switch-3

D2

Drive Drive

Circuit of Circuit of
Relay-2 Relay-3

Circuit of
Relay-1

ouT

IN IN OuT IN ouT

w
2 @8 oz g% v
- o o 0
3 3 x e B3 2
o >3 < >S5 <
1] o = = o > o
2 3o > 30 ]
5 o 2 o3 n
2 2 H =
< s = 3
2 g g
= [ =
o o

IC of 4066
for Switch-4

Figure 17. The block diagram of the gateway-A2 board

Based on Figure 17 can be explained that
the circuits of DTMF, switching IC, and
relay are installed on the gateway-A2
board with a circuit installation structure
almost the same as the circuit installation
in the gateway-A1 board.

(3) Sound Recorder and Storage Circuit

The recorded voice is used as an
automatic announcement in accordance
with the DTMF pushbutton/keypad
pressing by the end user. The A0-A7 input
pins of the circuit are connected to the
microcontroller at pins D4, D5, and D6, and
the CE pin is connected to the
microcontroller at pin D7.

The connection of the circuit of sound
recorder and storage in the gateway-A2
board is shown in Figure 18.

Speaker Out (+) to pin of the Microphone (+)

o4 Speaker Out (-) to pin of the Microphone (-)

D5
D6

1SD2500 IC Series Module
for the Gateway-  Board

D7 Pin CE

P/R
XCLK
MiC
MIC REF

Replayed/Recorded [

Microphone Input [

Figure 18. The connection of the circuit of
sound recorder and storage in the
gateway-A2 board

Based on Figure 18 it is shown that
functions for voice recording and sound
that is played back after being recorded.

Connection at Pins of D9, D10, and
D11 for sound playback is shown in Table
2.
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Table 2. Connection at pins of D9, D10, and

D11 for sound playback
No. Pins of D9, D10, D11 Address
1 000 0000 00 00
2 011 00001111
3 101 11110011
4 110 11111100

(4) Ring detector circuit

The ring detector circuit is a circuit
that functions to detect the ringing of the
telephone module when there is a
telephone call that enters the minimum
system and then by the microcontroller
input from the circuit is used to relay
activation. The existence of a ring detection
circuit in the minimum system only
consists of a connecting cable for the pin
D43 of the Arduino MEGA2560 R3
microcontroller with the ring speaker line
located on the telephone module.

(5) Tone Decoder Circuit

The circuit is in the form of a module
that contains components of resistors,
capacitors, crystal oscillator 3.579545, and
IC of LM567. The input pin of the tone
decoder circuit is connected to the audio
speaker line in the telephone module,
while the output pin is connected to pin of
D42 on the microcontroller which
functions as an input pin.

The circuit of tone decoder circuit
connection to the system is shown in
Figure 19.

Speaker
on the Module of —»
Telephone Device

Audio Circuit of Audio

Input Tone Decoder Output D42

Figure 19. The circuit of tone decoder circuit
connection to the system

Based on Figure 19 can be explained that
the circuit of tone decoder is used to detect
the tone frequency on the telephone line.

(6) Telephone device module

The push button (keypad) is replaced
with an IC of switch circuit that is
connected to the gateway-A2 board which
functions for telephone call activities. The
microphone line is connected to the sound

recording and storage circuit, and the relay
driver circuit is connected to the gateway-
A1l board which is then connected to the
RX radio audio line. The speaker line is
connected to the Voice Operated
Transmitted (VOX) circuit which functions
as a trigger for the Push To Talk (PTT) pin
of the radio device, so that it can be
transmitted when sound is detected. The
module of telephone device is used as a
gateway interface to the telephone line.
Pins connection on the module of
telephone device is shown in Figure 20.

to pin of Microphone (+)
to pin of Microphone (-)

Microphone (+)

z —ipy
Telephone Li
elephone Line[ Microphone (-)

Module of
Telephone Device Ri

—»]
from Circuit of

IC of 4066 for Switch | —

—»]

—>] Speaker (+)

Speaker (-)

to pin of TX In + (Radio)
to pin of TX In — (Radio)

Figure 20. Pins connection on the module of
telephone device

Based on Figure 20 it is shown that the
module of telephone device that has been
modified by removing the bottom push
button (keypad), microphone, and speaker.

(7) Circuit of indicator lamp on the
gateway-A2 board

The gateway-A2 board is connected to
the Arduino MEGA2560 R3 module on pins
of D8, D9, and D10 with their respective
functions as a connected indicator, VOX,
and ringer. The connection pins in circuit
of indicator lamp on the gateway-A2 board
is shown in Figure 19.

