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Abstract:

This paper intends to invent and present the design and implementation of an Audio Exchange Bus which can
facilitate the direct audio exchange between the speaker/line-out output of one device (e.g., computer, mobile
phone, [oT modules, etc.) and microphone input of another device and vice versa, in a wired and wireless medium.
This is a new area in the field of Audio Transmission because as far as transmission of audio is concerned digital
transmission of audio is considered as a better mechanism. But Digital Transmission comes with two important
demerits, first, it requires special hardware to be present in both of the devices, and second, it ignores the already
available standard speaker/line-out output and microphone input ports. Since such special hardware components
are not available in normal computers and mobile phones that's why the digital transmission of audio is not feasible
for these sets of devices. In such devices the Audio Exchange Bus provides a usable and reliable medium for audio
communication. In addition to it, this paper explains the main challenges in the design and implementation of Audio
Exchange Bus and its usability in the International Telephony Systems, Machine Automation, and IoT devices.
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INTRODUCTION

With the advancements in the field of electronic
data communication the need for audio
communication is high in demand. With recent
advancements in transmission techniques, audio
is considered as a data packet [3], [8-13], [16].
Though this has brought a lot of efficiency in the
communication, it requires special hardware
infrastructure in the devices which are designed
for such audio transmission.

But what about the commonly used devices like
computers, laptops, mobile phones and IoT
modules. Although they can transmit audio
through Bluetooth [14-15], but it has two
concerns, first, not all commonly used devices
essentially have Bluetooth and second, receiving
the audio in the microphone/line-in input of the
device is not feasible with Bluetooth. In
scenarios where the first device (e.g., computer,
laptop, mobile phone or IoT module [17])
creates an audio signal of some automation
command and this audio signal is then required
to be communicated to the second

device. Since these devices do not have any
digital audio transmission, the communication
can only happen through the speaker/line-out of

the first device to the microphone input of the
second device.

To enable above required communication there
is a need for a medium, this medium is being
named here as the Audio Exchange Bus. The
Audio Exchange Bus should be capable of
receiving an audio signal from the speaker/line-
out of any device and then can feed that to the
microphone input of other devices and vice
versa. This paper discusses the key challenges in
the design of Audio Exchange Bus and presents
the design and implementation of the Audio
Exchange Bus. The fundamental technique
behind the design of Audio Exchange Bus is that
it adapts the audio signal received from the
speaker/line-out to a level such that it can be
supplied as microphone input. Implementation
of bidirectional and wireless communication of
Audio Exchange Bus is also achieved.

This paper presents the invention of Audio
Exchange Bus and discusses the design and
practical implementation of it. This paper begins
with discussion and listing of the challenges in
the design of Audio Exchange Bus in section 1.1
followed by the detailed design consideration
and the system design in section 1.2. Section 2
explains the detailed implementation of the
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design shared by section 1.2 and presents a
working Audio Exchange Bus followed by
section 3 which discusses about the results and
accuracy of Audio Exchange Bus, this section
also explains about the areas of further research
in this subject. This paper is concluded in section
4.

1 SYSTEM DESIGN OF AUDIO EXCHANGE BUS
The direct supply of the audio output from the
speaker/line-out to the microphone directly
does not work as it needs some processing in
between which should essentially address the
following challenges.

1.1 The Challenges in invention of Audio
Exchange Bus

The key challenges in the design and
implementation of Audio Exchange Bus are:

1.1.1 Challenge-1: Too high voltage of the
speaker/line-out signal

The speaker/line-out outputs the high voltage
signal which cannot be directly consumed by the
microphone. The output voltage of speaker/line-
out for computers, mobile phones and IoT
devices are generally in the range of 0.1 volt to
1.0 volt. However, the microphone input for
computers, mobile phones and IoT Devices can
only accept a low voltage signal generally in the
range of 0.1 millivolt to 1.0 millivolt. Providing a
high voltage signal to a microphone input will
distort the signal as the amplifier at microphone
input will attempt to amplify the high voltage it
received as input to even higher voltage and the
result will be a highly clipped signal and the
sound will be badly distorted. And if the
microphone is sensitive and a further high
voltage is supplied that may even damage the
microphone circuit.

