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Abstract

The topic of the paper is a detailed architectural and production study of the restaurant that would be part of the new cultural centre “Černá louka” in Ostrava. The paper also deals with analysis of wider special, social, economic and developmental factors in Ostrava. Also included is the 3d model of the restaurant, as well as the analysis of the way in which different rendering programs represent interaction of light with different materials.
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1 Introduction
It has become a common practice to use models in architecture, because in such way the designing costs are reduced. The advantage of using models also manifests itself in the case when there arises a need for some changes, which can then be implemented in the model, and not by reconstructing the building itself. Besides less expensive planning and designing, the models can also be of use when analyses are conducted which pertain to the influence of the environment on the object, and vice versa. For example, one can use models to analyze the lighting of the interior and exterior and in that way find the best model of lighting that would visually cultivate space or building. In architecture there are two types of models, physical and software. Physical models necessitate greater investments and larger construction teams; defects are harder to remove and there are limitations related to transport. On the other hand, 3d models are made using software which is bought only once (although there are programs which are free), so there are not any needs for additional investments. In the process of construction, the modeler can employ models which will represent certain phases during the construction, so removing defects does not pose itself as a big problem. There does not exist special, i.e., transport limitation as well, because 3d programs allow making high quality audio and video presentations that can be transmitted via modern digital means.
When planning a building (in my case, a restaurant), it is very important to conduct the analysis of the space in which the building will be located. The analysis consists of determining social, economic and cultural characteristics of the environment in which the building will be located. For noted reasons I dedicated the first chapter to Ostrava and its advantages and disadvantages. The first chapter will also deal with the attempt to reconstruct the part of Ostrava called “Černá louka” where the restaurant itself will be located. The reconstruction of “Černá louka” is part of a plan to transform it into a cultural centre, not only of Ostrava, but of this part of Europe as well. The second chapter will deal with the description of the restaurant that I have constructed. Since the practical part of the paper is based on the analysis of light and the phenomena that arise from the interaction of light with different materials, the third chapter shall describe light as a physical occurrence. The fourth chapter deals with light sources that accompany 3Ds Max, while the fifth chapter deals with materials and their characteristics. The appendix contains the technical plan of the restaurant, as well as the pictures that were produced as a result of the analysis of the way in which different renderers represent light and phenomena that arise when light interacts with different materials.
1.1 Ostrava
Ostrava is located in the north-eastern area of the Czech Republic on the border between the Czech Republic, Poland (10 km) and Slovakia (50 km). Its distance from the capital city of Prague is 360 km to the east, and from Krakow in Poland about 120 km to the west. Since it has good transport connections with all major cities, Ostrava represents the natural centre of the Moravian-Silesian Region. It is located on the highway, and is near an airport; furthermore, it has a direct train connection with Prague, Bratislava, Budapest, Warsaw and Krakow. Is the third largest city in the Czech Republic and the administrative centre of the administrative unit of the Moravian-Silesian region. It has 332,433 inhabitants, while the population in the Moravian-Silesian region, which gravitates toward this city, counts about 1,236,028 people. To this count should be added citizens from the Poland who live near the border. 
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Picture 1.1 – parts of the Czech Republic and Poland that gravitate around Ostrava
1.2 Problems of Ostrava

Until 1763, when large deposits of black coal were discovered, Ostrava had been a town of little significance. After that, Ostrava developed into an important center of heavy industry based on coal and steel. The exploitation of coal ended in 1994 led to the collapse of the local economy and the decay of the city in comparison to other major cities in the country. As a consequence of that, population of Ostrava decreased by almost 21,000 inhabitants in the period between 1991 and 2011. There are predictions that if the current trend of migrations from Ostrava to other cities continues, the population of Ostrava will shrink to about 250,000 inhabitants by 2050.
The cause of the great migration lies in the switch of Ostrava’s economy from the primary to the tertiary sector. This led to the increase in unemployment. In 1988 some 60,000 workers were engaged in the metallurgical industry, while by 2003 this number was decreased to 16,000. In 2011, 35% of all employed people work in the industry, while 65% work in the tertiary sector, i.e., the service sector. Even though the process of restitution was started in 1994., Ostrava still suffers from a high unemployment rate of 18.4%, whereas the average for the country is 8.3%. Besides high unemployment rate, what affects the poor image of Ostrava is also its title of the most polluted city in Czech Republic, a consequence which has remained from the period in which Ostrava used to be the industrial centre of Czech Republic. However, what should be noted is that, even though the air pollution in Ostrava remains above the national average, the pollution rate is diminishing by each year. [2]
The city and the republic institutions have done much to improve the environment, so the citizens of Ostrava can be proud of 54m2 of green area per capita, 48 public parks, 3 natural reservoirs, 4 natural monuments and so on.
1.3 Culture in Ostrava
Ostrava has a great potential to grow into a cultural center in this part of Europe. Not only because of its very good geographical position, but also because Ostrava has a rich cultural heritage. Besides Czech influence on its cultural life, worthy of mention are German and Polish influence. For these reasons should not be surprising to pricelist Ostrava has a well developed folklore, four permanent theaters, internationally renowned Philharmonic and developed creative arts. In 1923 the first major art exhibition was organized with over 600 works of famous Czech artists of the 19th and 20th century. Unlike other large cities in the Czech Republic, Ostrava cannot pride itself with famous monuments of architecture, but still is one of the most interesting cities when modern architecture is concerned. World-famous German architect E. Mendelsohn gave his contribution to the architecture of Ostrava, by constructing the famous marketplace Bachner. Other lesser-known architects from Austria and Germany also gave their contributions.[3]
The development of culture of Ostrava in the future could also be influenced by the fact that Ostrava possesses a large number of educational institutions, which are currently schooling around 37,000 students. If Ostrava would to evolve into the cultural centre of this part of Europe, it would greatly prosper the quality of the educational institutions. It would lead to an Ostrava which would become an interesting and attractive place for foreign students and the employees in the sector of culture. It would lead to the creation of numerous international projects, giving a great contribution to the cultural diversity of Ostrava. By intensifying cooperation across the border, the citizens of Ostrava would not only feel the improvement in cultural life, but also an economic improvement, for many international companies would notice the unused potential of Ostrava.

