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ABSTRACT 
This paper proposes an extension of the CIE 

171:2006 test cases dedicated to the assessment of 

the physical accuracy of light transport packages. 

While the original methodology is limited to the 

assessment of spatial light propagation, this paper 

introduces four additional analytical verification test 

cases aimed at evaluating the spectral light 

propagation that is likely to occur in buildings. The 

spectral accuracy of SPEOS V5
1
 light transport 

simulation program is then assessed. Partial 

assessment results suggest that SPEOS V5 can 

correctly simulate the spectral propagation of light in 

a building lit by light sources featuring arbitrary 

spectrums (such as LED or OLED). 

 

INTRODUCTION 
Light transport simulation is a key tool for 

professionals (architects, designers, research 

departments) to study the light levels (both artificial 

and natural) and the appearance of a building prior to 

its realization. Light simulation software tries to 

solve the global illumination problem formalized in 

the rendering equation (Kajiya, 1986); in the last 

decades, various algorithms were proposed to 

simulate the physical behaviour of light (Pharr et al., 

2004; Jensen, 2001). Radiance (Ward, 1994) is one 

of the most famous packages implementing such 

algorithms. Several simulation packages for building 

design are based on Radiance, like Daylight 1-2-3 

(Reinhart, 2007) which is aimed at studying both 

daylighting and energy performances in buildings. 

For any users of simulation software, a critical 

question is whether software produces accurate and 

reliable simulations. This is of the utmost importance 

and should be considered as the main criterion for 

selecting a simulation package (Donn et al., 2007). 

To answer this question, diverse methodologies have 

been proposed in the litterature according to the 

physical aspect being simulated. In the case of heat 

transfert simulation, IEA BESTEST In-depth 

Diagnostic Cases (IEA, 2008) can be used to assess 

the accuracy of simulation packages. In the case of 

light transport simulation, empirical data can be used 

to perform validation (Mardaljevic, 2000) (Reinhart, 

2009). An alternative is to use CIE 171:2006 test 

                                                           
1
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cases (Test Cases to Assess the Accuracy of Lighting 

Computer Programs) (CIE, 2006) proposed by the 

International Commission of Illumination. Various 

light transport packages have already been assessed 

against these test cases, including Radiance (Geisler-

Moroder, 2008). The CIE 171:2006 test methodology 

consists in analytical verification test cases 

associated to reference data. An analytical 

verification test case is a theoretical building design 

scenario wherein the reference data can be 

analytically calculated on the basis of given 

assumptions (e.g. light source and surface 

photometry) and physical laws. Reference data are a 

set of calculated values to be used when assessing the 

results of a simulation. Using analytical verification 

test cases rather than empirical verification test cases 

(that would be associated to an empirical reference 

obtained from measurement in a real scene) presents 

two advantages: 1) avoid uncertainties inherent to 

experimental test beds, and 2) test a particular aspect 

of the light propagation for each test case. This last 

point allows keeping away from ambiguous 

interpretation of the assessment results. Then, the 

following question can be answered correctly: which 

aspect of the light propagation is at the origin of the 

observed errors? 

The CIE 171:2006 test cases are dedicated to assess 

the spatial simulation of light. The spectral aspect is 

not addressed. However, spectral simulation can be 

of interest for a number of emergent applications in 

the context of building performance assessment, 

related to end users’ visual needs and health, as well 

as photometric requirements of the visual tasks 

performed in the building. The main reason why is 

the progressive introduction of new light sources 

such as LED and OLED for both outdoor and indoor 

lighting of buildings. Such light sources are more 

energy-efficient than traditional light sources 

(incandescent and fluorescent) but feature very 

different spectrums, which can impact building 

occupants’ visual comfort, visual performance, and 

health. Without spectral support, light transport 

simulation inside a building will be incomplete and 

possibly inaccurate. This could result in: 

1) Erroneous prediction of the visual aspect of 

a building. This has been underlined in 

particular in (Ward, 2002), and can impact 

the coloured aspect of a building as well as 
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visual comfort and visual performance, in 

both photopic and mesopic conditions (CIE, 

2011); 

2) Erroneous prediction of the Color Rendering 

Index (CRI) (Nickerson, 1965) of the light 

inside a building, which can prevent from 

selecting the right light source with respect 

to the kind of visual tasks performed inside 

the building; 

3) Erroneous prediction of the spectral power 

distribution inside a building, related to 

photo-biological hazards for the eye 

(especially for LEDs, as underlined in 

(ANSES, 2010)), glare, and non-visual 

effects of light including regulation of 

circadian rhythms (Warman, 2003). 

