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Abstract
Early warning system (EWS) via digital television (TV) in Indonesia is still un-optimal in design and im-
plementation due to the absent of clear standard/guidance to follow across the country. This paper studies
various EWS based on digital TV of Japan, Korea, and the United States of America (USA). Although the
systems look like different, the EWS can be simplified into 3 nodes representing (i) Emergency Agency, (ii)
TV broadcaster, and (iii) TV receiver. Beside the 3-node-based EWS, this paper evaluates the possibilities
of EWS having 4 nodes. We perform computer simulations to evaluate the latency and bit error rate (BER)
performances under additive white Gaussian noise (AWGN) and frequency-flat Rayleigh fading channels.
We found that the system latency and BER performances of EWS are highly affected by (i) the distance of
one node to another and (ii) the number of nodes, where EWS with 3 or 4 nodes found to be enough and
suitable for Indonesia digital TV. We propose a criterion of good EWS, i.e., total delay T ≤ t + 4∆t with t
and ∆t being the propagation delay and processing time, respectively, and BER less than Pb = 10−3. The
result of this paper are expected to be used as a reference for the Indonesia EWS systems.

Keywords: Digital Television; Early Warning System; Broadcasting System; AWGN; Rayleigh Fading; Disaster
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1. Introduction
Information needs have led to demands for the

transition of communication technology from analog
to digital to improve performances. One of the phe-
nomena of communication technology transition that
can be seen is the television (TV). TV technology mi-
gration, analog to digital, has been planned since 2004,
based on the technical and commercial perspective of
the Telecommunications Union-Radiocommunication
(ITU-R). The migration process from analog to digital
is required because the performance of the digital sys-
tem is more stable compared to the analogue system
[1].

Indonesia is an archipelago that is very strategi-
cally located with a geographical position between the
Indian and Pacific Oceans and a geological position,
which is a meeting of three major world plates, the
Indo-Australian Plate, the Eurasian Plate, and the Pa-

cific plate. The meeting of three major world plates
often causes disasters in Indonesia like earthquakes,
tsunamis, and landslides that causing victims and dam-
age. One of the ways to reduce the impacts is by
applying an early warning system (EWS).

EWS is an emergency system for giving a warning
as early as possible after a disaster occurs to reduce
victims and damage. Some digital TV standards have
implemented warning systems such as Integrated Ser-
vices Digital Broadcasting (ISDB), Digital Multime-
dia Broadcasting (DMB) and, Advanced Television
Systems Committee (ATSC), which are used by Japan,
Korea, and America, respectively. Indonesian digital
TV also has been implemented with a warning sys-
tem corresponding to the ministry of communication
and informatics regulations [2]. However, the emer-
gency information regulation for Indonesia is not clear
causing un-optimal implementation of digital TV in
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Fig. 1. M-EAS signal generation and transmission
flow.

Indonesia.
Some research about emergency warnings via dig-

ital TV has already conducted, for example, DMB,
a method for increasing emergency alert service effi-
ciency in [3]. The technique proposed multiplexing to
eliminate inter-channel interference. On integrated ser-
vice digital broadcasting terrestrial (ISDB-T) standard,
research for emergency warning has been conducted
by [4]. The method in [4] can decrease the power con-
sumption for the receivers during idle and decreasing
false alarm detection for fixed users. Another research
for an emergency warning on Digital Video Broad-
casting Terrestrial (DVB-T) has been conducted by
[5], where a system for detecting alert messages and
converting the message into the transport stream for
DVB-T is proposed. However, the EWS transmission
scheme, in general, is still unclear in some countries.
This paper studies the components of the EWS as a
reference for application in Indonesia.

Our contributions are summarized as follows:

1. We present a study on early warning system to
obtain a general model of EWS structure.

2. We perform EWS latency and bit-error rate
(BER) performances evaluation having 3, 4, and
5 nodes.

3. We perform BER performances of EWS per
link system with rate R = 4/5 and 64-QAM
modulation based on [6].

The rest of the paper is organized as follows. The
study and modeling of early warning system are pre-
sented in Section II. The EWS structure are presented
in Section III. The system model of EWS per link is
presented in Section IV. Sections V provides about
the network latency. Section VI presents the system
latency and BER performances of EWS and EWS per
link. Finally, we conclude the paper in Section VII
with some concluding remarks.

