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 In hot climates, the work carried out has a significant share in reducing cooling loads within 

the scope of increasing energy efficiency in the buildings that are dependent on foreign 

energy supply. Based on stained glasses, this study has developed a program that allows 

glass surfaces to be designed with colored glasses depending on light transmission, 

absorption and reflection characteristics of different colors in accordance with the needs of 

the space as well as for use on facades with large glass surfaces that are exposed to the sun. 

The aim of this study is to find a multi-functional window designing system without 

considering the glass material. The colored transparent polymers are designed as the moving 

shaded elements placed on the window as window blinds. MATLAB is used in this study to 

write the program according to the climate data. The color, number of blinds and window 

prototypes are found by placing the data obtained through the laboratory studies of polymers 

in this software. Decreasing irradiance transmission in summer especially in A and B climate 

classifications is found to be important as the results show that the green and blue transparent 

filters transmit a minimum of 22 percent. The window prototypes are designed as two rows 

of blinds according to the window and the zone where they are located and placed in double 

or triple glazed windows. The simulation results of the Smart Window Design Tool (SWDT) 

can be shifted to any window geometry by defining the two season types. 

1.  Introduction 

The amount of energy consumed to ensure the comfort 

conditions in sustainable buildings corresponds to 40% of 

total energy consumption [4-6]. One of the most fundamental 

problems concerning today's architecture is to prevent 

excessive heat gain of large glass facades exposed to sun and 

reduce the cooling loads [7-10]. Among different methods 

used, the colored glasses can be considered as an alternative 
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to avoid this problem. As a method, the colors can be used 

depending on their characteristics having different 

transmission percent of spectra in different wavelengths 

[11,12]. This study focuses on preventing undesirable 

sunlight during summer months, ensuring sufficient natural 

lighting for indoor comfort conditions, and developing a 

model to minimize the energy consumed for cooling by 

avoiding excessive radiation. Therefore, while developing 

this program, it was necessary to evaluate the wavelength 
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properties of colors first. In this respect, the study was carried 

out with different aspects.  

 

Figure 1. Test results of the transmission spectra obtained 

from the colored glass [3]. 

1.1. Literature Review 

Transmittance refers to the percentage of radiation that 

can pass through glazing. Transmittance can be classified in 

terms of different types of light or energy, e.g., "visible light 

transmittance,” "UV transmittance," or "total solar energy 

transmittance" [13]. It can transmit electromagnetic waves 

and also provides access to the sunrays because the glass 

carries the name of a transparent material. Even most glasses 

do not pass most of the ultraviolet and infrared waves [14, 

15]. The US Department of Energy (DOE) suggests that 

having spectrally selective capabilities of glasses causes a 

reduction in the solar load of the building [16].  

The architectural glass comes in three different strength 

categories [17] as "annealed glass, heat-strengthened glass, 

and fully tempered glass." Stained glass is one of the types 

of annealed glass. According to [18], stained glass contains 

minerals that color the glass uniformly through its thickness 

and promote absorption of visible light and infrared 

radiation. Different glass types have some other properties 

for solar radiation [19-22] known to be reflected, 

transmitted, absorbed, and re-radiated. 

In a research on Orosi [23-25] glasses (stained glasses in 

Iran) in 2006 and 2015 [3, 26], the green, blue, red, and 

yellow glasses, light visibility, and light passing through 

long wavelengths were investigated. Accordingly, the results 

that were seen on the spectrophotometer are given in Figure 

1 above. 

Glass systems providing dynamic control in high 

performance facade systems are generally described as 

"smart glasses". The term "smart" refers to the ability of glass 

systems to be controlled in response to changing 

environmental conditions. In passive windows, a multi-layer 

coating applied to window glass [27-29] or a structure with 

nanoparticles [14] embedded in a glass matrix can help 

prevent unwanted transmission of IR radiation [30, 31]. In 

electrochromic glass systems, it was reported by a few [30, 

32-35] that a potential of 1 to 5 volts is applied to the 

tungsten oxide film layer [36], which is then applied as a 

multilayer film of about 1 micron thickness. In a study 

conducted on Electrochromic glass and Low-e glass office 

windows [37], more workers in office having Low-e glass 

coating  were found to experience eyestrain and headache as 

compared to workers in the Electrochromic glass buildings. 

