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Abstract      

Lighting design has become an important major factor in 

building construction planning. Optimum lighting is 

required to achieve an adequate visual performance while 

reducing visual discomfort, particularly, when executing 

tasks that require high accuracy, such as an Emergency 

Room in a hospital. This paper aims to propose an 

optimized electric lighting design for Karya Dharma 

Kembang Tanjung Hospital, in this case at the emergency 

room, using modeling and simulation. The computational 

model of the room was built in Dialux Evo, and the 

simulation was executed with and without daylighting 

scenes of four-room segments. Four different variables 

were observed and simulated for obtaining the optimum 

result, which that evaluated by sensitivity analysis. In this 

model, the optimum lighting design is achieved using 

Phillips TBS165 G 2xTL5-28W HFS C6 luminaires with 

a wall reflectance of 0.8 for the examination room. Then, 

the enhancement of lighting in the treatment room is 

conducted by rotating the luminaire by 40° of normal 

from the right side of the mattress orient to the doctor, it 

yields the smallest vertical illuminance and UGR values. 

Key Innovations 

• Performing sensitivity analysis to evaluate the 

lighting in a hospital building 

• Using several input variables and output 

variables according to lighting criteria and 

standards 

• Analysis for both general and local lighting in 

selected room 

Practical Implications 

The results are supposed to be design recommendation to 

apply wall reflectance of 0.8 and select the recessed TL 

luminaire for general lighting in the examination room 

and add local lighting in the surgery room forming an 

angle of 40° against normal from the right side of the 

patient's mattress. 

Introduction 

The emergency room (ER) is one of the hospital facilities 

that provide an initial treatment for patients who 

experience suffer and injuries, which can endanger their 

life-being (Fakniawanti dan Rucitra, 2017). The hospital 

minimum service standards which are regulated in the 

Minister of Health Decree no. 129 of 2008 stipulated that 

the Emergency Room must be able to provide medical 

services within five minutes since the patient arrived. The 

rapidity and safety are key points of ER services, those 

made have special consequences in managing the  

performance of the ER. The ER, as a place for medical 

hospitality, must be designed to facilitate the various 

activities inside, therefore the one aspect which can be 

optimized is the lighting in the room. 

Lighting is supposed to create a luminous scene, it also 

affects physical and psychological aspects that mutually 

influence each other (Indrani and Santosa, 2009). The 

appropriate luminous scene in the Emergency Room 

influences visual comfort and improves the performance 

of medical staff in providing first aid to their patients. 

Bright lighting will make the occupants feel awake and 

productive. Meanwhile, the dim lighting creates a feeling 

of relaxation, even sleepiness. This is a psychological 

effect in the physical form of lighting. The luminous 

scene can be created from the color and intensity of the 

lamp (Kementrian Ketenagaan, 2005). 

Lighting must be able to give a permanent color rendering 

to the object as well as the highlighted corner of the room. 

According to Suptandar (1999), in interior design, the 

relationship between the elements of room surfaces such 

as walls, floors, ceilings, and lighting have a dominant 

role, because it creates happy, cheerful, spooky, formal 

impressions, and so on. 

Table 1: Average lighting level standard  

(Ministry of Health, 2012) 

Room Function Lighting 

Level (Lux) 

Staff Room 250 

Administration Room 350 

Sterilization Room 250 

Warehouse 150 

Pantry 200 

Toilet 250 

Treatment Room 300-500 

Waiting Room 200 

Utility Room 250 

Corridor 100-200 

Compliance with the designated lighting design 

parameters ensures the quality and quantity of the task-

specific luminous environment. International standards 

and national codes are available to guide lighting 

designers to select target values of the lighting parameters 

corresponding to the varieties of the visual task under a 
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variety of indoor environments (Purnima Mandal,2021), 

in this study the standard from the Ministry of Health in 

2012 is used as the reference average lighting standard, 

which can be seen in Table 1.  

