Journal of the Korea Convergence Society ISSN 2233-4890 / eISSN 2713-6353
Vol. 11. No. 8, pp. 47-53, 2020 https://doi.org/10.15207/JKCS.2020.11.8.047
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Abstract In the case of a failure due to equipment deterioration in the public address system or a
worker's mistake during construction, broadcasting becomes impossible. In this situation, we have
designed a more advanced management broadcast system that can broadcast. The broadcasting service
is operated using main broadcasting device, and local broadcasting device operates separately only in
the local area. If the main broadcasting device becomes inoperable, the procedure for transferring the
control activates the device with the local broadcasting devices based on data backed up by the main
controller. This paper proposes an improved method of the conventional emergency broadcasting
device duplication method. The existing method could not use the standby equipment in the normal
state, but in the proposed method, the standby equipment can be used as local broadcasting equipment
in usually. This method enables stable system operation while minimizing resource waste due to

redundant configuration of expensive devices.
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1. Introduction

A public address system (PA system) is a
broadcasting system that transmits one-sided
audio information to an unspecified number of
people. It is an electronic system comprising
microphones, amplifiers, loudspeakers, and
related equipment. PA systems are used in any
public venue that requires that an announcer or
performer should be sufficiently audible at a
distance or over a area.

large Typical

applications include sports stadiums, public
transportation vehicles and facilities, and live or
recorded music venues and events [1-3].

It is also used as an emergency broadcasting
system to send evacuation guidance voice in
emergency situations such as earthquakes and
fires to minimize property loss and loss of life. In
an emergency situation, the exact transmission

of the

performed promptly. If an emergency broadcasting

broadcasting information must be
is performed while there is a system failure, it
will not be able to play any role. Therefore,
much effort should be made to ensure reliability
such as

redundancy of equipment and

[4-6].

methods

duplication of lines Commonly used

reliability  assurance include line
duplication and equipment duplication. However,
this method does not use during normal

operation even if expensive equipment is
equipped for the usual. As a result, the cost of
building the system increases as much as the cost
of the prepared equipment. The proposed

method seems to be economically and
industrially meaningful as it can be duplicated
without the provision of separate preparation
device [7].

In this paper, even if a failure occurs in the
main broadcasting equipment of the public
address system, state synchronization between
the equipment is possible and the state between
the main broadcasting equipment and the local

broadcasting equipment is updated. Therefore,

we propose a new method to improve the
redundancy of existing equipment so that even if
a main broadcasting equipment failure occurs,
local broadcasting equipment can be used to

broadcast without problems.

2. The Public Address Systems

2.1 The Architecture of Public Address

System and System Components
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Fig. 1. Common Redundancy Configuration
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Fig. 2. Proposed Redundancy Configuration

Redundancy method in general PA system is to
operate the system by installing standby device
with the same performance as Active device.
Standby devices will continue to stand by in
normal conditions (as shown Fig. 1).

In our proposed method, instead of having a
separate standby device in the main area, we use
the device in the local area as the standby device
of the main broadcasting device (as shown Fig.
2).

For development, we have in mind the popular
open source hardware like Arduino and
Raspberry Pi. In order to control broadcasting
device, it has to be controlled by SNMP protocol.

That is why we chose Raspberry Pi equipped
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with Operating System, which is advantageous
for development [8].

In the experiment, the open source hardware,
'Raspberry Pi 3 Model B+', was used to make the
This adopts ARM
Coretex-A53 MP4 CPU in hardware and has
built-in 1GB LPDDR2 memory and Gigabit
Ethernet. Operating system used Raspbian, an OS
of the Debian family, and DBMS used MySQL,
and monitoring software was implemented by
SNMP Protocol [9].

The sound transmission and control method of

main controller. model

broadcasting device used in the experiment is
CobraNet-based network audio system [10, 13].

2.2 Configuration and operation of device

Main broadcasting device and sub(auxiliary)
broadcasting device are built and operated in the
same network (as shown Fig. 3). In general, the
main broadcasting device is used to transmit the
broadcasting, and the sub broadcasting device is
operated locally as a broadcasting device
dedicated to the region. At this time, the fault
monitoring unit of the main control device which
checks the status of the main broadcasting

device and the sub broadcasting device is

continuously checked.

Main
Controller

Switching
HUB

Main Device | Sub Device #1 | Sub Device #n

Fig. 3. Conceptual Diagram

Step 1: In normal operation state, broadcast to
the main broadcasting device (as shown Fig. 4). If
the sub device fails, the status of the sub
broadcasting device is transmitted to the main
control device. The main controller does not take

any action with respect to the control
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Fig. 4. Normal operating state

Step 2: When the main broadcasting device
fails, the main control unit blocks the control
right of the main broadcasting device and
transfers the control right to the sub device (as
shown Fig. 5). From this point on, all important
events, such as emergency broadcasts, are
delivered to the sub broadcast device to enable

operation.
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Fig. 5. Abnormal operating state

Step 3: If there are the main broadcast device
and a large number of auxiliary devices the sub
broadcast device has priority in order of # 1, # 2.
If there is a problem with the device by assigning
the priority in order, the priority is assigned to
the next device.

2.3 Operation method

How to transfer authority to auxiliary
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broadcasting device is described in Fig. 4. And
detail procedures are as follows.