2. Study on Emergency System
Various warning systems have implemented on

digital TV. USA adopted the ATSC as digital TV stan-
dard with an emergency system called Mobile Emer-

Fig. 2. Early earthquake warning information flow.

gency Alerting System (M-EAS). Fig. 1 shows the
M-EAS signal transmission flow [7]. Emergency mes-
sages generated by the Federal Management Emer-
gency Agency (FEMA) or local emergency manager.
The emergency messages are processed into a standard
format for digital TV by the M-EAS signal genera-
tion in a broadcast station. Then the M-EAS signals
are broadcast to the digital TV receiver via TV broad-
caster.

Japan uses the ISDB-T as digital TV standard.
The emergency system defined as Emergency War-
ning Broadcasting System (EWBS). Fig. 2 shows
the scheme of emergency information transmission
on earthquake warning. The purpose of earthquake
warning is to inform the public as soon as possible
that an earthquake has occurred [8]. The emergency
message received by Japan Meteorological Agency
(JMA) through several sensors that detect earthquake
P-waves. The emergency information then forwarded
to TV broadcaster to change into a transport stream
and insert the triggering signal for activation. The
triggering signal located in Transmission and Modu-
lation Configuration Control (TMCC) [9]. The TV
broadcaster then broadcast the emergency message to
the TV receiver in the service area. The message then
appear automatically at the receiver after receiving
triggering signal.

In Korea, the emergency system defined as the
Automatic Emergency Alert Service (AEAS). Korea
adopted the Terrestrial Digital Multimedia Broadcast-
ing (T-DMB) as digital TV standard. The DMB stan-
dard is based on Digital Audio Broadcasting (DAB)
in Europe [10]. The emergency message format is
designed concise and essential information for rapid
delivery on a transport protocol of AEAS message
[11]. Fig. 3 shows the transmission process of T-DMB
emergency alert broadcasting. Korea Management
Administration (KMA) or National Emergency Man-
agement Agency (NEMA) transmits an alert message
to the T-DMB broadcasting station. The broadcasting
station then converts the alert message into the AEAS
signal format and segments the AEAS signal. The
broadcasting station broadcasts the signals within the
Fast Information Data Channel (FIDC) to public TV
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Fig. 3. AEAS emergency message transmission flow.

receiver via repeater [3].
Indonesia uses Digital Video Broadcasting Terres-

trial Second Generation (DVB-T2) as a digital televi-
sion standard. DVB has an Announcement Service
that allow the EWS message to interrupt the TV pro-
gram as identified in ”announcement support descrip-
tor”, of which the bit flags have length of 16 bits
[12]. The trigger for real time announcement switch-
ing are encoded in the ”private data byte” within the
”adaptation field”. The EWS message is located in
the transport stream (TS) packet carrying the audio
in service information (SI) format providing a certain
item’s content (metadata).

Since the SI bring the important information in
bits, the SI should be protected and must have the
lowest BER performances to avoid the error of ”first
priority” bits such that emergency alarm can be deter-
mined correctly by the receptor. This fact motivates
us to evaluate the BER of EWS to protect for exam-
ple, this SI bits. The syntax for determine the disaster
specific informations have been arranged in [2]. The
flow of emergency message transmission of DVB is
proposed by [13]. The emergency agency received the
emergency messages then forwarded to broadcasting
station to generate the appropriate file for the digital
TV packet stream. The packet stream is then transmit-
ted and received by the receiver.

Based on the study, we modelled the minimum
requirements of an emergency warning system into
three nodes of emergency agency, broadcasting sta-
tion, and TV receiver, respectively. The stages for
the emergency system are detection of the emergency
alert, generate the appropriate file for the digital TV
packet stream, and receive the message by the receiver.
On the detection stage, the emergency agency (me-
teorological agency or government) collects possible

data about the disaster information. The collected data
is sent to the broadcasting station to generates packet
stream file based on the digital TV standards used.
The packet is transmitted to the receiver and displayed
in the TV service area.