State of The Art 

Recent evaluations of lighting installations have focused 

on energy-efficient lighting solutions for a hospital 

building. (Alzubaidi & Soori, 2012) compared the 

performance of CFL lamps and LED lamps in power 

saving and analyzed the economical aspect through their 

payback period time, using DIALux 4.8 for modeling and 

simulation. The case study is in Hospital Diagnostic and 

Treatment room in Qatar. It has been found that LED 

lamps are best suited for the energy-efficient lighting 

system design and took 7 years payback period compared 

to 9 years which is CFL lamps. (Patil & Kamath, 2018) 

proposed 6 different areas and room geometries to be 

analyzed for both conventional CFL as well as LED 

fixtures in DIALux to be met the lighting standards, such 

as lux level, power consumed and, and LPD standards. 

The use of a CFL fixture satisfies the lighting level 

requirements. Meanwhile, using LED luminaires reduces 

energy consumption by 30% to 60% for lighting. lighting 

in the room is influenced by the interior characteristic, 

namely reflectance value. Therefore, (Pracki, 2020) 

studied the impact of room consist of different sizes and 

reflectance values, luminaire types with various light 

distributions, and luminaire characteristics on general 

lighting conditions as well as the energy consumed. Then, 

(Pracki, 2020) evaluated the levels of average 

illuminance, uniformity, and normalized power density. 

The impact of the room index and lighting group on the 

average illuminance and normalized power density was 

significant while the impact of the luminaire luminous 

intensity distribution and room reflectance value was low. 

The use of a normalized power density level of 2 W/m² 

per 100 lx is recommended for designing and assessing 

the new general electric lighting systems in buildings. 

Then, (Mandal et al., 2021)  combined three aspects of 

lighting design; visual comfort, energy efficiency, and 

initial cost to be optimized by applying a particle swarm 

algorithm in DIALux. The objective function is 

formulated with maximum or minimum limits for the 

design parameters recommended by international 

standards. Comparing 3 luminaires for office space and 

using some performance indicators such as average 

illuminance, uniformity, and UGR. Thus, the results show 

good agreement with DIALux simulation and significant 

improvement in the uniformity of illuminance (0.90) 

compared to the recommended minimum value (0.70) and 

in discomfort glare (16) compared to the recommended 

allowable maximum value (19).  The results from several 

studies underscore that lighting in the room is influenced 

by several factors, such as the type of luminaire as well as 

its intensity distribution, and room aspect especially the 

reflectance value. The hospital building which has 

different functions and geometries, lighting levels should 

be fulfilled complying with each room standard. In this 

paper, five segments of the emergency hospital room are 

introduced to propose an optimized electric lighting 

design through modeling and simulation. The 

optimization is conducted using some input variables, 

those are different types of the luminaire with various 

light distributions, reflectance values, and luminaire  

angles. The computational model of the room was built in 

Dialux Evo, which was evaluated by sensitivity analysis. 

This study not only focusing on general lighting 

application but also optimized the local lighting in the 

selected room. 

Hospital Lighting System 

The lighting system in the emergency room must be 

designed with a predetermined standard. Based on the 

guidelines for the hospital emergency room of the 

Ministry of Health of the Republic of Indonesia, the 

emergency lighting system must follow the following 

conditions. 

• Emergency room buildings must have daylighting and 

or electric lighting, including emergency lighting 

according to their function. 

• Daylighting must be optimized, adjusted to the 

function of the building and the function of each room 

in the Emergency Room building. 

• Meanwhile, the electric lighting must be planned 

based on the level of illumination required according 

to the function of the space area in the Emergency 

Room building by considering efficiency, energy 

saving. 

• Room lighting may use fluorescent lamps, the 

application of recessed lamps is recommended 

because they don’t collect dust. The selection of 

armature should have the characteristics of lighting 

distribution according to its function, has high 

efficiency, and do not cause glare or disturbing 

reflections. 

