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Today, water transportation plays a vital role in transporting goods and international trade. Therefore,
maritime safety and fire prevention on ships are urgent issues that are being deployed quickly. There
are many methods of training and fire-fighting skills for crew members and fire alarm devices installed
on ships. This article develops the hardware design of a fire alarm system on ships incorporating virtual
reality simulation technology. Next, build a successful connection between HMI hardware devices and
simulation software, such as fire alarms. Therefore, the Seafarer can practice, detect fire areas and have
basic fire-fighting skills on ships. Build and simulate virtual space on ships, fires, and fire point spaces
in Unity 3D software. The system helps save training costs and human life safety, improving the ability
to operate equipment before a real-life situation occurs and rescue scenarios onboard a ship.

1. Introduction.

Ship fire accidents account for many marine disasters and
are vital to a ship’s ability to operate. Recent ship fire damage
has prompted research related to fire training on ships. Many
fire alarms, fire-fighting equipment and fire simulation technol-
ogy on ships have exploded rapidly. In recent years, many fires
on ships have caused severe consequences. In October 2021,
the Malta-flagged MV Zim Kingston transporting 52 tons of
xanthates caught fire and released toxic gases into the environ-
ment, causing harm to marine life (MV Zim Kingston, 2021).
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In 2022, the Singapore container ship APL CAIRO caught fire
in Vung Tau waters, causing damage to property and people.

Some fires, such as the fire on the cargo ship Xpress Pearl in
2021, lasted 13 days, causing substantial economic losses and
was one of the worst ecological disasters in Sri Lanka’s history
(X-Press Pearl, 2021). In 2021, the Felicity Ace ship carrying
many luxury cars and supercars caught fire in the middle of the
Atlantic Ocean; more than 4000 cars must have been destroyed
and left on the ship.

In the world, there are many studies on fire alarm systems
on ships and VR simulations in some areas on ships for train-
ing purposes. Several fire training principles were established
by the International Convention on Standards of Training, Cer-
tification and Watchkeeping for Seafarers (STCW, 1978) and
adopted by the International Maritime Organization (IMO), which
also issued Evacuation Analysis Instructions for passengers in
case of fire.

Some research related to the history and emergencies on
ships, or some experiments that simulate fires at dangerous lev-
els for students to practice (Chu, B.; Chang, D., 2017). The
research has built a virtual reality building environment to train
children, staff and teachers to collect their behaviours and at-
titudes towards the fire and assess the advantages and disad-
vantages of using virtual reality glasses (David Oliva. et al.,
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Figure 1: Fire alarm functional block diagram.
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2019). The study calculated the prediction of the time the fire
started and the temperature sensor was impacted, built a fire
model, and made a relationship between time and smoke prop-
agation speed. (Wang, J. et al., 2018). In some recent studies,
virtual reality simulation technology has brought better results
than traditional video-watching methods. VR training helps in-
crease students’ ability to perceive fire hazards (Lovreglio et
al., 2020). In addition, when VR training with fire extinguish-
ers, employees have better skills than those who start using real
fire extinguishers (Melo. et al., 2016). As such, there is no
study investigating the effectiveness of VR training for fire mit-
igation in terms of knowledge acquirement and retention. On
the other hand, there is no comparison of possible VR training
solutions with traditional training solutions focusing on using a
fire extinguisher (Feng Z, et. al., 2018).

In Vietnam, several projects are related to fire alarm system
design on ships. Author L. K. Thanh has researched and de-
signed an automatic fire alarm system on vessels based on the
(actuator-sensor-interface) network technology (Thanh, L . K
and Thanh, N . K, 2007). In addition, Khanh et al. have built an
intelligent fire alarm system for the building using IOT technol-
ogy. The fire area warning system with sound and display helps
people escape easily when there is a fire (Khanh, D. H. et al.
2018). Research on building fire alarms and fire fighting soft-
ware on ships has created scenarios in virtual reality. However,
the interaction with the device is still limited, and some models
are simple (Van, Tuan and Hung, 2022).

