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Abstract: Nowadays high-rise buildings with Water Flow Glazing envelopes require the implementation of 
strategies based on advanced concept of energy management as well as predictive maintenance 
services. In order to cover these needs, a controlling and data-logging platform called AtenTTo 
has been developed.  
 
This article treats the design and implementation of the AtenTTo. This Electronic Control Unit is 
a hardware and software platform that comprises two PCB: (i) AtenTTo Core, which is the brain 
of the system, and (ii) AtenTTo Multipurpose in which the brain is plugged allowing connecting 
specific sensors and actuators. To facilitate AtenTTo integration, the design of the multipurpose 
platform adjusts to the size of a standard DIN rail box. Furthermore, and in order to facilitate the 
user to program the system, AtenTTo software allows configuring the system with code-less 
programming.  
 
The result is a multipurpose, versatile Printed Circuit Board integrated in a standard DIN rail box 
for monitoring and controlling buildings. The platform provides a graphic interface that allows 
programming any energy strategy considering different parameters such as, outdoor climate, 
HVAC system, passive material influences and user behavior. 

Keywords: Water-Flow Glazing envelops, monitoring, data-logging, PCB, predictive maintenance, energy 
management 
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1. INTRODUCTION 

Today, Building Management Systems (BMS) are generally accepted and adopted through all kind of 
buildings; from residential buildings to working complexes. Historically, computer-based control system 
installed in buildings were focused on the control of HVAC systems (heating, ventilation, air-conditioning); 
nevertheless, in the last decades several other domains were included in BMS [1]. Some examples of 
technologies that benefit from these systems are telecommunications, office automation, security, power and 
fire systems or lighting. BMS are increasingly considered as a tool which provides a more effective and efficient 
control of the global systems in a building.  

People spend more than 80% of their lives in buildings and the environmental comfort inside a building 
is strongly related to the occupants’ satisfaction and productivity (in the case of work places) [2]. On the other 
hand, the energy consumption is directly related to the operation cost of a building. Hence, energy efficiency 
and occupant’s comfort are two primary concerns for evaluating the performance of a building control system 
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[3]. Since HVAC system is in charge of providing comfortable living conditions and consume up to 60% of the 
electrical power for buildings [3], a proper management of this system is essential not only for assuring people 
comfort but also for reducing the energy consumption of the building. The comfort conditions in buildings are 
determined by three basic factors: Thermal comfort, Visual comfort, and Indoor Air Quality [4]. Satisfying the 
energy needs for the three factors while assuring high energy efficiency and environmental protection is one of 
the main roles of Building Energy Management Systems (BEMS), integrated in the BMS but centered in the 
energy-related systems. One of the main objectives of the new European Directive [5] is to promote the use of 
control and automation systems in buildings, specifically with reference to inspections of heating and air 
conditioning installations. 

Water Flow Glazings (WFG) are characterized by a water chamber which transports the absorbed solar 
energy in the glazing and enhances their thermal behavior [6]. Energy management inside a building is essential 
when the use of air conditioning or heating systems wants to be minimized [7]. To achieve this objective, the 
building energy efficiency can be improved using the incoming radiation of the sun (it benefits from the large 
amount of energy provided by the solar radiation), which is a natural resource. Thus, these envelopes, due to the 
absorption of the solar radiation and subsequent use of the energy obtained for heating or the cooling achieved 
by dissipation of the absorbed heat, can play an important role as a renewable energy source in buildings. In 
addition, buildings using WFG facades fits in the context of Zero Energy Buildings (ZEB) [8, 9] since these 
buildings are designed pursuing the reduction of the need for energy in order to achieve an energy consumption 
similar to the renewable energy produced.  

In the case of using WFG facades in a building, the management of energy consumption is also essential 
and can be treated from the point of view of a BEMS system. The systems used in said BEMS must be able to 
monitor, record, analyze and allow the adaptation of energy consumption continuously. Some advantages of the 
electronic controlling and monitoring of environmental conditions, electricity network or the energy 
consumption of installations are: (i) an improvement of the energy efficiency of the building, (ii) easier 
implementation of energy saving strategies and (iii) use of predictive maintenance services.  

AtenTTo is a software and hardware platform developed in order to cover the needs of WFG systems 
while offering additional functionalities framed in the context of BMS. This Electronic Control Unit can control 
the energy efficiency in buildings through the monitoring of electrical installations, a large network of sensors 
and actuators and the continuous data-logging uploaded to the cloud. At the same time, it allows programming 
and implementing any energy strategy using all the information collected (outdoor climate, HVAC system, 
passive material influences and user behavior) and pursuing the ZEB objective.  