The new window system was organized in such a way to 

decrease the headache and eyestrain caused by the glass 

types. 

2. Methodology 

The MATLAB [38] software program is a 

comprehensive calculation program, and therefore, it has 

been used as a basis in this study. There were basic formulas 

and standards to be used in the program and they were 

entered using two-dimensional modeling codes [39, 40]. 

Preventing undesirable sunlight during summer months, 

ensuring sufficient natural lighting for indoor comfort 

conditions, and developing a model to minimize the energy 

consumed for cooling is the basis of the project by avoiding 

excessive heat gain. The model thus created combines the 

color glass applications commonly used in the past with the 

present technology and predicts color features. The color 

percentages calculated based on the zone, climate, position, 

and the given window size data will – by the recognized 

method – be able to provide designers with an opportunity to 

create different compositions by providing indoor comfort 

conditions in the context of thermal and lighting without 

needing test potential on the facades nor another shading 

element. Since the Smart Window Design Tool (SWDT) is a 

two-dimensional drawing, the user will be able to enter the 

window, wall, and zone information more easily. In the 

program, the two fundamental problems are desired to be 

solved. The first goal is to avoid losing visual comfort that 

allows more light to pass through and the second goal is to 

obtain less heat gain. ASHRAE standards [27], a worldwide 

standard, have been used to achieve these goals. In this study, 

the data obtained by using the content analysis method and 

the experimental research method are tested over and over in 

the laboratory and computer environment. It can be seen in 

Figure 2. In order to solve the indemnification problem of 

research, smart window design tool (SWDT) was modeled 

in MATLAB. 

 

Figure 2. The process diagram of study 

The model [41] (Figure 3) combines the stained-glass 

applications that were commonly used in the past, with the 
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present technology and predicts color features. Today, based 

on many factors, fatigue with prolonged atriums can be seen 

in some people residing in larger structures. The main reason 

for this is the combination of non-natural products and the 

radiation generated by electric-magnetic fluxes. This paper 

aims to reduce this radiation and contribute to cooling energy 

for the use of nutritional and functional properties of Orosi 

glasses. 

The system consists of a mid-pane shading device 

between double glazing panes with an external vent on top. 

The colored transparent filters (CTFs) between these two 

glasses are placed vertically in two rows of jalousies as 

vertical blinds, as shown in Figure 3. The system considered 

is double-glazed having ventilation to outside [42-45]; 

however, it is expected that the mid-pane shading device in 

triple-glazed [46-48] top vent can be more responsive.  

The programming of SWDT is provided in the MATLAB 

language and has been coded in two phases. In the first 

phase, the programming was codified in three separate 

functions based on performance, and in the second phase, the 

results obtained in the laboratory regarding the amount of 

energy and light passing through the transparent polymeric 

samples (colored transparent filters (CTFs)) were imported 

into the software. Then, the optimization coding of each 

color for each month was written according to the ASHRAE 

standard. The months of summer and autumn spring were 

taken according to the geographic region. The percentage of 

the area for each transparent polymer was found to be more 

than the total area of the glass (if the shutters were taken 

vertically) for summer or autumn spring. 

Using the MATLAB software program, the aim was to 

apply smart windows to the windows located in every 

direction of the building. Therefore, several functions have 

been determined in MATLAB, referred to as the City 

Function, Shading Function (refer to [49]), and Plan-Draw 

Function, respectively. In this study, the Plan-Draw Function 

has been discussed.  

 

2.1. City Function 

First of all, the climate is identified, and several cities of 

the world are already included. If the user cannot find the 

desired city, the excel climate data must be added to the 

Energy Plus site (https://energyplus.net/weather). The user 

transfers the climate conditions to the program by selecting 

the city. 

