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Abstract: Currently, traditional houses are starting to be difficult to find in Indonesia. One example is 
Umah Pitu Ruang (UPR) which is a traditional house located in the Gayo Highland, Aceh, Indonesia. In this 
study, two UPRs that have different orientations were evaluated. The purpose of this study was to find out 
whether the daylight received in the two UPRs complies with SNI 03-6575-2001 standards and to identify 
how the orientation and design of the two UPRs respond to the inclusion of natural lighting and optimize it. 
Data collection was carried out using quantitative methods obtained from observations, measurements, and 
simulations.  This study found that the natural lighting that enters the two UPRs does not meet the SNI 03-
6575-2001 standards. The study shows that UPR with north and south orientation has a larger amount of 
illuminance and Daylight Factor (DF) compared with those facing east and west. However, both of the houses 
have a very small amount of illuminance in the bedroom, due to the very limited access from the bedroom to 
the outside. The study also indicates that people in the old times used their houses more for resting, while the 
rest of the activities were carried out outside. Therefore, the house does not comply with providing sufficient 
daylight during the daytime.
Keywords: Gayo Highland; Optimization; Natural Lighting; Umah Pitu Ruang

1. Introduction

Traditional architecture is a term for visual forms 
related to cultural and climatological values 
that coherence in ornament, space, material 

formations, and rules[1,2]. Traditional architecture 
refers to conditions, climate potential, culture, and 
the condition of the surrounding community so that 
it is full of architectural and ecological values that 
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are responsive to the environment[3]. Traditional 
architecture has long been developed by society to 
consider the orientation of the sun and natural lighting. 
The Natural light provision is essential for supporting 
visual comfort during the day which may contribute the 
saving energy environment[4,5].  

Since people in the past were well aware of the 
importance of natural lighting in everyday life and 
used it in their home designs, it is not surprising that 
traditional homes often used architectural elements that 
helped take advantage of natural lighting. 

However, people in Indonesia are currently starting 
to leave traditional houses, making traditional houses 
challenging to find and even marginalized. If these 
traditional houses are maintained, their cultural wealth 
will also be recovered[6]. Several reasons make people 
leave traditional houses and look for accommodations 
more in line with modern demands, such as increased 
infrastructure needs or a shift towards an urban 
lifestyle. Another reason that causes people to leave 
traditional houses is the poor physical condition of the 
houses. 

Related to the natural light provision, this study 
assess the quantity of the daylight in traditional house 
which has been scarced to find. An example of such 
houses left unoccupied is Umah Pitu Ruang (UPR) 
which is a traditional house in Gayo Highland, Aceh, 
Indonesia. In fact, it has significant cultural and 
historical values.  The house had been well-recognized 
since the ancient kingdom of Linge (1025 AD) which 
was occupied only by the king and his families. Later 
the house was also built by the local people to live in.  
But after decades, the kingdom vanished and, due to 
many reasons, the houses were also extinct. Currently, 
there are just five traditional houses left and maintained, 
two of them were rebuilt by the government to their 
original places namely Buntul Linge. Buntul Linge is 
about four hours by car from Takengon ( the capital 
city of the region). In this area, there are two UPRs 
with different orientations which are evaluated in this 
study, i.e UPR with East-West  orientation (UPR 1) 
and North-South orientation (UPR 2) (Figure 1). The 
design characteristics are also slightly different in term 
of the front ladder positions and windows sizes. 

      (a) Umah Pitu Ruang (UPR)1                   (b) Umah Pitu Ruang  (UPR) 2
Figure 1. Umah Pitu Ruang located in Buntul Linge, Gayo Highland.

2. Natural Lighting
Natural lighting is defined as a passive method of 

utilizing sunlight for building lighting, especially during 
the day[7]. Natural lighting has the goal of producing 
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quality light, minimizing glare levels, reflecting 
layers, and excess brightness ratios[8]. Another aim of 
natural lighting is to collect sufficient light to support 
visual performance. which is reviewed through the 
assessment of illumination and daylight factor[9]. The 
natural light or also called daylight received indoors is 
essential to study since there are more indoor activities 
nowadays compared to the activities of past occupants 
who carried out more outdoor activities. Opening plays 
an important role in influencing the effectiveness of 
daylight distribution in building[10].  

