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Abstract— Generally, energy conservation is carried out on a building as a whole, but in this research the energy conservation is carried out

dynamically based on the characteristics and the user of the room. In this research, the luxmeasurement has been taken at certain times. Based

on the characteristics of the existing room at Polytechnic State of Pontianak, the lux measurements were taken at one of the electronics labora-

tory, one technician room, electrical engineering department library, one classroom for information technology students and one academic staff

of􀅮ice. These rooms divided into three size: small, medium, and large. The data that has been taken was compared with the standard of room

lighting according to the Indonesian National Standard SNI-03-6917-2000. Analysis in determining lux can be used with fuzzy logic based on

room size, number of lights and electrical power. Lux can be obtained by 3 values, namely weak, medium, and strong. With fuzzy it is obtained

that the value of output membership for Lux strong for library = 0.11, technician room = 0.10, and classroom IT 7 = 0.31 with the scale of 0 – 1.

With 0 is the value of the minimum and 1 is the maximum value of the fuzzy membership. It can be seen between the 3 rooms that classroom It

7 is the roomwith better lighting, hence better lux value.
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I. INTRODUCTION

The Pontianak State Polytechnic has several departments in the

􀅭ield of engineering such as Electrical Engineering, Machine Engineering,

Civil Engineering, and Architect Engineering and non-engineering, such as

Administration Business, Accounting, Marine and Fisheries Science. Voca-

tional education at the Pontianak State Polytechnic has a theoretical and

practical percentage of 30:70 so that the electricity usage in the Pontianak

State Polytechnic is big at the workshop and engineering laboratory.

Having observed that a large amount of electricity has been con-

sumed in the Pontianak State Polytechnic, an initial energy audit was then

conducted to 􀅭ind out the level of ef􀅭iciency of electricity usage this insti-

tution. The audit has resulted that the obtained data on the calculation of

energy consumption intensity (IKE) of electricity for each gross area of the

Pontianak State Polytechnic building complex, based on secondary data on

energy consumption from electricity payment bills in the years of 2014,

2015 and 2016 which respectively amounted to 63.37 kWh/m2 per year

( with an average IKE value per month of 5.28 kWh/m2), 62.30 kWh/m2

per year (with an average IKE value permonth of 5.19 kWh/m2) and 44.79

kWh/m2 per year (with an average IKE value of 3.73 kWh/m2) permonth.

The ASEAN-USAID Research in 1992 has shown that the IKE Standard for

Electricity consumption for an of􀅭ice building was 240 kWh/m2/year [1]

leaving that the value of IKE at the Pontianak State Polytechnicwas still be-

low the standard value. In addition to that, according to the IKE standard of

the Republic of Indonesia National Department, the air-conditioned rooms

under aHighly Ef􀅭icient criterion should have an IKE value between 4.17 to

7.92 kWh/m2/month. Taking that criterion into account, it is learned that

the IKE value in the Pontianak State Polytechnic falls in the Very Ef􀅭icient

criterion.

In general, energy savings are carried out on a building as a whole

and based on the reasons contained in the preceding paragraph, this study

focuses on dynamic energy conservation on the basis of room functions in

the Pontianak State Polytechnic. Room lighting in each room is different

depending on its respective function. Considering that the Pontianak State

Polytechnic has various room types, a study was made to determine the

energy conservation with regard to the light requirements in each room.

By developing a fuzzy logic algorithm, the lux for each room based on its

characteristics could then be obtained. This study aims at determining the

optimal level of energy conservation to be applied to the Pontianak State

Polytechnic.