2.2. Shading Function 

Shading mode is a principal part of increasing energy 

efficiency. According to [50]: "Shaded areas on the radiation 

collecting solar aperture, however, may be useful or 

detrimental for the system, depending on its type and 

objective. The knowledge of light and shadow finds critical 

applications within solar architecture and urban planning". 

Typical action controls theoretical analyses of solar heat gain 

coefficient (SHGC) or energy-saving simulation of 

structures during a specified time for the shading behavior 

test [51]. As reported by [52], "the ability to compute the 

amount of shaded and unshaded area is required to evaluate 

the performance of a shading device based on the shadow 

cast on a window by the sunray."   

In order to calculate the shading on a window plane, 

Jones rendered the shaded area by defining the vanguard 

edge components of the bump and the bottom of the window. 

This system was also applied for the content calculation of 

solar radiation on a vertical plate [53]. The trigonometric 

method is known to be the method  that has been perused with 

considering the existence of awnings, parapets, and 

overhangs. Rectangular shapes that characterize their 

geometries are conformed to the geometry of shading on the 

parallel plane of the window and concurrent to its vertical 

axis [54].  

The other method is SOMBRERO; as mentioned by [50]; 

"a PC-program written in Turbo-Pascal, calculates the GSC 

(geometrical shading coefficient), the proportion of the 

shaded area of an arbitrarily oriented surface surrounded by 

shading elements as a function of time end location." As 

introduced by [55],  TRNSHD is another "PC-program 

which was developed for building simulations with 

TRNSYS. It is a stand-alone tool that is not restricted to 

either buildings or TRNSYS and thus can be used to solve 

other shading problems."  

Another software tool was performed by [52], which uses 

Auto-CAD to graphically design the geometry of shading 

system and MATLAB to prepare the algorithmic 

simulations. Another MATLAB written program was 

developed by [56], which calculates the solar radiation and 

shadows on a rectangular surface. Based on [57]; 

"Quaschning and Hanitsch (1995) and Cascone et al. (2011) 

had presented methodologies in order to calculate the direct 

shading factor through the polygon projection method, and 

the diffuse shading factor through the radiance integration 

along the sky dome surfaces seen through a PV surface 

point". The system developed by Cascone et al. [2] is more 

complicated when compared to Quaschning and Hanitsch's 

method [58]. It was created using "MATLAB software tool," 

which inserts the exterior environment information from 

DXF files. Shading-Plus is another method which is used to 

calculate solar heat gain coefficient (SHGC) and this method 

is developed based on Energy-Plus (the computer simulation 

system) and uses its core simulation engine [51].   

All of these research and simulation machines have 

details and advantages to be considered. However, all do not 

encompass all the fields to draw a suitable window system 

and shading form according to the plan and other criteria 

such as environmental elements. Therefore, a graphical 

program has been written in MATLAB program language to 

cope with this issue and solve research problems concerning 

shading with colored transparent filters (CTFs). In this 

program, the user must insert location, time, and other data 

withdrawing the plan of the project. 

 

Figure 3. The plan view of suggested window 

https://www.thesaurus.com/browse/as%20reported%20by
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       Solar Position 

"The solar position concerning a point on the earth's 

surface can be determined by the solar azimuth angle φ and 

the solar elevation angle ∝. There are various methods to 

calculate the value of these parameters with geo-location 

data, date and time" [57, 59-61]. 

From Declination angle to Azimuth angle [62], all the 

developed algorithms and equations have been defined and 

used in this section.  

 

Figure 4. Sun's zenith, altitude, and azimuth angles [1] 

      Shadow Computation 

Whenever the direct radiation does not have an impact on 

a surface, certainly there are shadows formed. The paper 

benefits from previous works conducted in order to compute 

the shadow of slabs or walls on the window, [2, 50-52, 56, 

57, 63] and calculate the geometry of shadow on "Global 

Coordinate System XYZ" (the x-axis along the south 

direction, the y-axis along the east path and the z-axis along 

the zenith direction). 