The network of monitoring elements included in AtenTTo platform comprise temperature sensors, 
current clamps, voltage sensors for electrical installations, wireless relative humidity and temperature sensors, 
power outage alarms, pyranometers, etc. The controlling process is developed using relays to close AC or DC 
voltages, a system of buzzer alarms, PWM signals for pumps controlling and a complete software platform 
which maintains a webpage. 

The present work focuses on the development and implementation of the AtenTTo. A full description 
of Core and Multipurpose devices is presented in Section 2 including the components and the printed circuit 
boards designed. Section 3 describes the operating strategy based on the embedded software. In Section 4, the 
main results of wireless sensors, mains voltage and current clamps measuring are presented. In addition, the 
validation of the control unit is done through a real case study. A summary of the conclusions of this study is 
given in Section 5. 

2. DESCRIPTION OF THE DEVICE 

AtenTTo Platform 

The platform AtenTTo comprises two printed circuit boards (PCB): Core and Multipurpose. While 
AtenTTo Core involves both a hardware platform based on the Atmel SAM3X8E ARM Cortex-M3 CPU [10] 
and a software project related to the embedded code that the microcontroller executes, Multipurpose is designed 
as an expansion of the Core itself, extending the available functions of the platform without executing any 
software. Both work together and are able to develop the following main tasks: 

1. Monitor a single-phase electrical installation while using it as power source. The electricity network 
where the platform is connected is monitored using Analog to Digital Converters (ADC) so the voltage 
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wave can be measured and analyzed. At the same time, current sensors are used so the real energy 
consumption of the systems monitored can be obtained. 

2. It also counts on sensors for different electrical and physical quantities (temperature, current, voltage, 
solar irradiance, relative humidity etc.). These sensors can be externally connected to the board but at 
the same time, a network of wireless temperature and relative humidity sensor can be installed inside 
the building. Finally, the board counts with actuators like relays, a buzzer, digital signals or 
communication protocols capable of controlling a large amount of systems. Both sensors and actuators 
work with a prefixed sampling rate.  

3. Serve a web page in order to provide all data obtained and offer manual controlling for the actuators. 
Thus, all information can be accessed using a smartphone anywhere in the world. The processes of 
defining and implementing energy saving strategies are simplified. 

4. Upload collected data to the cloud. Then, big data systems can be used to improve the energy saving 
strategies and also define predictive maintenance services. 

Components 

A modular design is used for AtenTTo platform because AtenTTo Core can be used without the need 
of Multipurpose when no extension of the sensors and actuators is needed. However, if the whole potential is 
required, both boards are connected. AtenTTo Core (Figure 1b) is a printed circuit board of 85x50mm designed 
for being connected to AtenTTo Multipurpose with two rows of female connectors situated in the bottom part 
of the board. AtenTTo Multipurpose (Figure 1a) is a PCB of 153x85mm integrated in a DIN rail CA905 module 
and powered by 220V-AC voltage supply. It includes the same configuration of male connectors so all the pins 
to be connected to the microcontroller of Core has the respective connector and function in Multipurpose. In 
Figure 2 the whole system is shown, it is already positioned in the CA905 module and with some sensors 
connected. Multipurpose incorporates a transformer-rectifier (AC-DC) that delivers +5V to power AtenTTo 
Core and some of the actuators included in the board like the relays. It also has two voltage regulators (+3.3V 
and +1.65V) for sensors like OneWire temperature sensors, optocouplers or current-measuring clamps. 

 
Figure 1. Top view of (a) AtenTTo Multipurpose printed circuit board and (b) AtenTTo Core device. 



7th EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS   Madrid/Spain 10-12 June 2019 

 
Figure 2. AtenTTo Core and Multipurpose inside the standard DIN rail CA905 module. 

Several tests have been made with each of the components that comprise Core and Multipurpose 
separately in order to validate the design made. In addition, the whole device mounted together has also been 
tested to characterize the performance of the system. The design has been continuously improved until the last 
operative release was manufactured (it has been adapted to the needs of the Water Flow Glazing control and the 
monitoring of different environmental and electrical conditions).  

Figure 3 shows the conceptual design of the whole platform. The main component of AtenTTo Core is 
the chip in charge of executing the program which is going to control all the functions and peripherals involved 
(1), Atmel SAM3X8E ARM Cortex-M3. This 32-bit microcontroller was specifically designed to sustain high-
speed data transfers running at up to 84MHz. The chip (144-ball LFBGA package used) is characterized by a 
2x256 Kbytes Flash memory, 64 + 32 Kbytes SRAM memory and up to 103 input/output ports which are 
distributed around both boards to develop all the functions defined for the system. It also admits 16 ADC 
channels, 8-channels of 16-bit PWM and different communication protocols like USART, I2C, SPI, etc. 