2.1 Illuminance standard
The illuminance standard to be used in this study is 
SNI 03-6575-2001[11] which is an Indonesian standard 
providing the light level in various rooms. Actually, 
the standard is used for artificial lighting. However, it 
is also useful in natural lighting cases for indicating 
how much light is needed[12,13]. This research follows 
the standard of illuminance level for residential cases 
(Table 1).

Table 1. Residential building lighting requirements.
(Source: SNI 03-6575, 2001)

No Room Illuminance/ 
Light level (lux)

Color rendering 
group

1. Terrace 60 1 or  2
2. Livingroom 120-250 1 or 2
3. Dining room 120-250 1 or 2
4. Workspace 120-250 1
5. Bedroom 120-250 1 or 2
6. Bathroom 250 1 or 2
7. Kitchen 250 1 or 2
8. Garage 60 3 or 4

In traditional houses case, the luminance level is not 
expected to be large. Nevertheless, in some frequently 
functioning rooms such as the kitchen, and living room 
the value of illuminance up to 250 lux is required[7,14].  
To support this, many aspects should be considered 
in dwelling for providing the daylight level such as 
the shape and condition of windows, which have a 
significant influence on the interior daylight distribution 
and quantity[15]. Some research also demonstrated that 
the courtyards were mostly utilized in some traditional 
houses to provide indoor natural light[16-18].  

2.2 Sky Conditions and Daylight Factor
Daylight considers the sky conditions for calculating 
the indoor illuminance which results the value 

of Daylight Factor (DF). The sky condition that 
describes the outdoor illuminance is divided into 3[19), 
namely:

1. Clear sky: A condition where the dome of the 
sky is not more than 30% blocked by clouds with the 
brightest sky conditions. Clear skies in tropical climates 
can reach 100 klux or 100,000 lux.

2. Cloudy sky: The dimmest sky conditions with 30-
80% of the sky covered by clouds.

3. Overcast sky: A generally uniform sky condition 
with a stronger light that is three times brighter at 
the zenith than the horizon. The intensity of lighting 
produced by overcast sky conditions can reach 5000-
20,000 lux.

Humid tropical climate with cloudy or overcast sky 
conditions  reach natural daytime lighting levels of up 
to 5,000-20,000 lux[20]. In that value, the  average solar 
irradiance level is 36-91%[21].

In this study, the standard of daylight factor (DF) 
was taken based on SNI 03-2396 (2001)[22,23] (Table 
2). DF is the ratio of the light level inside a structure 
to the light level outside the structure[24]. It is defined 
as: DF = (Ei / Eo) x 100%, where, Ei = illuminance 
due to daylight at a point on the indoors working 
plane, Eo = simultaneous outdoor illuminance on a 
horizontal plane from an unobstructed hemisphere of 
overcast sky[25].  

Table 2. Standard of daylight factor.

No Room Luminance level 
(lux)

Daylight factor 
(DF=%)

1. Livingroom 120-250 1,2 – 2,5
2. Diningroom 120-250 1,2 – 2,5
3. Workspace 120-250 1,2 – 2,5
4. Bedroom 120-250 1,2 – 2,5
5. Bathroom 250 2,5
6. Kitchen 250 2,5

(Source: 03-2396, 2001 and Atthaillah, 2017)

2.3 Umah Pitu Ruang
2.3.1 Form and division of space
The two Umah Pitu Ruang in Gayo Highland have a 
symmetrical rectangular plan and include stilt houses 
built at the height of about 2–3 meters from the ground. 
The purpose of building this stilt house is to avoid 
wild animals and floods. On the other hand, Umah 
Pitu Ruang is made with a high gable roof (Figure 2). 
The space underneath the roof i.e an attic was used for 
storing goods.
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         (a) Section of UPR 1             (b) Section of UPR 2
Figure 2. Umah Pitu Ruang section in Gayo Highland.

