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SUMMARY

Lighting is an important design criterion for ships, including the ro-ro ferry. The ship’s lighting system must meet certain standards. Therefore, the present study analysed and evaluated the artificial lighting of an Indonesian ro-ro ferry. The analysed ship in the present research was a 500 GT ro-ro ferry named KMP. Takabonerate that operated across the Selayar Islands of Indonesia. The artificial lighting systems in this ship’s three passenger spaces, which are reclining seat room, sofa seat room, and passenger open space, were evaluated and analysed. The main parameter to be investigated was the room illuminance produced by the ship’s lighting system. In order to achieve the study objective, the illuminance in those rooms was calculated using analytical formulas. The calculation results were validated using direct measurements and computer simulation. The direct measurements were conducted using a luxmeter, while computer simulations were performed using DIAlux Evo 10.0 software. With this software, the artificial lighting in the passenger spaces was also simulated and realistically visualized. The research results showed that the illuminance in the reclining seat room and the sofa seat room had met the minimum illuminance value set by the Indonesian National Standard (SNI), American Bureau of Shipping (ABS), and Indonesian Classification Bureau (BKI) standards. For the passenger open space, a re-arrangement of the lighting system was conducted to improve the light distribution so that all space illumination can meet the specified standards.
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NOMENCLATURE

ARoom area (m2)

ABSAmerican Bureau of Shipping

BShip breadth (m)

BKIIndonesian Bureau of Classification

CUCoefficient of utilization

EIlluminance (lux)

FLFluorescent lamps

GTGross tonnage (ton)

hDistance of working object to the light armature (m)

HWorking object height (m)

HsShip height (m)

KMPPassenger motor vessel

lRoom breadth (m)

LBPLength between perpendicular (m)

LEDLight-emitting diode

LOALength overall (m)

LLFLight loss factor

pRoom length (m)

SNIIndonesian National Standard

TShip draught (m)

ΦLight flux on the surface (lumen)

1.INTRODUCTION

A lighting system is needed in a room to support visual comfort in it. The fulfilment of the quantity aspect of light is the most important requirement for the functioning of a room or an object (Stevens, 2013). Achieving the required quantity of light is a determining factor for the functioning of a place. The achievement of the quantity of light is primarily aimed at fulfilling the requirements for optimal light intensity so that users of a space or place can move well, smoothly, comfortably, easily, precisely, and safely (Fontenelle, 2008).

Poor lighting intensity is one of the physical factors in the work environment that can reduce visual acuity. Visual acuity is influenced by several factors, including; the size of the object, the luminance (brightness), the time of observation or the length of viewing, and the degree of contrast (Labiris et al., 2021). The same requirements apply to all spaces in a ship. Each room in a ship requires proper and sufficient light intensity, especially in passenger spaces.

In a ship, the intensity of lighting onboard utilizes artificial lighting, especially at night to assist the activities of passengers and crew on board. Along with technological developments, today’s artificial lighting has various variants of lamp types, armatures, lighting procedures, lighting colour displays, colour temperature, and colour rendering (Livingston, 2021). With so many variants of artificial lighting, it will cause a different perception of visual comfort for everyone.

Recently, LED (light-emitting diode) lights have been a common choice to be installed on a ship. The advantages of LED lights are based on some research that has been conducted related to the performance of LED lights. For example, (Murjaningsih, 2015) conducted a study on the techno-economic analysis of lighting systems on ships with LED and fluorescent lamp (FL) lamps on commercial ships and found that the LED lights were more effective and cheaper than fluorescent lamps because they needed fewer lamps. A similar study was also conducted by (Yigit et al., 2018) who considered the lighting performance in terms of economic, environmental, and material factors.

Not only on light type, but some researchers also focus on evaluating the performance of the ship lighting system. (Wenjing et al., 2021) evaluated the lighting design of a cruise named Costa Venezia. They were using questionnaires to investigate the satisfaction of the passengers. (Kang & Kwon, 2017) studied the lighting performance in low-lighting locations mainly around the exit gates which are important for passengers to find escape routes.