The Eq. (1) of a tilted plane through the origin is "ax + 

by + cz = 0", where the tilt plane will be our case study 

window surface, as seen in Figure 5.  

 𝒆 =  {
𝒂 = 𝒄𝒐𝒔 𝜸 𝒔𝒊𝒏 𝜺
𝒃 = 𝒔𝒊𝒏 𝜸 𝒄𝒐𝒔 𝜺

𝒄 = 𝒄𝒐𝒔 𝜺

                                                     (1) 

Where XY is the window surface coordinate system, and 𝛾 is 

the surface azimuth of the window plane (angle between 

south and -Y), and 𝜀 is the window surface (wall) tilt angle 

(normally 90º). 

In order to set the solar vector in accordance with zone 

and time, S is found to be as Eq. (2) 

𝑺 =  {
𝒍 = 𝒄𝒐𝒔 𝝋 𝒄𝒐𝒔 ∝
𝒎 = 𝒔𝒊𝒏 𝑨 𝒄𝒐𝒔 ∝

𝒏 = 𝒔𝒊𝒏 ∝

                                                   (2)                                       

Where φ is solar azimuth angle and ∝ is solar elevation 

angle. 

So, when e.s is negative, the sun is located at the back of 

the window surface to have a complete shadow, and when it 

is positive, the shadows of obstacles are formed. 

The corner points with P0 (x0, y0, z0) are considered to 

determine the shadow of obstacles, and the following 

equations have been used to find P' (the shadow of P on 

window surface), 

 𝒕 =  − 
𝒂𝒙𝟎+𝒃𝒚𝟎+𝒄𝒛𝟎

𝒂𝒍+𝒃𝒎+𝒄𝒏
                                                                   (3)                                                                    

𝐏′  (𝒙′
𝟎,  𝒚′

𝟎
, 𝒛′

𝟎) = {

𝒙′ = 𝒙𝟎 +  𝒍. 𝒕

𝒚′ = 𝒚𝟎 + 𝒎. 𝒕

𝒛′ = 𝒛𝟎 + 𝒏. 𝒕
                              (4) 

 
 

 

This needs to be turned to the x y plane because it is 

challenging to organize it in three dimensions. According to 

this, two matrixes are defined.  

𝑹𝒛(
𝝅

𝟐
+ 𝜸)        =  [

𝐬𝐢𝐧 𝜸 𝐜𝐨𝐬 𝜸 𝟎
𝐜𝐨𝐬 𝜸 𝐬𝐢𝐧 𝜸 𝟎

𝟎 𝟎 𝟏
]                             (5)                                 

𝑹𝒙(𝜺)              =  [
𝟏 𝟎 𝟎
𝟎 𝐬𝐢𝐧 𝜺 −𝐬𝐢𝐧 𝜺
𝟎 𝐬𝐢𝐧 𝜺 𝟏

]                       (6)                                                         

The matrix (𝑅𝑧) is assigned in Eq. (7) as follows: 

𝑹𝒛(
𝝅

𝟐
+ 𝜸)  =  [

−𝐬𝐢𝐧 𝜸 −𝐜𝐨𝐬 𝜸 𝟎
𝐜𝐨𝐬 𝜸 − 𝐬𝐢𝐧 𝜸 𝟎

𝟎 𝟎 𝟏
]                                 (7)                               

To find P′ in the new XY coordinate system is found to 

be; 

𝐏′ (𝑿𝟎 , 𝒀𝟎) =  (𝑹𝒛 . 𝑹𝒙) . 𝐏′  (𝒙′
𝟎,  𝒚′

𝟎
, 𝒛′

𝟎)                       (8)                                          

The shadow of the corner points of obstacles is formed 

and by connecting them, the geometry of shadow on the 

window surface is obtained. 

The calculation of tree shadows and environment items 

is performed according to the Vegetation model [2]. A 

screenshot from the coding of the "Shading" function written 

in the MATLAB program can be seen in Figure 6.  