This space only has 3 types of space division, 
namely living room (serami), bedroom (bilik) and 
terrace (lepo)[26]. Livingroom for females (B2) was used 
by the old peoples as the kitchen. There is no toilet or 

bathroom inside the house. The toilet activities were 
done outside. The division of this space can be seen in 
Figure 3 below.

Figure 3. Distribution of rooms for Umah Pitu Ruang in Buntul Linge village.

2.3.2 Space elements
a) Roof

Both Umah Pitu Ruang have a gable roof with an 

angle of 45º. For roofing materials, both Umah Pitu 
Ruang use zinc roofing (Figure 4). 

Figure 4. Roof conditions UPR 1 (left) and UPR 2 (right).
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b) Wall
In both Umah Pitu Ruang, the wall material uses 

meranti wood. The two UPRs show different wall sizes 

and coloring. At UPR 1, the walls are covered with 
yellow paint while at UPR 2, the wall coloring used is 
brown as shown in Figure 5 below.

Figure 5. Wall condition of UPR 1 (left) and UPR 2 (right).

c) Floor
Umah Pitu Ruang in the Gayo Highland also applies 

meranti wood as the floor material. Not to forget, 

the connection system used to connect the wood to 
the floor is a straight notch connection system that is 
reinforced by nails (Figure 6).  

Figure 6. Floor condition of UPR 1 (left) dan UPR 2 (right).

3. Method
3.1. Place and Time Implementation
The research was conducted at Umah Pitu Ruang 
which is located in Gayo Highland (Figure 7). The 
research was carried out on August 4th and 5th 

2022 by manually calculating the illumination value 
measurement which is done every 30 minutes. This 
illumination value measurement starts at 08.00–17.00 
WIB. Meanwhile, the simulation was carried out on 
March 21.

Figure 7. Location of Umah Pitu Ruang surveyed in the study.
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3.2. Data Collection and Processing Methods
In this study, the data collection method used was 
a quantitative method obtained from observations, 
field measurements and simulation results. For 
field observations and measurements, the data to be 
observed are the size of the Umah Pitu Ruang building, 
the value of natural lighting illumination that enters the 
building and the physical and environmental conditions 
of the building. As for the simulation itself, the data 
output needed is the value of the lighting factor (DF).

This lighting factor (DF) value is obtained from the 
use of computer simulation methods. This method has 
many advantages such as being able to overcome the 
constraints of dependence on weather conditions, study 
time, and other environmental conditions encountered 
on the use of physical model studies [23]. On the other 
hand, the use of simulation has also proven to be more 
accurate in representing the scale of texture, material 
and surface area.

3.3.1 Field observation and measurement
To find out the phenomenon of natural lighting that 
occurs in research subjects, field observations and 

measurements are needed. The observation procedure 
carried out in this study is divided into two, namely:

a. Geometric measurement, intended to measure 
the openings and dimensions of the Umah Pitu Ruang 
building. The dimensions of openings measured 
window and door openings. While the dimensions of 
the building in question include the size of the stage 
from the ground to the building, the size of the floor 
area, walls and roof height. 

b.  Identifying material  characterist ics,  will 
facilitate researchers in inputting data simulating the 
performance of natural lighting in the room.   

On the other hand, the lighting measurement 
technique carried out in this study consists of several 
aspects as follows:

a. Determination of Measuring Instruments 
The instrument used to measure the illumination 

value is the Benetech Digital Lux Meter (Figure 8). 
As for computer simulation, Velux Daylight Visualizer 
3.0 software (Figure 8)  was utilized to obtain daylight 
factor results. The specification of the tool is described 
in Table 3.

Table 3. The specification the measuring tool.