1.4 Centre of Culture (Cultural cluster)
Cultural cluster is a term that denotes an area where exists a high concentration of cultural and public institutions. The past 10-15 years have witnessed the creation or backing up of cultural clusters, who are increasingly being seen as new and alternative sources for urban cultural development. Cultural clusters are able to combine many different functions and activities, ranging from production to presentation and consumption, and from theatre to visual arts and pop music. These projects could be contained within separate building or within larger building complexes, but quite often the building of new sites will be necessary. Whereas some of these strategies for clustering restrict themselves to genuine artistic or cultural activities, it can be said that many of them imply great many leisure and entertainment elements, from bars, restaurants and cultural retail spaces to health and fitness complexes.

Due to the high concentration of institutions, there are multiple benefits, some of which are:

· The cost of transportation of people and goods is reduced;

· The exchange of information and knowledge becomes faster;

· Social bonds are strengthened;

· A centre is created that allows the visitors to uplift themselves in cultural sense, and to better demonstrate their talents;

· The corresponding increase in traffic results in the increased flow of money to the environment hosting a cultural cluster.

There are many such centers in the world. The most famous European centres include the City of Arts and Sciences (Ciutat de les Arts i les ciencies) in Valencia, the museum complex, "Museums Quarter" in Vienna and cultural mix, "Witte de Withstraat" in Rotterdam. All of them have a high level of attendance, strong economic impact on the surroundings and represent institutions that are well-known throughout Europe.
1.5 Ostrava as European Capital of Culture for 2015
Unlike other clusters, “Černá louka” represents a different concept. In addition to the cultural institutions, there will be a part of which is designated for the daily lives of the people who will live inside the complex. According to the project, it will contain a housing facility, education institutions for children and youth (kindergarten, elementary and high school). Part of the project are also green spaces and a promenade along the river, to make the stay in " Černá louka" more pleasant. Therefore we have another aspect of the project which is reflected in synergy between the residents of " Černá louka" and its visitors. 

There are multiple reasons for building this centre. Besides enhancing the cultural life of Ostrava, by building the centre of culture “Černá louka”, the town’s management expects to lessen the costs of maintaining the institutions located in “Černá louka”, which are at this point scattered around the town. Currently, the maintenance of these institutions takes up 17% of the yearly budget for culture. By grouping them in one place and by using the latest solutions in construction business, these costs could be diminished by 20%. These savings would make it possible to allocate greater funds into other projects that are of huge importance for the development of culture in Ostrava.[4]
The town’s management has expressed its expectations in the official document on the reconstruction of “Černá louka”: [5]
· The cluster is another level in the development of culture as a source of city regeneration.

· The Black Meadow Cluster will be one of the holders of the city’s symbolic value. In relation to internal image, it will become a fundamental identifying element for local inhabitants, strengthening regional identity. 

· A cluster creates an inspirational environment accelerating the exchange of knowledge and information, which then leads directly to a rise in innovation in creative sector products and services. Realization brings eminent regional representatives around one table and initiates a new regional cooperation network. The Black Meadow Cluster will initiate the creation of a local environment which will attract creative personnel. In this way, the city will build a safety net against the outflow of valuable persons from the region. 

· In time, needed innovation will develop – social (strengthening social capital), cultural (new forms of cultural activities and dialogue), and organizational (improving the promotion and management of artistic projects). In this way, the ground will be prepared for the inception of new products and services (e.g. the creation of a renowned festival, biennial, and curatorial or production services, etc.).

· No dominant branch of Ostrava’s creative industry has undergone long-term evolution. For this reason, the multi-functional character of the Black Meadow Cluster is ideal in that it combines various musical genres with creative and entertaining free-time activities. The cluster’s main flagship buildings – the Kunsthalle, concert hall, and the entire urban complex – will be essential factors in successfully attracting investment. 

· If we take into account the current spatial layout of creative industry companies, then building a cultural cluster at Black Meadow represents the optimal option. 

· The cluster contributes to the rise of a “creative” downtown atmosphere, from which other sectors may profit. It also offers a unique possibility to create a downtown growth triangle. Through the helpful example of “good practices”, the cluster will stimulate and motivate other persons involved in the city’s creative branches and will functionally round out the existing structure of creative companies.

· The cluster will be the first step and an ideal model for Ostrava’s continued development. It will create an open foundation for further meaningful construction and for beefing up insufficient infrastructure.

One way to exploit the cultural potential of Ostrava was to report on the Vacancies "European Capital of Culture for year 2015"

The title "European Capital of Culture" was established on 13th June 1985 and the first city to hold it was Athens. In the first two decades the holders of this title were mostly well-known European cities possessing rich cultural heritage and active cultural life. However, in recent years there has been a change, and the status of “the capital of European culture” is increasingly being used as a way of reviving the cultural and other aspects of life in a city. In recent years there has been a change, and the status of the city - capital of European culture is increasingly used as a way to revive the cultural and all life in the city. It is precisely in recent years that this distinction is being associated with favourable economic and social results that occur together with the revival of cultural life and all activities closely related to it.

