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ABSTRACT

Cable-based tsunameters have been deployed in Indonesia under the name of
the INA-CBT project. Currently, the system operated at the Labuan Bajo land-
ing station works well and sends aggregated data from the seafloor sensors to
a central or read down station in Jakarta for further processing. The current
scheme makes use of a publish and subscribe indirect communication among
the landing station (LS) as the publisher and various clients as subscribers for
the sensor data. Message queue telemetry transport (MQTT) was selected as the
application-layer protocol for implementing this communication scheme. This
paper presents a measurement-based evaluation of the MQTT live performance
by observing the MQTT messages’ latencies received at the subscriber of the
INA-CBT’s MQTT broker. The results give insight on the general achievable
performance of the INA-CBT communication system in providing reliable data
for the tsunami detection system. Furthermore, the results obtained can be used
as communication parameters for making a more realistic virtual testbed for de-
signing a more appropriate and scalable CBT system.
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1. INTRODUCTION
A disaster early warning system is necessary for every country to mitigate the disaster’s severe and

unpredictable impact. Indonesia is an archipelagic country with many volcanoes and seismic sites; thus, it
has a high potential for several disasters, such as earthquakes, tsunamis, and volcanic eruptions. In response,
Indonesia has implemented several systems for disaster early warning system, and one of them is a tsunami
detection system based on fiber optic cables on the seafloor with several earth-monitoring and tsunami-related
detection sensors. This is referred to as Indonesia’s cable-based tsunameters (INA-CBT), and they were de-
ployed at Labuan Bajo and Rokatenda sites in 2021. Figure 1 shows the locations of INA-CBT LSs at Labuan
Bajo and Rokatenda in the province of East Nusa Tenggara. These sites are at distance of approximately 1,400
km and 1,700 km respectively from the read down station (RDS) in Jakarta, the capital city of Indonesia.

Several countries have similar systems for natural disaster monitoring and seafloor observation. Japan,
through the National Research Institute for Earth Science and Disaster Resilience (NIED), operates the seafloor
observation network for earthquakes and tsunamis along the Japan trench (S-NET) [1], the new S-NET [2], the
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dense ocean floor network system for earthquakes and tsunamis (DONET) [3], and the Nankai trough seafloor
observation network for earthquakes and tsunami (N-Net) [4]. Those systems basically cover the Pacific Coast
in Eastern Japan and the coast in western side of the country. Taiwan also operates a system called the marine
cable hosted observatory (MACHO), which is used to monitor active volcanoes and detect earthquakes and
tsunamis occurrences off the coast in the northeast of the country [5]. Other systems that are still in operation
include the Canadian North-East Pacific underwater networked experiments (NEPTUNE) [6], considered as
the world’s first multi-node cabled ocean observatory, and the European multidisciplinary seafloor and wa-
ter column observatory (EMSO) [7]. A recent development shows the interest for integrating environmental
sensors in the repeaters of submarine telecommunication cables, which results in the system called scientific
monitoring and reliable telecommunications (SMART) [8]. Such system provides data stream for various
earth observation for seismic, tsunami and other early warning scenarios, alongside regular telecommunication
traffic. Thus, future cabled-based tsunameter projects need collaboration with telecommunication industries.

Figure 1. The INA-CBT with LS at Labuan Bajo and Rokatenda

The INA-CBT is still at its early stage but already showed some promises on its use of local engineer-
ing knowledge during its development. The INA-CBT’s working scale, consisting of one LS and two ocean
bottom units (OBUs), is considered much smaller than the systems described above, but any studies performed
on it are worth it for learning experience, and will be useful to various related knowledge. Several studies
have reported various aspects of INA-CBT, e.g. power supply considerations [9], fault-tolerance analysis in
its switching networks [10], [11], data acquisition and its tsunami detection algorithm (TDA) [12], testbed
development for its sub-communication system [13], and a related seabed morphology characterization [14].