So, in order to make this communication
possible the speaker/line-out signal needed to
be attenuated to the level such that it can be
supplied as an input to the microphone. But that
comes with another challenge that during
attenuation of the signal, noise should not be
introduced, and signal is not distorted. The
process of attenuation should be just reducing
the power of the signal and should be taking care
of other problems like Loading Effect, Stray
Inductance and Stray Capacitance etc.

1.1.2 Challenge-2: Support for multiple output
and input voltage range

The Audio Exchange Bus is required to be
functional for a wide range of devices like Server
Machines, Personal Computer, Laptop, Mobile
Phone and several 10T devices. These devices
would certainly have different configurations of
speaker/line-out output. Thus, the degree of
attenuation required cannot be a fixed value for
all the devices. The Audio Exchange Bus must
have some mechanism to adjust attenuation
value for a given set of input and output devices.

1.1.3 Challenge-3: The Bidirectional Audio
Exchange

The communication between the devices using
Audio Exchange Bus would be of bidirectional
nature, as the device sending output from its
speaker/line-out should also be able to receive
input at its microphone and vice versa. Thus, the
Audio Exchange Bus is required to be
bidirectional. At each end of the Audio Exchange
Bus, it should be having an input socket/jack (to
receive speaker output from the device) and an
output socket/jack (to supply microphone input
to the device).

1.1.4 Challenge-4: The Wired and Wireless
variants of Audio Exchange Bus

If the above-mentioned challenges are met, the
Audio Exchange Bus would be able to do the
requisite communication, but it would be
essentially a wired circuit. Wiring not only
creates maintenance problems but also reduces
the life of Audio Exchange Bus due to the
possibility of wear and tear of wires. Since most
of the Server Machines, Personal Computers,
Laptop and IoT devices have inbuilt Bluetooth,
the Audio Exchange Bus is required to have a
wireless variant so that the connecting devices
can communicate to Audio Exchange Bus over
Bluetooth in a non-wired setup.

1.1.5 Challenge-5: The usability and reliability
of Audio Exchange Bus

The Audio Exchange Bus is required to be a plug
and play device for audio exchange between
Server machines, Personal Computers, Laptop
and loT devices. Since the Audio Exchange Bus
would be working with heterogeneous devices,
it should be having predefined attenuation
configurations and should not require for each
set of connecting devices. Also, this cannot be
ensured that the input voltage to the Audio
Exchange Bus would be in specified range thus
the Audio Exchange Bus must be some
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mechanism to protect it from hardware damage
due to high input voltage of signal. Thus, the
Audio Exchange Bus has to be highly reliable.

1.2 The Challenges in invention of Audio
Exchange Bus

The Audio Exchange Bus must be designed to
meet all the challenges that are discussed in the
last section.

1.2.1 Design considerations for Signal
Attenuation as mentioned in Challenge-1 and
Challenge-2

The key challenges mentioned by Challenge-1
and Challenge-2 above are around selection of
the right technique for the purpose of
attenuating the speaker/line-out signal to the
acceptable level of microphone input. The key
requirements of this attenuator [1], [5] are:

a) The Attenuator should not introduce noise

and distort the signal.

b) It should be free from attenuation challenges
like Stray Capacitance, Stray Inductance,
Loading Effect etc. and is able to provide a
wide range of attenuation.

Based on these requirements the key design

considerations are:

1) Selection of Type of Attenuator: Since the
requirement of Audio Exchange Bus is to
support multiple sets of devices,
Attenuation Value cannot be constant and
may require to be configured per set of
devices so the Switched Element Attenuator
is a perfect fit in the design of Audio
Exchange Bus.

2) Selection of Attenuation Pad: For the first
implantation of Audio Exchange Bus the
basic attenuators are considered. The study
of three most basic attenuators used in the
sound signals are done [2]. These
attenuator pads are L-pad, T-pad and Pi-pad
attenuators. The selection of the right
attenuator pad is a very important design
consideration in the design and
implementation of the Audio Exchange Bus.

The brief review of the L-pad, T-pad and Pi-pad
attenuator are as follows:

L-pad Attenuator
Out of different attenuator topology L-pad
Attenuator is one of the most basic attenuators.

It is a simple voltage divider and most suitable
for low voltage or low power systems.
=1

In =2

!