After the official application for this title, Ostrava City organized a competition for an interim solution to transform the Black Meadows, and 70 teams of architects entered the competition. Among others, five prestigious foreign architectural studios confirmed their participation the competition. Foreign Office Architects (Great Britain), Lacaton & Vassal Architects (France), Bjarke Ingels Group (Denmark), Maxwan and NL Architects (both from the Netherlands). Although there were a lot of interesting projects, unfortunately, none of them could be used without major changes. The main reason for this could be attributed to the fact that that the candidates were not fully aware of what was expected of them. Some projects show that the teams failed to adapt the size of the object to the prescribed size of the site, or that they weren’t properly informed about the soil properties of the proposed area. The teams also failed to meet many other requirements, such as planning to build on an area reserved for building sewerage network. The competition was won by the team Maxwan from the Netherlands with the project of reconstruction which can be seen in the picture 1.2. Even though it has its disadvantages, interesting architectural solutions and the big central park make this project a good basis for reconstruction of “Černá louka”.[6]
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Picture 2.2 – Winning solution by the studio Maxwan 

2 The Plan of the Restaurant
The basic idea when planning a restaurant was to create a multifunctional space that can satisfy all the needs of people who visit “Černá louka”. Having in mind that nearby lie fairgrounds, cultural incubator, picnic site and the city-centre, there exists a need for such a facility. In case of need, the restaurant can serve as auxiliary space for a gallery or cultural events such as literary evenings or music performances.
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Picture 2.1 – A view of the restaurant
2.1  The Structure of the Restaurant
The area occupied by the restaurant is 2055 square metres, out of which, 1100 square metres represents area designated for guests, and which is further divided into 3 parts. The main hall covers an area of 711 square metres which is enough for 220 guests. In the hall there are folding screens made of translucent plastic, which serve to visually divide hall into smaller units. 

Two other rooms cover areas of 66 square meters and 71 square metres, respectively. The smaller room is equipped with furniture and is designated for rest and holding business meetings between visitors of the cultural incubators, whereas the other room serves as the dining room, and can accommodate 20 guests. This room is suitable for small celebrations or business lunches.
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Picture 2.2  – Medium and small hall

To keep up with current trends in architecture, mostly natural materials such as wood or stone are used to cover walls and floors, and it also expresses the joining of nature and technology. Apart from that, it also contains big water surfaces that additionally cultivate the space.
Restaurant satisfies HACCP standard, which is achieved by adequate organization of the rooms, i.e. their division into sections. Depending on their use, all rooms are grouped into two groups that are physically separated. The first part is designed for food preparation and storage (kitchens, warehouses and coolers), while the second part includes rooms that are designated for personnel, technical equipment and the storage for the restaurant’s technical equipment.

A detailed layout can be seen in the list below and in the following scheme:

1. Area for guests: about 1100 square metres for the lunch hall + 45 square metres for toilets + 40 square metres for the wardrobe 
2. Area for employees: 446 square metres

3. Area for technical equipment and auxiliaries warehouse: 60 square metres

4. Dry warehouses for provision: 58 square metres

5. Waste and packaging: 26 square metres

6. Refrigerators: 53 square metres

7. Kitchens and food preparation facilities: 138 square metres

8. Dish-washing facility: 39 square metres

9. Bar and the room for waiters and for getting food: 50 square metres
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Picture 2.3  –Plan of the technical part of the building

In order to make better use of space in the technical part of the restaurant, the kitchen is situated in the central part. Besides enabling a very good connection of the kitchen to the refrigerators and warehouses, it also makes it possible for the rooms for food storage to be more flexible when it comes to furnishing them. For the rooms to have sufficient amount of light, roof windows are used.

The restaurant has four entrances. Of these, two are for the guest, one for the employees, and one for the restaurant's supply. The entire restaurant is on one plane (no steps), which makes it possible for the disabled persons to enter without problem. All main halls are two metres wide and four metres high which enables fast and undisturbed movements of the staff. With the halls being spacious, the staff and the visitors will not have the sense of narrow space that usually accompanies with these types of spaces.
2.2  The Lighting in the Restaurant
During the construction, it was made sure that the restaurant had as much glass surface as was possible, so that the interior would be illuminated with natural light. The glass surfaces in the main and in the small halls are black with a reflection index of 1. The windows looking to the hallways and office rooms are also gray, aside from reflection, noise value of 0,7 has been added to them, making the interior invisible from the outside.
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Picture 2.4  – The look of the main hall by day and by night
The roof construction could be divided into two segments. The first segment is situated above the technical part of the restaurant and is mildly leaning toward the street. The roof inclination is 1% which is enough to outlet the water. For better lighting of the technical part, roof windows have been added, which have the role to ventilate in case of a fire as well. The other segment is made up by the roof above the guests' space, i.e. above all three halls. For better lighting, roof windows have been added in the shape of half-sphere providing enough light during the day.
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Picture 2.5  –Lighting of the paintings on the wall and lighting of the wall
For lighting during the night, I have been using more different light sources. For lighting of the main hall, I used 8 light sources of Free Light type, which are meant to provide enough lighting for the space. Apart from main light sources, there are other auxiliary, the purpose of which is to cultivate the space with light. Hence ambient light is situated above the painting, the details on the walls, the bar and on the pillars making patterns on the roof construction. For lighting of halls, light sources of cylindrical shape have been used and they are located near the upper edges of the rooms. 
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Picture 2.6  –Lighting of the hall and fountain
The fountain, shaped like an acacia tree, is made of plastic and glass to make the construction as light as possible. 