 

Figure 5. Window surface “Coordinate Systems”  [2] 

https://www.thesaurus.com/browse/in%20consonance%20with
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Figure 6. A screenshot from the "Shading" function, MATLAB 

program 

2.3. Plan-Draw Function 

The "Plan-Draw" function is defined to find the window's 

position relative to the building and the building's 

environment. The Plan-Draw function allows the user to 

quickly enter window, zone, wall, and shading data in two 

dimensions. For the user to enter the building data, this 

function is described in the MATLAB program, and then its 

codes are entered. Then, two-dimensional drawings and 

position data are combined in three-dimensional matrices. 

The icons used in this program, and the selection of the 

required data are taken from the ArchiCAD program. 

According to this function, a user must draw the zone plans 

one by one and ensure that the necessary data are entered. 

According to this function, after drawing the zone by a user, 

the exterior walls, shading, and windows must be drawn to 

determine the criteria. The schemes of the drawing part of 

the software tool have been shown in Figure 7. 

The window position (x, y, z) is defined after entering the 

height of the window and its height from the floor. 

Shadowing on windows is explained as time and geometry 

according to solar azimuth and solar elevation angle. After 

this step, the shadowing is simulated daily according to the 

plan of the user.  

 

 

 

4. Results and Discussion 

The amount of energy and light passing through the color 

samples were obtained and entered into the designed 

software. In this regard, specimens in the laboratory were 

tested by two types of spectrophotometer devices. The 

BECKMEN DU 530 spectrophotometer was used to measure 

the transmission of light through the visible and infrared 

wavelengths, and the FT-IR spectrophotometer was used to 

measure the transmission of light through ultraviolet 

wavelengths for each of the six colors of transparent polymer 

specimens. In each of the transparent colored samples of 

CTFs, the percentage of passing light compared to the 

wavelength and the required calculations of the amount of 

energy and brightness passing through each of the 

translucent polymers were achieved by obtaining a graph. 

4.1. Thermal Radiation 

The spectrum of electromagnetic radiation encompasses 

y rays, x rays, ultraviolet radiation, light, heat, radio waves, 

and radar waves. Electromagnetic radiation is generally 

classified by wavelength, though frequency and 

wavenumber are also used. Frequency (v), as shown in Eq. 

(9), has the advantage over a wavelength because it does not 

change when radiation passes from one medium to another 

[64]:   

Frequency (V) = C0 / λvac                                              (9) 

Where C0 is the speed of propagation for electromagnetic 

radiation in a vacuum (C0 = 2.998 * 108 m/sec) and λ is 

wavelength. 

So, the spectrally integrated direct irradiance on a surface 

normal to the sunrays (also called direct normal radiation) 

and at a mean sun-earth distance is given as Eq. (10)  [65]: 

𝐼𝑛 = ∑ 𝐼0𝑛λ τλ Δλ∞
λ=0                                                (10) 

Colored filters were placed in the bathtub with glass in 

such a way to be closer to the actual conditions in the lab 

work. The sample was prevented from moving in the 

bathtub, and the spectrum was obtained vertically. Typically, 

certain conditions could occur since the liquid was put into 

the bathtub; but since the samples were solid, it was 

necessary to pay attention to how they were placed, keep 

them clean and suitable for the full bathtub size. 

UV-VIS wavelength transmittance was calculated by 

BECKMEN DU 530 Spectrophotometer with a wavelength 

range of 190-1100 nm. Near-Infrared wavelength 

Figure 7. Ready to draw; Plan-Draw function of software tool 

written in MATLAB program 

Figure 8. Transmission spectra by CTF’s color in the 

wavelength range between 190nm and 3000 nm 
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transmittance was calculated by GL-6021 Galaxy Series FT-

IR Spectrometer with Infrared MIO465-0053-03 having a 

wavelength range of 1100-3000 nm. The transition 

percentage of the two devices was combined in the range of 

UV-VIS-IR wavelengths, and the calculations were carried 

out via MATLAB. These two devices cover wavelengths of 

190-3000nm. Different spectrophotometers should be used 

for longer ultraviolet wavelengths, which are not necessary 

while mitigating the solar radiations (Figure 8). 