.
L

Figure 1: The Circuit diagram of L-pad Attenuator

be—C —

The L-pad attenuator has two resistances as
shown in the Figure-1, to form a voltage divider.
The two resistances are connected in series to
the input voltage and the output is collected
from only one resistance, which enables the
circuit as a voltage divider. Since the L-pad
Attenuator consists of resistances only, thus no
phase shift happens in this attenuator. So, L-pad
Attenuators are best suited in attenuating the
audio signals.

The relationship between output voltage (Vout)
and input voltage (Vin) for the resistance R1 and
resistance R2 is defined by following equation:

Vout = Vin*(R2/ (R1+R2)) (1)

The L-pad Attenuator can match the impedance
at the input end only because of the
arrangements of resistances. This makes the L-
pad attenuator an Asymmetric attenuator. If
there is a requirement of matching unequal
impedance at input and output end, then
attenuators like Pi-pad or T-pad should be
implemented.

T-pad Attenuator

The T-pad attenuator also consists of pure
resistive elements. The arrangement of
resistance in the T-pad attenuator as presented
by Figure 2 makes the T-pad attenuator a
symmetric attenuator, it is composed of three
resistance R1, R2 and R3. Resistance R1 and
Resistance R3 are connected to the source in
series and the output s collected through R3. An
additional resistance R2 is connected to R3 in
series before the output supply making it
symmetric in design.
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Figure 2: The Circuit diagram of T-pad Attenuator

If the impedance of the source and the target
systems are same, then the value of R1 and R2
would be taken the same whereas when the
source and target are different in impedance
values of resistance R1 and R2 is also different.

Pi-pad Attenuator

Like T-pad Attenuator, Pi-pad Attenuator is also
fully symmetric and consists of purely resistive
elements. This attenuator can be used for equal
input and output impedance as well as for
unequal input and output impedance.

R2

R1 R3 1

Figure 3: Pi-pad Attenuator Circuit

As shown in Figure 3 the Pi-pad attenuator is
composed of three resistances R1, R2 and R3.
The input is connected to R1 and output is
collected from R3. The R2 is connected as series
resistance between R1 and R3 which are called
Shunt resistors. In order to get high impedance
values of R1 and R3 are decreased and R2 is
increased.

Selection of the best fitted Attenuator for the
design and implementation of Audio
Exchange Bus

The key factors affecting the selection of

attenuator pad are:

a) The Attenuation Value of the attenuator
pad must support configurable i.e. The
attenuator must support Switched
Attenuator implementation

b) The impedance of the source and target
system are not known and thus the

d)

3)

4)

5)

6)

attenuator should be asymmetric and
unbalanced.

Attenuator pad should be able handle
Loading Effect.

the basis of these factors the L-pad
attenuator is being selected and used in the
current implementation of the Audio
Exchange Bus. The key merits are:

By using a variable resistance at the place of
resistance R1 in L-pad attenuator,
Attenuation Value over a wide range can be
achieved.

L-pad attenuator worlds very well for
asymmetric and unbalanced source and
target systems.

By placing a small capacitor of 40
microfarad in parallel to output, the
Loading Effect can be minimized.

Last and not the least L-pad attenuator
being most simple in design and is free from
unwanted stray inductance and stray
capacitance.

Attenuation Value: The Audio Exchange
Bus must be able to take signal voltage in
the range of 0.1 volt to 1.0 volt and should
be able to attenuate the output in the range
of 0.1 millivolt to 1.0 millivolt.

Power Dissipation: While reducing the
signal level, Attenuators dissipate
additional power. Therefore, this is
important to consider that the resistance
used can handle the required power level.
In the given range of input and output
voltages the power dissipation is of order
0.1 milliwatt.

Impedance: Attenuators work by matching
impedance of Source and Target circuits
and input and output impedance creates a
very important role in designing an
Attenuator [7]. As the Audio Exchange Bus
works between heterogeneous devices, the
impedance matching is not possible and
thus it plays a significant role in the
selection of attenuator pad for the
implementation of Audio Exchange Bus.
Voltage Standing Wave Ratio (VSWR):
VSWR of an Attenuator is the ratio of the
peak voltage to the minimum voltage. The
perfect match of VSWR of an Attenuator is
1.0:1, while the worst-case VSWR is oo:1.
The VSWR of the attenuator in Audio
Exchange Bus should be as close as to 1.0:1.
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7) Composition of Attenuator: The electronic
components used in the circuit of the
attenuator directly impacts it’s accuracy
and thus Non-Inductive resistors should be
used. Surface mount resistors are better
because of their small size and
manufacturing technique. Since no Spiral
Cutting technique is used and therefore the
level of stray inductance is very low. The
attenuator should be designed in a way that
it minimizes the stray inductance and stray
capacitance between the elements of the
attenuator in the circuit. The proper
earthing is should also be ensured in the
attenuator circuit.

