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1 Intelligent buildings  

The idea of an intelligent building, associated with the concept of Home Automation dates back to the 

1980s: development of integrated electronic functions and associated lower costs, opened new vistas 

for automation of controls and monitoring: comfort, safety, communication... The explosion of the 

market that hat is expected has not materialized while at the same time, other areas known a strong 

penetration. On the other hand, many advances are made on domestic household equipment, and 

communications that suggest that an «integrated offer of home automation" is now possible. 

More recently, the possibility of a warming emphasizes the urgent need for energy efficient and eco-

friendly habitat: there is no doubt that this perspective also helps to accelerate the scheduled transfer of 

the building.  

The concept of intelligent building therefore appeared in the early 1980s, it was mainly related to the 

automation of buildings. Since then, the concept has evolved to the point where a building is no longer 

seen as a collection of passive objects, but an intelligent system that meets the requirements of the 

user. Since then, many other names had used to designate this area or parts of it, with a few nuances: 

the smart home, ambient ecologies or ubiquitous computer environments.  

An intelligent building must be dynamic and responsive providing an efficient operation cost by 

optimizing materials, automation, maintenance and performance and their interrelations. Today, the 

intelligent building is a potential for value creation. Digital enables to develop interactions between 

the building and the users, to the point that they represent the majority of its value. Beyond new 

technologies, the important thing is in the new businesses, emerging issues. It is not enough to 

automate the past, should be treated at the same time all aspects: comfort, health and safety, etc. The 

current building is a catalyst. It makes it possible to combine components to no longer think in terms 

of silos, but in terms of interaction with the locals.  

2  Intelligent building: intelligent lighting in offices 

Office environments are changing rapidly as technology advances and our modes of communication 

change. The staff is subject to constant pressure, in increasingly complex functions. However, 

inadequate lighting may be a source of stress and negatively impact performance. The challenge for 

employers is therefore to create a work environment that meets the requirements of the 21st century, 

able to combine the best welfare staff and productivity. The secret of a successful office design is 

flexibility. Lighting policies capable of evolving with the working environment can contribute to 

innovation and productivity. In addition, when people have the opportunity to shape their lighting in 

accordance with their own needs, their sense of well-being and their job satisfaction are increased. 

Studies have shown that hormone levels in the blood increase and decrease during the day depending 
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on the available natural light. Light rising levels thus make people more active and dynamic, while the 

opposite happens as the intensity of natural light decreases. Natural light is the best type of lighting for 

offices. 

Lighting which is expressed to the rhythm of the natural light contributes to the proper functioning of 

the internal clock, so that employees remain productive and watchful throughout the day. A lighting 

solution that can adjust the intensity based on available natural light levels, ensuring a level of optimal 

lighting at any time is a necessity. This dynamic lighting solution must follow the rhythms of daylight 

stimulates staff, improves the sense of well-being and lays the groundwork for a pleasant working 

environment. This solution must also integrate control systems of intelligent blinds for optimal 

comfort and reduced consumption.  

In the context of the European project CREST we interested in the contribution of information and 

communication technologies to address the problem of driving down energy costs of buildings. It is in 

this context of intelligent buildings we have put in place various living lab to acquire data on usage 

(presence in parts,...) and on the characteristics of the environment (temperature, brightness,...). These 

living labs allowed to study the behavior of users and to highlight the impact of simple gestures on 

energy consumption. In this paper, we present a demonstrator which was developed under the CREST 

project, allowing intelligent control of the equipment in an office environment. This demonstrator was 

designed to optimize energy sobriety and light atmosphere in a living lab while ensuring the comfort 

of users.  

3 Problem statement  

 Since 1970, the power consumption in France has increased 3.6 times; a more marked increase in the 

residential and tertiary sector (housing and offices) because consumption was multiplied by 7.5. In 

2013, the residential-tertiary sector represented 69% of the total power consumption with some 303 

TWh. By comparison, the industrial sector comes in second with 26.5% of consumption and transport 

and agriculture with 2.8% and 2.0% respectively. (1) 

In France, this energy comes to three-quarters (74%) from Nuclear fission power plants (2), a form of 

non-renewable and polluting energy by the radioactive waste that it generates. The reduction of 

consumption and the reduction of the share of nuclear fission in this consumption are two major issues 

of the energy transition in France. 