The majority of literature, especially for large systems as described above, concern more about targets
on connecting large numbers of OBUs through oceanfloor optical networks, whereas interconnecting systems
to public wide area networks for transporting sensor data to a central or read down station (RDS) did not get
much attention. A particular work on modeling and testbed development of message queue telemetry transport
(MQTT) transmission on the INA-CBT’s LS to RDS sub-communication in [13] investigated the impact of
bottleneck bandwidth on the achievable message latencies of OBU’s sensor data. Message latencies are critical
for performance measure, especially for the effectiveness of the processing algorithm for detecting possible
tsunamis. However, this work is considered lack of reality as it needs to be assessed and improved by the
knowledge obtained from a live system. The MQTT protocol is widely used for iternet of things (IoT) services
and shown to be robust in several contexts [15]–[19], and its performance for transporting CBT’s data in a live
system needs to be justified. Research work conducted on a live system is not only useful for CBT interest but
also in general data communication systems that use an application layer’s publish-subscribe mechanism like
MQTT protocol. This paper then aims at addressing MQTT transmission issues on the INA-CBT’s LS to RDS
sub-communication, and provides some contributions as follows: presenting a specific sub-communication
component of INA-CBT, discussing the network and application performance metrics that can be measured
from a live network, describing measurement for MQTT message latencies and interpreting their results related
to the requirement of TDA.

The remainder of this paper is organized as follows. Section 2 provides a general overview of the
INA-CBT communication system. In section 3 experiment design and measurement procedures are explained.
Section 4 presents some results, and their implications are discussed. Finally, this paper concludes with some
remarks and future work.
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2. INA-CBT COMMUNICATION SYSTEM
The INA-CBT communication system consists of the OBU to LS and LS to RDS sub-communication

systems. Figure 2 shows a simplified view of the INA-CBT communication system at a particular LS. The
system has two OBUs where each OBU hosts three sensors: 3-axes accelerometer (Acc), bottom pressure
recorder (BPR), and environment (Env). Acc measures three-dimensional displacement as an indication of
ground shaking, BPR measures pressure that is correlated to water column height, and Env measures OBU’s
internal conditions. Currently, the tsunami detection algorithm used is based on BPR data [12], using the well-
known and popularly used DART algorithm [20]. Data from OBUs’ sensors are aggregated at LS and then
transported to RDS in Jakarta using an MQTT protocol for further processing.

Figure 2. The INA-CBT communication system at a particular LS. Some icons used in this figure were
retrieved from Flaticon.com [21]

In the case of Labuan Bajo, the OBUs are positioned at about 37 km and 57 km respectively from
the shore; the one nearer to the shore was laid down around 2,110 meters of water depth and the other was
laid down around 4,120 meters of water depth. The LS and the two OBUs are physically connected in a ring
topology, so that redundant links are available if incident occurs, so data can still be sent using the alternate
path. Providing redundant links requires a loop-avoidance mechanism, i.e. creating a spanning tree, to prevent
looping in the reconfiguration process. The spanning tree mechanism in the context of INA-CBT has been
studied and reported in [10], [11]; both of them investigated failover and failback times of OBUs’ switches.
Early investigation was conducted using real equipments and a proprietary turbo-ring protocol as the ones
deployed by the INA-CBT project, whereas these later works used simulator and open spanning tree protocols
for flexibility in future development [10], including arbitrary number of OBUs [11].

The deployed OBU’s BPR and Acc sensors transmit data through their serial ports; their data in serial
frame format are then converted to ethernet frame format by a serial-to-ethernet (S/E) converter. Based on the
operational setting, BPR and Acc send data at frequencies 1 Hz and 125 Hz respectively. By having a switch
connecting sensor devices, each of them can be identified by its IP address and associated port number. Sensor
data acquisition can then be controlled by the related program run at the landing station computer (LS PC) based
on IP address and port number; data from OBU’s sensors are aggregated at the LS. The program running at LS
updates the timestamp of sensor data and creates MQTT messages based on their OBU’s number as the topic
for the utilized publish-and-subscribe mechanism. The publisher program sends MQTT messages to the MQTT
broker operated at RDS Jakarta via Internet. Any program that acts as a subscriber to the MQTT broker can
receive MQTT messages sent from LS, and then retrieve sensor data based on the subscribed topics for further
processing. The INA-CBT utilizes mosquitto version 1.6.9 as the broker supporting MQTT version 5.0/3.1.1;
client software, publisher and subscriber, are custom-built programs based on paho-mqtt library version 1.6.1.