 

Moreover, once spectral simulation of a building has 

been performed, its aspect under other spectrums can 

be easily derived, which can be useful for optimizing 

its visual appearance. 

This paper proposes four new analytical verification 

test cases aimed at assessing spectral light transport 

software. The test methodology is similar to CIE 

171:2006 methodology, i.e. to perform various tests, 

each of them dedicated to a particular aspect of the 

spectral light propagation, and to compare the 

simulation results to reference data analytically 

calculated. The four proposed test cases are intended 

to assess the aspects of light behaviour that are most 

likely to occur in buildings: 1) propagation of light 

featuring an arbitrary spectrum; 2) reflection of light 

featuring an arbitrary spectrum on a specular surface 

(such as mirror, window, etc.); 3) light transmission 

trough a transparent medium (such as windows); 4) 

refraction of light by a transparent medium.  

The paper is organized as follows. The four 

analytical verification spectral test cases are 

described in the next section. Then following section 

is dedicated to the experimental assessment of the 

spectral accuracy of SPEOS V5. Conclusions are 

given in the last section. 

 

SPECTRAL TEST CASES 
1. Spectral propagation of light 

The objective of this test case is to assess the spectral 

light propagation. Light propagation is at the basis of 

light transport simulation and it is crucial to check 

whether it is adequately simulated. This test is 

significant because it deals with both direct and 

indirect illumination inside a room. The scenario 

used for this test case is composed of a lambertian 

and spectrally neutral horizontal 4 m x 4 m square 

surface representing the ground (Figure 1). This kind 

of material is commonly used in buildings (ex: 

concrete, wood, painting, etc.). Measurement points 

(A-J) are positioned over the lambertian surface, 

where analytical computation of the received 

illuminance is performed for various wavelengths.   

Two  kinds of  light sources  are considered: isotropic 

 

 

 

 

 

 

 

 

 

Figure 1 Test case 1 (spectral propagation of light): 

measurement points on a lambertian surface 

 

 

 

 

 

 

 

 

Figure 2 Left: isotropic light source.  

Right: orthotropic light source. 

 

(Figure 2 left) and orthotropic (Figure 2 right) light 

sources featuring arbitrary spectrums. Two spectrums 

are considered for the light emitted by any of these 

light sources: flat (that relates to uniform spectral 

emission) and black body (that relates to non-uniform 

spectral emission). Thus, by selecting the light source 

and the light spectrum, four combinations can be 

obtained, corresponding to four variants of the test 

case: 

- 1.1: isotropic flat; 

- 1.2: isotropic black body; 

- 1.3: orthotropic flat; 

- 1.4: orthotropic black body. 

 

Light source S is at the vertical and 3 m above point 

A. Illuminance E (W/m
2
) of any point P on the 

surface can be computed as: 

 

 

 

where I is the light intensity of the source towards P, 

and θ is the angle between the normal of the surface 

at point P and direction PS. Taking into account the 

energy corresponding to a single wavelength , 

equation (2) can be derived from equation (1) : 

 

 

 

where  (W/m
2
/m) is the illuminance for wavelength 

 (called spectral illuminance in the latter) and  is 

the spectral intensity of the source towards P for 

wavelength . In the case of an isotropic source, 

 for all the directions and  

where  (W/m
2
/m/sr) is the monochromatic energy 

emission of the light in all space for wavelength . 