If obviously individuals and even professionals do not have control over the modes of production of 

electricity, they have control on their consumption. The first three positions of power consumption are 

heating, electricity specific (office or home appliances, excluding lighting equipment) and lighting. In 
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the tertiary sector in particular, lighting accounts for 17% of electricity consumption (3) and is 

considered to be an important energy saving deposit. 

Indeed, it is not uncommon to leave the lights on when you leave an office, to keep the light of 

corridors lit continuously, or in some cases to leave the lighting after closing hours. A more intelligent 

lighting management would therefore make significant energy savings. 

4 Construction of a prototype 

4.1 Purpose of the demonstrator 

The demonstrator must be used to test research in intelligence and decision making. Indeed, the 

intelligent lighting system can be decomposed into two main parts. On one side, a part of decision 

making. The idea is to allow users to implement different rules grouped into policy. The system also 

receives information about the environment via various sensors. From this information and the 

established rules, the system must be able to decide on an optimal use of lighting. This translates 

concretely the ignition or the extinction of different lamps depending on occupation of parts, but also 

the natural ambient light. The other part of the system is the demonstrator itself. It consists of a set of 

sensors (the presence and brightness sensors) and the various devices to control (lamps in our case). 

The demonstrator takes no decisions. The demonstrator should simply return information on the 

environment to the part of decision making, and must also listen to the decisions and carry them out. 

Although the demonstrator application is specific to a room and a set of devices and small sensors, the 

system must be brought more broadly, whether it's increasing scale (on any building for example) or to 

expand the scope (by controlling the heating for example). But in regards to our demonstrator, initially 

key objectives are to reduce the power consumption of lighting while maintaining a comfortable light 

level for users. 

4.2 Demonstrator: hardware and software tools 

The demonstrator has been developed on a personal computer with Microsoft Windows 7, and also 

using Arduino Uno Rev3 maps. These are electronic with a programmable microcontroller cards. The 

Arduino Uno cards are cards "generalists" (unlike other maps for specific applications-oriented). 
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Figure 1: Arduino Uno, credit arduino.cc 

 

  

To program these cards, have used the Arduino IDE that allows to write programs in C language, 

using specific libraries. These programs are loaded in the microcontroller by USB connection. For 

some tests, Microsoft Visual Studio 2012, was used to run programs in c#. 

 

Figure 2: the plan of the room to be used for the demonstrator 
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Above, the plan of the room to be used for the demonstrator. The limits of the piece are marked in 

blue. In blue sky are marked the both windows, and in green is marked the door towards the rest of the 

building. At the level of the material, there are two rows of lamps operable independently, that are 

marked in red on the map. So there is a row side window and a row side door. There are also two 

flyable blinds, marked in purple and placed in front of the windows. 

Two kits Arduino are provided, each containing an electronic Arduino Uno Rev3 card and a set of 

cables for connections, actuators (including colored LEDs) and sensors (including the photoresists and 

push buttons). 

The Arduino Uno cards have 12 input-output digital. These pins are numbered 2 to 13 and can be 

configured as inputs or as outputs. They are called digital because the incoming or outgoing signal is a 

binary signal. Among these pins, 6 are dedicated to pulse-width modulation (denoted PWM, Pulse 

Width Modulation). These pins can simulate an analog output signal, which can allow notably to 

modulate the brightness of an LED. In addition, the Arduino Uno cards have 6 analog inputs, 

numbered A0 to A5. These inputs accept values from 0 to 5 volts, converted on a scale from 0 to 1023. 

Pins 0 RX and 1/TX are reserved for communication by series with other devices, respectively for the 

reception and transmission. 