There are several alternatives for connecting LS to the Internet, depending on its location and avail-
able infrastructure. At Labuan Bajo the primary link is through the Internet service provider which provides
fiber-optic connectivity, whereas backup links are provided by cellular and satellite operators. The INA-CBT
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project also has a mission to contribute to local communities around its LS, so its policy is to share its Internet
connectivity. At Labuan Bajo, the school community around LS is allowed to access Internet via the LS’s WiFi
access point. This situation gives a mixed traffic scenario where MQTT-based disaster-related data blend with
general Internet traffic [22].

The MQTT transmission between a publisher and subscribers needs to be analyzed as it impacts the
quality of service (QoS) of INA-CBT’s sensor data. The critical parameter for data processing is the timeliness
of the received data; thus, MQTT message latency can be considered as the performance objective. MQTT
supports three QoS levels: QoS 0 (at most once), QoS 1 (at least once), QoS 2 (exactly once); this QoS level
gives an application’s reliability option to users connecting in unreliable networks.

MQTT performance in delivering data based on their QoS level has been investigated from various
points of view, such as the analyses that correlate QoS levels to packet errors [23], the investigation of control
packets’ behavior to communication delays and their impacts towards MQTT’s data delivery [24], the use
of deep-learning with MQTT to correlate its QoS with potential intrusion [25], adding additional MQTT’s
payloads for security or reliability reasons that increases latencies [26], [27]. However, there is still lack of
information about MQTT performance for transporting CBT’s sensor data.

One study aims at showing MQTT latencies for all QoS levels as a function of bottleneck bandwidth,
and it was conducted in an idealized and simplified testbed of CBT’s sub-communication system [13]. A related
work using a virtual testbed for general MQTT transmission in [28] shows that latencies using QoS 2 increase
significantly with respect to network delays. Results above show that investigation on data delivery’s latencies
due to QoS level selection and network parameters, such as bottleneck bandwidth and delay, needs further
attention. Measurement results in live CBT system and their analyses are needed for better understanding on
MQTT performance and its feasibility for transporting tsunami detection-related sensor data.

3. EXPERIMENT DESIGN
The experiment design is shown in Figure 3 that shows the LS-RDS part of the INA-CBT system

at Labuan Bajo and the remote monitoring and measurement station set-up at ANP Lab, KST BJ Habibie,
Tangerang Selatan (a satellite city southern of Jakarta). From the perspective of measuring MQTT perfor-
mance, it can be seen that in general there are four major components to be considered: the MQTT publisher
at LS, Internet connectivity, the MQTT broker at RDS, and the MQTT subscriber at ANP Lab. To control
experiments by varying MQTT publishing parameters, a VPN connection was set-up between Control PC at
ANP Lab and LS PC at Labuan Bajo’s LS. The VPN remote access at LS is part of the remote monitoring and
management system of INA-CBT infrastructure. For a limited time and research purposes, remote access to LS
and data retrieval were permitted. The MQTT subscriber at ANP Lab (VM Subscriber) was set-up to subscribe
a particular OBU’s topic from the MQTT broker at RDS.

Figure 3. Live measurement setting. Some icons used in this figure were retrieved from Flaticon.com [21]

In this experiment, both Internet and MQTT broker are considered as blackboxes that our concerns are
only on their interfaces; in other word, only end-to-end aspects of LS to subscribers are under consideration.
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Both network and application related parameters are needed for understanding the system performance, and
in this experiment the following end-to-end parameters measured are as follows: available bandwidth, com-
munication delay, and MQTT message latency. Note that the available bandwidth and communication delay
are parameters estimated at LS interface and based on packet transmission delay between LS and ANP Lab.
They are not related directly to the path taken by MQTT messages from LS to subscribers via an MQTT broker
at RDS. Nevertheless, the measured available bandwidth gives indication on the link quality at LS, and the
communication delay gives the latency’s lower bound. To accommodate extra traffic due to activities from
communities around LS, measurements were conducted in three separate sessions: morning session (8.00 to
11.00), afternoon session (14.00 to 17.00), and evening session (20.00 to 23.00); these times are in Western
Indonesian time zone.