3. Early Warning System Structure
This paper assumes the transmission of EWS in-

formation by passing through the emergency agency
s, broadcasting station r, and TV receiver d. The
broadcasting station work as a relay to amplify the
transmitted signal. Fig. 4 shows the scheme of EWS
information transmission. The distance between emer-
gency agency s and the destination d is dsd = 2d.
The distance of emergency agency to broadcasting
station dsr = d and the TV transmitter to end terminal
drd = d. Therefore the signal-to-noise power ratio
(SNR) of each channels are [14]

γsr = gsrγsd, (1)
γrd = grdγsd, (2)

where gsr and grd are the gain of emergency agency
to broadcasting station and broadcasting station to
TV receiver given by gsr = (dsd/dsr)n and grd =
(dsd/drd)n respectively. n denotes the path-loss ex-
ponent with 2 ≤ n ≤ 6. In this paper we assume
n = 3.52 [14].

The received signals at each nodes can be written
as

ysr =
√
γsr · hsr · s+ nsr, (3)

yrd =
√
γrd · hrd · sr + nrd, (4)

where s and sr are the transmitted symbol vectors
from emergency agency and broadcasting station re-
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Fig. 4. EWS model with 3 nodes.

Fig. 5. The EWS per link transceiver system model.

spectively. hsr and hrd are frequency-flat fading chan-
nel gains for each channel. nsr and nrd are the noise
vectors with variances for emergency agency to broad-
casting station, broadcasting station to TV receiver
respectively.

4. System Model of EWS per Link
Fig. 5 shows the transceiver structure of every link

of EWS system. At the transmitter side, the bit stream
b is generated randomly with equiprobable source.
The bit stream is the input of forward error correction
(FEC) encoder, of which the outer channel coding is
Bose-Chaudhuri-Hocquenghem (BCH) codes encoder
C1, while the inner channel coding is Low Density
Parity Check (LDPC) codes C2 [15]. The evaluation
of this link performance, with BCH and LDPC codes,
is important, because we evaluate more than two hops
to deliver the message of EWS system. With this
evaluation, we can observe, whether many hops can
be replaced by short hops or not. Furthermore, this

evaluation is important to measure the loss due to the
replacement of long hops with short hops.

We use the channel coding rate R = 4/5 in accor-
dance with ministerial regulations of Indonesia digi-
tal TV to generate codewords NLDPC. Codewords
NLDPC is then mapped using 64-QAM modulation
in M to generate symbol x. The modulated symbol
then transmitted over a fading channel with channel
gain h. At the receiver side, a noise n is added and the
received signal can be expressed as

y = h · x + n, (5)

with h being the channel gain, x are the modulated
symbols and n is an AWGN noise vector. Symbols y
processed in equalization block EQ using Minimum
Mean Squared Error (MMSE) equalizer [16]. Equal-
ization of the received signal expressed as

yeq =
y · h*

h · h* + σ2
, (6)
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with h* is the complex-conjugate of the channel gain h
and σ2 is variance of noise vector. The demodulation
of 64-QAM symbol y is performed in M−1 result-
ing N̂LDPC. Then the codewords are decoded using
LDPC decoder C−1

2 resulting N̂BCH which is then
decoded using BCH decoder C−1

1 . Then the decoded
bit b̂ is received. This paper compare the b̂ with the
b to achieve the BER performances of EWS per link.
Calculation BER in Rayleigh fading with 64-QAM
modulation can be expressed as [17]

Pb,Fading =
7

24

1− 1√
1 + 7

Eb/N0

 . (7)

5. Network Latency
Latency is one of the measurements of network

quality of service (QoS) [18]. Latency is classified
into four parts of delay, i.e., processing time, queueing
delay, transmission delay, and propagation delay for
latency calculation. This paper use propagation delay
and processing time. Processing time is the time for
a device to process the data. This delay depends on
the ability of the devices. We assume processing time
tproc = 2µs for checking the data header and routing
the data to the next node. Propagation delay is the
time for a signal element (or bit) to propagate across
the link. Propagation delay can be expressed as

tprop =
d

c
, (8)

with d being a distance from source to destination.
This paper assumes a distance of dsd = 6 km from
source to destination. c is the light velocity equals to
c = 3× 108 m/s.