Performance Metrics 

In this paper, lighting optimization is carried out by 

involving several types of metrics: 

1) Average illuminance (Eavg) 

It is known as Ambient Illuminance. Ambient lighting is 

the illuminance in the entire area obtained from general 

lighting with a minimum value of 100 lux in the work area 

(0.75 cm from the floor). The value is displayed in lux (lx) 

units and the illuminance value for the entire area can be 

plotted as shown in Figure 2 and Figure 3. This metric is 

the most commonly used to determine the level of lighting 

in a room and has been found in many lighting standards, 

both national and international. 

2) Longitudinal Uniformity (U) 

Longitudinal Uniformity (U)) is the ratio between the 

minimum and maximum illuminance values in an area, it 

is measured in the surface area with recommended value 

is ≥ 1: 3. It is measured to reduce the intensity of bright 

and dark appeal on the surface area. 

3) Eye illuminance/ vertical illuminance (Ev) 

Eye illuminance (Ev) is the illuminance measured when 

facing the work tool while standing, the sensor is placed 

at 1.2 m height from the floor. In this case, the eye 
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illuminance is viewed from the doctor's side when facing 

the patient and from the nurse's side when standing and 

facing medical devices. 

 

4) UGR (Unified Glare Rating) 

To realize glare caused by artificial lighting, the UGR 

(Unified Glare Rating) index is used. This metric is used 

to detect visual discomfort resulting from too high 

illuminance value. Typically, UGR values range from 13 

to 30. The lower the value, the less visual discomfort. 

Methods 

The room model was alleged to be in Karya Dharma 

Kembang Tanjung Hospital, which has been reduced to 

only 7 rooms, consist of 1 triage room (as the lobby), 1 

examination room, 4 treatment rooms, and 1 corridor. The 

triage room is a room used for the process of selecting 

patients who are prioritized for treatment in the 

emergency room of the hospital. In other words, this room 

functions as a place to sort out the patient's condition, true 

emergency, or false emergency. The treatment room has 

4 main functions, namely to perform minor surgical 

procedures, to perform non-surgical actions, to perform 

pediatric patients, and to perform obstetric procedures. 

The examination room is a room used to observe patients. 

A hallway/corridor is a space that is used as a path or 

access to get from one room to another (Ministry of 

Health, 2012). The overall layout plan of ER, dimensions 

of all areas, and the luminaire configurations are 

displayed in Figure 1. 

The number of general lighting luminaires used in each 

room is obtained by the lumen calculation method. The 

lumen method is determined by some aspects, such as the 

properties of the room being reviewed, the properties of 

the luminaire, as well as the lux required in the room. 

Room properties include the dimensions of the area, the 

height of the work plane, and the reflectance value of each 

surface in the area. Luminaire properties include the 

number of lamps, total lamp power, luminaire efficacy, 

luminous flux, and LOR (Light Output Ratio). While the 

requirement of indoor lighting that is used in this paper 

refers to the highest average illuminance of the work area. 

The reflectance coefficients (supposed diffuse) of the 

walls are 𝜌𝑤𝑎𝑙𝑙  = 0.5, floor 𝜌𝑓𝑙𝑜𝑜𝑟  = 0.2, and the ceiling 

𝜌𝑐𝑒𝑖𝑙𝑖𝑛𝑔  = 0.70. The measurement of required illuminance 

was taken on a work plane with an altitude of 0.75 m from 

the floor, then a different utilization coefficient (Kp) is 

obtained for each room, with a constant depreciation 

coefficient (Kd) of 0.8. The number of luminaires and 

configurations can be seen in Table 2. The luminaires 

used recessed type (embedded in the ceiling of the room) 

to avoid the collection of dust and to make the 

maintenance easier, and attempt to be set in the middle of 

the room even symmetrical both to the side of the wall and 

fellow luminaires, while the total power of the luminaire 

is selected to be proportional to its luminous flux so as not 

to exceed the Lighting Power Density (LPD) standard as 

a room boundary variable.  