4.3  Demonstrator: functional needs  

The demonstrator must meet several requirements. First of all, the demonstrator must be able to 

process and transmit information from the environment to decision making component. Whether it's 

light level, the presence or not of a person, or of any other information, these data are essential to 

decision making. Then, the demonstrator must be able to analyze orders sent in a standardized format, 

but also to execute these orders. There must indeed be able to interpret the decisions and implement 

them, otherwise the system has only limited value. The demonstrator must be modular, i.e. it shall be 

possible to replace a component without a heavy intervention. The demonstrator must be controllable 

remotely. Indeed, the intelligence of the system is not in the demonstrator, but in the decision making 

component, i.e. a computer or a server. Finally, the user must manually stop the system when needed, 

for example whether it should perform a task that requires a light level more important than the level 

set by the system. 

4.4 Existing solutions 

There are different types of devices on the market or in development able to regulate a lamp based on 

light level or presence (4) (5). The problem here is that these lamps are designed to act independently. 

Indeed, they contain their own intelligence and are not necessarily controlled by an external 

intelligence. There are also public automation solutions, including proposed by the ISPs like Orange or 
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SFR. The main problem with these solutions is that they only provide manual control of the system by 

smartphone, or else only work with a small number of compatible devices.  

Larger-scale companies offer systems of smart grid, which combines the distribution of electricity and 

the intelligent management of consumption of any city, especially as regards public lighting. 

Companies like IBM, Cisco and Siemens offer such services. Obviously, such solutions are much too 

heavy and are aimed at large companies or communities, but there is also research on the field of 

intelligent lighting, and especially on the collection of information from the environment (6) (7). And 

it is from this work that our thinking is based. 

5 Demonstrator 

5.1 Definition of the physical architecture  

The first step is to define the physical architecture of our demonstrator, an architecture that responds to 

multiple constraints. Firstly, the decision-making is not at the demonstrator level, but at the level of a 

computer witch can be remote. This means that we need a way to communicate between a computer 

and our system. The choice of communication between the various components of the system, we 

have preferred wireless communication, for more flexible. At the level of the technology used, we 

studied different possibilities: WiFi, ZigBee, Bluetooth, and UWB. 

 

Figure 3: Comparative table of different protocols (8) 
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On one side, the Wi-Fi, The benefits of Wi-Fi are multiple. A quick data up to 54 megabits per second 

and a range up to 100 feet are its main assets. But the technology also has drawbacks, including high 

power consumption, which is a problem if it operates on batteries. Other hand, ZigBee, ZigBee is a 

standard for wireless communication launched in 2004, intended for the exchange of information, 

particularly in a home context. The transfer speed is limited to 250 kilobits per second, much less than 

Wi-Fi. If its scope is also less than Wi-Fi, it remains correct, up to 100 meters in case extreme, but 

generally limited to 30 meters, which is enough for our application. But the main advantage of ZigBee 

is its energy sobriety. Bluetooth was averted. If the throughput is greater than the ZigBee (1 megabit 

per second) and equivalent energy consumption, its Achilles heel is the scope, limited to a few meters. 

UWB, Ultra Wideband, technology has also been ruled out. Despite a transfer speed than Wi-Fi, UWB 

has a range of about 10 meters and a consumption equivalent to Wi-Fi. 

 

Figure 4:Comparison of consomption of different protocols (8) 

  

For our application, ZigBee seems to be the best option. On the one hand its electric range makes the 

ideal choice for applications wirelessly on battery. On the other hand, its scope and its rate of data 

transfer are sufficient for our demonstrator. The Wi-Fi remains on the table, share its scope which 

could be used to connect multiple nodes on a building. New it remains the question of the physical 

structure of the demonstrator, and the type of components to use. We have already some imposed 

elements such as ceiling lamps and driven blinds, these elements are already installed or being 

installed at the time of the choice of architecture. The CESI also provided two Arduino Uno cards for 

the control of the demonstrator, these cards being adapted to our application it was not necessary to 

change. With regard to sensors, all depends on the type of information you wish to obtain. For control 

of lighting, brightness sensors are needed. The system must take into account the presence or not of 

users, there are therefore two types of sensors that are required. Firstly to the sensors of presence, for 
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obvious reasons, but also door opening sensors, which would know if a user is about to go in or out of 

the room. One of the objectives of controlling long-term, a temperature sensor was added to the 

architecture. 