1.2.2 Design considerations for Bidirectional
Audio Exchange as mentioned in Challenge-3

The Audio Exchange Bus is required to support
the bidirectional exchange of Audio between
two devices, say device-1 and device-2. The
speaker/line-out output of device-1 is required
to be supplied to the microphone input of
device-2 and speaker/line-out output of device-
2 is required to be supplied to the microphone
input of device-1. So, the attenuator designed in
the previous section must be available in a duo.
But each of the attenuators should be
independently configurable and should support
different Attenuation Value because
speaker/line-out and microphone specification
of device-1 and device-2 can be different.

1.2.3 Design considerations for the Wired and
Wireless variants of Audio Exchange Bus as
mentioned in Challenge-4

There are two possibilities in which the Audio
Exchange Bus can be used by the users, as a
wired medium or as a wireless medium. In the
wired medium the speaker/line-out output is
sent to the Audio Bus and microphone input is
received from the Audio Exchange Bus over a
wire through jack. This creates a simple to use
design but comes with the problem of handling
wires.

However, for the devices having inbuilt
Bluetooth the Audio Exchange Bus needs to
provide a mechanism to the connecting devices
to connect to it through Bluetooth. Therefore,
the Audio Exchange Bus needs to have inbuilt
Bluetooth in it. These inbuilt Bluetooth on the
Audio Exchange Bus will enable the Audio
Exchange Bus to receive and send the audio

signals over Bluetooth instead of using the wire.
Rest of the implementation remains the same.

1.2.4 Design considerations for the usability
of Audio Exchange Bus as mentioned in
Challenge-4

The Audio Exchange Bus has to be essentially a
plug and play device and the design should be in
such a way that any device can simply connect
to it without any modification in the circuitry of
the Audio Exchange Bus.

2 THE IMPLEMENTATION OF THE AUDIO
EXCHANGE BUS

All the challenges and design considerations
around these challenges are already explained
in the previous sections. The implementation of
Audio Exchange Bus starts with the
implementation of each of the design
considerations.

2.1 Implementation of design to meet
Challenge-1 and Challenge-2

The output voltage of a speaker output in
general varies from 0.1 volt to 1.0 volt and that
of a microphone input is 1.0 millivolt to 10.0
millivolt. In the previous section the conclusion
to use the L-pad attenuator has made so
considering the constant value of input voltage
(Vin) to be 1.0 volt and a constant value of
output voltage (Vout) to be 1.0 millivolt the
calculation of resistance R1 and resistance R2
would be as follows given by using equation (1):

Since the value of Input Voltage (Vin) is Vin=1.0
volt and values of Output Voltage (Vout)
Vout=1.0 millivolt the values of resistance R1
and resistance R2 are given below:

Vin= 1.0 volt (2)
Vout= 1.0 millivolt (3)
R2=10 Ohm (4)
R1=9990 Ohm (5)

Rl
10K

Outputfor
Microphane Input
output of Devie-{ 100 of Davice-?

L i)

Input for

Speaker/Line-out
Speaker/Line-out RZ

autputof e

Micraphane Input
of Device 2

LA
8-
v

M y Sey
Device-1 + Device-2
(Mobile Phone) L (Computer)

Figure 4 A Fixed L-pad Attenuator to fix the voltage
difference between input and output
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The attenuation works fine for the given values
of Vin and Vout as shown by circuit diagram in
Figure 4, but since Audio Exchange Bus is
intended to be used with multiple devices of
heterogeneous nature the values of Vin and Vout
are subjected to change. To achieve attenuation
for the varying values of Vin and Vout, the values
of resistance R1 and resistance R2 cannot be
fixed. So, the R1 has been replaced with a
Rheostat of 0-10K Ohm, whereas keeping R2 as
constant at 10 Ohm.