To prevent unfortunate fires occurring on ships, in addition
to raising awareness and equipping crew with fire prevention
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and fighting skills, a fire alarm system works stably, reliably
and promptly. Timely giving fire warnings and the location of
the fire has a significant meaning to minimize the damage to
people and property.

The rest of the paper is described in Section 2, design of
Fire alarm system hardware, and Section 3 proposes to build
3D models in Unity 3D software. Section 4 analyses the testing
of some fire scenarios on ships. The conclusions and future
work are summarised in Section 5.

2. Fire Alarm System Design.

2.1. Functional block diagram design.

The authors built the functional block diagram for the sys-
tem, as shown in Figure 1. The diagram includes a Delta Dop-
100 HMI touchscreen as a central control. On the other hand,
this screen also plays a role in monitoring the entire system,
such as displaying the fire area, displaying the alarm list, saving
alarm history, and some other interactions with the user, such as
editing the name of the fire area to convenient for monitoring.

Figure 1 depicts a Delta Dop-100 HMI screen that not only
acts as a central control but on the other hand, this screen also
plays the role of monitoring the entire system, such as display-
ing the fire area and the list, alarm books, saving alarm his-
tory;... and some other interactions with users, such as editing
the name of the fire area to facilitate monitoring.

The system is designed to support a maximum connection
of up to 31 fire alarm panels for fire monitoring corresponding
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to a Modbus RTU network that can support 32 devices. The au-
thor designs each fire alarm blister to include eight zones, but
it supports stacking two blisters on top of each other to keep a
maximum of 16 zones. Each zone can connect up to 16 sensors
or fire alarm buttons. These zones are all defined with Modbus
addresses so the central controller can determine the exact lo-
cation of the fire when there is a problem (Khanh, D. H. et al.,
2018).

The SCADA computer will communicate with the simula-
tion computer through the Modbus TCP communication proto-
col. From the computer simulation, images will be sent to VR
glasses, bringing users into a virtual environment to perform
operations and procedures in case of fire on the ship under the
supervision of teachers.

2.2. Fire alarm circuit design.

The authors designed the fire alarm panel using the AT-
mega32 microcontroller. The manufactured fire alarm grill in-
cludes several main modules: sensor circuit module, configura-
tion circuit module for microcontroller, communication module
with touch screen, power module, alarm circuit and function
test. With the design principle that the controller will inject a
current value at the output of each zone, each zone will con-
nect to a sensor or fire alarm button based on the measured cur-
rent value the controller will know. It supports combining two
zones on top of each other to get a 16-zone blister. Each zone
is defined with a corresponding Modbus address. Figure 2 is a
picture of the manufactured fire alarm panel.

Figure 2: Fire alarms have been built.

Source: Authors.

3. Control Algorithm.

After designing the circuit board hardware, the authors pro-
ceeded to build a control algorithm for the fire alarm system.
Figure 3 is the control algorithm 1, which the author built for
the j™ fire alarm.

Figure 3: Control algorithm 1 of the j" fire alarm panel.

( START )

A4

Receive command to scan the j.™ Circuit
Get sensor number of the jth pack (n;)
Assign it= 1

A

=i+l <

Record Z; =1
Issue a warning
End of burning zone

Z[i :l

Source: Authors.

where: j - Serial number of the fire alarm in the system (max
multi by default j=31); i - Serial number of sensors play in the
jth round; nj; - Number of sensors connected to the blister j’h;
Zj; - Burning area i”" of j.

Figure 4: Control algorithm 2 of fire alarm system.
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In algorithm 2, the controller will initially receive a scan
command and the sensor number of the j™ blister. i will be
assigned a value of 1 corresponding to the first sensor connected
to grid j to be scanned. If at this first position I, a fire occurs in
area i, then Z ;=1 and this value will be recorded and issued a
fire alarm in the Zj; area.