(1) 

(2) 
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Thus, equation (3) (Dutre, 2006) can be derived for 

an isotropic source: 
 

 

 

For an orthotropic source, as illustrated in Figure 2 

(Right): . Thus, 

equation (4) (Dutre, 2006) can be derived for an 

orthotropic source: 
 

 

 

If the light spectrum is flat, for any wavelength λ: 

 . If the light spectrum is a black body with 

temperature K,  is given by equation (5) 

(Wyszecki, 2000): 

 

 

 

where c is the  velocity of  light  in vacuum (c = 3.10
8
  

 

Table 1 

Test case 1.1: Spectral illuminance E
 
(W/m

2
/m) for a 

flat spectrum isotropic light source emitting 1mW 

total power in the visible range (380-760 nm) 

 
 400 nm 500 nm 600 nm 700 nm 

A 22,68 22,68 22,68 22,68 

B 21,77 21,77 21,77 21,77 

C 19,36 19,36 19,36 19,36 

D 16,23 16,23 16,23 16,23 

E 20,91 20,91 20,91 20,91 

F 18,66 18,66 18,66 18,66 

G 15,70 15,70 15,70 15,70 

H 16,78 16,78 16,78 16,78 

I 14,28 14,28 14,28 14,28 

J 12,35 12,35 12,35 12,35 

 

Table 2 

Test case 1.2: Spectral illuminance E
 
(W/m

2
/m) for a 

6000 K black body isotropic light source emitting              

1 mW total power  

 
 400 nm 500 nm 600 nm 700 nm 

A 10,97 12,00 10,84 9,00 

B 10,53 11,51 10,40 8,64 

C 9,37 10,24 9,25 7,69 

D 7,85 8,59 7,75 6,44 

E 10,12 11,06 9,99 8,30 

F 9,03 9,87 8,91 7,41 

G 7,60 8,31 7,50 6,23 

H 8,12 8,88 8,02 6,66 

I 6,91 7,56 6,82 5,67 

J 5,97 6,53 5,90 4,90 

m/s), h is the Planck constant (h = 6.626 10
-34

 J.s) and 

k is the Boltzman constant (k = 1.3806 10
-23

 J/K). 

Reference data for any of the test case variants can be 

obtained from equations (3), (4) and (5). The number 

of reference data needed depends on the 

discretization of the light spectrum over the visible 

spectrum. Table 1 shows reference data for variant 

1.1, i.e. the spectral irradiance  for measurement 

points (A-J) in the case of an isotropic light source, 

and flat spectrum isotropic light source emitting        

1 mW total power in the visible range (380-760 nm). 

The power emission of this flat spectrum light source 

at wavelength  = 400 nm is 2565 W/m. Table 1 

includes reference data for following wavelengths: 

400, 500, 600 and 700 nm.  

Table 2 catalogues the reference data for variant 1.2 

corresponding to an isotropic light source, and             

6000 K black body spectrum scaled for emitting         

1 mW total power. The power emission of this black 

body at wavelength  = 400 nm is 1241.17 W/m. 

Tables 3 and 4 present the reference data for variants 

1.3 and 1.4, respectively.  

 
Table 3 

Test case 1.3: Spectral illuminance E
 
(W/m

2
/m) for a 

flat spectrum orthotropic light source emitting 1mW 

total power in the visible range (380-760 nm) 

 
 400 nm 500 nm 600 nm 700 nm 

A 90,72 90,72 90,72 90,72 

B 87,07 87,07 87,07 87,07 

C 77,46 77,46 77,46 77,46 

D 64,91 64,91 64,91 64,91 

E 83,65 83,65 83,65 83,65 

F 74,64 74,64 74,64 74,64 

G 62,81 62,81 62,81 62,81 

H 67,14 67,14 67,14 67,14 

I 57,13 57,13 57,13 57,13 

J 49,38 49,38 49,38 49,38 

 