LPD is the lighting load in watts/sq ft (or watts/square 

meters). Lighting Power Density technically represents a 

load of any lighting equipment in any defined area. 
National Standard of SNI 03-6575-2001 provides the 

recommended maximum allowable limits of LPD for 

different lighting application areas.  

 

The recommended values for a typical office environment 

are shown in Table 2. The SNI standard for lighting power 

in the lobby is 10 W/m2 and for the patient room, it is 15 

W/m2. From the calculation results obtained the power 

The maximum lighting for the lobby and treatment room 

is still below the SNI standard, namely 5.3 W/m2then for 

the patient room of 8.7 W/m2 and 11.3 W/m2. 

Table 2: The number of luminaires and their 

configurations 

Areas 

Considered 

Number of 

Luminaires 

Luminaires 

Configuration 

LPD 

[W/m2] 

Triage/ 

Lobby 

12 4x3 5,3 

Vertical 

Corridor 

3 3x1 3,5 

Horizontal 

Corridor 

2 2x1 4,6 

Examination 

Room 

15 5x3 11,3 

Treatment 

Room 

4 2x2 8,7 

Simulation 

The initial simulation was conducted in three lighting 

scenarios, first, it was based on daylighting only, then it 

was only considered the electric lighting, and the last was 

the combination between electric lighting and 

daylighting. The simulation was conducted using the 

Dialux Evo 8.0 software. It was obtained by determining 

several planes and point sensors as measuring points to 

evaluate the output parameters. A wide-horizontal plane 

sensor with an altitude of 0.75 meters from the floor is 

placed to calculate the average horizontal illuminance of 

18.00 m 

8.00 m 

13.00 m 

6.10 m 3.50 m 4.20 m 4.20 m 

5.30 m 

2.40 m 

5.30 

m 

8.00 m 

Figure 1 : Overall Emergency Room layout with 

luminaires layout. Room 1 (lobby), room 2 (examination 

room), room 3 (Corridor), room 4,5,6,7 (treatment 

rooms) 
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each area. Also, a vertical sensor is installed to evaluate 

glare in each patient's bed in the examination room and 

treatment rooms, which is a point sensor with an altitude 

of 1.2 meters from the floor to measure the eye 

illuminance of the doctor or nurse when facing the patient. 

In the examination room, every bed is separated by a 

curtain. 

Table 3: Results of UGR calculation using electric 

lighting 

 

 

 

 

 

 

 

 

 

 

The first scenario was performed in the lighting 

conditions without involving the luminaires to determine 

the amount of daylight through the windows opening. 

There are 5 window openings and 1 façade glazing in the 

entrance, the position of the five openings can be seen in 

Figure 3. From the contour plot, it can be seen that the 

light distribution according to daylight only is not evenly 

distributed throughout the room, as those far from the 

opening the illuminance value in that area is still at a low 

level. The corridors and the two treatment rooms also do 

not get daylight during the day. 

  

Figure 2: Contour plot for 𝐸𝑎𝑣𝑔 (lx) using daylighting 

(only) 

Then, simulation was followed by using general lighting 

only. This condition is to consider the lighting during the 

night time and it will be a baseline for the simulations with 

the next various input variables. The applied lighting 

standards and boundary variables are also referred to in 

this condition cause at night time or without daylighting, 

the average illuminance level standard in that specific 

area must also be fulfilled. From Table 3, it can be seen 

that the average horizontal illuminance value in each 

room has been fulfilled. However, it is necessary to 

review the Task Illuminance (Etask) for the examination 

room and treatment rooms which serves to provide a more 

specific focus. In this case, the area that is given a special 

focus is the patient bed (mattress). 

Table 4 shows the UGR values indicating glare on the area 

which consists of the patient’s bed using only electric 

lighting. The overall value of UGR in the examination 

room is lower than in the treatment rooms, moreover, the 

first bed (bed no 1) in the examination room has the 

lowest UGR value since it is influenced by less lighting 

because it is located directly adjacent to the wall, next to 

the lobby, while the other bed areas are illuminated by 

more luminaires. 