Rl
10KQ

- It for Output for .
SpeakerfLine out s R2 Mitruphone Inpul
olputofleey | Peskineout Mo e
output of Dece- L 100 of Device 2
[ ]
Device-1 v v Device-2

Moile Phone] \ (Computer)

Figure 5 A Switched Element Attenuator to provide
support to a wide range of Input and Output voltages

Using a 10K Rheostat a switched attenuation
can be achieved, and multiple devices of
different speaker output voltage and
microphone input voltage can be supported by
Audio Exchange Bus.

The circuit shown in Figure 5 is dealing with
difference in impedance at the output end and
thus some Loading Effect might be present and
causing some distortion in the signals. So, to
handle this loading effect a small capacitor of
capacity 40 microfarad is connected in parallel
to R2 as demonstrated by Figure 6.

Rl a
10K0 40yF I \

" Input or Outputfor
Speterflinecull - [PTRT R * Miczophune nput
outputofDeviey  peaeline ut Marpborelipt | rieay
output of Device-1 100 of Devico 2
’. o

- & 8 T
L} v

Device-1 Device-2
(Mokil: Phone) ~—~/ \ (Computer)

Figure 6 Handling Loading Effect in a Switched
L-pad Attenuator

2.2 Implementation of design of Challenge-3:
The Bidirectional Bus

So far, successfully implementation of one-way
communication from the speaker/line-out
output of one device to the microphone input of

another device has achieved, but in order to
have a fully functional Audio Exchange Bus, this
communication is required to be present in both
ways. To have that communication, the duo of
Switched L-pad Attenuator is used. The duo
Switched L-pad Attenuator is arranged in such a
manner that each of the attenuators can be
configured independently as presented in the
Figure 7 so that heterogenous devices can also
communicate through Audio Exchange Bus.

R1 c1
10 KQ 40 JF
e M I, o ___
Input for < Output for
Speaker/Line-out g R2 Microphone Input
output of Device-1 > 10Q of Device-2
(INPUT-1) (OUTPUT-1)
e L
Input for
Output for R3 Speaker/Line-out
Microphone Input 100 output of Device-2
of Device-1 NPUT-2)
(OUTPUT-2)
e | ¢ W o
Cc1 R4
40 UF 10 KQ

Figure 7: The Bidirectional implementation of Audio
Exchange Bus

2.3 Implementation of design of Challenge-4:
The Wired and Wireless variants of Audio
Exchange Bus

The implementation presented by Figure 8 is
the wired variant of the Audio Exchange Bus.
For illustration, say Device-1 and Device-2
wants to communicate to each other through
Audio Exchange Bus. The speaker/line-out
output of Device-1 will be connected to INPUT-
1(as shown in figure 8) of the Audio Exchange
Bus and OUTPUT-1 of the Audio Exchange Bus
will be connected to the microphone input of
Device-2. Similarly, the speaker/line-out output
of Device-2 will be connected to INPUT-2 of the
Audio Exchange Bus and OUTPUT-2 of the Audio
Exchange Bus will be connected to the
microphone input of Device-1.

Devicel R
{Mobile Phone) .

) 2 Device 2
B o R S (Computer)
[ 3 L]
Microghone Input Output for
of Device-1 Miccophone Ingut
Deviee 1

Speskariline out
outpin at Device-2

e
'I_

foureur
e | ! !

1l R4
40 PF 10 KO

Wired Audio Exchange Bus
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Figure 8: The Wired Audio Exchange Bus
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Wireless Audio Exchange Bus

Figure 9: The Wireless Audio Exchange Bus

However, the implementation presented by
Figure 9 is the wireless variant of the Audio
Exchange Bus. In the wireless variant the Audio
Exchange Bus, it has two inbuilt Bluetooth in it.
The purpose of these Bluetooth is just to take
input and give output through these Bluetooth
transceivers and not through the wires. Thus, in
this variant the speaker output of Bluetooth is
connected at the place where the speaker/line-
out output of the device is connected in the
wired variant and similarly the microphone
input of microphone is now connected to the
same connection point where the device is
connected in wired variant. In that case the
inbuilt Bluetooth of Device-1 will be connected
to the Bluetooth-1 of the Audio Exchange Bus
and Device-2 will be connected to the Bluetooth-
2 of the Audio Exchange Bus.