 

Figure 5:Example of network type of system automation (6) 

At this point we settled the question of the types of components but not the architecture itself. A type 

of architecture returns in particular, it is figuratively above. There is one side intelligence system, 

contained in a computer or a server, with generally the ability to change the behavior of the 

intelligence from a remote machine, such as a smartphone or a computer. On the other side, we have 

two components. On the one hand, the gateway or controller. It is he who receives orders and to load 

and run them. To control different devices are therefore connected to the controller. The controller 

must also make the bridge between the sensors and intelligence to transmit environmental data. On the 

other hand, sensors, either organized network, are connected to a second map collector. Here, the 

sensors transmit their information at regular intervals to the controller. 

We have therefore opted for an architecture of this type, with a computer containing intelligence, a 

card supports the collection of data from the sensors and a map support to execute orders and transmit 

information. 

 

Figure 6:Schematic diagram of the selected architecture 
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In the selected architecture, communication between the computer and the controller is a serial over 

Ethernet communication. This choice allows to keep the simplicity of a serial communication (sending 

of data, without the need for frames for example) while still allowing to physically deport intelligence 

in another building, using the Ethernet network as a vector. This link will be used to transmit computer 

actions to the controller and sensations (the environment, i.e. brightness, presence information, etc.) in 

the other direction. 

Communication between the two cards is a Wi-Fi communication. Indeed, both cards must be 

connected permanently plugged in, so we have no worries of autonomy. This also allows physically 

separate the two maps e inside a building, more than the ZigBee allows. The collector to the controller, 

these are sensations that are exchanged. 

Between each sensor and the collector, this is a ZigBee binding that will be used. Here, sensors will 

operate on battery, energy efficiency is therefore important. The sensors being in the same room as the 

controller, the scope is not a problem. Sensors to the collector, it is once again the sensations that are 

exchanged. Between the controller and the devices, the connection should be wired. Here, these are 

actions that will be exchanged between the controller and the devices, if possible with a return of the 

State of devices in the other direction. 

Now remains the question of the placement of all of these components. Here, everything depends on 

the plan of the piece. First of all, the placement of the door opening sensor obviously depends on the 

position of the door.  For the detection of presence, as we have two areas of light to fly, it became 

apparent that needed us two detection areas, so two sensors. Lighting being two zones the tidy side 

window and door side row, both sensors are oriented to detect a presence in these two areas. 

In regard to brightness, we wanted to know the brightness outside and inside. The aim here is to 

determine whether blinds are deployed. To do this, we therefore need two sensors, one close to the 

window and one farthest. Finally, the temperature sensor has been temporarily placed near the 

window, but this placement could evolve, especially depending on the placement of various machine 

tools inside the room. 
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Figure 7:Plan of positioning the sensors in the room 

  

5.2 Sequence of the demonstrator 

To get a better idea of the functioning of the system, a sequence diagram was established. It is here the 

different stages of the normal operation of the system. 

 

Figure 8:The demonstrator sequence diagram 
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 (1) The sensors record the state of the environment. Brightness, temperature, the presence and the 

opening of the door is the information obtained from the sensors. 

(2) The information is transmitted to the collector. 

(3) The collector converts the raw data of the State of the environment to a standardized format, to 

facilitate the understanding of information if there are for example various types of different sensors. 

(4) The information is transmitted to the controller. 

(5) At the same time, the devices transmit if possible their State (turned on/turned off for example) to 

the controller. If it is not possible to transmit State, this step and the next are ignored. 

(6) The controller converts the raw data of the State of devices to a standardized format. These data 

are added to the data from the environment. 

(7) The controller forwards the information to the computer. Here, it transmits the status of the sensor 

and the status of the devices. 

(8) The computer analyzes this information and makes a decision. The decision-making process are 

not part of the demonstration, it is not detailed here. 

(9) The computer transmits its decisions to the controller, once again in a standardized format. 

(10) The controller executes orders. 

5.3 Demonstrator components  

 We have therefore defined the physical architecture of the system, including the physical placement 

of components but also type and the number of components required. For brightness sensors, we have 

a constraint in particular, the operating range. The Labor Code imposes a minimum brightness for 

offices of 120 lux (9). For office work, the NF EN 12464-1 standard recommends between 200 and 

750 lux (10). The light levels of work-space are usually between 200 and 3000 lux. The external light 

level can meanwhile vary from 500 to 100,000 lux's day. Therefore we need a sensor able to operate 

up to approximately 3000 lux at least. The sensor that we chose has an operating range of 0 to 100,000 

lux. 