The software project (also called AtenTTo Core) is mainly written in C++ language and it is uploaded 
to the main microcontroller using a micro USB connector (2) that allows the communication between the 
computer and the chip. Apart from the embedded software, a microSD card (3) is needed in order to complete 
the configuration of the whole system. Some JSON files (JavaScript Object Notation) are previously stored in 
the microSD card and allow to configure a complete energy management system for a building. A description 
of the project is given in the Section 3. A couple of extra chips are included in the board in order to allow the 
communication between Ethernet or USB protocols and the microcontroller: Ethernet Wiznet W5100 [11] and 
ATmega16U2 [12] respectively.  

While working, the microcontroller communicates with the rest of the world using mainly three ways: 
an Ethernet connector (4), a radio module transceiver (5) [13] and the Multipurpose board itself. Multipurpose 
board is not mandatory for the system since AtenTTo Core can develop all its functions by itself. Only two 
connections are mandatory, Ethernet wire with access to the internet and the power source. For powering the 
board directly, +5V is needed so an external transformer can be used. However, if Core is used together with 
Multipurpose, phase and neutral (230V-AC) are connected to the Multipurpose board and it distributes the power 
for all the systems involved.  

 



7th EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS   Madrid/Spain 10-12 June 2019 

 
Figure 3. Conceptual design of AtenTTo platform. While Core board is the brain of the system with its microcontroller, 

Multipurpose includes the sensors and actuators. 

The Figure 3 also shows the scheme of the components integrated in AtenTTo Multipurpose board. A 
large amount of sensors and actuators already exist in this board or can be added to the multiple sockets and 
connectors included. With the exception of wireless sensor (which transmit data to the radio module included in 
Core board), the rest of the information gathered and the actuators that are going to interact with the building 
systems are in this PCB. 

One of the main sensors included in the last release of Multipurpose is the analog channel reserved for 
measuring the quality of the electricity network in the building (6). This network not only powers the board but 
also the rest of the devices to be monitored in the room so it is an essential parameter to know in order to obtain 
the real energy consumption of the electrical machines. The integrated circuit AMC1100 [14, 15] from Texas 
Instruments has been used for this purpose. It has to accomplish with requirements of galvanic isolation to ensure 
the user safety and the signal integrity (it is an alternative to transformers). If Multipurpose is connected to an 
electric network where machines are also connected, we can know the power that the specific line, machine or 
system is consuming using at the same time current clamps connected to the line involved. The sampling of this 
sensor gives the instant values of the voltage and the data can be used to calculate power, Fourier transforms of 
the curves or study the quality of the network used. Some results obtained with this system are described in the 
Section 4. 

10 Analog to Digital Converter channels (ADC) with an extent range between 0 and 3.3V (7) are 
attached to a female mini-jack connector (Tip-Ring-Sleeve, TRS). These plugs are mounted in order to connect 
mainly current clamps but other mini-jack sensors can be manufactured and connected here as long as they work 
with an analog signal. The current clamps used are SCT-013-030 manufactured by YHDC. Due to the split-core 
transformer of the clamp, a voltage difference (called Vout) is generated in the two terminals of a resistor, this 
voltage is proportional to the current that is passing through the core so that voltage signal has to be read and 
transformed using analog pins of the microcontroller. 

The main objective of these clamps is measuring sine waves with positive and negative values; however, 
the ADC measurements must be compared with the absolute reference of the whole circuit (GND) and no 
negative values are allowed. Thus, the reference wire for the measurement (reference of the clamp) is connected 
to the voltage +1.65V of Multipurpose board, then the wave generated in the analog pin (with positive and 
negative values compared with that reference) is translated into positive values for Multipurpose (when 
compared with GND, the absolute reference of the board). 
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4 optocouplers (8) are included in the board. This component together with the associated circuit can 
check if two terminals have a voltage difference or not, this can be really useful to monitor if the independent 
circuits of a house or office have suffered a power outage. For instance, in a house there are at least four or five 
independent circuits: the lighting circuit, internal circuit for plugs, internal distribution circuit for oven and rest 
of the kitchen, the circuit for bathrooms, etc. Using four digital signals we can find a power outage in each line 
and warn the user via Smartphone or email. It is a really useful tool when really important systems for the house 
are connected to those lines. The optocouplers used (Kingbright KB184-B [16]) are composed by two LEDs and 
a photo-transistor inside an encapsulation, when one LED is on, the light changes the state of the transistor and 
a signal is transmitted. On the opposite, if the LED is off, the digital signal goes to a low level. An essential 
property of this component is insulation between the two parts of the circuit. This insulation is mandatory since 
the high voltage must not interfere with the digital circuit of the board. With this device the only communication 
between high and low voltage is the light of the LED. 