In evaluating the lighting performance, besides questionnaires as used by (Wenjing et al., 2021), a common method of evaluation is using analytical formulas. Examples of research performed using analytical formulas were (Mujib & Rahmadiansah, 2012) and (Ikhbal & Anto, 2017). Moreover, (Devi et al., 2014) also used analytical formulas to propose an improvement of the lighting system of a company room.

In order to obtain more detailed computation results, lighting evaluation using computer software is a common method. Research that was conducted by (Ghaffar et al., 2017) on the design of artificial lighting systems in the field of Diponegoro University stadium implemented Dialux software. Furthermore, (Yusvita, 2021) conducted also a similar study on the analysis of room lighting in classrooms at Singaperbangsa Karawang University using DIALux Evo 9.1 software which showed an improvement can be efficient using a computer simulation.

Although several studies on lighting systems on ships have been carried out using different methods as described previously, combining and validating results from those different methods is still very rare to find. Validating and comparing the results from several different methods is very important to determine the accuracy and reliability of the results obtained from these methods.

In the present study, the lighting performance in the passenger spaces of a 500 GT ro-ro ferry will be evaluated and analysed. The ship’s name is KMP. Takabonerate, which is a newly built ship supposed to operate connecting several islands in the Selayar Regency of Indonesia. Three passenger spaces in the ship will be investigated which are the reclining seat room, sofa seat room, and passenger open space. The main parameter to be evaluated was the illuminance in each room. In order to achieve the study objective, illuminances were computed using analytical formulas. The calculation results were validated using data from direct measurements and computer simulation results using Dialux Evo software.

2.RESEARCH METHODOLOGY

2.1SHIP DATA

An example of an Indonesian ro-ro ferry that will be the object of the present study is a 500 GRT ship named KMP. Takabonerate. The ship was built in the year 2020 at PT. Industri Kapal Indonesia (IKI) shipyard, which is the biggest shipyard in the eastern part of Indonesia. The ship is owned by the Ministry of Transportation of Indonesia. The ship is intended to service the crossing between several islands in Selayar Regency which are crossing between Pamatata island – Kayuadi island – Jinato island – Jampea island.

The main particulars and general views of the ship are shown in Table 1 and Figure 1, respectively.


Table 1. The main particulars of KMP. Takabonerate
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Figure 1. General view of KMP. Takabonerate (PT. Industri Kapal Indonesia, 2020b)



As shown in Figure 1, the ship has four decks which are the navigation deck, passenger deck, tween deck, and vehicle deck. The main focus of the present research is the evaluation and analysis of the artificial lighting in three passenger spaces. Two of those spaces are in the passenger deck and one space is in the rear part of the navigation deck. Only spaces intended for passengers are analysed because considering that artificial lighting in these spaces is very important for the convenience of the passengers, especially because the analysed ship is a ro-ro ferry ship type.

The layouts of the passenger deck and navigation deck that show the position of the investigated spaces are shown in Figure 2.
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Figure 2. The layout of the passenger and navigation decks (PT. Industri Kapal Indonesia, 2020a)



From Figure 2 (a), it can be seen that the passenger deck has three sections. The front section is for passengers with reclining seats. It is designed to accommodate 125 passengers. The middle section consists of common facilities such as a kitchen, toilets, and a lactation room. The rear section is an accommodation space. It consists of several groups of sofa-type seats. It is designed to accommodate 75 passengers. There are also common spaces behind the rear passenger section which are a praying room and a medical room. Figure 2 (b) shows that there is a passenger space in the rear part of the navigation deck. The space is open, equipped with fixed plastic seats which can accommodate up to 65 passengers.

The sizes of these passenger spaces are shown in Table 2. These space sizes are important to determine the number of measurement points.