Measuring range     0~200000Lux / 0~18500Fc     

Accuracy     ±3%rdg±0.5%f.s.(< 10,000Lux)     
±4%rdg±10dgts.(> 10,000Lux)

Digital Updates     2 times / s     
Photometric sensor     Silicon diode     

Battery life     18 hours(continuous operation)     
Operating temperature  and humidity 0℃ ~ 40℃ , 10%RH ~ 90%RH     

Storage temperature and humidity -20℃ ~ 50℃ , 10%RH ~ 90%RH     
Power      9V battery     

Unit size     52.5mm*35.5mm*166mm     
Auto power off     After 5 minute     

Figure 8. Benetech digital lux meter.
(Source: http://www.benetechco.net/en/products/gm1010.html, 

2023)

b. In addition to the benetech lux meter, this study 

will also use the Velux Daylight Visualizer application 
to determine the daylight factor value. Selection 
of places and measuring points for illumination 
measurements. 

The measurements were carried out in the room (room), 
living room (serami) and outdoor room (lepo / terrace) 
as shown in Figure 9 below. The selection of this place 
is based on three types of space contained in each Umah 
Pitu Space building. In a room, measuring points are 
placed on the work area measured from a height of 0.75 
meters from the surface of the ceramic floor because 
heights lower than 0.75 m are not effective [5].
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Description: 
UPR orientation map

 
Figure 9. Placement of measuring instruments in both Umah Pitu Ruang.

After knowing the lighting measurement techniques 
that will be carried out in the research, then it will be 
continued with the process of measuring the value of 
lighting illumination in the two Umah Pitu Ruang. This 
is important to know considering that measuring the 
illumination value of this lighting is one way to get 
answers to existing research problems.

3.3.2 Simulation
The simulation that used in this study is using the 
2021 version of Google Sketchup software and 
Velux Daylight Visualizer version 3.0 to simulate the 
conditions of natural lighting factors in both Umah 
Pitu Ruang buildings. Velux Daylight Visualizer 
3.0 software has received approval from CIE 
(International Commission on Illumination). This 
test aims to test the accuracy of data in calculating 
natural lighting and rendering quality in software. At 
this stage, the observation results will be presented 
in a three-dimensional model that will be simulated 
to obtain the value of the lighting factor (DF) in both 
Umah Pitu Ruang.

The simulation was conducted on March 21 with one 
time election at 12.00 noon. This date assignment is due 
to this application, especially in the simulation section of 
the daylight factor, only provides that date and time by 
default. The determination of March 21 is because the 

date is the date of the apparent annual motion of the sun 
where the sun will be above the equator. While at 12:00 
noon to consider the position of the sun right above the 
building. On the other hand, this timing also considers if 
the most activities are carried out at that time. 

The parameters set in this application during the 
simulation process are as follows:

a. Type of rendering setting : Daylight factor 
b. Sky condition : Overcast (default) 
c. Condition of all doors and windows during 

simulation : Existing 
d. Condition of all doors and windows during 

simulation alternative design : Open 
e. Height of working field : 0.75 m from the surface 

of the ceramic floor 
f. View rendering : Plan view with false color 

rendering technique

4. Results
4.1 Analysis of The Physical Condition of The 
Environment and Buildings
UPR 1 has the main orientation of the front side facing 
East. On the front side of UPR 1 there are no building or 
tree barriers (Figure 10). Unlike the case with UPR 1, 
UPR 2 has the main orientation of the front side facing 
North with the front side having a UPR 1 building barrier.

Figure 10. Environmental conditions at the front of UPR 1 and UPR 2.
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On the other hand, the orientation of the rear side 
of UPR 1 is facing west, which is bordered by fences 
and trees. As shown in picture 5, there is an area of 
rice fields not far from the fence. For UPR 2, it has a 
backside orientation towards the South. Like UPR 1, 
the back of UPR 2 is directly adjacent to a fence with 
many trees (Figure 10).

UPR 1 has a left-side orientation facing south. On the 
left side of UPR 1, there are two buildings: Telege Reje 
Linge and UPR 2. It is different from UPR 2, which has 
an orientation to the left side towards the East, making 
this building have no problems blocking sunlight.