For presence sensors, here it is the scope which is the most important. Piece measures less than 7 

meters in length, therefore need us a sensor with a range exceeding or equal to 7 meters. There are 

different technologies of presence sensors. Active sensors work on a principle similar to the radar; 

they emit waves and are able to draw up a picture of the scene and to detect the movements of users. 

The disadvantage of such sensors is their side assets that may cause interference problems, but also 

their prices slightly higher. Our choice is therefore focused on passive infrared sensors capable of 

detecting the presence or otherwise of heat sources, like for example humans. 
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For door opening sensors, here there no constraints. Different technologies exist, this is the simplest 

and least expensive has been chosen. We chose switch reed, or switch Reed close in presence of a 

magnetic field. Therefore need us a switch and a simple magnet. 

For the temperature sensor, the operating range and accuracy are two important parameters. With 

regard to the operating range, a range of 0 to 50 ° C is sufficient. With regard to the accuracy, 

precision, at least to two degrees is required. It is also that the sensor is designed to measure the 

temperature of the air and not that of a liquid or a solid. The sensor that we chose has a range of-40 to 

+ 125 ° C for accuracy by two degrees. 

Need us a Wi - Fi module for Wi - Fi communication between Arduino boards. We opted for the 

shield official Wi - Fi, an extension including a Wi - Fi chip and an integrated antenna. This shield is 

placed directly above an Arduino Uno map. 

For the ZigBee communication, we have chosen chips Xbee. In addition to these chips, need us 

adapters 2 mm to 2, 54 mm, spacing of pins of a chip Xbee and a standard Platinum respectively. 

Without it; impossible to make seamless connections. 

For communication between the computer and the card, we chose a serial/Ethernet adapter. 

Finally, for lighting control, need us of remote control switches, remote control switches. These 

contactors must be controlled by an Arduino board delivering 5V and order a light on the power 

supply. 

6 Tests   

6.1 Test of light sensors 

Materials required: 1 card, 1 LED, 1 photocell, 1 push button. 

For this test, must be plugged on a digital output PWM LED, a photocell on an analog input and a 

push button on a digital input. The purpose of this test is to control the light intensity of the LED light 

intensity detected by the photocell, while keeping the possibility to turn on or off manually the LED 

with a switch. The program that controls this circuit performs a calibration of the photocell. This 

calibration is simply done by obscuring the sensor briefly. The program thus records a high value and 

a low value for the brightness. This step is necessary because, without calibration, the light level 

changes are not large enough for the test. When the calibration is completed, the program will check 

the value of the ambient light intensity detected on a scale of 0 to 1023, where 0 is the absolute black, 

every 100 milliseconds. It retrieves the complementary value of this measure, so 1023 becomes the 

absolute black. This value is plotted on a scale of 0 to 255 for injecting the output to the LED. 
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Thus, plus the value of the ambient light intensity is strong input, plus the value of the light intensity 

of the LED will be low in output. Meanwhile button works as a switch. A pressure switches the LED 

to the maximum intensity and disables automatic control according to the ambient light intensity. A 

second pressure reactive automatic control and light the LED at the appropriate intensity. 

 

 

 

 

 

 

Figure 9:Left: maximum brightness, LED off; Right: minimum brightness LED lights 

  

It thus simulated a basic lighting system whose purpose is to maintain a light level set, while allowing 

users to interrupt the system if they need more light. 

6.2 Communication with the computer test 

Materials required: 1 card, several LED. 

For this test, should be connected several LED on several digital outputs PWM. We used a red LED, 

blue LED, green LED and a yellow LED, four colors available in the Starter Kit. The test also requires 

a serial port with the computer. This binding is done with the power cable plugged USB directly on 

the computer. 

The purpose of this test is to manually control the LEDs from statement formatted from a computer 

program. 