The combination of electric lighting and daylighting leads 

the illuminance value to increase in most of the area, this 

condition takes into account the lighting scenario during 

the day.  The average illuminance value and daylight 

factor in each of the Emergency Room segments are 

shown in Table 3. Several input variables are varied to get 

a solution from the simulation. That is consists of wall 

reflectance and polar diagram type of the luminaire for 

general lighting in the examination room. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Area Considered 
No of 

Bed 
UGR 

 

Examination 

Room 

Bed 1 9 

Bed 2 12,5 

Bed 3 13,6 

Bed 4 13,7 

Bed 5 13,3 

 

Treatment Room 

Room 1 15,4 

Room 2 15,7 

Room 3 15,6 

Room 4 15,3 

Area Considered 

Luminai
res only 

Daylight only 

Luminaire 

and 

Daylight 

Eavg 

[lx] 

Eavg 

[lx] 

DF 

[%] 
Eav [lx] 

Triage Room/ Lobby 205 336 1.25 536 

Corridor 157 0 0 157 

Examination 

Room 336 354 2.25 685 

Treatment Room 1 320 0 0 306 

Treatment Room 2 320 441 2.09 745 

Treatment Room 3 320 0 0 334 

Treatment Room 4 320 424 1.83 753 

Figure 3: Contour plot for 𝐸𝑎𝑣𝑔 (lx) using 

electric lighting (only) 

Table 4: Result of average horizontal illuminance 

(𝐸𝑎𝑣𝑔) and daylight factor (DF) in three scenarios 
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Meanwhile, local lighting is added in the treatment room 

because the illuminance was not sufficient by using 

general lighting only. The lobby and Corridor area are not 

included in the variation of input variables because the 

lighting standards in both rooms have been met. The 

variations of input variables in the Examination Room 

and Treatment Room are shown in Table 7. Besides, there 

are also boundary variables to limit the output of the 

simulation which can be seen in Table 8. The variables 

are sourced from abroad such as from the USA and 

THORN. The USA standard is used as the common target 

is elderly patients. 

To evaluate the simulation results, several output 

variables are determined according to the measurement 

points in Figure 3. The output variables of general lightin 

and local lighting, respectively, can be seen in Table 10. 

Figure 4: Polar diagrams of luminaire 

 

Table 5: Input variables 

Area 

Considered 
Input Variable Variation 

 

 

 

 

 

 

Examination 

Room 

 

 

 

 

 

General 

Lighting 

 

1. Philips RC360B W60L60 

2. Philips RC416B G2 PSU 

3. Phillips TBS165 G  HFS C6 

4. Phillips TBS165 G  HFS C3 

5. Phillips TBS165 G  HFS M2 

Wall Reflectance  

0,5; 0,6; 0,7; 0,8 

 

Treatment 
Room 

Luminaire Angle 0ᵒ-40ᵒ 

Angle Facing to 

Doctor 
40ᵒ-60ᵒ 

Local Lighting Philips High Bay BY471X 

 

Table 6: Specification of luminaire variation types 

 Baseline Luminaire 1 Luminaire 2 Luminaire 3 Luminaire 4 Luminaire 5 

 
Philips 

RC342B 

PSU 

W62L626 

LED 

 

Philips 

RC360B 

W60L60 

LED 

 

Philips 

RC416B G2 

PSU 

W16LEXT 

LED 

 

 

Phillips 

TBS165 G 

HFS C6 

 

Phillips 

TBS165 G  

HFS C3 

 

Phillips 

TBS165 G  

HFS M2 

LOR 1 1 0,9 0,7 0,65 0.6 

Lamp/Unit 1 1 1 2 2 2 

Power [W] 28 27 24 62 62 62 

Total Flux 

[lm] 
2800 3400 4200 2700 2700 2700 

Efficacy 

[lm/W] 
100 126 142 59 55 51 
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Table 7: Lighting criteria based on standards 

 

Table 8: Output Variables 

 

 

 

 

 

 

 

Results 

Sensitivity analysis is performed to observe how the 

output variables are influenced by input variables. It is 

conducted in two types of areas, there are the examination 

room and the treatment rooms. For the examination room, 

the given variations are the type of polar luminaire and 

wall reflectance. While, in the treatment room variable 

variation is given to have more focus on mattresses 

relating to the activity in the room, for example, to handle 

the surgical operation. Therefore, in the treatment room 

the angle of the local luminaire towards the patient is 

being varied, thus the angle at which the doctor faces the 

patient. 