This research focuses on the search for lighting levels that com-

mensurate with the function of the rooms that it could be expected, by reg-

ulating the lighting in each room, a maximum energy savings could be ob-

tained. Based on previous research [2, 3], not all cases could be completely

resolved neither by means of fuzzy logic method nor by other arti􀅭icial in-

telligence method. To 􀅭ind out the success rate of case resolution, further

research needs to be carried out so that the results of this study can be

recommended for resolution of similar cases.
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II. METHODS ANDMATERIALS

A. Fuzzy Logic

Fuzzy logic is a form of logic that has many values where vari-

able truth value can be a real number between 0 and 1 [4]. This logic is

used to handle the concept of partial truth, where truth values can range

between completely true and completely wrong. In contrast to Boolean

logic, variable truth values can only be in the values of 0 and 1. Fuzzy logic

has been applied to many 􀅭ields, ranging from control theory to arti􀅭icial

intelligence [5].

Classical logic only allows true or false conclusions. However,

there are also propositions with variable answers that might be found

when asking a group of people to identify colors. In such a case, truth

arises as a result of reasoning from inappropriate or partial knowledge

where the sample answers are mapped on the spectrum.

Both levels of truth in classical and fuzzy logic and their proba-

bilities range between 0 and 1 that may appear similar at 􀅭irst, but fuzzy

logic uses the degree of truth as a mathematical model of obscurity while

probability is a mathematical model of ignorance.

The basic application of fuzzy logic is characterized by a sub-range

of continuous variables [6]. For example, a temperature measurement for

an anti-lock brakemayhave several splitmember functions that determine

the speci􀅭ic temperature rangeneeded toproperly control the brakes. Each

function maps the same temperature values to truth values in the range of

0 to 1. These truth values can then be used to determine how the brakes

should be controlled.

The processes that exist in fuzzy logic are:

• Converting all input values into fuzzy membership functions.

• Running all the rules that apply in the base rule to calculate the

fuzzy output function.

• Re-converting the fuzzy output function to get the actual output

value.

 

Fig. 1. Fuzzy's logic for temperature

In Figure 1 above, the meaning of cold, warm and hot expressions

is represented by a temperature scale mapping function. One point on

the temperature scale has three truth values - one for each of the three

functions. The vertical line in the image represents a certain temperature

measured by the three arrows. Because the red arrow points to zero, this

temperature can be interpreted as "not hot". The orange arrow (pointing

at 0.2) can be described as "slightly warm" and the blue arrow (pointing

0.8) "cool enough" [6, 7].

B. SNI 03-6917-2000

A standardization of lighting energy conservation is needed

prior to determining dynamic energy savings based on the characteris-

tics and functions of the room in order that energy savings carried out

still maintains the comfort of the users of the room. According to the SNI

03-6917-2000, the lighting standard is adjusted in accordance with the

function of the room itself. The lighting that is much more widely used

in buildings and rooms at the Pontianak State Polytechnic is an arti􀅭icial

one where the arti􀅭icial lighting must meet the minimum lighting level as

shown in Table I below (adjustment is made with regard to the rooms at

the Pontianak State Polytechnic) [8, 9].

TABLE I

RECOMMENDED AVERAGE LIGHTING LEVELS, RENDERING AND COLOR TEMPERATURE

Room Function Lighting Level (Lux) Color Rendering Group Color Temperature

Warm white <3300 K Cool white 3300K – 5300K Daylight >5300K

Classroom 250 1 or 2

Library 300 1 or 2

Laboratory 500 1

Drawing Room 750 1

Cafeteria 200 1

Director Room 350 1 or 2

Working Room 350 1 atau 2

III. RESULTS

In Polnep, there are 5 engineering department and 3 non engi-

neerng department, with the total of 21 program study. The engineering

department was proved to used more electrical power rather than the en-

gineering department as shown in the Table II below.

TABLE II

LOAD DATA OF LIGHTING BUILDINGS AT POLNEP

No Location Power (watt)

1 Administration Business Department Laboratory 1008

2 Plantation Processing Techniques Department 2406

3 Marine and Fischeries Science 1244

4 Electrical Engineering Laboratory 3664

5 Machine Engineering Workshop 11366

Therefore, in this research the data measurements were taken at

one of the engineering department in Polnep, which is Electrical Engineer-

ing Department. In order to determine the dynamic energy conservation,

there are some parameters to de􀅭ined. The parameters are listed below.