Table 4 

Test case 1.4: Spectral illuminance E(W/m
2
/m) for a 

6000 K black body orthotropic light source emitting 

1mW total power  

 
 400 nm 500 nm 600 nm 700 nm 

A 43,90 47,99 43,34 36,01 

B 42,13 46,06 41,60 34,56 

C 37,48 40,98 37,00 30,75 

D 31,41 34,34 31,01 25,77 

E 40,48 44,25 39,96 33,21 

F 36,12 39,49 35,66 29,63 

G 30,39 33,23 30,01 24,93 

H 32,49 35,52 32,07 26,65 

I 27,64 30,22 27,29 22,68 

J 23,89 26,12 23,59 19,60 

(3) 

 

 

(4) 

(5) 
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2. Reflection on a specular surface 

The objective of this test case is to assess the 

accuracy of a lighting program in computing the light 

(featuring    arbitrary   spectrum)    propagation    and  

reflection over specular surfaces (such as mirror, 

window, etc.). This test is significant because it deals 

with indirect lighting due to inter-reflections inside a 

room. The light is likely to be reflected back into the 

room by various materials, as for example the inner 

faces of windows. 

The scenario used for this test case is composed of a 

specular and horizontal surface representing the 

ground (Figure 3), that receives direct illumination 

due to a directive light source (located at a vertical 

height h above the ground) with circular section s and 

incident angle atan(L/h)).   Measurement points (A-J) 

are positioned horizontally above the specular 

surface, each separated by a distance e > s. Two 

spectrums are considered for the emitting light: flat 

and black body. Two spectral reflection curves are 

considered for the specular surface: flat and gaussian. 

Thus, by selecting the spectrum of the light source 

and the spectral reflection curve of the specular 

material, four combinations can be obtained, 

corresponding to four variants of the test case: 

- 2.1: flat light spectrum – flat material 

reflection curve; 

- 2.2: flat light spectrum – gaussian 

material reflection curve; 

- 2.3: black body light spectrum – flat 

material reflection curve; 

- 2.4: black body light spectrum – 

gaussian  material reflection curve. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Reflection on a specular surface: 

test case set-up and measurement points 

 
The first purpose of test case 2 is to check whether 

the Descartes law of reflection on a specular surface 

is correctly simulated. Using the parameter values 

given in Table 5, no power should be detected by the 

lighting program for any of the measurement points 

except point D.  

The second purpose of this test case is to check that 

the spectral reflection of light over material is 

correctly simulated. Let DL() denote the spectral 

power  of  the  incoming   directive  light  (W/m)  and  

Table 5 

Parameter values (m) to be used for test case 2 

 
h L l e s 

1 1 0.7 0.1 0.05 

 

R() Є [0;1] the spectral reflection curve of the 

material. The spectral power RL() (W/m) of the 

reflected light is given by: 

 

) DL(  
 

If the light program simulates accurately the 

reflection of light over a material at the spectral level, 

the spectral power of the reflected light at point D 

will follow equation (6). 

The sets of reference data corresponding to the 

variants 2.1, 2.2, 2.3 and 2.4 are given in Tables 6, 7, 

8 and 9, respectively.  

Table 6 catalogues the reference data corresponding 

to variant 2.1: incoming light featuring a flat 

spectrum scaled so that the total power of light is      

1 μW in the 380 – 760 nm visible range - the power 

emission of this flat spectrum light source at 

wavelength  = 400 nm is 2,56 W/m -, and constant 

reflective curve R() expressed by R() = 0.8. 

Alternative reference data are provided in the third 

row of Table 6. For any spectrum of the incoming 

light that is not zero over the visible range, this row 

provides the ratio RL()/DL(). 

Table 7 shows the reference data corresponding to 

variant 2.2: same incoming light, and gaussian 

spectral R()  centered on 700 nm and expressed by 

equation (7): 
 

) =  
 

Alternative reference data are provided in the third 

row of Table 7. For any spectrum of the incoming 

light that is not zero over the visible range, this row 

provides the ratio RL()/DL(). 

Table 8 catalogues the reference data corresponding 

to variant 2.3: incoming light featuring a flat black 

body spectrum scaled so that the total power of the 

light is 1 μW in the 380 – 760 nm visible range - the 

power emission of this black body at wavelength      

 = 400 nm is 1.24 W/m -, and specular material 

featuring a constant reflective curve R() expressed 

by R() = 0.8.  