10 One-Wire channels with up to 10 One-Wire temperature probes (9) per channel can be connected so 
a hundred temperature measurements can be done simultaneously in the building. The probes used are DS18B20 
[17] manufactured by Dallas. These sensors can measure temperatures from -55ºC to 125ºC with ±0.5ºC 
accuracy from -10ºC to +85ºC using a thermometer resolution programmable from 9 to 12 bits and with an 
unique silicon serial number for each probe. Other sensors included in the board are two extra analog channels 
(ADC) to read variable signals between 0 and 3.3V in one case and between 0 and 0.1V in the other one. Finally, 
4 Digital General Purpose Input/Output (10) signals (Digital GPIO) can sense external signals or implement an 
specific communication protocol depending on the needs of the installation or building. 

Some different options were considered for the power source of AtenTTo Multipurpose (11), from tiny 
transformers to transformers-rectifiers. Multipurpose needs at the same time a power source for the whole system 
and a way of measuring the voltage of the network where it is connected. The most important condition is that 
the consumption of the system must not change or influence the measurement since the real voltage wave of the 
network would not be analyzed. This condition made difficult to use the same transformer for both functions, 
since the load applied to the low voltage part would modify the behavior of the transformer. At the same time: 
price, size and isolation condition have to be checked. The final decision was to use the AMC1100 integrated 
circuit for the measuring and a transformer-rectifier for the power, separating both functions.  

The transformer-rectifier is the best option for powering the device since it includes in the same circuit 
the reduction of voltage and the AC-DC voltage conversion. Regarding the available voltage levels in the board; 
Multipurpose can be connected to a lot of different devices and all of them work with a different voltage. Apart 
from 5V, 3.3V and 1.65V, the rest of the voltages are not mandatory, only some peripheral devices would make 
use of them (solenoid valves, pyranometers, etc.). Figure 4 shows the scheme with the voltage levels finally 
included and some other options not included.  

An estimation of the current demanded by the different components inside Multipurpose, the Core board 
and the external peripherals was made. Although it is not real that all the components are working and demanding 
the maximum current at the same time, it helped finding an order of magnitude of the total power demanded in 
a normal situation. After considering the different voltage values that exist in the board, the result of the 
estimation was 3373mW. Hence, the transformer chosen was 47152 from Myrra [18]. It has to be noticed that 
the maximum current that can be provided in the board is not only limited by this transformer, it is limited by 
the voltage regulators that the system has, one in Multipurpose board and the other in Core PCB. 



7th EUROPEAN CONFERENCE ON RENEWABLE ENERGY SYSTEMS   Madrid/Spain 10-12 June 2019 

 
Figure 4. Scheme of the different voltage levels that can be useful in Multipurpose board, in orange the available options. 

“Output” means that the voltage can be wired outside the board using dedicated connectors. 

The actuators already included in the board are 10 Relays (12) to close AC or DC voltages with a 
maximum current allowed of 8A and 220V (the model used is 8-1419128-1 from TE-Connectivity), this means 
that around 1700W can be managed with each relay. The maximum current that the microcontroller can provide 
is just 14mA with 3.3V, not enough for activating the coils of the relays (405mW with 5V). Thus, an alternative 
circuit that uses NPN transistors is connected to each relay in order to provide enough power in the moment of 
activating and protect the digital circuit when deactivating. Relays become a really useful tool for controlling 
heat pumps or cooling systems, especially those that usually work with orders determined by up/down levels in 
some 220V-AC lines. Other alternatives to control are garage doors, store blinds or escalators/lifts for reduced 
mobility people; however, there are many possibilities. 

A buzzer (13) is included to provide acoustic feedback tones for the user when needed: “Start sound” 
each time that AtenTTo has finished its setup process, “Datalogging sound” when AtenTTo registers the data 
from its sensors, “Post sound” when posts data to the cloud and some malfunctions or error sounds. Finally, 4 
PWM Digital signals (14) are reserved in the board for water pump controlling. In the case of Water Flow 
Glazing controlling, the pumps in charge of the movement of the water inside the glazing can be activated and 
controlled using PWM signals. 