3 Physics of light
In order to be able to do the analysis of the results of the rendering plug-ins for 3ds Max, the nature of the light has to be defined. 

Light represents a form of electromagnetic radiation which possesses the wave properties. We can divide the entire electromagnetic spectrum into several bands, all of which are based on the wavelength values of light waves. In such division, it is interesting to note that visible light actually represents quite a narrow range of wavelengths between roughly 380 nm (1 nm = 10-9 m) and 730 nm. These different wavelengths are responsible for what our brain, through our eyes, interprets as different colours. A certain colour is singled out if only a single and specific wavelength of the limited range of different wavelengths is present and actually enters our eyes. If we have only one wavelength, then we have the case of monochromatic light. In the opposite situation, when we have all the wavelengths of visible light present, our eyes interpret this as white light. If there are no wavelengths in the visible range, then we interpret the situation as dark. When light interacts with a material, that leads to refraction, reflection or transparency.
3.1 Velocity of Light
The energy of light is related to its frequency and velocity in the following way:

E = hn = hC/l

where E = energy
h = Planck's constant, 6.62517 x 10-27 erg.sec
n = frequency
C = velocity of light = 2.99793 x 1010  cm/sec
l = wavelength

The velocity of light, C, in a vacuum is measured as 2.99793 x 1010cm/sec. It is not possible for light to travel faster than this, however, if it travels through a substance, there will be a decrease of its velocity.

C = n * l

When light passes through a substance, the frequency of its vibration, n, remains constant. Therefore, if we have the decrease of the velocity, C, because light is travelling through a substance, its wavelength, l, also has to decrease.

3.2  Light refraction 
Refraction of light is the change in direction of motion of light due to changes in the speed of light (wave). It happens at the boundary surfaces between two environments of different optical densities. Incident and refractive light lie in the same plane with the perpendicular. When a ray of light passes from optically less dense into optically more dense environment, the incident angle is larger than the refractive. Wave phase velocity is changing, but its frequency remains constant.

Refractive index, n, of a material or substance is here defined as the ratio of the speed of light in a vacuum, C, to the speed of light in a material through which it passes, Cm. [7]
n = C/Cm
The refractive index of any material depends on the wavelength of light for the reason that the atoms making up the material interfere with the different wavelengths to different extents. Generally, we can say that refractive index varies linearly with wavelength.
We can divide materials into 2 classes, based on how the velocity of light of a particular wavelength varies in the material.

1. Isotropic materials are those whose refractive index does not depend upon the direction in which the light travels. The velocity of light also does not depend on the direction in which the light travels. There exists a constant refractive index for each of the wavelengths. Glass is an example of an isotropic material.

2. Anisotropic materials are those in which the refractive index does depend on the direction into which the light travels. A range of refractive indices can be found with these types of materials, varying between two extreme values for each wavelength. Wood is an example of an anisotropic material.
The next table contains refraction index for most usual materials. [8]
	Material
	Refraction index

	Glass
	1.5 - 1.6

	Diamonds
	2.417

	Ice
	1.31

	Plastic
	5.0-8.0

	Air
	1.0

	Water
	1.33


When light strikes an interface between two substances with different refractive indices, two things occur. An incident ray of light striking the interface at an angle, and measured between a line perpendicular to the interface and the propagation direction of the incident ray, will be reflected off the interface at the same angle, and. In other words the angle of reflection is equal to the angle of incidence.
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Picture 3.1  – Lighting refraction
If the second substance is transparent to light, then a ray of light entering the substance will have a different refractive index, and will consequently be refracted, or bent, at an angle r, which represents the angle of refraction. The angle of refraction depends on the angle of incidence and the refractive index of the materials on either side of the interface, which is according to Snell's Law:

ni sin(i) = nr sin(r)
if the angle of incidence is 0o (i.e. the light enters perpendicular to the interface) that some of the light is reflected directly back, and the refracted ray continues on the same path. [7]
3.3 Absorption of Light 
Some of the energy dissipates in the form of heat energy when light enters a transparent material, and in this way some of its intensity is lost. When only specific wavelengths of light are selectively absorbed, the light that gets through the material will only manifest those wavelengths that were not absorbed in the first place. The colour of the transmitted wavelengths is called the absorption color of the material.

Thus an absorption curve for an opaque substance would be labeled as "Dark", which, of course, means that no wavelengths would be transmitted.
3.4 Reflection

A surface that acts as a perfect diffuser is able to scatter light equally in all directions. Thus, the viewer’s position does not affect the amount of reflected light that is seen by the viewer. Such surfaces are commonly dull or matte, and the intensity of the diffusion of the reflected light is given by:
Id = Ii kd COS (Θ)
       0 ≤ Θ ≤ π/2

Ii represents the intensity of the light source. Theta represents the angle between the surface normal and a line from the surface point to the light source (considered as a point source). The constant kd represents an approximation of the diffuse reflectivity which depends on the nature of the material and the wavelength of the incident light.
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Picture 3.2  – Interaction of the light with the material
Mirrors are a specific case, because their surface is so smooth that hills or valleys on the surface look smaller than the wavelength of light, and in their context we apply the law of reflection on a large scale. All the light that travels in single direction is then reflected from the mirror in the single direction; that type of reflection from such objects is known as specular reflection. 

