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 Abstract: One of the important aspects of ensuring smooth operation, safety, and security in 
the terminal apron area is a lighting system that complies with applicable standards. 

However, substandard lighting conditions are still found at Husein Sastranegara 

Airport, as indicated by apron user complaints validated by the Assistant Electrical 

Manager, showing inadequate illumination levels that may affect safety and visual 
performance. Measurements showed that the average illumination level of the 

existing apron lighting system was 12.38 lux, which did not meet the standards 

specified in ICAO Annex 14 Volume 1 requiring 20 lux. This study aims to 
redesign the apron floodlight system to meet the applicable standards using the 

Research & Development method. The design was evaluated using DIALux evo 

software considering luminous flux, beam angle, mounting height, pole spacing, 
and lighting distribution. The simulation results showed that the proposed design 

successfully achieved the required illumination standard. 
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Introduction 

In the world of aviation, lighting is one of the guidelines for pilots when carrying out 

flight activities such as takeoff, landing, and taxiing, so that they can move efficiently and safely. 

The lighting system also helps the process of aircraft movement to the intended area to carry out 

flight activities in each area at the airport, one of which is the apron area. Aprons are provided to 

enable aircraft to perform optimal services such as boarding and disembarking passengers, loading 

and unloading cargo and mail delivery, without disrupting airport traffic. Lighting is an important 

aspect to optimize the process of activities that take place in the apron area. The installation of an 

apron floodlight helps in providing lighting for service activities on the apron including helping 

the aircraft service process at night or during the day when the weather is bad. Good lighting 

allows workers to be safer and more comfortable. This allows workers to be able to see and work 

on an object clearly, quickly and without obstacles (Yusuf, 2015).  

Adequate lighting is a critical requirement for ensuring safe and efficient airport 

operations, particularly in apron areas where aircraft and ground handling activities are conducted 

simultaneously. Quality, quantity, and lighting rules are the three main criteria that must be met 

in designing a quality lighting system (Wiyanto, 2021). Based on previous research, Insufficient 

lighting quality may negatively impact the efficiency, safety, and continuity of apron operations. 

Therefore, to improve operational service quality in the apron area, it is essential to provide apron 

floodlighting systems with illumination levels that meet the prescribed illuminance standards and 

regulatory requirements (Suprihartini Yayuk, 2019).  

The significance of complying with apron lighting standards is reflected in several 

aviation incidents, where inadequate visibility and lighting conditions were identified as 
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contributing factors to operational accidents and safety risks during night operations. Several real-

world aviation incidents have demonstrated the importance of adequate apron lighting during 

night operations. In 2010, an Antonov An-124 aircraft collided with apron lighting towers at 

Zaragoza Airport during night taxi operations due to insufficient visual guidance (Comisión de 

Investigación de Accidentes e Incidentes de Aviación Civil, 2012). Similarly, a ground collision 

involving Batik Air and an ATR aircraft at Halim Perdanakusuma Airport in 2016 highlighted the 

risk of limited visibility during night operations (Komite Nasional Keselamatan Transportasi 

Republic of Indonesia, 2017). Another investigation at Yangon International Airport reported that 

dim apron floodlights contributed to pilots’ inability to detect nearby aircraft during taxi 

operations (Flight Safety Foundation, 2015). These incidents indicate that inadequate apron 

lighting may increase the risk of human error, aircraft collision, and operational accidents, thereby 

emphasizing the importance of designing an apron floodlight system that complies with ICAO 

lighting standards. 

Based on the current conditions, there are verbal reports from the VIP guests of the 

Indonesian Air Force that have been confirmed by the Assistant Manager of Electrical, 

Mechanical & Facilities (EMF) regarding the lack of lighting in the apron area. In response to the 

report, field observations were carried out, including measuring the average value of illumination. 

Observation and measurement activities were carried out twice, first at night at 20.00 WIB 

producing an average illumination value of 12.38 lux and in the morning at 04.00 WIB producing 

an average illumination value of 12.03 lux. Based on the results of observation and measurement, 

it can be concluded that the illumination value in the apron area is still lacking and has not reached 

the predetermined standard. Based on International Civil Aviation Organization (2004) the 

lighting of the apron on the aircraft parking stand is a minimum of 20 lux. Lighting that does not 

meet standards such as dim or very bright lighting can interfere with vision for every user of the 

space (Pahlevi & Muliadi, 2022). In order to realize a smooth, safe, and comfortable situation for 

the users of a space, one of the important aspects that must be met is the lighting installation that 

meets the standards (Syukri et al., 2021). 