Table 9 catalogues the reference data for variant 2.4:  

same incoming light as for variant 2.3, and gaussian 

spectral R() expressed by equation (7). 

 

3. Transmission through a transparent material  

The objective of this test case is to assess the 

accuracy of a lighting program in computing the light 

(featuring arbitrary spectrum) transmission through 

transparent medium (such as the glass of a window). 

This test is important because it relates to the 

(6) 

(7) 
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transmission of daylight (or outside artificial lighting 

at night) into a room through a window, or of 

artificial light through windows between adjacent 

rooms. 

 
 

Figure 4 Transmission trough a transparent 

material: test case set-up and measurement points 

 

For this test case, the scenario used is composed of a 

transparent material, receiving normal direct 

illumination coming from a directive light source 

with circular section s. A single measurement point A 

is positioned in the alignment of the incident light, on 

the opposite side of the material (Figure 4). Two 

spectrums are considered for the emitting light: flat 

and black body. Two spectral transmission curves are 

considered for the specular surface: flat and gaussian. 

Thus, by selecting the spectrum of the light source 

and the spectral transmission curve of the specular 

material, four combinations can be obtained, 

corresponding to four variants of the test case: 

- 3.1: flat light spectrum – flat material 

transmission curve; 

- 3.2: flat light spectrum – gaussian 

material transmission curve; 

- 3.3: black body light spectrum – flat 

material transmission curve; 

- 3.4: black body light spectrum – 

gaussian  material transmission curve. 

 

Let DL() denote the spectral power of the incoming 

directive light (W/m) and T() Є [0;1] the spectral 

transmission curve of the material. The spectral 

power TL() of the transmitted light is given by: 

 
) DL(  

 
 

If the light program simulates correctly the 

transmission of light through a material at the 

spectral level, the spectral power of the transmitted 

light at point A will follow equation (8). 

The four reference data corresponding to the four 

variants have been obtained using the same 

spectrums of incoming light as the ones used in test 

case 2. Moreover, the chosen spectral transmission 

curves are the same as the spectral reflection curves 

used in test case 2. Consequently, the reference tables 

of test case 2 are valid for test case 3. More precisely, 

the figures in Tables 6, 7, 8, and 9 can be used as 

reference data for variants 3.1, 3.2, 3.3, and 3.4, 

respectively. 

 

4. Refraction of light by a prism 

The objective of this test case is to assess the 

accuracy of a lighting program in computing the light 

(featuring arbitrary spectrum) refraction by a 

transparent medium (such as the glass of a window).  

This test is important because it is related to the 

transmission of daylight (or outside artificial lighting 

at night) into a room through a window, or to the 

transmission of artificial light through windows 

between adjacent rooms. Using a prism instead of a 

double pane glass is more informative about the 

software accuracy because the prism does change the 

light direction according to the wavelength, that can 

be observed easily.  

For this test case, the scenario consists of a prism 

made of glass (Figure 5) and a directional light with 

circular section s featuring a monochromatic 

spectrum. The test consists in measuring the distance 

denoted e,  between  O, the centre  of the screen,  and  

 

Table 6 

Test case 2.1: Spectral power (W/m) of reflected light 

for incoming light featuring a flat spectrum (1 μW 

total power in the 380 – 760 nm visible range) and 

material featuring 0.8 constant reflection factor  

 
λ 400 450 500 550 600 650 700 750 

RL 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 

RL/DL 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

 

Table 7 

Test case 2.2: Spectral power (W/m) of reflected light 

for incoming light featuring a flat spectrum (1 μW 

total power in the 380 – 760 nm visible range) and 

material featuring spectral reflection curve expressed 

in equation (7)  

 
λ 400 450 500 550 600 650 700 750 

RL 0 0 0.05 0.27 0.94 2.0 2.56 2.0 

RL/DL 0 0 0.02 0.11 0.37 0.78 1 0.78 

 