At deployment in 2021, INA-CBT’s landing station at Labuan Bajo was designed to use an optical
network as its primary means of communication with RDS, as shown in Figure 2, and the bandwidth contract
with the provider was 2.5 Mbps for both upstream and downstream. Because bandwidth is dedicated, at any
given time the value must be very close to the agreement; however, measurement is still needed to verify its real-
time value more accurately. The communication delay is estimated by taking end-to-end measurement between
Labuan Bajo site and ANP Lab. Separate delay measurement was conducted to accommodate for the possibility
of asymmetrical delay between uplink and downlink due to different load on upstream and downstream traffic.
Each delay affects different parts of MQTT message transmission used for transporting sensor data; that is,
the uplink delay affects MQTT data and signaling packets while downlink delay only affects MQTT signaling
packets.

The estimated available bandwidth at Labuan Bajo site and the estimated end-to-end communication
delay between Labuan Bajo site and ANP Lab provide indication on the path effectiveness for transporting sen-
sor data. However, what matters to the applications that use sensor data is the latency of sensor data delivery
to the application layer. Also, note that there exist extra transit time to RDS site, processing time at the MQTT
broker, and extra time for final transmission and processing at subscriber site. Therefore, estimating latency at
MQTT level is needed, and this is achieved by taking the difference of the subscribed MQTT messages’ times-
tamps at the receiving end and their associated published timestamps. The published timestamps correspond to
the data processing step at LS that adds timestamps to sensor data from each OBU [12].

Since all OBUs’ data are aggregated at LS before being timestamped and published using MQTT, one
may focus on one OBU’s sensor data only, as their LS to RDS transmission characteristics are similar. Message
latency measurement was taken in the morning, afternoon, and evening session; at each session, operating steps
for gathering MQTT messages are shown in Figure 4. Based on measurement data, for each QoS level message
latency samples from each sensor were obtained by taking the difference between subscribed timestamps and
their associated published timestamps. Note that in contrast to research on testbed where all components can be
fully-controlled [13], in live measurement study there are several things must not be interrupted, e.g. turning-
off or restarting MQTT broker; therefore, any data anomaly received, typically at the beginning of transition,
e.g. change in QoS level, will be considered as outliers.

Figure 4. Operating steps for gathering MQTT messages at each session of measurement
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4. RESULTS AND DISCUSSION
Measurement studies took available bandwidth, communication delay, and MQTT message latency;

however, MQTT message latency is the main parameter that requires more discussion. The quality of sensor
data streams processed by the associated applications is heavily affected by the achievable latency.

By using iperf3, the following results at LS were obtained: 2.88 Mbps downstream bandwidth and
2.53 Mbps upstream bandwidth. This confirmed that dedicated bandwidth is provided in the downlink and
uplink link from LS at Labuan Bajo site. Note that measurement was taken as end-to-end connection from LS
to ANP Lab, and one needs to ensure at ANP Lab site, the associated bandwidth is much larger. By making use
of speedtest tool and its public server, the following results were obtained: 12.07 Mbps downstream bandwidth
and 14.42 Mbps upstream bandwidth. Thus, LS to RDS links need further attention as their bandwidth is the
potential bottleneck along the prospective end-to-end path. Measurement results also show that the available
upstream bandwidth for CBT purposes is steady; the upstream is fully available for sensor data transmission.
Different results were observed on the downstream; the available bandwidth drops in morning session. It can be
inferred that intensive Internet activities in school communities around LS during school hours contribute to this
drop. Not much downstream traffic was observed in afternoon and evening session. Bandwidth measurement
shows an expected traffic and bandwidth usage of the CBT’s LS to RDS links.