Most objects exhibit diffuse reflection, when light is being reflected in all directions. It must be noted that all objects obey the law of reflection on the microscopic level, but if the irregularities on the surface of an object turn out to be larger than the wavelength of light, which happens to be a case quite usually, then the light reflects off in all directions.
3.5 Transparency and Translucency
Transparency is term used to denote such physical property of a material which allows the light to pass through the material and not get scattered in the process. The photons can be said to follow Snell’s Law. Translucency represents a kind of transparency: light is allowed to pass through the material, but in certain cases it does so without following Snell’s Law. Light can get scattered where there is a change in the refraction index of the material. Also, existence of layers in the material can cause the change in IOR.
4 Light in 3Ds Max
Light and illumination are inseparable components of form, space and light. These are the things that create ambience and feel of a place, as well as the expression of a structure that houses the functions within it and around it. Light renders texture, illuminates surface, and provides sparkle and life.’
Le Corbusier

The modernist architect Le Corbusier poetically summed up the considerable role it plays in his quote cited above. Though speaking specifically about architecture, his words express succinctly just why lighting plays such an important role in the world of 3ds. Light is important because it can be used to create effects, to emphasize certain parts of objects, or to represent an object in a more realistic way. When working with the lights in 3dss Max Design, we must always be aware of an important piece of information, known as the angle of incidence. The angle of incidence is calculated using a vector from the light object and the face normal of the geometry that the light is affecting. If the angle of incidence is zero degrees, indicating that the light rays are perpendicular to the geometric surface, the geometry will be lit by the full intensity of the light. When the value of the angle of incidence rises above 0 degrees, the effect of the light upon the surface will start to diminish. [9]
Another very important feature of lighting is ambient lighting (also known as global lighting). Ambient lighting can be best described as the secondary or indirect light that does not come directly from a particular source. Ambient light behaves in the manner of light on an overcast day, when the light seems to be coming from all directions. This kind of lighting can as well be used to bring out hidden details or to suppress details.
We can divide lights in 3ds Max in two ways. The first type of these divisions is based on the existence of the point helper which helps with directing the light. Based on that we can divide the lights into Target and Free.
The lights having Target in their name use a target point helper that is linked to the light source but that can also be moved independently from it. A light source always points at its own target. A feature that can be found to be extremely helpful regarding the usage of lights in 3ds Max is the ability to take a targeted light and voluntarily switch off and on the target helper giving you the complete freedom for positioning and rotating the lights in your scene.
Lights having Free in their name represent light sources that do not require the placement of a target point. You can freely rotate and move Free lights without having to transform the target location.

The second division is based onto the algorithm that is being used, and hence the lights are divided into Standard and Photometric.
4.1 Standard group
Standard group contains lights that can be used with any render and contains Spot, Target Direct, Free Spot, Free Direct, and Omni lights.

Target Spot is maybe one of the most versatile light sources in all 3ds Max, and is used to project a focused beam of light from a single point source which then can be aimed in a specific direction. The light rays that are emitted from a spotlight diverge more and more as they get farther from the source. 

Target Direct can be described as a single, distant like source, resembling Sun, with its rays almost parallel to each other when they reach Earth. It represents a source of light in which, therefore, the light rays remain parallel instead of diverging as the distance from the source increases.

Free Spot, which can be freely rotated using to the Transform tools, is similar to the Target Spot, but it does not have the target point helper. When you have Target Spot you are able to move the target location for the purpose of rotating light.

Free Direct can also be rotated freely like the Free Spot without involving a target point. On the other hand, it is pretty much the same like the Target Direct light, but without using the target point helper.

Omni light acts in a similar fashion to an incandescent light bulb, giving off light in all directions. Like the Target Spot, Omni is a versatile light source that is most used.

Besides these, inside this category there are also Skylight which is used to simulated day light, mr Area Spot and mr Area Omni, which are specially designed for working with mental ray renderer. Although one could use other standard lights together with mental ray, the most reliable results can be obtained by using photometric and the mr Area lights.

4.2 Basic options of the Standard Lights
The parameters for setting up standard lights are grouped into several categories

.4.2.1.1 General Parameters

In the group of General Parameters one can set whether the light will be on, as well as the type of lighting, i.e. whether it will be Spot, Directional or Omni. Apart from these settings, there are also options for activating shadow, using shading map and excluding an object while shading.

.4.2.1.2 Intensity / Color / Attenuation

This contains parameters for setting up the intensity (Multiplier) and colour (Color) of the light, the distance at which the light will begin to weaken (Near Attenuation parameter) and up to which distance the light would extend (Far Attenuation).
.4.2.1.3 Spotlight/Directional Parameters

Show Cone - If you check this option, the light will be shown as light cone, even if is not selected.


Overshoot - the light falls outside the cone of light - useful for illuminating large scenes.


Hotspot /Beam – is used for defining the brightest point of light drop.


Falloff / Field – The distance of the brightest part of light to the edge of the light beam
Circular / Rectangle – is used for changing light form from cone-shaped to square-shaped

.4.2.1.4 Advanced Effect

This is used when setting up whether certain colour will appear or the softness of the transition from light into shadow, and whether a map will be used when generating a shadow.
4.3 Photometric Light
The photometric lights are such lights that are primarily intended for use in models that are real-world size. If chosen materials on objects are not real-world size, the results can be unpredictable. Besides getting reliable results when photometric and Mental Ray lights are used, the advantage of the photometric lights over standard lights lies in the existence of the patterns that allow the modeler to create lighting in a very simple manner which would at the same time have the same parameters as in the real world.