1) Criteria for determining failure of main

broadcasting device

The main control device is located in the same
network as the main broadcasting device and sub
broadcasting device, and sends and receives
Hello Packet for network monitoring periodically
and performs status monitoring. If it is determined that
network communication with main broadcasting
device not available or communication is
possible but data transmission with processor is
not possible, check communication status with
auxiliary broadcasting device. If there are a large
number of auxiliary broadcasting devices, it is

check

predetermined priority. If communication with

required to them according to a
the main broadcasting device does not occur for
a certain period of time, it is determined that the
main broadcasting device has failed and the
authority is transferred to the sub broadcasting

device.

2) How to transfer authority to auxiliary
broadcasting device in case of failure of
main broadcasting device

The main control device maintains

Synchronous by periodically backing up the

database and broadcasting status while the main

broadcasting device is in normal operation (as
shown Fig. 7). At this time, the main control
device should keep the status of the auxiliary
broadcasting device and keep the status value for
each DB table. This is to restore the state of the
auxiliary broadcasting device to its original state
after the authority is transferred to the sub
broadcasting device when the main broadcasting
device has failed, and then after the failure is

restored [11].

If the main broadcasting device is incapable of
broadcasting, the procedure for transferring
authority is as follows (as shown Fig. 6). Based on

the data backed up by the main control device,

control priority is assigned to the highest priority
among the sub broadcast device to activate the

broadcast status.

abnormal

Check 8
#1 Process

Controller self
check

Fig. 6. How to Check Status
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Fig. 7. Database synchronization method

First, we need to check the RX Channel ID of
the sub broadcasting device. This is similar to the
process of identifying a channel for radio use. In
case of the main broadcasting device, it receives
audio input from the control device and receives
it through the designated network RX channel,
and the network amplifier connected to the
broadcasting device

network receives the

broadcasting by synchronizing the RX channel.
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Determining RX channel ID
of available auxiliary
broadcast device
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Fig. 8. Change audio channel

If the main broadcasting device cannot receive
audio from the control device due to network or
device problems, the control device synchronizes
with its RX channel of the sub broadcasting
device using its own TX channel. After that, the
RX Routing path of the network audio matrix of
the sub broadcasting device directly receives the
analog audio signal and changes the path of the
digital audio router to accept the A/D converted
path or the network audio (as shown Fig. 8)
[12-14].

Network Audio }—‘

Audio Input

2x1 Router

Network Audio

Audio Output

Fig. 9. Audio routing

The RX channel of the network amplifiers is
also changed from the TX channel of the existing
main broadcasting device to the TX channel of
the auxiliary broadcasting device. In order for
the device to receive audio, it is necessary to
synchronize the TX and RX channels on the
network audio (as shown Fig. 9) [15].

3. Operation and Discussion

3.1 Routing Method of Network Audio in

Normal State.
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Fig. 10. Normal Status

It receives up to 8 sound sources from the
sound source device and converts them to
network audio after A / D conversion. If this is
transmitted through TX channel 11 of the control
device, the network audio amplifier with RX
channel set to 1 through TX channel 1 finally
receives network audio from RX Channel 11 of

the main broadcasting device (as shown Fig. 10).

3.2 Routing Method of Network Audio in
Fault State
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Fig. 11. Fault Status
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The control unit receives up to 8 sound
sources from the sound source device and
converts them to network audio after A / D
conversion. If the TX channel value of the
control device is changed to the RX channel
value of the higher priority device among the
available auxiliary broadcasting devices when the
main broadcasting device fails (as shown Fig. 11),
and the audio is transmitted, the RX channel 12
of the sub broadcasting device can be received at
once. By the predetermined control, the Network
Audio Amplifier finally receives the audio.

In case of failure, the control device changes
the TX channel to the RX channel of the
auxiliary broadcasting device while TX and RX
channels of each broadcasting device are fixed
in normal condition. Subsequently, TX Routing
information of the auxiliary broadcast device is
converted from Analog to Digital in the network
audio matrix. After changing the RX Channel of
all Network Audio Amplifiers to the RX, TX
Channel ID of the Auxiliary Broadcasting Device,
the control device receives the audio
automatically.

When the system is configured in this way, it
is not necessary to configure the standby device
separately for the duplication of the main device,

thereby reducing the economic cost.

3.3 Implementation

The following is the screen composed of the
audio matrix of the actual main controller and
sub device (as shown Fig. 12). In the case of the
Main Controller, there are only Audiol~8 where
the audio input is input through the A / D
converter. On the other hand, in addition to
Audiol~8 for
broadcasting, Sub Device also has CobraNet

audio input used in local

Auido1~8, which enables network audio input by

a 2x1 router when the main device fails.

Fig. 12. Audio Matrix Structure

The overall broadcasting local

using

broadcasting equipment did not differ from

broadcasting through the main broadcasting
equipment. However, it is necessary to define a
response method when an important broadcast is

conducted locally.

4. Conclusion

The redundancy method presented in this
paper is a more advanced form of the existing
emergency broadcasting device duplication
method, which can minimize the waste of
resources device due to duplication. Standby
device other than active device is used in the
local area as usual. In this way, the waste of
resources caused by the redundant configuration
of expensive device can be minimized.
Therefore, the study is meaningful from the
viewpoint of economic advantages in addition to
the purpose of stable system operation.

In terms of configuration, inexpensive open
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source hardware was used to construct a cheap
and stable system. In the future, it may be
applicable to systems other than emergency
broadcasting. In this study, research on how to
cope with the situation after equipment failure
occurred, but in the next study, a monitoring

method and preemptive measures for failure will

be studied [16].
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