After achieving the transmission spectra of each color of 

CTFs, the thermal and lighting transmittance of CTF will be 

defined. So, for thermal transmission, we have the following 

integral formulations:  

If there is an angular dependence of τλ, the total 

transmittance at angle θ can be written as shown in Eq. (11) 

[66]: 

  τ (θ) =
 ∫  τλ (θ) 𝐼λi (θ)dλ

∞
0  

∫ 𝐼λi (θ)dλ
∞

0

                                                  (11) 

According to [66], "In a multi-cover" system in which the 

covers have significant wavelength-dependent properties, 

the spectral distribution of the solar radiation changes as it 

passes through each surface." 

And according to this point,  as shown in Eq. (11) by [66]: 

"at any wavelength λ, the transmittance is the product of the 

monochromatic transmittances of the individual covers." 

Therefore, for N covers (N is 3 or 4 covers in this study) the 

formula can be written as Eq. (12) 

τ α(θ) =
 ∫  τλ,1(θ) τλ,2(θ)…  τλ,n(θ)  αλ(θ) 𝐼λi (θ)dλ

∞
0  

∫ 𝐼λi (θ)dλ
∞

0

                 (12)                           

After completing the drawings regarding zone and other 

parameters, the program can simulate direct incident and 

diffused beam radiation.  

"The incident global solar radiation (I) received by a 

surface, such as a window, is a combination of direct beam 

radiation (Ib), sky radiation (Is), and radiation reflected from 

the ground in front of the surface (Ir)" [67]: 

 𝑰 =  𝑰𝒃 𝒄𝒐𝒔(𝜽)  +  𝑰𝒔  + 𝑰𝒕                                     (13) 

𝜃 is the incident angle of the sunrays incident to the 

surface. 

𝐼𝑠  =  𝐼𝑑ℎ  [0.5 (1 −  𝐹1)(1 +  𝑐𝑜𝑠𝛽) + 𝐹1 𝑎/𝑏 +  𝐹2𝑠𝑖𝑛 𝛽]                                                                               
(14) 

Where 

“Idh = diffused solar horizontal radiation 

F1= circumsolar anisotropy coefficient, the function of sky 

condition 

F2= horizon/zenith anisotropy coefficient, the role of sky 

condition 

β = tilt of the surface from the horizontal 

a = 0 or the cosine of the incident angle, whichever is greater 

b = 0.087 or the cosine of the solar zenith angle, whichever 

is greater". 

"The ground-reflected radiation (𝐼𝑡) received by a surface 

is assumed to be isotropic and is a function of the global 

horizontal radiation (𝐼𝑏), the tilt of the surface from the 

horizontal (β), and the ground reflectivity or albedo (ρ)" [67]: 

𝐼𝑡  =  0.5𝜌𝐼𝑏  (1 − 𝑐𝑜𝑠 (𝛽))                                             (15) 

If we ignore the shadow of sky radiation and reflected 

radiation from the ground, we can obtain the Eq. (16) for the 

energy received by the window glass. 

𝐼𝑤 = (𝐴 − 𝐴𝑠) 𝐼𝑏  𝑐𝑜𝑠(𝜃) +  𝐴 𝐼𝑠  + 𝐴 𝐼𝑡                            (16) 

Where A is the glazing area, and 𝐴𝑠 is the shading area of 

window glass. 

After coding all the necessary equations in MATLAB, 

two diagrams of "Solar Radiation Spectrum Sea Level" and 

"Transmission Spectra from CTFs" can be multiplied by 

each other. Figure 9 shows the multiplied diagram of 

transmission and radiation in the wavelength range of 190 to 

3000 nm. 

Transmittance irradiation by colors can be seen in Figure 

9, which is the multiplication of each color's transmittance to 

solar radiation in the wavelength range of 190- 3000 nm. 