Variation of Luminaire: Examination Room 

Six luminaires are varied in this simulation. The six 

luminaires were selected based on the different 

characteristics of the polar diagram, as shown in Figure 4. 

The output variables of this luminaire variation will be 

reviewed to identify its influence on the uniformity (U) of 

the room, along with its average horizontal illuminance 

(Eavg). From Figure 4, it can be seen that the luminaire 

variation to uniformity (U) is not significantly influenced, 

where all the values are still in the 0.7-0.8 range.   

Figure 5: The effect of luminaire type to uniformity (U) 

 

 

 

This indicates that all types of selected luminaires 

produce a good uniformity (U), because the higher the 

uniformity (U) value (closer to 1), it means that the entire 

room is evenly lit. The effect of luminaire variations on 

the average horizontal illuminance (Eavg) in the 

examination room is presented in Figure 5. From that 

figure, it can be seen that there is an extreme point that 

occurred in the third luminaire with an average horizontal 

illuminance (Eavg) value of 438 lx. This implies that 

luminaire 3 generates more light than other types of 

luminaires. This certainly makes sense considering that 

luminaire 3 has a luminous flux of 5250 lumens, which is 

greater than other types of luminaires. 

Figure 6: The effect of luminaire type to average 

horizontal illuminance (𝐸𝑎𝑣𝑔) 

Variation of Reflectance: Examination Room 

The change of wall reflectance value, 𝜌𝑤𝑎𝑙𝑙 , against 

average horizontal illuminance (Eavg), uniformity (U), 

vertical illuminance (Ev), and UGR are displayed in Table 

9. Vertical illuminance (Ev) and UGR is the average value 

from results at 5 sensor points on each bed in the treatment 

room. To find out the impact of the input variable on the 

output variable y, a sensitivity analysis was performed 

using linear regression. The influence of the input variable 

Boundary Variable Criteria Source 

Ambient Illuminance ( Eavg) ≥ 100 lx USA 

Task Illuminance ( Etask) ≥ 300 lx USA 

Eye Illuminance ( Ev) ≤ 300 lx USA 

Color Rendering Index (CRI) ≥ 80 USA 

Longitudinal Uniformity ( U) ≥ 1:3 USA 

Unified Glare Rating (UGR) ≤ 19 THORN 

Type of Lighting Output Variables 

 

 

General Lighting 

Average Horizontal Illuminance (Eavg) 

Horizontal Minimum Illuminance (Emin)  

Horizontal Maximum Illuminance (Emax) 

Longitudinal uniformity or uniformity (U) 

 

Local Lighting 

Vertical Illuminance (Eye Illuminance) 

UGR (Unified Glare Rating) 

Horizontal Illuminance (Task Illuminance) 

0.71

0.72

0.73

0.74

0.75

0.76

0.77

0.78

U
n

if
o

rm
it

y
 (

U
)

Luminaire Variation

300

330

360

390

420

450

A
v
g
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o

r
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ta
l 
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m

in
a

n
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e
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]

Luminaire Variation
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on the output variable is seen from the Standard 

Regression Coefficient (SRC) and the Coefficient of 

Determination (R2) value. Input variable x and output 

variable y are standardized against the reference ( 𝜌𝑤𝑎𝑙𝑙 =
0,5) therefore the SRC value will be in the range between 

-1 to 1. 