2.4 Implementation of design of Challenge-5:
The Usability and Reliability of Audio
Exchange Bus

This implementation works well for most of the
use cases but there are a few concerns towards
usability and reliability of the Wired Audio
Exchange Bus

1) This implementation of Wired Audio
Exchange Bus is connected through wires and
thus the system is not that robust and reliable
due to the possibility of wear and tear of wires.

2) The connected devices may have different
microphone input and speaker output voltages
thus it requires a re-adjustment of the Rheostat
for every set of input and output device, which
makes the Wired Audio Exchange Bus non
qualifier for Plug and Play.

However, the usability of Wired implementation
of the Audio Exchange Bus is higher because it
supports even a wider range of devices and even
the devices which are not having inbuilt
Bluetooth connectivity.

The wireless implementation of the Audio
Exchange Bus is free from both of the concerns
and is usable as plug and play device. The
Wireless Audio Exchange Bus is highly reliable
and usable because even if output of
speaker/line-out of the Device-1 is extremely
high, it would not be requiring any tuning in
Audio Exchange Bus or cannot cause a damage
to the Audio Exchange Bus. Since the
connectivity of Device-1 and the Audio
Exchange Bus is through Bluetooth and
Bluetooth will only pass the standard voltage (in
safe range) to the attenuator. This also increases
the ease in handling of the Audio Exchange Bus.

2.5 The Final Implementation of Wired and
Wireless Audio Exchange Bus

Consider two devices, say Device-1 a Mobile
Phone and Device-2 a computer needs to
exchange audio with each other. Device-1 needs
to send its speaker/line-out output to
microphone input of Device-2 and Device-1
needs to send its speaker/line-out output to
microphone input of Device-1.

R1 [

~ -
P ~ — f
Bluetooth-1 10K 40 WF Bluelasth-2
p . - [ p___
u

Bluetooth's
Spesker

c R
40 pF 10 KO

Wired/Wireless Audio Exchange Bus

Figure-10 The Wired and Wireless Audio Exchange Bus
2.5.1 Communication in Wired Audio
Exchange Bus

The audio exchange in a Wired Audio Exchange
Bus follows following steps:

Step-1: Device-1 connects its speaker/line-out
output to INPUT-1(Audio Exchange Bus input
for receiving signals from speaker/line-out)
through 3.5 mm Audio Jack available in Audio
Exchange Bus. Using this connection, the
Device-1 is now able to send its speaker output
to the Audio Exchange Bus.

Step-2: The Audio Exchange Bus will attenuate
the signal to the right voltage.

Step-3: The Device-2 connects its Microphone
input to the OUTPUT-1(the Microphone output
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of Audio Exchange Bus). Using this connection
Device-2 is now able to receive the attenuated
signal as microphone input.

Step-4: The Device-2 does the required
processing on the signal and may create the
audio output.

Step-5: Device-2 connects its speaker/line-out
output to INPUT-2(Audio Exchange Bus input
for receiving signals from speaker/line-out)
through 3.5 mm Audio Jack available in Audio
Exchange Bus. Using this connection, the
Device-2 is now able to send its response
speaker output to the Audio Exchange Bus.

Step-6: The Audio Exchange Bus will attenuate
the response signal to the right voltage.

Step-7: The Device-1 connects its Microphone
input to the OUTPUT-2(the Microphone output
of Audio Exchange Bus). Using this connection
Device-1 is now able to receive the response
attenuated signal as microphone input.

Step-8 The Device-1 does the required
processing on the response signal.

The entire communication of audio repeats this
cycle.

2.5.1 Communication in Wireless Audio
Exchange Bus

The audio exchange in a Wireless Audio
Exchange Bus follows following steps:

Step-1: Device-1 which is connected through its
inbuilt Bluetooth to the Bluetooth-1 of the Audio
Exchange Bus. The Bluetooth-1 internally
receives the audio from Device-1 and sends it to
the attenuator. Also, the Bluetooth-1 internally
receives the signal from the attenuator and
sends this to Device-1. No other connectivity is
required to be done for Device-1.

Step-2: The Audio Exchange Bus will attenuate
the signal to the right voltage.

