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Abstract. Lighting conditions in buildings and efficient 
use of solar energy are a subject of considerate attention 
in order to provide sufficient living comfort and to re-
duce the energy use. For this reason numerous methods 
and techniques, practical and theoretical, have been 
developed. In this paper a theoretical approach to mod-
elling of the indoor lighting conditions is proposed, 
based on fuzzy black-box modelling. The presented 
model is able to estimate indoor illuminance levels as its 
outputs, by using measured external conditions as its 
inputs. The model can be used to study the influence of 
both controllable and uncontrollable variables to the 
indoor lighting conditions, such as weather, time of the 
year, blinds position, electric lighting and others. Fur-
thermore, using the above model studies on control 
design can be performed in order to obtain algorithms 
for maximal use of the solar energy and to minimize the 
energy consumption. The study has shown that a fuzzy 
illuminance model can estimate the indoor illuminance 
levels comparable to the measured data. Small error 
measures show that similar modelling approach can be 
used in order to integrate the proposed model into other 
environments and can further be used for simulations 
on indoor lighting comfort, control design or model-
based control.  

Introduction
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1 Indoor Environment 
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Figure 1: Floor plan of the modelled room, with the 
marked positions of the sensors (indoor and  
external illuminance, global and diffuse solar  
radiation (placed on the roof of the building), 
blinds' position), the window area and the 
blinds. 
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2.1 Structure of the model 

Figure 2: Schematic representation of the fuzzy black-box 
illuminance model. 
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2.2 Illuminance reconstruction 
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Figure 3: Comparison between the measured and the  
reconstructed external illuminance for 5 days in 
early August. 

2.3 Parameterisation of the model 
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Figure 4: A part (5 days in early August) of the input data 
for the model training, including the  
reconstructed external illuminance (upper  
panel), the global and diffuse solar radiation 
(middle panel), the lights' status and the blinds' 
position (lower panel). 

3 Results 

Figure 5: Shape and distribution of the fuzzy membership 
functions on all five inputs for all three data  
clusters as obtained by the ANFIS training  
algorithm. 

0 1 2 3 4 5
0

200

400

600

800

1000

Day

R
a

d
ia

ti
o

n
 [

W
/m

2
]

Global solar rad.

Diffuse solar rad.

0 1 2 3 4 5
0

1

2

3

4

5

Day

Lights status

Blinds position

B
lin

d
s
 p

o
s
it
io

n
 [

1
 -

 5
]

L
ig

h
ts

 s
ta

tu
s
 [

0
 -

 1
]

0 1 2 3 4 5
0

1

2

3

4

5

6

7

8

9
x 10

4

Day

E
x
te

rn
a

l 
ill

u
m

in
a

n
c
e

 [
lu

x
]

Measured

Reconstructed

0.5 1 1.5 2

x 10
5

0

0.2

0.4

0.6

0.8

1

q
ill
*s

blinds
[lux]

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

clill-1clill-3

0 200 400 600 800

0

0.2

0.4

0.6

0.8

1

q
glob

[W/m
2
]

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

clglob-1clglob-3

0 50 100 150 200 250

0

0.2

0.4

0.6

0.8

1

q
diff

[W/m
2
]

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

cl cldiff-1 diff-2cldiff-3

0 0.2 0.4 0.6 0.8 1

0

0.2

0.4

0.6

0.8

1

s
lights

[0 - OFF, 1 - ON]

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

cllights-1

cllights-2

cllights-3

1.5 2 2.5 3 3.5 4 4.5

0

0.2

0.4

0.6

0.8

1

s
blinds

[1 - 5]

D
e
g
re

e
 o

f 
m

e
m

b
e
rs

h
ip

clblinds-1

clblinds-3

cl blinds-2

clglob-2clill-2



  Logar  et al.     Modelling of Indoor Lighting Conditions in Buildings 

   SNE 26(4) – 12/2016 273 

T N 
qill sblinds

qglob qdif

slights

clx-n x n

qin

Figure 6: Illuminance model validation; first graph shows 
the comparison of the measured (black line) and 
model simulated (grey line) indoor illuminances 
for 12 different days (days 1-3: June, days 4-6: 
September, days 7-9: December, days 10-12: 
March); second graph shows the measured  
external illuminances with reconstruction; third 
graph shows the position of the blinds and the 
lights' status, respectively; fourth graph shows 
the illuminance estimation error (dashed vertical 
lines show the mean absolute error interval). 
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4 Conclusion 
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