On the right side, UPR 1 has an orientation facing 
North. There are no other building blocks on the 
right side of UPR 1, as shown in Figure 8. On the 
other hand, UPR 2 has an orientation to the right side 
towards the West. On the right side of UPR 2, many 
trees are surrounded by rice fields (Figure 10).

4.2 Analysis of The Results of Field Observations 
and Measurements
The measurement results show that bilik (bedroom), 
serami (living room) and lepo (terrace) do not meet the 
standards. The data can be seen in Table 4 below.

Table 4. The simulation results of illumination values (Lux) at UPR 1.

No Room Results

1. Bilik (Bedroom)

• 3.7 lux (UPR 1) 
• 3.1 lux (UPR 2)

2. Serami (Livingroom)

• 306.4 lux (UPR 1)
• 1,052.9 lux (UPR 2)

3. Lepo (Terrace)

• 5,727 lux (UPR 1)
• 4,140 lux (UPR 2)
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4.3 Simulation Results of Daylight Factor (DF) 
Value of Umah Pitu Ruang
From the simulation results, the results and the 
percentage of daylight factor (DF) values will be 

adjusted based on the Littlefair (2001) standard. Figure 
11 below shows the results of the simulation at UPR 1 
and UPR 2.

Figure 11. The simulation results of daylight factor values with rendering false colour at UPR 1 (left) and UPR 2 (right).

The simulation results show that the bilik and serami 
rooms do not meet the standards. The data can be seen 

in Table 5 below.

Table 5. The simulation results of daylight factor values at UPR 1 and UPR 2.

No Room
Results of daylight factor values

UPR 1 UPR 2

1. Bilik (Bedroom)

2. Serami (Livingroom)

3. Lepo (Terrace)

4.4 Analysis Correlation of The Results of Field 
Measurements and Simulation
Based on the results of the analysis of the measurement 

of illumination values and the simulated daylight 
factor values that have been carried out above, it can 
be said that the performance of natural lighting in 
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both Umah Pitu Ruang does not meet the existing 
category standards. This is indicated by the results 
of measurements of illumination values and daylight 
factor values that have been carried out and show 
results that do not meet and exceed the indicated 
optimal limits. Based on the problems above, several 
factors make natural lighting in both Umah Pitu Ruang 
not meet or exceed the existing standard limits, namely 
the effect of sun position, building orientation, height 
above sea level, cloud cover, the influence of the 
physical and environmental conditions of the building, 
effect of shape, dimension, material reflectance. In 
some cases of traditional houses, daylight is not well 
distributed across the room interior[27].

4.5 Design Alternatives

4.5.1 Strategy for placing and adding openings to 
control incoming light
The placement of openings in UPR 1 needs to be 

considered again, especially in the bilik  (bedroom) area. 
Based on field observations, the position of the window 
can be placed on the wall area on the north side of 
the chamber. Apart from the booths, the placement of 
the 7 openings in the UPR 1 serami (living room) can 
be categorized as good. Meanwhile, for UPR 2, the 
placement of openings in all spaces can be categorized 
as good. The following is the simulation result of 
placing openings in UPR 1 bilik (bedroom) based on 
the strategy described above.

The alternative design simulation results show 
that the lighting obtained after the addition of the 
opening position in the cubicle is at a minimum value 
of 0.67% and a maximum of 2.52% (Table 6). The 
figures obtained through the above simulation can be 
categorized as meeting the standard so that the addition 
of an opening in the North position of UPR 1 bilik 
(bedroom) is considered appropriate.