4. 3D model on Unity.

4.1. Build a simulation training process.

According to the International Standard on Training, Cer-
tification and Supervision for Seafarers (STCW 1978), as re-
vised, several training and education courses are required to
be completed by seafarers. In this study, the authors aimed
to quantitatively determine the impact of VR anti-submersion
fire training training by comparing it with video-based training
methods. To develop video content and VR content, the con-
tent scope is defined in IMO Model Course 1.41. “Assisting
passengers on exit routes” was selected from the range of the
1.41 sample course and developed into video and VR training
content. The participants then watched the video and then prac-
tised on VR.

Figure 5 shows the training process of the virtual reality
simulation system. In this system, based on the theory based on
the IMO Model Course (1.41), the authors reconstructed video
tutorials on using life-saving devices. Next, explain the idea to
students and let them watch the sample video. Students will
become familiar with VR glasses and function buttons. Once
mastered, practice in VR glasses.

Figure 5: Fire alarm simulation system training process.
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4.2. Build a model ship.

The authors built ship models with many different types of
engines from several companies around the world. The con-
tainer ship model has a size of 361.5m. The team uses special-
ized graphics software to create 3D objects. Blender software
is a powerful tool to help build machine models, engine room
models, cockpits and lifeboats.

Figure 6: Ship generator model.

Source: Authors.
4.3. Fire simulation algorithm.
Figure 7: Fire simulation algorithm.
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Figure 7 describes the fire simulation program in the soft-
ware. Initially, when the program receives input values from
the teacher’s computer, they include A; is the fire value in the
areas to be simulated. B; is the value that can be changed during
the simulation. During the simulation process, the system can
be intervened to change the nature of the fire as requested by
the teacher. The input values that can be changed are compared
with the original setting value. If the cases are not satisfied, it
will stop sending a warning signal to the teacher.

4.4. Fire and smoke in unity 3D.

To build the fire, the authors used the Particle tool, which
is a tool that helps simulate any effects. These fires have differ-
ent shapes and levels depending on the burning material, space
and fire area, and the fire’s time until it is extinguished. The
fire is simulated with its actual physical properties. We can also
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change these values depending on the requirements and burn-
ing materials. The duration, looping, colour and speed in the
simulation will be set for each fire (Chen,2014). After creat-
ing the effect, the authors converted and programmed it based
on the C# programming language platform and transferred the
built algorithm into Unity. The modules are as follows:

- FireParticle.cs: contains values that create fires in each
simulation area.

- FireChangeValue.cs: helps change the fire component value
in the simulation.

- FireAudio.cs: Create sounds when there is a fire.

The authors then assigned scripts to each fire object in the
simulation. Similar to the smoke that will appear when burning,
there will be different smoke depending on the burning material.
Therefore, the smoke colours and densities will be different and
changed during the program. Figure 8 shows set up a fire and
smoke model.Figure 8: a, Fire model; b, Smoke model.

Figure 8: a, Fire model; b, Smoke model.
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4.5. VR Human Model.

The authors built the object in Unity 3D and connected it to
the glasses. First, the team created the virtual human thing and
the arm and leg components. A subprogram will be made to
perform the function as shown in Figure 9 for each small part
(Kinateder, et al., 2013).

Figure 9: VR Human model.

Source: Authors.

For each of the above functions, C# scripts are created and
assigned to each part, such as left hand and right hand.

- LeftHandTarget.cs: programming left-hand movements.

- RightHandTarget.cs: functions like the right hand.

- LeftFootTarget.cs: function to simulate left foot.

- RightFootTarget.cs: simulates proper foot functionality.