There are three photometric lights: Target Light, Free Light and mr Sky Portal. 

In spite of there being only three photometric lights, with settings available it is possible to make those lights act as many more different types of lights.

To this we can add Daylight system which consists of Mental ray Sun & Sky which are used to simulate day light.

4.3.1 Target Light and Free Light
As has already been noted in the section [4.1] target light uses a target point helper that is linked to the light source but can be moved independently from it, and Free Light doesn't require the placement of a target point. Photometric Target or Free Light can be created using patterns or by manual changing of parameters of the light source.

.4.3.1.1 Templates
Depending on the type of the light source that they represent, the patterns are divided into five categories:

Bulb Lights, Halogen Lights, Recessed Lights, Fluorescent Lights and Other Lights.

Each category contains 2 to 6 patterns by virtue of which one can rather quickly transcribe the light source into the source that is most often met in the real world.
.4.3.1.2 Photometric light parameters
The most important characteristics of every photometric lights in 3ds Max are light distribution, lights color, intensity and shape of the light which is closely related to the type of the light distribution. By changing any of these parameters, one can get different light sources.

Parameter Light Distribution is to be found within group General Parameters and using it one can choose the way in which the light will spread, i.e. emit in the space. Each of these types appears as a different icon in the viewports:

· Uniform Spherical: This distribution type is used to emanate light equally in all directions from a central point, which is like the standard Omni light.

· Uniform Diffuse: This distribution type is used to spread light equally in all directions for only one hemisphere, such as when a light is positioned against a wall. 

· Spotlight: This distribution type is used to spread the light in a cone shape, resembling a flashlight or a car’s headlight.

· Photometric Web: The Photometric Web option is a custom option which you can use to open a separate file which describes the pattern of the emission of light. These files have extensions .ies, .cibse, or .ltli. Light manufacturers have this data for the various real-world lights that they sell. These file are loaded using the Choose Photometric File button found in the Distribution (Photometric Web) rollout. You can also specify the X-, Y-, and Z-axis rotation values.
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Picture 4.1 – light with different Light Distribution: 1- Uniform Spherical, 2 - Uniform Diffuse, 
3- Spotlight, 4- Photometric Web
We can set the colour of the light in two ways. 

The first way is a drop-down list of options. The options found in the list include standard real-world light types such as Fluorescent White, Halogen Warm, and HID Xenon. In the next table we can see the type of light sources and the approximate colour of the light it emits.

	Light Type
	Color

	Cool White
	Yellow-white

	Custom
	Any color

	D65White
	White

	Daylight Fluorescent
	Mostly white with a slight gray tint

	Fluorescent
	Yellow-white

	Halogen
	Beige-white

	High-Pressure Sodium
	Tan

	Light Type
	Color

	Incandescent
	Beige-white

	Low Pressure Sodium
	Light orange

	Mercury 
	Green white

	Metal Halide
	Yellow-white

	Phosphor Mercury
	Light green

	Quartz
	Yellow-white

	White Fluorescent
	Yellow white

	Xenon
	White


The other way to set up the colour is based on temperature expressed in Kelvin degrees. These colours based on temperature range from 1,000 degrees (cool) which is mauve-pink colour, through light yellow and white (6,000 degrees Kelvin) to a hot light blue at 20,000 degrees Kelvin. Typical indoor lighting is fairly low on the Kelvin scale at around 3,300 degrees K, while the direct sunlight is somewhere around 5,500 degrees Kelvin. Thunderbolts, arc welders, and electric bolts run much hotter, ranging from 10,000 to 20,000 degrees Kelvin.
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Picture  4.2 – Different sources based on color(2.000K, 5.000K, 15.000K)
Filter Color  - Use a color filter to simulate the effect of a color filter placed over the light source. Default color of filter is perfect white (RGB=255,255,255).
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Picture 4.3 – Different filters

The Intensity of the light can be specified in Lumens, Candelas, or Lux at a given distance.

lm (lumen) –Unit which measures the overall output power of the light (luminous flux). For example, a 100-watt light bulb of general purpose has a luminous flux of about 1750 lm.


cd (candela) – The unit for maximum luminous intensity of the light. To use the previous example, a 100-watt general purpose light bulb has a luminous intensity of about 139 cd.


lx at (lux) – Unit which is used to measure luminance which is caused by the light which shines on the surface at a certain distance while facing the direction of the source. This is an International System Unit, and is equivalent to 1 lumen per square meter. 

Modeler can specify a Multiplier value as well. This value determines how effective the light is. Light with a Multiplier set to 2 is twice as bright as a light with its Multiplier set to 1. It can also be negative, causing light to be pulled from a scene, a measure which should be used cautiously.
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Picture 4.4 – Multipliers with value set to 2, 10 and 20
There also exists a setting which we can use to specify intensity arising from dimming effect. Color of the incandescent lamp shifts when the dimming option causes color of the incandescent light more yellow because of dimming itself.

Attenuation is a property by which we determine how light fades over distance. An example of this is a lamp in the open space - the farther you get from it, the less the light shines.
.4.3.1.3 Light shapes

Besides the distribution type, you can also select the light shape, which affects the way shadows are cast in the scene. Selecting a different-shaped light can cause the light to be spread over a wider area, so most often the Point light results in the brightest intensity with sharper shadows, while lights which cover a larger area are less intense and have softer shadows. The available photometric light shapes include the following:

Point: This shape emits light from a single point like in the case a light bulb.