6. Performance Evaluations
In this section, we analyze the performances of

EWS delay and also verify the BER performances of
EWS in AWGN and frequency-flat Rayleigh fading
channel. This section also verify the BER perfor-
mances of EWS per link.

6.1 System Latency Analysis
The delay performances are evaluated based on

the number of nodes. Fig. 6 shows the achieved delay
with different amount of nodes and distance between
source to destination dsd = 6 km. The x-axis is the
number of nodes, while the y-axis is the delay. The
achieved delay for EWS with 3 nodes equal to 26 µs
and EWS with 4 nodes equal to 28 µs. The number
of nodes affects the achieved delay because of the
processing time for the packet in each node. The

2 3 4 5 6 7 8 9 10
Number of Nodes

20

25

30

35

40

45

50

55

60

D
el

ay
 (

s)

Fig. 6. Delay performances of EWS having several
nodes and various distances per nodes for the same
distance between source and destination of dsd =
6 km.

achieved propagation delay based on (8) is

tprop =
dsd
c

=
6000 m

3× 108 m
s

= 2× 10−5 s

= 20 µs.

The system latency can be minimized by reducing the
distance between node. However, if the distance bet-
ween source to destination has a significant value, the
processing delay can be ignored. Based on the results,
the latency of EWS with 3 nodes can be expressed as

T = t+ 3∆t, (9)

Table 1: BER performances of EWS with 3 nodes
separated by different distance between nodes.

SNR
(dB)

Node Distance
(km) Total Delay

(µs) BER
1-2 2-3

20

0.5 5.5 28 42× 10−3

0.75 5.25 28 35× 10−3

1 5 28 32× 10−3

1.25 4.75 28 27× 10−3

1.5 4.5 28 23× 10−3

1.75 4.25 28 20× 10−3

2 4 28 17× 10−3

2.25 3.75 28 14× 10−3

2.5 3.5 28 13× 10−3

2.75 3.25 28 12× 10−3

3 3 28 10× 10−3
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Table 2: BER performances of EWS system with
4 nodes separated by different distance of between
nodes.

SNR
(dB)

Node Distance
(km) Total Delay

(µs) BER
1-2 2-3 3-4

20

0.5 2 3.5 32 100× 10−4

1 1 4 32 160× 10−4

1 2 3 32 73× 10−4

1.5 1.5 3 32 70× 10−4

2 1 3 32 78× 10−4

2 2 2 32 41× 10−4

0 5 10 15 20 25
SNR (dB)
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10-1

100

B
E
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Theoretical 64-QAM AWGN
EWS with 3 Nodes
EWS with 4 Nodes
EWS with 2 Nodes

Block length = 31584 bits
Modulation = 64-QAM

Uncoded (R=1)

Fig. 7. EWS BER performances in AWGN channel.

with t being the propagation delay in (8) and ∆t is the
processing time.

6.2 EWS BER Performances
BER of the system can be calculated as

BER =
e

n× f
, (10)

where e is the total of error bit during transmission, n
is the information block length, and f is the total of
the frame. We evaluate the BER performances of the
EWS in terms of SNR γ, which is expected to be used
as EWS implementations in Indonesia.

Table 1 and Table 2 show the BER performances
at SNR γ = 20 dB with different distance for each
nodes. The tables data show that the smallest BER
performances achieved at an equal distance for each
node. The lowest BER performance in table 1 for
EWS with 3 nodes is equal to 1× 10−2 and in table
2 for EWS with 4 nodes is approximate to 4× 10−3.
Based on the results, to verify the BER performances,
we used equal distance for each node.
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Fig. 8. BER and delay performances of EWS system
under frequency-flat Rayleigh fading.