So, according to the equations, the transmittance 

irradiation of CTFs at a right angle of 90º has been calculated 

in Table 1 as follows: 

 

Table 1. Transmittance irradiation of CTFs and Transmittance Irradiation of CTFs per Solar Irradiance 

 Blue Red Green Yellow Orange Purple 

Transmittance Irradiation 296042.6 662585.8 296847.7 616126.4 474173.4 356262.5 

Transmittance Irradiation/ Solar Irradiation 0.221444 0.495623 0.222046 0.460871 0.354688 0.266489 

When compared to other colors, red and yellow samples 

are found to have transmitted the highest amount of solar 

irradiation and blue, purple, and green ones are found to have 

transmitted the lowest amount of irradiation transmittance. 

 

4.2. Light Transmission 

According to the diagram of light passing percentage 

through the devices considering the corresponding equation, 

the light transmission level of each color becomes accessible 

to each other. 

Figure 9. Transmittance irradiation by CTFs in the wavelength 

range of 190- 3000 nm 
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As stated in the obtained graphs of transmission spectra 

of CTFs, the percentage of light passing through two devices 

for each of the colors has been investigated.  

"The light transmittance of the composite was measured 

at a wavelength ranging from 200 to 1100 nm using a 

transmission optical spectrometer" [68].  

Transmission spectra of CTFs by wavelengths between 

360-710 nm drawn using MATLAB can be seen in Figure 

10, where the grey graph shows the sensitivity of the human 

eye. In order to calculate the ratio of light transmission of 

CTFs to each other, Eq. (17) can be used as: 

 Lum Lamda(i) = 
∫ 𝜏𝜆

𝑚𝑎𝑥 𝜆𝑖, 𝜆𝑝
𝑚𝑖𝑛 𝜆𝑖, 𝜆𝑝

∫ 𝜏𝜆𝑝
                                   (17) (1) 

 

 

Luminance transmittance of CTFs can be seen in the 

second row of Table 2 as a proportion ratio to the human eye 

sensitivity. Yellow and purple have the most lighting 

transmittance in comparison with other colors. 

Table 2. Light transmission of CTFs 

 Blue Red Green Yellow Orange Purple 

∫ 𝜏𝜆

700

400

 
4055  3300  3775  5320  3170  4950 

Lum Lamda (400-700) 0.347323  0.282655  0.32334  0.455675  0.27152  0.423983  

4.3. Optimization and System Outputs of Windows 

Computer programs have been written according to 

climate and sunlight data to describe the Smart Window 

Designed Tool (SWDT), considering the position of the 

windows and their surroundings. The program is limited to 

two season types (spring-autumn and summer) and presents 

the panes' areas and numbers according to the panes' 

transmission wavelengths. It then allows each window to 

move according to the daily sun position and its exposure 

using the sensors. 

World map of the “Köppen- Geiger climate 

classification” updated as supplemental material on the 

internet at “http://koeppen-geiger.vu-wien.ac.at/” have been 

used to determine the two suggested seasons of summer and 

spring-autumn in the program (Figure 11). 

 

Figure 11. World Map of the “Köppen- Geiger” climate 

classification updated [69] 

Climate and their season classifications placed in the 

northern and southern hemispheres have been shown in 

Table 3.   

 

Table 3. A and B Climate classifications and seasons 

Climates Summer Spring/Autumn 

A (Northern) May, June, July, August December, January 

A (Southern) November, December January, February June, July 

B (Northern) May, June, July August, September October, March, April 

B (Southern) November, December, January, February March, April, September, October 

C (Northern) June, July, August September, October November, March April, May 

C (Southern) December, January February March, April, May, September, October November 

D June, July, August September, October April, May 

Samples in rainy climates can be eliminated from the 

test. 

According to [70];  

“In the summer, the coordinates are:  

To = 22.6-26.0°C at 16.7°C Tdp and To= 23.3-27.2°C at 
1.7°C. Tdp.” 