Measurement results show that communication delays are generally symmetrical at each session of
measurement. Morning session data shows the statistical values for downstream are 28.080 ms on average, 117
ms on maximum, and 26 ms on minimum, whereas for upstream they are 28.106 ms on average, 163 ms on
maximum, and 26 ms on minimum. Afternoon session data shows the statistical values for downstream are
27.650 ms on average, 40 ms on maximum, and 25 ms on minimum, whereas for upstream they are 28.468 ms
on average, 223 ms on maximum, and 26 ms on minimum. Lastly, evening session data shows the statistical
values for downstream are 26.753 ms on average, 42 ms on maximum, and 24 ms on minimum, whereas for
upstream they are 28.272 ms on average, 126 ms on maximum, and 25 ms on minimum. It can be inferred that
communication delays on LS to RDS sub-communication are considered stable, and not affected by surround-
ing traffic. The average communication delays are in the range of 26 to 28 ms, with some spikes due to network
glitches along the path. However, even with these spikes, delays are considerably acceptable to tsunami detec-
tion as explained in later section. These delays are the lower bound for higher layer applications, e.g. latencies
observed by MQTT message reception, and can be utilized as the additional communication parameters for
INA-CBT testbed presented in [13]. Note that communication delays affect the behavior of TCP, which is the
underlying protocol for MQTT, and have an impact on the characteristics of MQTT message latency [24]. The
probability model regarding MQTT message latency also depends heavily on the underlying communication
delay parameters [29].

The results of MQTT message latency are only based on messages from OBU 1 that were published
and received on April 11, 2023 during three sessions of measurement based on the general procedure shown in
Figure 4. It is understood that only certain time windows were allowed for doing live measurements in order to
minimize potential disruption. These sensor data can be used in various INA-CBT related purposes, but in this
paper they were used only for estimating MQTT message latency. Taking payload of MQTT messages showed
that BPR and Enviro data size are 95 bytes and 92 bytes respectively. In general, it can be expected that BPR
and Enviro data load the system almost similarly due to their comparably data size. On the other hand, Acc data
size is much larger and in general varies across MQTT messages with the range from 7793 to 8049 bytes. The
payload of Acc is about 82 to 85 times that of BPR. These sensor data are considered small, but its reliability
and timeliness need to satisfy the application requirement, i.e. in this case a tsunami detection system.

Figures 5 to 7 show measured latencies for BPR, Acc, and Enviro data delivery. The latencies plotted
are their average values with their confidence interval, measured in each session. Numerical values for these
average values are presented in Table 1. As expected, the selected QoS level affects the achievable latency; a
higher QoS level results in higher latency. This trend has also been observed in several other studies, although
in different contexts, because the latency performance of MQTT depends on the application and use of the
MQTT protocol itself. Several other related studies generally use testbed implementations [13], [23], [27],
[28], [30], network simulations [31], [32], or a mathematical model [29], generally using local area network
(LAN) scenarios, although in certain cases a simulated wide area network (WAN) is used. Meanwhile, in this
paper, measurements were carried out by connecting the client to a real network, which is managed by the INA-
CBT project, so that a real measurement environment is obtained on a WAN scale. This research contributes to
MQTT performance measurements on tsunami-related WAN sensor networks.
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In QoS 0, no guarantee in message delivery is provided; a publisher simply sends an MQTT message
only once and does not check whether the message arrived at its destination. Even though QoS 0 provides the
fastest message delivery, it is not advisable to use it for providing reliable sensor data transmission; some data
might be lost when any kind of error occurs in the way, and an extra precaution in the application might be
needed. In QoS 1, a publisher sends a message, and stores it until it gets a PUBACK message from the MQTT
broker that acknowledges receipt of the message. Packet identifier in each message is used to match a published
message to the corresponding PUBACK. However, when the PUBACK message is lost, it is possible that the
same message being delivered twice. In terms of reliability, QoS 1 is more superior than QoS 0; however,
extra protocol steps added result in higher latency. Note that for applications that make use of MQTT messages
received using QoS 1, an extra program for reordering messages is needed. The most reliable one is QoS 2
where MQTT guarantees that each message is received only once by the intended recipients. It is accomplished
by a four-way handshake between the sender and receiver pair in the path, e.g. the publisher and the broker.
When a receiver gets a message from a sender, it processes the message accordingly and replies to the sender
with a PUBREC message that acknowledges receipt of the message. If the sender does not get a PUBREC
message, it sends the published message again with a duplicate (DUP) flag until it receives an acknowledg-
ment. Once the sender receives a PUBREC message from the receiver, the sender can safely discard the initial
published message. The sender stores the PUBREC message from the receiver and responds with a PUBREL
message. After the receiver gets the PUBREL message, it can discard all stored states of the received message
and answer with a PUBCOMP message. In this way, the receiver avoids processing the message a second time;
thus, it ensures message delivery exactly once. After the sender receives the PUBCOMP message, the message
delivery is complete. It can be seen that extra protocol steps are required for QoS 2 to achieve reliable and or-
dered message delivery; consequently, longer latency is expected. Receiving complete and in-order messages
is useful for the application as it can focus more on its targeted computation. Using QoS 2 is desirable, as long
as its achievable latency is within the application specification, as it will be discussed later.