 Several studies related to apron floodlight systems have been conducted. Research 

conducted by I Wayan Sugara Yasa & I Wayan Suriana (2021) proved that adjusting floodlight 

beam angles affects the average illumination level in apron areas. Furthermore, Pratama Aditya 

et al. (2020) focused on calculating illumination intensity to comply with applicable standards and 

evaluating electrical efficiency following the replacement of conventional lamps with LED 

technology. This limitation is particularly relevant to the conditions at Husein Sastranegara 

Airport. Therefore, this study proposes a redesign of the apron floodlight system using DIALux 

evo software by optimizing floodlight specifications, beam angles, mounting configurations, and 

lighting distribution. Through a three-dimensional simulation approach, the proposed design aims 

to achieve the required illumination standard while improving lighting effectiveness and 

supporting safer apron operations during night-time activities. 

 

Metode 

The design method used in this study is the research and development (R&D) method. 

The purpose of this method is to test the effectiveness of a product and involves the stages of 

planning, drawing, and manufacturing an object, system, component, or structure. The goal is to 

produce renewable theories, solve problems, develop and create innovations in a product so as to 

provide future benefits (Sugiyono, 2019). 
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Discussion  

  Referring to the current condition of the lighting system, direct observation and 

measurement were carried out. The process of determining lighting intensity measurement points 

is based on the rules of  SNI 7062:2019 concerning Lighting Intensity Measurement in the 

Workplace, 2019). The Lighting System Area of the Apron Terminal of Husein Sastranegara 

Airport has an area of 25,243 m2 and there are six poles to meet the lighting on seven parking 

stands. If the lighting measurement point is determined according to the Indonesian National 

Standard (SNI), it is included in the category of calculating the area of space of more than 100 m2 

with the number of lighting measurement points at least 36 points. Each one point represents an 

area of 700 m2 and the measurement point is made with a distance between the points of 25x28 

meters. 

 

 
Figure 1. Lighting measurement point plan layout 

 

 Based on the measurement data, the average total illumination value obtained through 

measurement with a lux meter is 12.38 lux for measurement at 20.00 WIB (Western Indonesian 

Time) and 12.01 lux for measurement at 04.00 WIB (Western Indonesian Time). The overall 

measurement results of both the total average value and the lighting value of each apron area have 

not met the set standards, namely an average of at least 20 lux for the aircraft stand area and 10 

lux for the apron area between the outer boundary of the aircraft stand and the boundary of the 

apron (service equipment, parking area, service road). 

 

Efforts were made in designing lighting systems to meet applicable standards. 

Observation activities related to conditions and factors that affect the lighting illumination 

valueon the floodlight apron aim as information and supporting data in making the design. 

Observation of conditions at the Apron Terminal of Husein Sastranegara Airport includes 

measuring the dimensions of the apron, the type of surface of the apron, and the height of the 

floodlight pole used. Based on the results of observation and measurement, there are: 

The area of the terminal apron = 25.243 m2  

Average illumination = 12,38 Lux  

(normal weather conditions) 

Air Pollutant Content = 20,9 µg/m³.  

(Source: IQAir.com, 2024) 
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Floodlight MASTER HPI-T Plus 400W/645 E40 1SL/12 

(19 units) 

Operational lighting time (Burning Hours) 

= 

= 

= 

= 

19 x 33.200 lm 

630.800 lm 

12 hours x 360 days x 3 years 

12.960 hours 

Floodlight LED Zetalux 200 Watt (6 units) 

 

Operational lighting time (Burning Hours) 

= 

= 

= 

= 

6 x 39.000 lm 

234.000 lm 

12 hours x 360 days x 4 years 

17.280 hours.  

There is a formula used to calculate the strong value of lighting which is: 

E =  
Φ  x Kp x LLF

𝐴
  (1) 

Description: 

Ф : Fluks luminous (lm) 

Kp : Usage coefficient (utility) 

LLF  : Light Loss Factor 

A : Measurement area (m2) 

𝐿𝐿𝐹 = 𝐿𝐿𝐷 𝑥 𝐿𝐷𝐷 𝑥 𝐵𝐹 (2) 

Description:  

LLD  : Lamp Lumen Depreciation 

LDD : Luminaire Dirt Depreciation 

BF : Balast Factor 

 

 

 

Figure 2. Dirt Depreciation Luminaire Graphics 

 

Metal Halide lamp chart 

 

LED lamp chart 

 

Figure 3. Comparison of burning hours and lumen output of different types of lamps (LLD) 

 