A. Room Speci􀅲ication and Characteristics

This research was conducted by taking 3 sample rooms, which

are Electrical Engineering Library Department, Technician room of Elec-

tronic Laboratory, and Classroom 7 at IT Laboratory. The speci􀅭ication of

the rooms are listed in the Table III below.
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TABLE III

CHARACTERISTICS OF ROOM SAMPLE

No. Room Function Room size (m2) No. of lights

1 Electrical Engineering Library Department, 91 8

2 Technician room of Electronic Laboratory, 91 8

3 Classroom 7 at IT Laboratory 60 13

B. Light Intensity Measurements

Themeasurements were taken in the sunny condition by applying

3 conditions (i.e., Sunny and lights turned on, Sunny and the lights partially

turned off and Sunny and lights turned off), of arti􀅭icial lights. By applying

this scenarios, the measurements were taken and the results is shown in

the Table V below:

TABLE IV

LIGHT INTENSITY MEASUREMENTS RESULT

No Room Speci􀅭ication Light Condition Light Intensities (lux)

1

Electrical Engineering Library Department

Sunny and the lights are turn off 32

Sunny and the lights are partly turn off 63,5

Sunny and the lights are all turn on 121,78

2

Technician room of Electronic Laboratory

Sunny and the lights are turn off 7

Sunny and the lights are partly turn off 23,5

Sunny and the lights are all turn on 90

3

Classroom 7 at IT Laboratory

Sunny and the lights are turn off 273

Sunny and the lights are partly turn off 245

Sunny and the lights are all turn on 557

The measurements above will be taken into account as the com-

parison of the simulation results of the fuzzy logic.

C. Fuzzy Logic Process

In order to process the data in fuzzy logic method, the steps to

be taken are as follows:

• Determining membership value of Input variable and output vari-

able

• Determining Crisp value

• Input value fuzzi􀅭ication

• Integrating fuzzy and servqual using Mamdani Method

• Defuzzi􀅭ication using Centroid method.

IV. DISCUSSION

Based on the room speci􀅭ication, the membership will be de􀅭ined

below.

A. Membership Input

Themembership input of fuzzy logic in this researchwas obtained

based on the linguistic variable and numeric variable used. In this article

the membership function was determined by the room sizes, the amount

of lights used, and electricity power used. The membership function are

as follows:

• Room characteristics divided in 3 sets of variable which are Small

with the size of room0 – 10m2 , Mediumwith size of room10 – 100

m2 , and Big with the size of room > 100m2 .

• The amount of lights used divided in 3 sets of variable which are

Low with 1 – 6 lights, Medium with 6 – 10 lights, and Banyak with

more than 10 lights.

• Elextricity power used divided in 2 sets of variable which are Small

with electricity power range from 900 kWh – 2300 kWh and Big

with electricity power more than 2300 kWh.

The function of the variable sets to all three membership can be seen as

follows:

1) Membership function of size of room variable

µLuas Small [x] =


1 ;x < 10

(100−x)
(90)

; 10 ≤ x ≤ 100

0 : x > 100

µLuas Medium[x] =


0 ;x ≤ 10 atau x ≥ 100
(x)
(50)

; 0 < x ≤ 50
(100−x)

(50)
; 50 ≤ x < 100

µ Luas Big [x]


0 : x ≤ 0
(x)

(100)
; 0 < x < 100

1 ;x ≥ 100
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Fig. 2. Membership function of room size

2) Membership function set of number of lights variable

µ Lampu Low [x] =


1 ;x < 6

(6−x)
(5)

; 1 ≤ x ≤ 6

0 ;x > 6

µLampuMedium[x] =


0 ;x ≤ 1 atau x ≥ 10

(x−1)
(5)

; 1 < x ≤ 6
(10−x)

(4)
; 6 ≤ x < 10

µLampu Banyak [x] =


0 ;x ≤ 1
(x)
(10)

; 1 < x < 10

1 ;x ≥ 10

 

Fig. 3. Membership function of light intensity

3) Membership function set of power variable

µDaya Low[x] =


1 ;x < 900

(2300−x)
(1400)