Table 2. Size of the passenger spaces
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Besides the location of the passenger spaces, Figures 2 (a) and (b) also show the type and number of lamps that are fitted in each space. Three kinds of LED lamps that are mainly used in these rooms. The specification of the lamps is described in Table 3 and their photos are shown in Figure 3. They are defined as type 1, type 2, and type 3 lamps.


Table 3. Lamp types

[image: image]




[image: image]

Figure 3. Lamps specification



From Figure 2, it can be counted that the reclining seat room is equipped with 14 pcs of type 1 lamps and 20 pieces of type 1 lamps. The sofa seat room is equipped with 12 pieces of type 1 lamps and 20 pieces of type 2 lamps. While the passenger open space is equipped with 16 pieces of type 3 lamps.

2.2LIGHTING MANUAL CALCULATION

2.2 (a)Calculation of Illuminance (E)

Illuminance is the intensity of the light flux received by a surface area. Illumination represents the interaction between the light source and the surface of the light source which can be calculated using Equation 1.
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where,

E: Illuminance (lux)

Φ: Light flux on the surface (lumen)

CU: Coefficient of utilization

LLF: Light loss factor

A: Surface area (m2)

2.2 (b)Space Index

Space index (K) can be calculated using Equation 2.
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where,

p: Room length (m)

l: Room breadth (m)

h: Distance of working object to the light armature (m)

h is calculated using Equation 3.
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where,

t: Room height (m)

H: Working object height (m)

2.2 (c)Reflection Factor

To determine the number of lights, it is necessary to know the colour of the room where the lights will be installed. So, the value of each reflection due to the colour space obtained from the space index value (K) can be known. The following values were used in the present study (Amin, 2011):









	•
	Cf (ceiling factor)
	: 0.8



	•
	Wf (wall factor)
	: 0.5



	•
	Ff (floor factor)
	: 0.1





2.3DIRECT MEASUREMENT POINTS

In the present study, the artificial lighting of the passenger spaces was directly measured using a lux meter in order to validate the lighting using analytical formulas. Figure 4 shows the photo of the lux meter used for direct light measurement. The brand of the lux meter is Krisbow Pro Series with a maximum measured light capacity is 400.000 lux. The device can also be connected to a computer so that the obtained data can be stored for a certain period of time.
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Figure 4. Lux meter used for direct measurement



In order to determine the measurement positions, the guidance from Indonesian National Standard (SNI) was used. In this standard, one measurement point should cover a maximum area of 3 m2 (Badan Standarisasi Nasional, 2001). With this standard, considering the size of the passenger spaces as shown in Table 2, the number of measurement points in each room is determined as follows:









	•
	Reclining seat room
	: 20 points



	•
	Sofa seat room
	: 15 points



	•
	Passenger open space
	: 12 points





The positions of the measurement points are shown in Figure 5. In order to make sure that the measured lights are from artificial lighting, the direct measurements are conducted at night that is when the ship is in operation. This measurement was carried out using a lux meter to measure the intensity of light placed at a height of 80 cm from the floor surface.
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Figure 5. Points of measurement



2.4COMPUTER SIMULATION SETUP

In order to validate the direct measurement results and obtain a more comprehensive analysis, the artificial lighting in these rooms is simulated using computer software. The implemented computer software is DIALux Evo 10.0 version. The software is an open-access software and can be downloaded at www.dialux.com/en-GB/download.

Before simulations and calculations can be carried out, proper luminaire settings need to be made. The most important step in the setting is finding the correct luminaire settings that can represent the lamps installed in the ship’s passenger spaces. Therefore, the specifications of the lamps as shown in Table 3 are necessary.

Considering the lamps installed in the passenger spaces, in the luminaire settings, there are three types of lamps used, namely rectangular recessed ceiling, ceiling recessed bulb, and Ceiling Recessed Waterproof. The specifications of these lamps are shown in Table 4. The photo and luminous characteristics or photometric curves of types of lights are shown in Figure 6.