Table 8 

Test case 2.3: Spectral power of reflected light for a 

6000 K black body incoming light (1 μW total power 

in the 380 – 760 nm visible range) and material 

featuring 0.8 constant reflection factor  

 
λ  400 450 500 550 600 650 700 750 

RL 2.12 2.30 2.32 2.24 2.1 1.93 1.74 1.56 

RL/DL 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

 

Table 9 

Test case 2.4: Spectral power of reflected light for 

6000 K black body incoming light (1 μW total power 

in the 380 – 760 nm visible range) and material 

featuring spectral reflection curve expressed in 

equation (7)  

 
λ(nm) 400 450 500 550 600 650 700 750 

RL(W/m) 0 0 0.05 0.30 0.96 1.87 2.18 1.70 

RL/DL 0 0 0.02 0.11 0.37 0.78 1 0.78 

 

(8) 
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Figure 5 Refraction of light by a prism 

test case set-up and measurement. 

 

the point of impact of the refracted beam on the 

screen, as shown in Figure 5. The length of each side 

of the prism will be denoted by lp.    

 

Assuming the refractive index of the prism is n and 

the refractive index of the medium surrounding the 

prism is 1, we obtain from Snell-Descartes law: 

 

 
 

From Figure 6, deviation D of light is given by: 

 

 

 

where . 

 

From trigonometry and equations (9) and (10) the 

expression of deviation D is: 

 

 

 

 

From Figures 5 and 8, the position e of the light 

beam over the vertical surface is given by: 

 

 D 

 

In what follows, the light beam is supposed to 

intersect the prism in the middle of the incident face. 

 
From Figure 8, AC is computed as: 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6 Refraction of light by a prism 

 

 
 
 
                                          
 

 

 

 

Figure 7 Light beam enters the prism at point A and 

exits at point B 

 

 

 

 

 

 

 

 

Figure 8 Incident and transmitted light beams 

intersect at point C 

 

 

Figure 7 leads to the derivation of equation (14) 

expressing AB: 

 

 

 

 

 

The refractive index of a transparent material 

depends on the wavelength. According to the Cauchy 

law, there exist constants  and b such as: 

 

 

 

The parameters values used for obtaining the 

reference data for this test case are given in Table 10. 

Reference data are given in Table 11. 

 
 

Table 10 

Parameter values to be used for test case 4 

 
a b i  L lp 

1,509 4,711. 10-15 m-2   5 m 0.2 m 

 
 

Table 11 

Test case 4: Position e (m) over the vertical surface 

of the centre of a circular light beam featuring a 

monochromatic spectrum λ (nm) 

 
λ 400 450 500 550 600 650 700 750 

E 4.27 4.18 4.12 4.07 4.04 4.01 3.99 3.97 

⇔ 

(9) 

(10) 

(12) 

(14) 

(15) 

(13) 

⇔ 


 



 

(11) 
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SPEOS V5 ASSESSMENT 
SPEOS V5 is a spectral light transport program 

released by OPTIS, traditionally used for optics 

optimization and visual ergonomics, that can also be  

implemented for architecture visualization and light 

simulation in buildings. Figures 9 and 10 present 

representative simulation results in buildings as they 

can be obtained with the program. The spectral 

simulation result of a hall, illuminated by daylight 

and artificial light, is illustrated in Figure 9. The 

spectral simulation result of a class room, illuminated 

by fluorescent light sources, is shown in Figure 10. 

These images have been obtained after tone mapping 

of the raw output of the simulation, that contains the 

spectral emission of each individual pixel. 

SPEOS V5 has been assessed against some of the test 

case variants described in previous section. For 

illustration purpose, Figure 11 shows the simulation 

of test case 4 in SPEOS V5 and Figure 12 the 

simulated dispersion of white light by the prism. For 

the assessment, 39 wavelengths from 380 nm to 760 

nm were simulated, each separated by 10 nm. Path 

Tracing Monte Carlo method was used as the light 

transport algorithm, with 2.5 ∙ 10
9
 paths calculated. 