5. Simulation and result.

5.1. Simulation steps.

The system provides practice exercises that are simulated in
real-life environments and meet STCW regulation VI/3, section
A-VI/3 table A-VI/3-1, which describes the validation meth-
ods Demonstrate fire-fighting, search and rescue capabilities on
board such as (STCW, 1978), (Lovreglio, R., Duan, X., Ra-
houti, A. et al. 2021):

- Control fire-fighting activities on board.

- Organize and train the fire brigade.

- Check and maintain fire detection and fighting systems
and equipment.

In addition, the onboard fire-fighting training system devel-
oped using virtual reality technology can fulfil various training
purposes. It mainly consists of training in fire fighting skills,
familiarization with all functions of fire equipment, handling of
fire accidents in different positions of the ship and command-
ing decision-making (Smith S, Ericson E, 2009). Figure 10 de-
scribes the student assessment process through the virtual real-
ity simulation system (Desiana, 2022).

5.2. Result.

The authors put on glasses and started the simulation pro-
gram. Before practising, students will watch videos and read
documents related to the ship, location, fire-fighting equipment
and specific fire-fighting procedures. Then, students wear VR
glasses and begin the simulation, as shown in Figure 11.
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Figure 10: Research simulation process.
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Figure 11: Students Testing VR glasses.

Source: Authors.

The experiments involved 100 students studying Navigation
at Vietnam Maritime University for testing and training to eval-
uate results. After 2weeks after the training, the same partici-
pants were contacted again to complete the retention test.

However, only 50 of them completed the second evaluation
test (25 for the VR group and 25 for the video group).

Figure 12 shows that the heat and smoke sensors will de-
tect and alert the fire alarm panel when a generator catches fire.

Knowledge and Efficiency Assessment
- Pass kmowledge Knowledge and Efficiency Assessment
- Pass knowledge

Recommendation Assessment - Self-confidence level

VR Training Perception

Simultaneously, the fire signal fire level and area will be simu-
lated and displayed in VR software.

Figure 12: Fire situation in the engine room.

Source: Authors.

Figure 13: Fire situation in the electric room.

Source: Authors.

The spread of the fire will be simulated based on the actual
characteristics of the fire. For different objects, the degree of
ignition changes. Therefore, acting as a fire object will be more
complex and require more detail. The fire level meets about
85% of the actual fire situation during the test. Figure 13 de-
picts the extent of fire spread in the engine room and the impact
of the fire suppression system. At this time, the heat sensor will
impact and alarm the entire ship. The crew’s task is to deter-
mine the location of the fire and then wear protective clothing
to extinguish the fire and save people.



N. Dinh Thach et al. / Journal of Maritime Research Vol XXI. No. I (2024) 193-200 199

Figure 14: a, Container Fire; b, Bridge room.

Source: Authors.

Figure 15: a, Hallway area; b, Seafarer room.

Source: Authors.

From the simulation process, the training evaluation results

of the trainees are shown in table 1:

Table 1: Evaluation table of simulation system function.

No. Function Kongsberg Simulation

1l Fire alarm in 100% 90%
dangerous areas

2 Fire simulation 100% 90%

3 Skills in using 100% 95%
protective
equipment

4  Fire fighting 100% 85%

5 Integrated video, 80% 95%

mstruction sheet

Source: Authors.

Based on the table above, the authors found that the system
meets 75% of basic feature requirements compared to foreign
systems and IMO standards.

Conclusions.

The article has initially successfully built a fire alarm, fire
fighting and anti-sink simulation system for ships. Build 3D
models with specific features based on the provisions of the
International Maritime Convention STCW 2010 and the IMO
Model Course. Besides, build Fire alarm procedures in the sim-
ulation. In particular, the authors created a simulation system
based on virtual reality technology; this is the first step to ap-
plying virtual technology in the maritime field, while Vietnam
has not yet implemented it. Therefore, in the future, the au-
thors will try to build ship models suitable for current training
requirements and the current training procedures for maritime
safety in education in Vietnam to meet the needs of existing
training resources and high-quality human resources.
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