Fig. 7 shows the EWS BER performances in the
AWGN channel. The x-axis is the SNR, while the
y-axis is the BER. The BER performances of Pb =
10−4 is achieved by the EWS with 3 and 4 nodes at
γ = 14.2 dB and γ = 8.2 dB, respectively. The curve
gap between the EWS with 2 nodes and the EWS with
3 and 4 nodes reach 10 dB and 16 dB, respectively.

Fig. 8 shows the EWS BER performances in the
frequency-flat Rayleigh fading channel. The lower
x-axis is the average SNR, while the left y-axis is
the average BER, and the upper x-axis is the num-
ber of nodes, while the right y-axis is the total delay.
The BER performances of Pb = 10−3 is achieved
by the EWS with 3, 4, and 5 nodes at γ = 31.6 dB,
γ = 26.3 dB, and γ = 23.6 dB, respectively. The
curve gap of the EWS with 2 nodes and EWS with 3,
4, and 5 nodes reach 6.2 dB, 11.5 dB, and 14.2 dB,
respectively. The EWS with 5 nodes has better per-
formance than the EWS with 3 and 4 nodes, because
the additional nodes make the distance between nodes
shorter such that the signal is received with higher
quality. Furthermore, every node performs decoding
and re-encoding that makes the error correction capa-
bility larger.

However, the node addition does not improve the
performances significantly, but increase the system
delay and computational complexity, which is in gen-
eral, the block length cannot be made below N = 104

[19]. Implementation of decoding therefore require
this block length, which is also requiring storage and
memory management. Therefore, we assume that
EWS with 3 or 4 nodes are enough with acceptable
computational complexity.
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Fig. 9. BER performances of EWS per link in AWGN
channels.

6.3 EWS per Link BER Performances
This section evaluates the BER performances of

EWS per link in AWGN and frequency-flat Rayleigh
fading channel with 64-QAM modulation. Fig. 9
shows the BER performances of EWS per link sys-
tem in the AWGN channel. The x-axis is the SNR,
while the y-axis is the BER. The BER performances
with rate R = 4/5 has Pb = 10−4 at γ = 16.4 dB.
The curve gap between EWS with R = 4/5 with
Shannon limit of Pb = 10−4 is about γ = 2.1 dB.
The EWS BER performances have an improvement of
17.9 dB compared to the same system without channel
coding. The BER performances show that the EWS
parameter via digital TV is good enough because the
performances approach Shannon limit that means the
power loss is getting smaller.

Fig. 10 shows the BER performances of EWS
per link system in the frequency-flat Rayleigh fading
channel. The x-axis is the average SNR, while the
y-axis is the average BER. The BER performances
with R = 4/5 has Pb = 10−3 at γ = 35.3 dB. The
curve did not have diversity order two or more because
the Rayleigh fading channel did not has a diversity
effect. The BER performances of EWS per link in
Rayleigh fading channel have the same gradient as the
theoretical fading because one block experiencing the
same fading and does not has a diversity effect. The
channel coding used is not very helpful because one
block has the same fading.

7. Conclusion
This paper has studied the EWS for Indonesia and

modeled EWS into 3 nodes consisting of (i) emer-
gency agency, (ii) broadcasting station, and (iii) TV
receiver. The EWS performances are evaluated using
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BCH codes and LDPC codes
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Fig. 10. BER performances per link of EWS per link
in frequency-flat Rayleigh fading channel.

latency and BER performances with 64-QAM modula-
tion. We confirmed that the EWS with 5 nodes or more
has a better BER performance compared to the EWS
with 3 and 4 nodes, but having latency T ≥ t+ 5∆t
causes larger delay. The addition of nodes can im-
prove the BER performances, but the use of more
nodes causes larger latency of the system and higher
computational complexity requiring storage and mem-
ory management. We proposed an EWS with only 3
or 4 nodes and found that 3 or 4 nodes are enough to
achieve good performances with (i) latency criterion
T ≤ t + 4∆t and (ii) BER performances less than
Pb = 10−3. The result of this paper is expected to be
a reference for implementing the EWS in Indonesia.
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