Table 12 shows the average miscalculations of 

SPEOS V5 with respect to reference data. The errors 

were first computed for each of the measurements 

points and each of the wavelengths available, then 

averaged. The maximum error observed is 10.35% 

and the mean error is 3.37 %. Deeper analysis of the 

simulation results shows that the most significant 

miscalculations happen when wavelengths feature 

low power, which is typical of the Monte Carlo 

simulation. Moreover, for those wavelengths, the 

absolute error is very low while the relative error (the 

error taken into account) is high. In order to reduce 

the observed errors, one solution would be to 

increase the number of paths (at the cost of additional 

computing time), or to reduce the number of 

wavelengths taken into account in the simulation (at 

the cost of lower spectral accuracy).  

These partial results suggest that SPEOS V5 can 

accurately simulate the spectral propagation of light 

in buildings illuminated by light sources featuring 

arbitrary spectrums, including LED and OLED. 

These results also suggest that the simulation output 

could be used to produce pictures presenting an 

adequate visual aspect. Nevertheless, more definitive 

conclusions will be available only when the package 

is assessed against all the variants of all test cases. 

 

CONCLUSION 
Four new analytical verification test cases aiming at 

evaluating the accuracy of spectral light transport 

simulation were described in this paper. These test 

cases were designed to assess the aspects of spectral 

light  propagation  that  are  most  likely  to  occur  in 

buildings: spectral light propagation, reflection of 

light featuring arbitrary spectrum over specular 

surfaces (such as windows or mirrors), refraction and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Simulation of a hall with SPEOS V5.           

Top: Daylighting. Bottom: Artificial light.  

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 Simulation of class room with SPEOS V5 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Simulation of test case 4 in SPEOS V5 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 Dispersion of white light by the prism. 

Simulation by SPEOS V5 
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Table 12 

SPEOS V5 (%) miscalculation against some variants 

of the proposed test cases. 

 
Test case variant Error(%) 

1.1 - Spectral propagation (flat spectrum - isotropic source) 10.35 

1.3 - Spectral propagation (flat spectrum- orthotropic source) 8.60 

2.1 - Descartes law (flat spectrum- flat reflection curve) 0 

2.3 - Descartes law (black body spectrum- flat reflec. curve) 0 

2.1 - Spectral reflection (flat spectrum- flat reflection curve) 3.11 

2.3 - Spectral reflection (black body spec. - flat reflec. curve) 2.73 

3.1 - Spectral transmission (flat spectrum - flat reflec. curve) 0.82 

3.3 - Spectral transmission (black body spec. - flat reflec. c.) 1.26 

4    - Spectral refraction 3.50 

 

transmission of light by a transparent medium (such 

as windows). Accurate descriptions of the test cases 

were provided, along with reference data analytically 

calculated. In the second part of the paper, some of 

the proposed test cases were used to assess the 

capability of SPEOS V5 to accurately perform 

spectral simulations in buildings. Against those test 

cases, assessment shows that SPEOS errors rate 

lower than 10.35 %. The mean error is 3.37 %. These 

partial results suggest that SPEOS V5 can accurately 

simulate the spectral propagation of light in buildings 

illuminated by light sources featuring arbitrary 

spectrums, including LED and OLED. These results 

also suggest that the simulation output could be used 

to produce pictures presenting an accurate visual 

aspect. Nevertheless, more definitive conclusions 

will be available only when the package is assessed 

against all the variants of all test cases. This 

systematic assessment will be performed in future 

work.   
It is to be noted that spectral simulation is not as 

common as simulation based on Red, Green and Blue 

(RGB) primaries (in RGB simulation, any spectrum 

is approximated as a combination of three color 

primaries, which prevents from performing accurate 

and unbiased physical simulations). One of the 

reasons why could be the difficulty to perform 

spectral measurement of both light sources and 

material. As a matter of fact, most architects perform 

RGB simulation of buildings. Future work will study 

how the proposed spectral test cases could be adapted 

to assess the accuracy of RGB light simulation 

software in terms of visual appearance. 
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