Figure 5. Average latencies for BPR data

Figure 6. Average latencies for Accelerometer data
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Figure 7. Average latencies for Enviro data

Table 1. Average latency results for three measurement sessions
Message latency (ms)

Session BPR Acc Enviro
QoS 0 QoS 1 QoS 2 QoS 0 QoS 1 QoS 2 QoS 0 QoS 1 QoS 2

Morning 111.4 159.8 445.8 685.1 863.6 1083.5 120.2 214.0 559.4
Afternoon 183.0 278.1 828.6 944.4 1055.7 1489.4 268.1 349.8 963.5
Evening 380.7 363.7 935.4 1212.8 1200.3 1613.5 419.1 444.8 1033.5

Comparing latencies for BPR and Enviro data from Figures 5 and 7, it can be seen that their results
are relatively similar. Note that the data payload for BPR and Enviro is almost the same size. When comparing
the latencies for Acc data in Figure 6, it can be seen that much higher latencies are observed for Acc data.
This is due to much larger data payload for Acc, i.e. about 82 to 85 times larger than BPR’s data payload. All
measured latencies show lower values in morning session, and their values increase further in afternoon and
evening session. Since the LS to RDS sub-communication is considered steady with much available bandwidth
for sensor data transmission, the plausible explanation for increasing latencies as the day progresses is the
increase in Internet traffic over the RDS to ANP Lab path. Analyzing traffic at RDS to ANP Lab path was not
conducted due to its complex and heterogeneous environment.

Each QoS level responds differently for different kind of sensor data. Latencies for BPR and Enviro
respond almost similarly for each QoS level, and they need to be compared with Acc’s latencies. The following
discussion considers BPR and Acc only. For BPR data, increasing QoS level from the unreliable one (QoS
0) to the most reliable one (QoS 2) results in the following increase of latencies: 295.7% (morning session),
352.8% (afternoon session), 145.7% (evening session). In contrast, for Acc data much less latency performance
degradation is observed. For Acc data, increasing QoS level from the unreliable one (QoS 0) to the most reliable
one (QoS 2) results in the following increase of latencies: 58.2% (morning session), 57.7% (afternoon session),
41.1% (evening session). The reason that the impact of changing QoS level is worse for BPR data is due to
the policy of aggregating all sensor data in publishing MQTT messages; each topic for MQTT transmission
is set based on OBU’s number. In this policy, BPR and Acc data are differentiated based on the field data
type in MQTT messages; all sensor data from the same OBU will share MQTT resources, e.g. queues at the
participating nodes (publisher, broker, an subscriber). Sharing resources like this is not fair for low-rate sensor
data like BPR and Enviro. This transmission mechanism of INA-CBT needs to be revised so that each sensor
data at each OBU gets its own MQTT resources.