Step-3: Device-2 which is connected through its
inbuilt Bluetooth to the Bluetooth-2 of the Audio
Exchange Bus. The Bluetooth-1 internally
receives the audio from Device-2 and sends it to
the attenuator. Also, the Bluetooth-2 internally
receives the signal from the attenuator and
sends this to Device-2. No other connectivity is
required to be done for Device-2 as well.

Step-4: The Device-2 does the required
processing on the signal and may create the
audio output.

Step-5: Device-2 which is already connected to
Bluetooth-2 will send its response speaker
output to the Audio Exchange Bus through
Bluetooth-2 connectivity.

Step-6: The Audio Exchange Bus will attenuate
the response signal to the right voltage.

Step-7: Device-1 which is already connected to
Bluetooth-1 will receive the response signal
from Audio Exchange Bus through Bluetooth-1
connectivity.

Step-8 The Device-1 does the
processing on the response signal.
The entire exchange of audio repeats this cycle.

required

3 RESULT AND DISCUSSION

The purpose of this paper is to design and
implement an Audio Exchange Bus which
enables the direct audio communication from
the speaker/line-out of one device (e.g,
computer, mobile phone or IoT devices etc.) to
the microphone input of another device (e.g.,
computer, mobile phone or IoT devices etc.).
Figure 11 presents a real implementation of
Audio Exchange Bus.

Figure 11: The real Audio Exchange Bus

Audio Exchange Bus has its merit in the field of
telephony, automation and IoT. The major
constraint in such implementation is to adapt
the speaker output to an acceptable level of
microphone input and to provide wireless
connectivity along with wired one without
losing the quality of audio signal. The primary
challenges faced during the design and
implementation of the Audio Exchange Bus are
as follows:
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1) To attenuate the output signal from the
speaker/line-out of the source device to a
level such that it is acceptable as a direct
microphone input in the other device.

2) Since the power of output signal from the
speaker/line-out and the microphone input
varies with device to device thus
attenuation required is not constant and
depends on the set of source and target
devices engaged in the communication.

3) Since it is required to have exchange of
audio between the source and target
devices, the Audio Exchange Bus must be
able to do a bidirectional communication of
signals. Which means the source device is
sending audio from the speaker/line-out to
the microphone input to the target device
and also the source device is also receiving
the audio from the speaker/line-out of the
target device to its microphone input.

4) The Audio Exchange Bus must support a
non-wired communication as well for the
devices which are having inbuilt Bluetooth
connectivity.

To address the point 1) and 2) a L-pad
attenuator with one variable resistance(R1) of
10 KOhm and a fixed resistance(R2) of 10 Ohm
is used so that different attenuation can be
achieved for different sets of devices as per the
requirement. Table 1 provides the calculated
values of R1 and R2 for the different values of
Input Voltage (Vin) for an Output Voltage (Vout)
derived from equation 1.

Table I Calculated values of R1 and R2 for Vin and Vout

Vout Vin R1 R2
(In (In (In (In
volts) volts) Ohm) Ohm)TCH
0.005 0.1 190 10
0.005 0.2 390 10
0.005 0.3 590 10
0.005 0.4 790 10
0.005 0.5 990 10
0.005 0.6 1190 10
0.005 0.7 1390 10
0.005 0.8 1590 10
0.005 0.9 1790 10
0.005 1.0 1990 10

The implemented Audio Exchange Bus was
tested with two devices having speaker/line-out
audio power of 0.5 volt and a microphone input

0f 0.005 volts. A DTMF signal of number two was
sent from the source device speaker output and
was received by the microphone input of the
target device. The target device was successfully
able to decode the DTMF signal using the DTMF
decoder.