D8—» LTINS Output-1 LED-1 (Connected)
(LI o2 IS, 5 LED-2 (Audio Signal)
D10—>{LITIEE] (US> LED-3 (Ringer)

Figure 21. The Connection Pins in Circuit of
Indicator Lamp on the Gateway-
A2 Board

Integration of Interface Device System
The gateway-Al is an interface for

radio frequency-based communication

systems and the gateway-AZ2 is an interface
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for  telephony-based communication
systems. The interface device system
controlled by DTMF signals is a system
consisting of several electronic circuits and
components that are integrated into a
single unit, so that the system can operate
optimally. In the integration process
required wiring of all electronic circuits.
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The block diagram of the relationship
between modules on an interface device
system based on the modules of Arduino
UNO R3 and MEGA2560 R3 is shown in
Figure 22.

| N P - R RO TREes
DECIN Speaker \qoduleof SV <C Subfemale 15
" Voice Recorder pinger & H LiES o .
and Storage £ 2 Speaker DEC_IN
Relay-4 995 2 Module of - 2
<3 w e ; 3 S Voice Recorder .
|§ — = ,i o and Storage Relay-3
325 S Module 22, 1
Ul = of Telephone [ — 2.2 4 |, pecour
/J’ I Device & Sf— g 2
L = &1
i |w L] »
[ﬁs L A
L =
§ £33
~ to IC of CD4066 el e 83
5 3 8 8 A g 38
for switches -4 g
P2 §.9..5,
H Ring Detector (D43) L
/J’ L_{cor 3 a2
w3 { o
X1-4 X1-4
x1-3 X1-3 og [—
A2 x2-2 x2:2 GND
y
Board X2-1 X2-1 Al j’
y
X2-4 Board As
X2-3 X1-1 A0 et
z
X1-2 B
X1-1 3 vox
= ™ v sy
> sV
1 R .8 .,8 838
1
= E]
& 3 ] 12v
§ B g - +
2
Indicator 8 CZCW:C
12v 12 V] nverter
12Vto5
Fuse Main - P & 2 v)
10A Switch p —
e\ O ~| Switched-mode | B |
220v| Power Supply —
"l (220 v to 12 W) A

Figure 22. The block diagram of the relationship between modules on an interface device system
based on the modules of Arduino UNO R3 and MEGA2560 R3

Based on Figure 22 it is shown that all
modules are integrated in the interface
device system as a whole in the form of the
gateway-Al and gateway-A2 boards and
the switched-mode power supply system.
The gateway-Al is an interface for
radio frequency-based communication
systems and the gateway-A2 is an interface
for  telephony-based communication
systems. The interface device system
controlled by DTMF signals is a system

consisting of several electronic circuits and
components that are integrated into a
single unit, so that the system can operate
optimally. In the integration process
required wiring of all electronic circuits.
The integration of interface device system
to obtain the modules embodiment
through integrated wiring is shown in
Figure 23.
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Captions on Figure:

[a] = fuse

[b] = inlet power socket (male)

[c] = phone line socket of RJ-11

[d] = PTT, e & m wire interface D-Sub
15 (female)

[1] = control relay for audio recorder of
gateway-A2

[2] = A2 audio recorder module

[3] = module of phone interface

[4] =A1 audio recorder module

[5] = control relay for audio recorder of
gateway-Al

[6] = voice detected module

[7] = module of 5 volt power supply

[8] = gateway-A1l board and Arduino
UNO R3

[9] = gateway-A2 board and Arduino
MEGA2560 R3

[10] = 12 volt, 5 A switched-mode power
supply

[e] = input power indicator of 220 volt
[f] = ON/OFF toggle switch

[g] = indicators of PTT, COR, and link
[h] = indicators of ringer, VOX, and link

Figure 23. The integration of interface device system to obtain the modules embodiment through integrated

wiring

CONCLUSION

Based on the results and discussion, then
the conclusions are determined according to
the research objectives. The Arduino-based
electronic device is controlled by DTMF signals
in the form of integration of two gateway
boards, namely gateways A1 and A2 which are
integrated into a unified system which consists
of several electronic circuits, modules, and
devices. The gateway-A1l board is an interface
device that is connected to a radio-based
communication device, while the gateway-A2
board is an interface device that is connected
to a telephony-based communication device.
The interface device can be carried out from
the communication devices based on radio and
telephony communication systems (PSTN or
GSM).

Completing the conclusion, programming
the minimum system based on Arduino IDE
includes determining algorithms and writing
syntax to control the minimum system. The
recommendation for further work is; (i) in the
form of application a verification test by
providing voltage magnitudes at the input port
and observing the response at the output port
uses the measuring instrument and (ii)
implementing a validation test on the IDC,
through the provision at the input port and
observing the response at the output port.
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