MQTT behavior for each QoS level can also be inferred from the number of queued messages at
the LS’s publisher, as shown in Figure 8. Using QoS 0, a publisher sends messages without storing them,
thus queued messages are zero. For higher QoS level, queued messages build-up since messages need to be
stored for completing the required handshakes. It can be seen from Figure 8 that even for QoS 2 level, the
average queued messages are still low; this indicates stability in MQTT transmission on the LS to RDS sub-
communication system.

Indonesian J Elec Eng & Comp Sci, Vol. 40, No. 2, November 2025: 687–699
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Figure 8. Average number of queued messages at the LS’s publisher

Sensor data, particularly BPR data, are used by the TDA to detect the possible occurrence of a tsunami.
The currently used algorithm is based on the algorithm developed by Mofjeld for the U.S. NOAA’s deep-ocean
assessment and reporting of tsunamis (DART) program [20]. This algorithm takes BPR data as input, and
predicts incoming tides; if the predicted tide is above a certain threshold, then a tsunami alert is issued. The
prediction uses a cubic polynomial based on BPR data stored over the past three hours, and updated with
fresh data every 15 seconds. More advanced algorithm, e.g. the one that uses an artificial neural network
(ANN) [33], also requires data updating every 15 seconds. Thus, one must ensure that BPR data latencies
are much less than 15 seconds for satisfying the BPR-based TDA algorithms. In terms of average latencies,
Figure 5 shows that all average latencies are well below 15 seconds; the worst case for QoS 2 shows average
latency equal to 0.94 seconds. To ensure no data sample is above 15 seconds, cumulative distribution functions
(CDFs) for latencies were created, and they are shown in Figure 9; subfigures are presented over three separate
measurement seasons. Figure 9(a) shows the morning session, Figure 9(b) shows the afternoon session, and
Figure 9(c) depicts the evening session. Only CDFs for QoS 2 are shown as QoS 2 level is the most reliable
message delivery with the highest latency. It can be seen from Figure 9 that with certainty (probability equal
to one) the highest latency data sample is less than 3 seconds. Thus, the current system has satisfied the data
latency requirement for some popular BPR-based TDA algorithms. BPR data latencies can be further improved
by making separate MQTT resources for BPR and Acc, as discussed before.

For Acc data transmission using QoS 2, CDFs for latencies are presented in Figure 10. The subfigures
shows the latency during three separate measurement sessions. Figures 10(a) to 10(c) show the latency during
three separate measurement sessions, namely the morning, afternoon, and evening sessions. It can be seen that
latency data samples are below approximately 4 seconds. This will be suitable for algorithms that use both
BPR and Acc data for tsunami prediction [34].

In general, measurement results show the effectiveness of using MQTT transmission for wide-area
sensor networks for tsunami detection deployed by the INA-CBT project. Some aspects of the system may
need further optimization, and consequently one needs to know the performance limit of the INA-CBT com-
munication system. This research work is ideally conducted in a testbed, in line with the work reported in [13];
making various modifications in a testbed will not disrupt the live system.

(a) (b) (c)

Figure 9. Cummulative distribution functions (CDFs) for received BPR data latencies over three separate
sessions: (a) morning, (b) afternoon, and (c) evening
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(a) (b) (c)

Figure 10. Cummulative distribution functions (CDFs) for received Acc data latencies over three separate
sessions: (a) morning, (b) afternoon, and (c) evening

5. CONCLUSION
This paper has presented live measurement results of transporting tsunami-related sensor data using

MQTT protocol over the INA-CBT’s wide-area operational network. To the best of our knowledge, this is the
first paper that presents MQTT performance measurement of latency-critical sensor data for predicting tsunami
over public Internet. It has been shown that the INA-CBT communication sub-system that transports sensor
data from Labuan Bajo works well, and measured latencies have satisfied the target requirement of some TDA
algorithms. The currently deployed MQTT application is not optimal yet, and can be improved by ensuring
fairness for each type of sensor data. Future research work will be conducted in a laboratory-scale testbed by
making use of some measured parameters during live measurement. Scalability of the system can be assessed
by increasing sensor data payload, e.g. increasing the number of OBUs and sensors, and investigating its impact
towards performance.
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