Table 4. Lamp parameters
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Figure 6. Photo and photometric curve of applied lights



From the photometric curve shown in Figure 6, it can be seen that most of the Recessed Rectangular LED Ceiling lights used in the recliner economy passenger space are concentrated downwards, while the Recessed Waterproof Ceiling Bulb and Ceiling Recessed Waterproof LED lights are mostly distributed downwards to a wider area.

It is also important to note that there is a small difference in the luminous efficacy of the installed lamps and the ones used in the computer simulation. This is due to the limited options in the luminaire setting in the computer software.

3.RESULTS AND DISCUSSIONS

3.1ILLUMINATION WITH ANALYTICAL FORMULAS

The purpose of calculating the illuminance is to get the actual value using the analytical equations. Furthermore, the calculation results can be used as a comparison with the results of direct measurements and software. The first step in calculating the lighting illuminance is to calculate the space index (K) to find out how much lighting is needed in the KMP. Takabonerate passenger room using Equations 2 and 3. Next, the lighting efficiency is calculated. If the K value obtained is not in the lighting efficiency table, the efficiency can be determined by interpolation.

From Equation 1, the light illuminance in the KMP Takabonerate passenger rooms can be determined with the used light loss factor (LLF) was 0.85 as shown in Table 5.


Table 5. Light illuminance with analytical formulas
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From Table 5, it can be seen that using the analytical formulas, only the sofa seats room that has an illuminance of more than 150 lux. The reclining seats room has the lowest illuminance. These results and tendencies will be validated and compared with the ones from other methods.

3.2ILLUMINATION WITH DIRECT MEASUREMENT AND SOFTWARE COMPUTATION

Besides analytical formulas, the present study also adopted two other methods in determining the illuminance of the spaces which are direct measurement and computer simulation. Figure 7 shows the results of the illuminance measurement at each measurement point. The left side figure is the illuminance obtained from direct measurement, while the right-side figure is the one from computer simulation.
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Figure 7. The results of measuring the level of artificial lighting in KMP. Takabonerate



As shown in Figure 7, the measurement points are in grid form. The figure does not only show the measurement points but also the location of the lamps. In order to compare and validate the results, the results from direct measurement are compared with the ones from computer simulation.

To determine the relative difference between these results, the following equation is used.

[image: image]

where De is data from direct measurement, Ds data from computer simulation, and Davg the average of De and Ds.

The results of the relative difference calculation are shown in Figure 8. As shown in Figure 8, calculations in the reclining seat room the obtained average relative difference is 15.78%. In the passenger open space, the average relative error is 9.16%, and in the passenger open space, it is 8.04%. These results indicate that the average results of field measurements are still classified as a tolerance limit which is ≥20% (Baharuddin, 2021).
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Figure 8. Results of relative difference



The average relative difference in these rooms’ illumination is shown in Table 6.


Table 6. Average relative difference
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From Table 6, it can be calculated that the average relative difference from the whole computations is 10.993% which is still also under the limit.

It is also important to note from Table 6 that the tendency of the results from direct measurement and simulation is the same while it is different from the one from the analytical calculation. This is because some variables used in the analytical calculation are taken from approximation. This is also the reason to use the results from direct measurement to evaluate the illumination fulfilment based on the standards.

3.3ROOM ILLUMINANCE

Based on the setup described in section 2.4, the computations are performed using Dialux Evo 10.0 software to determine the illuminance of the whole space. The computation results are shown in Figure 9.
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Figure 9. Illuminance in the passenger spaces



It can be seen from Figure 9 that high illuminance can be observed under each lamp. Therefore, illuminance is relatively distributed for reclining seats and sofa seat rooms. However, in the passenger open space, the illuminance is more concentrated in the middle of the room. This is due to no wall reflectance in this space.

It can also be seen that the illuminance is higher around the middle part of the space while they are lower in the edge section. Taking the average of the illuminance in each space, the worthiness of the illuminance can be determined.