Line: This shape emits light from a straight line like in the case of a fluorescent tube.

Rectangle: This shape emits light from an area like in the case of a group of fluorescent lights.

Disc: This shape emits light from a circular area like in the case of the light emerging from the top of a shaded lamp.

Sphere: This shape emits light from a spherical shape like in the case of a Chinese lantern.

Cylinder: This shape emits light from a cylindrical shape like some kinds of track lighting.

For each shape it is possible to set the shape’s dimensions in the Shape/Area Shadows rollout. The rollout also allows you to switch between different shapes. If it is needed to be view the actual light shape while rendering, Light Shape Visible in Rendering option in the Shape/Area Shadows rollout has to be enabled.

Groups Shadow Parameters and Shadow Map Parameters are used to set up shadows, like, for example, colour, density, pattern, but they are not subject of this paper. 

4.3.2 Mental ray Sun & Sky 

When you model a building in 3ds, usually such situations are made that you can see the building in different weather conditions, e.g., during different seasons or times of the day. For quick and simple creation of the environment, Daylight system is used. To get as realistic results as possible when using Mental Ray renderer, it is necessary to set Sunlight to „mr Sun“, and Skylight to „mr Sky“. By this setting mr Physical Sky materials are used which will serve as background to the model. This material defines how sky and earth will look like. 

The Daylight system makes it possible for the modeler to set up the object's environment in a very simple way. There are two ways to set it up. The first is to set the location of the future object on the map, while the second way is to enter coordinates into corresponding fields. Apart from that, in this panel there exists a possibility to change time settings such as hour, day, month and year.
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Picture 4.5  – Panel for setting time and location

In the following pictures you can see how the restaurant in Ostrava with coordinates (+49° 50', +18° 17') in different time conditions looks like. The first picture depict restaurants as it looks like at 12 o'clock, while the second shows how it looks like at 23 o'clock.
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Picture 4.6  – The restaurant at different parts of the day
4.3.3 Mental Ray Sky Portal
The mr Sky Portal is used when lighting the interior of objects. It provides a way to focus the light streaming into an interior space from an external source by using a designated portal. This results in a better Finale Gather results, with fewer light rays. They are usually set up at places where there are windows or doors. Some of the settings are: 

Multiplier – this value determines how much will Sky Portal intensify or diminish the light. Standard value is 1.0.
Filter Color – this is used when we want to get the light, passing through SkyPortal, through a filter which will colour it. 

Using Shadows we can set up the generated shadow or we can use shadow from the outside world.
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Picture 4.7  – The look of the hall with and without using Sky Portal objects
5 Default and mental Ray materials
The way light will behave while interacting with an object depends not only on the characteristics of light, but also on the material of which the object is made. The prominence of reflection and refraction of light depends on the physical characteristics of an object. For that reason in the next chapter we will deal with Standard and Mental Ray (Mental ray render) materials.
5.1 Mental Ray render

Mental ray is one of the most popular render software and it is included with 3ds Max. It uses advanced and proprietary acceleration and sampling techniques for faster rendering on even the weakest, single processor machines. Mental ray achieves optimal scalable performance through the exploitation of parallelism on both multiprocessor machines and across networks of machines. It also uses ray tracing algorithm for general simulation of reflections, refractions, shadows, and complex illumination. [10]
Although Mental Ray can use standard lights and materials, to obtain best possible results, it is recommended to use photometric lights and materials that accompany them. There are multiple sets of materials, but the one most interesting for architecture is Arch&Design.

5.1.1  Arch&Design

The advantage of this set compared to others is that it contains templates that can help you make, in just a few steps, very veritable materials used in architecture. The templates are divided into the following categories:

	Appearance & Attributes
	Matte Finish, Pearl Finish, Glossy Finish

	Finishes
	Satin Varnished Wood, Glossy Varnished Wood, Rough Concrete, Polished Concrete, Glazed Ceramic Tiles, Glossy Plastic, Matte Plastic, Masonry, Rubber, Leather

	Transparent Materials
	Glass (Thin Geometry), Glass (Solid Geometry), Glass (Physical), Frosted Glass(Physical), Translucent Plastic Film(),Translucent Plastic Film(), Water, Reflective surface 

	Metals
	Chrome, Brushed Metal, Satined Metal, Copper, patterned Copper


In case of a need to change characteristics of a material, this can be done by changing the corresponding parameter in the panel for material modification.
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Picture 5.1  – Main material parameters

Parameters have been grouped according to their similarities into four categories: Diffuse, Reflection, Refraction I Anisotropy.

5.1.2 Diffuse group

Diffuse group contains parameters that control the colour properties. Parameter Color is used to define the colour of the material when light is shining directly on it, while parameter Diffuse Level is used for setting up the brightness of the diffuse colour component. We should note that the real value of Diffuse Level parameter is affected both reflectivity and transparency because every material in nature is energy conserving. This group also consists of roughness parameter which defines how quickly the diffuse component blends into the ambient component. This parameter can be used to simulate rough surfaces or surfaces covered with dust (for example, skin, or the sand).

In the next pictures we can see the way in which Diffuse Level parameter affects the colour of an object:
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Picture 5.2  – Diffuse Level = 0,5 and Diffuse Level = 1,0
5.1.3 Reflection group

This group contains parameters that are used to define the degree of reflection.