Light loss factor 

(LLF) metal 

halide type lamp 

= 𝐿𝐿𝐷 𝑥 𝐿𝐷𝐷 𝑥 𝐵𝐹 

= 0,67 x 0,96 x 1 

= 0,64 

Light loss factor 

(LLF) type of lamp 

LED 

= 𝐿𝐿𝐷 𝑥 𝐿𝐷𝐷 𝑥 𝐵𝐹 

= 0,93 x 0,95 x 1 

= 0,88 
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After getting the value of the Light loss factor (LLF) of each type of lamp, then look for 

the value of the Usage Coefficient (KP): 

E =  
Φ  x Kp x LLF

𝐴
 

It further determines the number of lumens 

that required for lighting to be up to standard: 

Kp 
= 

E x A

Φ x LLF
 E =  

Φ  x Kp x LLF

𝐴
 

Kp 
= 

12,38 x 25.243

((630.800 x 0,64)+( 234.000 x 0,88))
 Φ =  

E x A

𝐾𝑝 𝑥 𝐿𝐿𝐹
 

Kp 
= 

312.508

(403.712)+( 205.920)
 Φ = 

35 x 25.243

0,51 𝑥 1
 

Kp 
=  

312.508

609.632
 Φ = 1.732.362 lm 

Kp = 0,51   

Then a search is carried out in determining the type of floodlight to be used, there are 

two types that have different specifications. 

 

Table  1. The name and value of the floodlight lumen to be used 

Name of Floodlight Lumen Value Life time of 100,000 

hours 

Color of 

Temperature 

BVP651 T25 1 xLED500-4S/740 S 43.000 lm L96 4000 K 

BVP651 T25 1 xLED800-4S/740 S 65.992 lm L96 4000 K 

 

43.000 x 25 unit = 1.075.000 lm 

65.992 x 10 unit = 659.920 lm 

Total 35 unit  = 1.734.920 lm (fulfill) 

After finding the required lumens value on the apron, then a calculation is made to adjust 

the angle of placement of the floodlight according to the object or area to be illuminated by 

maintaining the current placement point of the floodlight pole. In calculating the angle of the 

floodlight, it is adjusted to existing rules and theories. 

 
Figure 4. Floodlight lighting angle requirements 
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Figure 5. Calculation of floodlight lighting angle 

 
Figure 6. Floodlight Apron Pole Distribution Plan  

 

The following is one of the calculations of the floodlight angle, namely in ALI 2: 

 
Figure 7. Horizontal illumination of floodlight numbers 2 and 5 

 

Calculation of the length of line b, where e: 73.10 m. As for floodlights number 2 and 5, angles 

produced horizontally by 00.  

Sin 45o  = 
𝑒

𝑏
 

b   = 
73,10

0,707
 

b   = 103,37 m 

Calculation of the installation angle of floodlights number 2 and 5 vertically: 

 
Figure 8. Calculation of floodlight angle numbers 2 and 5 vertically 
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 a2 : 14,5 m (high floodlight number 2) 

 a5 : 13,4 m (high floodlight number 5) 

 e  : 73,10 m  

So to find d2 and d5 using the trigonometric formula equation: 

d2 = √(𝑎2)2 + 𝑒2 d5 = √(𝑎5)2 + 𝑒2 

d2 = √14,52 + 73,102 d5 = √13,42 + 73,102 

d2 = 74,52 m d5 = 74,34 m 

After that, look for the α angles, namely the angle of placement of floodlights 2 and 5 

vertically: 

Cos α2 = 
𝑎2

 𝑑2
 Cos α5 = 

𝑎5

 𝑑5
 

Cos α2 = 
14,5

 74,52
 Cos α5 = 

13,4

 74,34
 

Cos α2 = 0,194  Cos α5 = 0,180 

α2 = Cos-1 (0,19) α5 = Cos-1 (0,18) 

α2 = 78,81o α5 = 79,63o 

 

 
Figure 9. Calculation of floodlight angles 1,3,4, and 6 vertically 

 

So to find c(1,3) and c(4,6) use the equation of the trigonometric formula: 

c1,3 = √(𝑎3)2 + 𝑏2 c4,6 = √(𝑎6)2 + 𝑏2 

c1,3= √14,52 + 103,37 2 c4,6 = √13,42 + 103,37 2 

c1,3 = 104,23 m c4,6 = 104,38 m 

 

After that, look for the β angles, which is the angle of placement of floodlights number 3 and 6 

vertically: 

Cos β1,3 = 
𝑎3

 𝑏3
 Cos β4,6 = 

𝑎6

 𝑏6
 

Cos β1,3 = 
14,5

 104,38 
 Cos β4,6 = 

13,4

 104,23
 

Cos β1,3 = 0,138  Cos β4,6 = 0,128 

β1,3 = Cos-1 (0,138) β4,6 = Cos-1 (0,128) 
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β1,3 = 82,06o β4,6 = 82,64o 