Table 6. Simulation results and alternative designs for UPR 1 bilik (bedroom).
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4.5.2 Strategy for changing the dimensions of the 
opening to control the incoming light
Based on the measurement results, UPR 2 gets a 
lighting performance value in the larger serami (living 
room) area, which is an average of 10.59% when 
compared to the UPR 1 serami (living room) area. 
standard. Therefore, the performance of the opening 
dimensions at UPR 1 is appropriate and can be used 
as a solution to control the incoming light exceeding 
the standard in the UPR 2 serami (living room) area. 
Following are the simulation results of alternative 

designs for applying openings according to the 
dimensions of UPR 1 serami (living room).

Based on alternative design simulations in the UPR 
2-serami area above, it is known that changing the 
window opening according to the size of the serami 
(living room) in UPR 1 causes the lighting conditions 
in UPR 1 bilik (bedroom) to decrease by up to ± 8%. 
The simulation results show that the lighting obtained 
after changing the dimensions of the opening on the 
serami (living room) section is at a minimum value of  
2.31% and a maximum of 3.16% (Table 7).

Table 7. Simulation results and design alternatives on UPR 2 serami (living room).

4.5.3 The strategy of adding an opening grille to 
control the incoming light
Based on the two strategies that have been carried out 
above, it is obtained if there are still excess daylight 
factor performance values as happened in the UPR 1 

and UPR 2 serami (living room) areas. Therefore, it is 
necessary to place a grid on the window opening with 
size 2 cm as shown in Figure 12 below. Following 
are the simulation results of applying gratings to UPR 
1 and UPR 2 serami openings based on the strategy 
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described.

Figure 12. Use of applied grid additions at UPR 1 and UPR 2 serami openings.

Table 8. Simulation results and design alternatives for adding gratings on serami UPR 1.

Based on alternative design simulations in the UPR 
1 serami area above (Table 8), it is known that the 
addition of window opening grilles makes the lighting 
conditions in UPR 1 serami decrease. The simulation 

results show that the lighting obtained after adding 
latticework to the window openings in the ceremonial 
section is at a minimum value of 2.27% and a 
maximum of 2.87%.
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Table 9. Simulation results and design alternatives for adding grating on serami UPR 2.

Based on alternative design simulations in the UPR 
2 serami (living room) area above (Table 9), it is also 
known that the addition of window opening grilles 
makes the lighting conditions on UPR 2 serami (living 
room) decrease and are considered effective as it was 
applied to UPR1. The simulation results show that 
the lighting obtained after adding latticework to the 
window openings on the ceremonial section is at a 
minimum value of 2.31% and a maximum of 3.16%.

5. Conclusion
Based on the results and discussion above, it is known 
that the performance of the level of natural lighting 
that enters the two Umah Pitu Ruang (UPR) in Gayo 
Highland does not meet the standards set by SNI 03-
6575-2001. The orientation and design of the two 
UPRs greatly affect the level of natural lighting in the 

building. The UPR orientation facing Easwest (UPR 
1) is considered more optimal to be used as the correct 
orientation standard in this UPR case. Although based 
on the measurement results, the incoming lighting at 
UPR 1 exceeds the optimal limit, it can be overcome 
by design optimization. Building design such as the 
shape and dimensions of the building, position and 
area of openings, material reflectance and obstruction 
from the environment are also factors that affect the 
performance of natural lighting in Umah Pitu Ruang.

Three alternative design strategies are recommended, 
including the placement and addition of openings, 
changing the dimensions of openings and adding 
opening grilles. The addition of openings that are 
only made in UPR 1 bilik (bedroom) can increase 
the average DF value by 1.06% (minimum 0.67%, 
maximum 2.52%). At other points, additional openings 
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were not carried out because the positions of other 
openings were considered to be correct. While 
the application of changes in dimensions and the 
addition of opening grilles in rooms that have lighting 
performance that exceeds the standard can reduce the 
value of daylight factor in the serami area to 2.52% 
(UPR 1: minimum 2.27%, maximum 2.87%) and 2.71% 
(UPR 2: 2.31 % and maximum 3.16 %). 

The study indicates that people in the old times used 
their houses more for resting, while the rest of the 
activities were carried out outside. Therefore, the house 
does not comply with providing sufficient daylight 
during the daytime.
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