The computer program is coded in c# for the facility to create and open serial communication. The 

program is relatively simple, the user enters a command in the command prompt, and this command is 

sent. The format of the commands chosen for this test is < color > < intensity >. For example 'red 255' 

must turn on the red LED at the maximum intensity. No validity checking is done at this stage. 

The command is then sent by binding to the card series. The card program listens for events on the 

serial link. When a message is received, it first checks its validity. The first step is to check if you have 

well two words separated by a space. Then, it checks the value of the first word. 
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For this, we compare the word with different values ('grn', 'green' and 'green' for example are valid 

values) and then it matched the value of the PIN to which is connected the LED of corresponding 

color, or an error code if the value is invalid, in which case the verification process stops.  

The last step is to check the value of the second word, and if it is a numeric value. If it is a numeric 

value, it returns on a ceiling or truncating the value between 0 and 255 if necessary. If this is not a 

numeric value, it returns an error code and the verification process stops.  

From these two pieces of information, the PIN number and intensity, you can light the LED to the 

specified intensity.  

 

Above: Commands sent from the computer 

Below: Commands (red and yellow LEDs lit, blue and green LEDs off) 

 

Thus, lighting remotely was simulated using a communication format preset, with two distinct parts. 

On the one hand the intelligence of the system, here the user entering commands. On the other, the 
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two programs on the computer and on the electronic map that will respectively to transmit and analyze 

these commands. 

6.3 Communication between two Arduino test 

Materials required: 2 electronic cards, several LED, several buttons. 

For this test, there are two cards that we will name a card issuer and receiver card. On the issuing card, 

you plug three pushbuttons on three digital inputs. On the receiver card is connected three LEDs on 

three digital outputs. It connects the two cards with a cable, and a branch to the TX pin side issue and 

R side receiver. The transmitter code checks the status of the push buttons every 100 milliseconds and 

is capable of verifying whether the State has changed since the last audit. If there is a change of State 

of a button, then it sends a command formatted according to the same standard as for the previous test 

(for reminders, "color value"), each button is associated with one and only one color. 

  

The receiver code is the same that for the previous test, it scans messages received, combines a color 

with a PIN number, and thus executes commands in turning on or turning off the selected LED. The 

validity of messages is again verified. 

 

 

Figure 10: Left: mounting at rest, the button is connected to the 
issuing card and the LED is connected to the receiver card 

 

Figure 11:Right: the LED changes state when 
the button is pressed 

 

 

This Assembly in particular uses only a button and what a LED, but the operation is strictly identical. 

It thus simulated a system where two cards communicate to exchange information. This test also 

simulates the operation of the system. The buttons and LEDs represent respectively the sensors and 

devices to fly. The main difference comes from the fact that intelligence is embedded. 
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This test was also resumed for a demonstration during the inauguration platform of research and 

Innovation in industrial Performance, with the ability to send orders by computer via the receiver card.  

 

7 Cconclusion  

Increasing energy prices forcing companies to reduce budget lighting during the design of buildings. 

However, the solution is not to reduce performance, but to find ways and solutions to maximize the 

efficiency of lighting without renouncing comfort.  

The requirements of arrangement of modern work desks are so many. The concept of 'Efficient Office' 

which tends to lower costs and increase productivity, based on lighting. Indeed, it consumes energy, 

influences the performance of the user and determines development and use of local flexibility. 

The overall development of solutions promotes the combination of the appropriate components for an 

intelligent lighting concept. As needed, conventional components (lamps, luminaires or lamps) can be 

equipped with additional elements in order to meet the objectives.  

In the context of the European project CREST we interested in the contribution of information and 

communication technologies to address the problem of driving down energy costs of buildings. It is in 

this context of intelligent buildings we have put in place various living lab to acquire data on usage 

(presence in parts,...) and on the characteristics of the environment (temperature, brightness,...). These 

livings lab allowed to study the behavior of users and to highlight the impact of simple gestures on 

energy consumption. In this paper, we present a demonstrator which was developed under the CREST 

project, allowing fly intelligently present equipment in an office environment. This demonstrator was 

designed to optimize energy sobriety and light atmosphere in a living lab while ensuring the comfort 

of users.  
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