There are three standards used to determine illuminance worthiness which are the Indonesian National Standard (SNI) (Badan Standarisasi Nasional, 2001), the American Bureau of Shipping (ABS) (American Bureau of Shipping, 2016), and the Indonesian Classification Bureau (BKI) (Indonesian Classification Bureau, 2020) standards. By all standards, the illuminance of space should be minimal at 150 lux.

The fulfilment of the standard for each room is shown in Table 7.


Table 7. Summary of illuminances in the passenger spaces
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Based on Table 7 the measurement results in the passenger spaces, it can be seen that the sofa seat room has a higher lighting intensity than that in the reclining seat room and the passenger open space because of the smaller illumination area in this room.

An important parameter that must be considered is the level of lighting in each passenger space must meet an average illumination of 150 lux. The reclining seats and sofa seats rooms have achieved an average illumination of more than 150 lux, which has been set by the standard, although at some points at the edges of the space, the illumination is below 150 lux. This is because the wall reflection factor in the space is 80% and the ceiling reflection factor is 50%. Where the number of light reflectance’s is also included in the factors that affect the strength of the lighting (lux). The higher the reflection number, the higher the reflected light. The value ranges from 0% to 100% from solid black to white. So that the reflection of light in the two spaces is quite high.

Meanwhile, in the passenger open spaces, the average illumination of 150 lux set by standards has not been met. This is because the floor reflection factor is 10% and the space does not have walls, where the light reflection rate is also included in the factors that affect lighting strength (lux). The higher the reflection number, the higher the reflected light. The value ranges from 0% to 100%. So that the reflection of light in the passenger open space is quite low.

In addition, the location of the height of the lamp also affects the strength of the lighting (lux). Where in that space, the height of the lamp from the floor is 2.9 meters, while in the economy passenger space, reclining seat, and sofas, the circumference of the lamp is 2 meters high from the floor (Refer to Table 2).

3.4LIGHTING RE-ARRANGEMENT

In the previous section, it was found that the illuminance from the current lighting arrangement did not meet the minimum illuminance set by standards. Therefore, lighting re-arrangement is needed to improve the illuminance distribution.

It was realized that the edge of the space does not require more lighting. However, in the passenger seat, which consists of eight seats, it is necessary to place the lamp armature properly so that the direction of the light is evenly distributed. This is obtained by concentrating the placement of the armature on the ceiling in the space.

The room illuminance after the re-arrangement is shown in Figure 10.
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Figure 10. Re-arrangement of the lighting system in the passenger open space



From Figure 10, it can be seen that the illuminance is now more distributed than the one before the re-arrangement. Using this arrangement, the average illuminance in this space is 151 lux which already has met the standards.

3.5REAL LIGHT REPRESENTATION

In order to obtain a realistic view of the room illuminance, the real light representations are computed which are shown in Figure 11.
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Figure 11. The realistic Illuminance in the passenger spaces KMP. Takabonerate



In Figure 11, the real light representations of the passenger spaces in KMP. Takabonerate has been successfully displayed. The real light representation for passenger open space is the one that has been re-arranged. In these three figures, it can be clearly seen the properly distributed illuminance in all passenger spaces.

4.CONCLUSIONS

The present study conducted an analysis and evaluation of the artificial lighting in three passenger spaces of KMP. Takabonerate which are in reclining seat room, sofa seat room, and passenger open space. The illumination in each room was the main parameter to be investigated. Analytical formulas, direct measurements, and computer simulation were adopted as the main methods. The results tendency from direct measurement and software simulation were found to be reliable than the ones from analytical calculation. Moreover, it was also found that the room illuminance in the reclining seats and sofa seats rooms have met the standard while the lighting system in the passenger open space needed a re-arrangement to obtain an appropriate lighting level. The results are important to show the importance of lighting arrangement in obtaining a qualified illuminance.
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