Table 9: Metrics results for variation of reflectance 

Reflectance 
Eavg 

(lx) 
U Ev (lx) UGR 

0.5 336 0.7 141.6 13.38 

0.6 359 0.73 153 13.04 

0.7 371 0.75 158 12.9 

0.8 383 0.78 163.6 12.8 

The results of the sensitivity analysis of the input variable 

x to the output variable y variable are found in the graph 

in Figure 7. From the Standard Regression Coefficient 

(SRC) that has been obtained, the input variable has a 

different degree of influence on each output variable. The 

plotted bar in Figure 8 is the coefficient of the regression 

line for each input variable. A positive coefficient 

indicates that the input contributes to increasing the 

output and a negative coefficient means decreasing 

output. Ambient illuminance becomes the most impactful 

metric when the reflectance value changes. The higher the 

reflectance value, the more reflected light throughout the 

room because it can increase the reflected light from the 

source. From Table 9, it can be seen that reflectance value 

0,8 is the optimum value because it yields the highest 

Eavg, highest U, highest Ev, and lower UGR value. 

 

Figure 7: Graphic of sensitivity analysis 

 

Figure 8: Regression analysis for ambient illuminance, 

longitudinal uniformity, vertical illuminance, and UGR 

Variation of luminaire angle: Treatment Room 

Figures 9 and 10, show that the local luminaire angle 

variations give the same trend for all doctor's angle views 

(y angle) 40°, 50°, and 60°. The slope value is the angle 

to the y axis, while the tilt angle to the x-axis is fixed at 

40°. The altitude of the local luminaire is set 1.2 m from 

the floor placed two calculation objects namely vertical 

illumination (Ev) and UGR (Unified glare rating). 

 

Figure 9: The influence of local luminaire angle 

variation on the UGR 

 

Figure 10: The influence of local luminaire angle 

variation on the vertical illuminance (𝐸𝑎𝑣𝑔) 

The angle of the local luminaire is varied from 0°-40°, 

with the angle when 0° is the straight facing / normal 

direction from the right side of the patient’s bed.  

From the graph, it can be seen that the maximum vertical 

illuminance value is at the local luminaire angle of 20° for 

all of the doctor's angle view variations. This is because 

when the local luminaire faces 20°, the amount of light 

passing through the surroundings becomes greater 

because it is not covered by the "doctor's position". As can 

be seen in the graph, the greater the angle value of the 

local luminaire, it will produce the smaller the UGR value. 

This occurs because when the angle of the local luminaire 

reaches 40°, the position is right behind the doctor's angle 

view when it is 40°, and when the doctor's view angle 

reaches 50° and 60°, the doctor's position is facing the 

further direction away from the local luminaire angle with 

the variations only up to 40°. 
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Figure 11: Sensor and local luminaire position in the 

treatment room 

Conclusion 

From the simulation results described above, for the 

examination room, the most optimum value is achieved 

with the type of luminaire 3 (Phillips TBS165 G 2xTL5-

28W HFS C6), and a wall reflectance value of 0.8. The 

selection of luminaire 3 is based on the resulting room 

average horizontal illuminance (Eavg) which is the highest 

compared to other types of luminaires, as well as with a 

good uniformity (U) value of 0.76 and only a difference 

of 0.01 when compared to the baseline type of luminaire 

which has a uniformity (U) value of 0.77. For the action 

room that focuses on the action activity in it, the optimum 

value for all angles view of the doctor is when the 

luminaire forms an angle of 40° against normal from the 

right side of the patient's mattress. This is because when 

the angle of the luminaire is 40°, the smallest vertical 

illuminance and UGR values are obtained. The higher the 

vertical illuminance value, the higher the chance of glare. 

The UGR value for the 40° variation meets the standards 

below 19, and it is also the smallest UGR value among 

other luminaire angles. However, the optimization results 

for the luminaire angle are only applied when the doctor's 

observation area is from the patient's mouth to the chest 

or stomach because the position of the luminaire and the 

doctor's direction sensor only moves "mobile" in that area. 

When the observation area is different, it is necessary to 

have a further review of the area. 
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