For example, Reflectivity parameter is used to define how much some material will reflect light. 0.0 means that the light will not be reflected, while 1.0 means that light will be reflected as though of mirror. The intensity of reflection also depends on the parameter which defines the colour of reflection (Colour parameter).
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Picture 5.3  – Reflectivity 0,0 and Reflectivity 1,0 when Glossiness is 0,6
Parameter Glossiness is used to set up glossiness effect. If glossiness is set to the value of 0.0, then the surface will behave as a diffusely reflective surface, and if the value is 1.0, then the surface will behave as a perfect mirror. In case this parameter is different from 1.0, we can also change the value of Glossiness samples parameter which defines the maximum number of samples (rays) that mental ray shoots in order to create glossy reflections. Higher values cause slow rendering but create a smoother result.
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Picture 5.4  – Glossiness 0,5 and 1,0 when transparency is 0,5
5.1.4 Refraction group

Refraction group is very important for light analysis, because it contains parameters by which transparency of a material is determined, as well as the way the light will behave while passing through a transparent object. 

Transparency is used to set up the refraction level, i.e., the transparency of the material, while the Color parameter is used to define the colour of refraction (this parameter is most often used to make coloured transparent surfaces).
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Picture 5.5  – Transparency 0,5 and 1,0
In an analogy with the parameters Glossiness and Glossiness Samples inside the Reflection group we define Glossiness and Glossiness Samples within this group. Therefore Glossiness is defined by the degree of transparency (if the value of this parameter is 1.0, that means that the object will be completely transparent; 0.0 means that the object will be muddily transparent) while the Glossy Samples defines how many samples we need to use to get as realistic refraction as possible. 
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Picture 5.6  – Glossiness 0,1 and Glossiness 1,0
IOR (The Index of Refraction) parameters determines how the ray of light will behave, i.e. how much it will bend when there is an interaction with a transparent material. The direction in which light bends depends on whether it is entering or exiting the object. The Arch & Design material uses the direction of the normal to the surface as the primary cue for figuring out whether it is entering or exiting. It is therefore important to model transparent, refractive objects with the surface normals pointing in the proper direction. The IOR can also be used to define the BRDF (bidirectional reflectance distribution function) curve, which is what happens in the class of transparent materials known as “dielectric” materials, and is illustrated here:
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Picture 5.7 – IOR: 0,4 and IOR:2,4
5.1.5 Translucency group

To use the translucency, there needs to exist a certain level of transparency. The implementation of translucency in the Arch & Design material is simplified and is concerned exclusively with the transport of light from the back of an object to its front faces and hence is not true SSS (subsurface scattering) effect. You can create an SSS-like effect by using glossy transparency together with translucency, but this is neither as fast nor as powerful as the dedicated SSS shaders.

Translucency - When on, the remaining Translucency become available and takes effect when rendering.

Weight—Determines how much of the existing transparency is used as translucency. For example, if Weight = 0.0, all of the transparency is used as transparency. If Weight = 0.6, 60 percent of the transparency is used as translucency.

5.2  Default Render 
Default render is the basic render that is included with 3Ds Max. It can use only standard lights and materials, and so it is of limited use. For that reason, models are not realistically depicted, and therefore it is not used very often. The most important advantage in comparison to other renders is its speed. 

5.2.1 Standard materials

Standard materials together with standard lights are included with Default renders. My previous remark that Mental Ray can be used for standard lights can also be applied as regards the standard materials. When you open Material Editor, you can see that every empty field is by default set to contain standard material. 

Because of the simple interface, the modeler is not able to make thorough modifications of the material, and thus the result will be less realistic in comparison to cases when Mental Ray and its materials are used. Therefore the possibility for a larger analysis of the interaction of light with the material does not exist. Within Standard materials there is a subgroup called Architectural which contains materials suitable for use when modeling buildings and other objects.

As in the case of Arch & Design materials here we also have patterns to create the materials which appear most often (several types of glass, metal, wood, etc.)
In case that it becomes necessary to modify a material created by using patterns, the modification can be done by changing the corresponding parameter in the group Physical Qualities (picture 3.9).

All parameters from this group have their equivalents in the panel for setting up Mental Ray materials. The only difference lies in the fact that the parameter that defines reflection is called Shininess.
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Picture 5.8 –Templates and physical qualities menu
In the following couple of pictures we can see the results of changing the parameters Shininess, Transparency and the Index of Refraction.
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Picture 5.9 – Shininess set to 0,0 and 1,0
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Picture 5.10 – Transparency set to 0,0 and 1,0
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Picture 5.11 – IOR set to 1,0 and 2,5

6 Conclusion
In the process of constructing the restaurant I made effort to find as much information as possible relating to the environment itself and the structure of the building. For that reason it was necessary to use technical literature and consult with persons that have experience in working with such objects. The objective was to construct a functional object that is able to satisfy all needs of a modern restaurant, and at the same time to cultivate its environment.

The analysis of the way in which renders show the interaction of light with different materials can doubtlessly be conducted in several ways. I have chosen the way which will show how important it is to choose the appropriate render depending on what is more important, speed or realism. At the same time I wanted to point out how important it was to make an adequate set up of all materials and light sources. In cases when only one factor wasn’t appropriately set up, the result of rendering would bring about utterly wrong notion of the entire conception of the project. Even though there are other renders available on the market (such as, for example, Vray) I chose Mental Ray and Default render because they are the most widely available and because there is a huge difference between them regarding speed and the quality of rendering. The final form and the amount of the paper depend upon the conditions that define how a bachelor thesis should look like. Since the way in which renders represent light effects is part of a wider issue, I believe that this thesis can serve as a starting point for further analysis of the problem.
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