For the verification whether the Audio Exchange
Bus has introduced some noise or has distorted
the signal the waveform analysis was also done.
Figure 12 presents the waveform of the signal
being sent to the Audio Exchange Bus and the
waveform of the signal received at the target
device through the Audio Exchange Bus. The
detection of DTMF tone at target and this figure
depicts that the attenuator of the Audio
Exchange Bus has not distorted the waveform of
the signal and the audio transmission was
successful through Audio Exchange Bus. Figure
13 presents the spectrum analysis of the signal
being sent to the Audio Exchange Bus and the
signal received at the target device. It is very
clear from the spectrum analysis that neither a
new frequency is added proving no noise is
introduced, nor any frequency is dropped
proving none of the signal is clipped.

form of received audio

The wavelorm of original audi The wav
{frem Audic Exchange Bus at target)

{To be sent to Audio Exchange B:S)
Figure 12: Waveform of the signal before sending and
after receiving from the Wired Audio Exchange Bus in
communication.

he Spectrum Analysis of original audio
(To be sent to Audio Exchange Bus)

The Spectrum Analysis of received audio
(from Audio Exchange Bus at target)

Figure 13: Spectrum Analysis of the signal before sending
and after receiving from the Wired Audio Exchange Bus in
communication.

Similar experiment was performed with
another set of devices with different values of
Vin and Vout by adjusting the value of R1. The
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results received for those devices were also
resembling that of the previous set.

The bidirectional capability of the Audio
Exchange Bus is simply achieved by reversing
the attenuator ends in the Audio Exchange Bus
and thus the behavior achieved in the forward
direction was the same with that in the reverse
direction as well. The same was verified by
comparing waveforms and the spectrum
analysis of sent and received audio which are
significantly similar as presented in Figure 12
and Figure 13 respectively.

he waveform of received audio
(from Wireless Audio Exchange Bus at target)

waveform of original audio
(1o be sent to Wireless Audio Exchange Bus)

Figure 14: Waveform of the signal before sending and
after receiving from the Wireless Audio Exchange Bus in
communication.

s at ldl::'l)
Figure 15: Spectrum Analysis of the signal before sending
and after receiving from the Wireless Audio Exchange Bus
in communication.

To implement the Wireless Audio Exchange Bus,
two Bluetooth transceivers were used in the
Audio Exchange Bus, the Bluetooth transceiver
basically replaced the wired communication to
the attenuator of the Audio Exchange Bus. The
waveform results were observed when the
Audio Exchange Bus was connected over
Bluetooth with a computer and a mobile phone.
The DTMF code sent by the mobile phone was
successfully decoded in the computer. The
comparison of waveforms and spectrum
analysis presented by Figure 14 and Figure 15
respectively presents that no additional noise
was introduced, and the signal was free from
distortion.

3.1 Future Work

As this is a completely new communication
medium between devices having speaker/line-
out and microphone, further research is
required in this field. There are two such areas
related to implementation of Audio Exchange
Bus that should be explored further, first is
using the Digital Attenuator for attenuation of
speaker/line-out output, and the second is the
feasibility and design of a programmable and
auto configurable Audio Exchange Bus. Another
area of further study is how the capability of
Audio Exchange Bus can be utilized in the field
of Telephony, Automation and IoT for multiple
use cases.

4 CONCLUSION

As there was a critical need for a medium, which
can facilitate the bidirectional exchange of audio
between two devices (having speaker/line
output and microphone input) through speaker
output of one device to microphone input of
another device and vice versa. This
communication is feasible through a
bidirectional circuit that attenuates the output
of speaker/line-out signal to the level of
microphone input without introducing noise or
distortion of the signal. For the devices like
computers and mobile phones which are having
inbuilt Bluetooth the implementation of this
medium was required to be wireless. Also, the
reliability, configurability, and maintainability
aspects of the required medium needed to be
taken into account.

So, in this paper, Audio Exchange Bus is
invented, and its design and implementation are
explained. L-pad attenuator with handled
Loading Effect is being used to attenuate the
speaker/line-out output because of its
simplicity of implementation, the input and
output impedance across the Audio Exchange
Bus are asymmetric, and there is no need to
match the impedance of input and output
devices. For the devices, without inbuilt
Bluetooth, a wired Audio Exchange Bus is
presented whereas for the devices having
inbuilt Bluetooth a wireless Audio Exchange Bus
is suggested as a better option considering the
reliability and maintainability aspects.

The Audio Exchange Bus invented in this paper
is an affordable plug and play device that
enables the audio exchange between two
devices having speaker/line-out  and
microphone and thus would be acting as an
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essential tool for the scientific community
working in the field of low-cost International
Telephony using the Internet and 2G/3G Mobile
devices, machine automation using voice
and/or DTMF commands and implementation
of IoT devices.
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