 

The configuration of each installed lamp is according to the results of the simulationas follows: 

 
Figure 10. Floodlight configuration attached to each pole 

 

 Simulation with DIALux software: 

 
Figure 11. Exposure calculation area in simulation 

 

 
Figure 12. Number of floodlights and lumens required 

 

 
Figure 13. Horizontal distribution of illumination isolux 
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Figure 14. Lighting simulation results with DIALux 

 

The proposed apron floodlight design achieved an average illumination level, meeting 

the requirements of ICAO Annex 14 and improving visibility within the aircraft stand area. 

Enhanced lighting distribution supports critical night-time operations, including aircraft parking, 

marshalling, refueling, baggage handling, and other ground handling activities, thereby improving 

situational awareness and reducing the potential for operational errors caused by insufficient 

illumination. The design was developed through adjustments to lamp specifications, beam angles, 

lighting direction, and switching to luminaires LED to optimize lighting performance. Although 

glare was not specifically evaluated, the simulation identified several localized areas with 

relatively high illumination levels that may potentially affect pilot visibility and visual comfort. 

Furthermore, the recommendation for aircraft stand relocation is intended as an operational 

consideration based on simulation results indicating that areas closer to the lighting coverage 

achieved more favorable illumination distribution.  

The recommendation to relocate the aircraft stand closer to the floodlight coverage is 

consistent with the findings of Saputri & Triana, 2016, who evaluated the apron layout at Husein 

Sastranegara Airport and recommended reconfiguring the aircraft stand because the existing 

layout did not comply with KP No. 39 of 2015. Integrating this recommendation with the lighting 

simulation results may provide a more balanced illumination distribution while reducing localized 

over-illumination. 

After the testing process regarding the lighting simulation, then wiring the electrical 

diagram for the floodlight power supply to be used. 
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Determining the type of cable from the pole panel to the floodlight. 

Known: 
P  = 840 Watt 

V  = 220 Volt  

𝐼 =
𝑃

𝑉𝑥 𝐶𝑜𝑠 𝑃ℎ𝑖
 

 

I = 
840 𝑊𝑎𝑡𝑡 

220 𝑉𝑜𝑙𝑡 𝑥 0,8 
  

I = 4,77 A 
KHA Results   = I x 125% 

KHA = 5,96 A 

Based on the calculation results for cables used with a current carrying capacity of 5.96 

A using the NYY 3 x 1.5 mm2 cable type.  

 

Determine the value of the circuit breaker used on each pole. 

Known: 

P = 840 Watt 
V = 220 Volt  

I = 
840 𝑊𝑎𝑡𝑡 

220 𝑉𝑜𝑙𝑡 𝑥 0,8 
  

I = 4,77 A x 115% 

Circuit 

breaker 

= 5,4 A 

 

Based on the results of calculations in determining the safety (circuit breaker) using a 

safety with a maximum current of 5.4 A in accordance with the specifications produced, namely 
the Miniature Circuit Breaker (MCB) 1P 6 A. 

 

 
Figure 15. Power grouping on floodlight aprons 
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Figure 16. Wiring diagram apron floodlight 

Conclusion 

This study successfully redesigned the apron floodlighting system at Husein Sastranegara 

Airport by optimizing LED luminaire specifications, beam angles, lighting direction, and the 

configuration of floodlights without changing the existing pole layout. The proposed design, 

evaluated using DIALux evo, achieved the illumination requirements specified in ICAO Annex 

14 and PR No. 8 of 2022, with an average horizontal lighting measurements obtained an overall 

average value of 20 lux and a minimum value of 6 lux and a uniformity ratio between the average 

illumination value to the minimum value of 0.30 with a ratio of no more than 4:1. Vertical lighting 

measurements at a height of 2 m obtained an average result of 81.3 lux and a minimum value of 

36.2 lux and a uniformity ratio between the average illumination value to the minimum value of 

0.45 with a ratio of no more than 4:1. The selection of LED floodlights also provides longer 

service life and improved lighting performance compared with the existing metal halide system. 

As a scientific contribution, this study demonstrates that three-dimensional lighting simulation is 

an effective approach for evaluating and redesigning airport apron lighting systems while 

identifying both under-lighted and localized over-lighted areas. From an operational perspective, 

the improved lighting distribution enhances visibility for aircraft parking, marshalling, refueling, 

baggage handling, and other ground handling activities, thereby supporting aviation safety 

through improved situational awareness and reduced potential for operational errors caused by 

inadequate illumination.  
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