The sloped sides are defined by [71];  

“ET = 22.8°C and 26.1°C. The Maximum limit for mean 

air velocity in the winter is 0.15 m/s. In the summer, the 

limit is nominally 0.25 m/s, increasing an additional 0.275 

m/s for each °C above 26°C dry-bulb temperature, up to a 

maximum of 0.8 m/s for temperatures above 28°C.” 

Figure 10. Transmission Irradiation of CTFs based on 

whether or not the sensitivity of the human eye is the same 

for different visible wavelengths. 

https://www.thesaurus.com/browse/as%20stated%20in
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 Conforming to [70]; 

“In the winter, operative temperature and humidity 

limits are defined by a comfort zone on the psychrometric 

chart having the following coordinates:  

To = 19.5-23.0°C at 16.7°C Tdp and To = 20.2-24.6 C at 
1.7°C Tdp.”  

The sloped sides are defined by [72] ;  

“The new effective temperature is denoted by ET. The 

winter limits are found to be ET= 20.0 °C and 23.6 °C, 

respectively.” 

As reported by [71]; “The following conditions define 

no uniformity limits: the vertical air temperature difference 

between the 0.1 and 1.7 m heights shall not exceed 3°C; 

radiant temperature asymmetry in the vertical direction 

shall be less than 5°C and in the horizontal direction less 

than 10°C; and the floor surface temperature shall be 

between 18°C and 29°C”. 

The evaluation, calculation, and finding of the optimum 

of two charts in terms of solar radiant and lighting according 

to the season in the zone have been carried out in this part. 

The multi-objective optimization function has been written 

in MATLAB (as shown in Figure 12) to find the case of 

colors and their area percentage. The last function has been 

introduced based on irradiation and lighting transmittance 

of CTFs. The cooling load and irradiation transmission must 

be minimal and the lighting transmittance must be maximal.  

5. Conclusion 

The smart window is considered as mid-pane shading 

with horizontal shutters, and the SWDT was developed to 

respond to its system. Therefore, if the direction of shutters 

changes horizontally or in other patterns, color 

compositions should be considered. The SWDT has been 

evaluated and verified as shown in the diagrams and 

simulation charts and their comparisons. However, the 

space percent of colors is determined in the program with a 

drawing zone plan by a user conforming to all data climate 

and incident solar radiation and daylighting. The SWDT 

designed to be used by architects can also be an energy 

sustainability tool for ease of design by considering the 

brightness and optimal heating of solar radiant energy. 

The results show that:  

• The blue and green transparent filters have 22% 

transmittance irradiation with 34% and 32% daylight 

transmission, respectively. Therefore, the expectations 

are to have more percentages in buildings developed in 

A climate classification.  

• The materials used and the shutter system applied in the 

proposed window seem to be economical considering 

the color of the CTF in the case of significant 

production. It can be an excellent alternative to current 

windows, confirming reduced cooling load and lighting.  

• The color percentages calculated based on the zone, 

climate, position, and the given window size data will – 

by the recognized method – be able to provide designers 

with an opportunity to create different compositions by 

providing indoor comfort conditions in the context of 

thermal and lighting without needing test potential on 

the facades nor other shading elements. 

In this study, all irradiance formulas have been entered 

in smart window design and computer program with 

prerequisites. In this study, the effect of factors such as glass 

type and material were not considered. Therefore, further 

studies are recommended to collect such data to improve 

forecasting performance. The material properties can be 

examined for future works, and nanomaterials can be tested 

literally for this issue. The pattern of colors can be analyzed, 

and the collection of them for a better response of energy 

efficiency may be tested. The design, direction, and 

geometry composition of used colors can be analyzed due 

to the window position, shading elements, and the other 

considered properties, and the effect of this alteration on 

lighting and energy consumption can be calculated. The 

impact of the closed jalousies (vertical blinds) in winter and 

cold nights can be calculated to find out their positive or 

negative effects on reducing the heating load in future 

works. And finally, the psychological aspects of the effects 

of windows on users in different spaces with different land 

uses can be analyzed in future works. 
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