; 900 ≤ x ≤ 2300

0 ;x > 2300

µDayaHigh[x]


0 ;x < 900
(x)

(1400)
; 900 < x < 2300

1 ;x > 2300
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Fig. 4. Membership function of room size

B. Output Fuzzy Membership Function

The output fuzzy membership function is Weak, Medium, dan,

Strong of the variable LUX. WhereasWeak is lux value below 250, Medium

is lux value from 250 to 500, while Strong is lux value more than 500. This

lux value were obtained from the data measurements taken in the three

room samples as shown in Table IV.

µLuxWeak [y] =


1 ; 0 ≤ y ≤ 250

(500−y)
(250)

; 250 ≤ y ≤ 500

0 ; y > 500

µLux Medium[y] =


0 ; y ≤ 0 atau y ≥ 500

(y−250)
(250)

; 0 < y < 250
(500−y)
(250)

; 250 < y < 500

µLux Strong[y] =


0 ; y ≤ 250

(y−250)
(250)

; 250 < y < 500

1 ; y ≥ 500

 

Fig. 5. Output membership function of LUX

C. Fuzzy Inference System

After determining the membership function of Input and Out-

put, then the rules for the inference systemwas set. The inference that has

been made can be seen in the Table V below.
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TABLE V

INFERENCE FUZZY SYSTEM

No. Size Lights Power Lux

1 Small Plenty Low Strong

2 Small Plenty High Strong

3 Small Medium Low Medium

4 Small Medium High Medium

5 Small A little Low Weak

6 Small A little High Weak

7 Big Plenty Low Strong

8 Big Plenty High Strong

9 Medium Plenty Low Strong

10 Medium Plenty High Strong

11 Medium Medium Low Medium

12 Medium Medium High Medium

13 Big A little Low Weak

14 Big A little High Weak

15 Big Medium Low Medium

16 Big Medium High Medium

17 Medium A little Low Weak

18 Medium A little High Weak

With the complete display of the FIS editor on fuzzy logic as shown in the Figure 6 below.

 

Fig. 6. Complete Fuzzy Inference System editor on fuzzy logic

D. Defuzzi􀅲ication

In this research, the defuzzi􀅭ication method that was used is Cen-

troid method by taken the value of fuzzy domain. With the input of room

size = 62m2 , number of lights = 9, and Power = 900 watt, then the output

of lux is = 309.

 

Fig. 7. Defuzzi􀅭ication example
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E. Simulation results

By using matlab the simulation results were obtained which is

shown in the Table VI below.

TABLE VI

SIMULATION RESULTWITH LUX OUTPUT

No. Room Name Lux Lux Measurements Result Lux Standardization

1 Electrical Engineering Department Library 278 121 300

2 Electronic Laboratory Technician Room 277 90 350

3 Classroom 7 IT Laboratory 328 557 250

F. Analysis

Based on the measurement data and the energy conservation

standard on lux we obtain:

Library : Lux = 278 ⇒ ∆278−250
250

= 0.11

Technician room : Lux = 277 ⇒ 277−250
250

= 0.10

Classroom IT 7 : Lux = 328 ⇒ 328−250
250

= 0.31

With fuzzy it is obtained that the value of output membership for Lux

Strong for library = 0.11, Technician room = 0.10, and Classroom IT 7 =

0.31 with the scale of 0 – 1. With 0 is the value of the minimum and 1 is

the maximum value of the fuzzy membership. It can be seen between the

3 rooms that classroom It 7 is the room with better lighting, hence better

lux value.

V. CONCLUSION

Analysis in determining lux can be used with fuzzy logic based on

room size, number of lights and electrical power. Lux can be obtained by 3

values, namely Weak, Medium, and Strong. With these 3 values, the value

of fuzzymembership can be seen. From the test results it is known that the

lux value obtained for the library is 278. As for the technician room, the lux

value of the test result is 277, and the TI-7 lab classroom has a lux value of

328.
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