Printed Circuit Board 

Core and Multipurpose, from the point of view of the PCB design, are really different. Although both 
are designed with strong manufacture requirements due to the low and fixed space available for them, AtenTTo 
Core is characterized for the small size associated to the LFBGA package of the microcontroller (with connectors 
spaced 0.8mm) and the use of four layers (each layer where the cupper of the routing is placed). However, 
AtenTTo Multipurpose distributes its digital signals in only two layers and accomplishes with all the design 
rules imposed with no need of reducing the spacing between signals less than 0.3mm. 

Some concepts and rules applied to these board designs are described here. Firstly, all the lines in the 
design change direction with 45 degrees angles and when two wires of the same signal intersect the connection 
is made with a smooth transition (avoiding right angles in the borders of the wire). Secondly, the total number 
of direction changes in the board are reduced to the minimum in order to avoid problems when high frequencies 
are transmitted. Thirdly, distribution of the components is made in order to reduce the interaction between 
different kinds of signals and making easier to achieve a clear routing. Finally, ground planes are made as big 
as possible, always considering the big density of wires that the layers have. 

There are two important conditions to accomplish in the case of Multipurpose board. First one is that 
the design should leave all the high current lines (relays) that can interfere with the digital part in the bottom 
layer. Those lines cannot be nearer than 1.2mm due to the high voltage condition. This involves a problem in 
some cases so a compromise solution must be found between the clearance between lines and the width (directly 
related to the maximum current allowed). The second condition to check is related to the interactions between 
all the components included in Multipurpose board with the Core board. When connecting both PCBs some of 
the components could be in contact with the other device and this must be avoided. It is especially important for 
example in the cases of (i) the position and height of the transformer (Ethernet wire connected to AtenTTo Core 
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could have insufficient space) and (ii) the position of the rows of connectors where sensors, power, lines to be 
controlled by relays, etc. are connected (they all have to be aligned with the standard holes of the CA905 module. 

Figure 5 summarizes the most important properties of the board Multipurpose; they are strongly related 
to the class and the final price of the manufacturing process. 

 
Figure 5. Main PCB properties of Multipurpose board (related to the final price of the manufacturing process). 

3. EMBEDDED SOFTWARE 

Once different components are characterized, the software strategy is designed. The embedded software 
has been mainly written in C++ using the Object Oriented paradigm [19] and pursuing a modular design that 
accepts modification easily. In order to update the program that AtenTTo executes in the microcontroller is 
necessary to connect the platform to a computer and rewrite the memory. However, all the configuration files 
stored in the microSD card can be modified while working whether manually (connecting the card to a computer 
and updating the information) or using the configuration WEB page that AtenTTo serves in the default IP 
direction: 192.168.1.200:8082/configuration.html.  

8 configuration files (containing the important information related to the specific installation where 
AtenTTo is working) are needed. Firstly, atentto.ini has the name, IP direction, MAC address, email subscriber 
and controlling/data-logging parameters of the equipment. Secondly, sensors.ini and actors.ini comprise the 
analog, digital, and radio frequency sensors and actuators respectively that are associated to the system. For 
every sensor/actuator the name, address and magnitude are given. Thirdly, macros.ini has predefined macros 
(set of different actuators), thermos.ini includes simple and differential thermostats linked to a specific macro 
and the file timers.ini comprises different timers linked to the specific macro. Every thermostat is linked to a 
macro and defines its set point temperature and its mode of functioning: heat, cool or off. For every timer, the 
starting hour and finishing hour, days of the week and mode of functioning are given. Finally, softwire.ini 
contains a logical link between radio frequency sensors and actuators and alerts.ini is in charge of storing 
different conditions that are continuously checked to assure the correct functioning of the system. 

When AtenTTo is powered and starts working a complete setup process is carried out. This software 
initialization is characterized by the configuration of a large number of modules and functions of the main 
microcontroller and the whole system. First of all, AtenTTo makes the setup of the serial port and some 
parameters related to the sampling process associated to sensors. During the whole process, AtenTTo has a 
complete system of alarms in order to alert the user of a malfunctioning and the general status of the process. 
For instance, when AtenTTo searches for an SD card and there is not anything connected (or it is corrupt), 
AtenTTo will make an “alert error" alarm. Same happens when there is any semantic error in the .ini 
configuration files, if the Ethernet wire is disconnected or the connection between the router and AtenTTo does 
not work.  
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Next step for AtenTTo is reading the configuration file, it then defines the name of the current facility, 
its IP direction, the MAC and the email where the alarms must be sent. The ethernet connection can be now 
configured. Then AtenTTo starts the main part of its setup by reading its last .plt file (where the data collected 
from all the sensors is stored), sets the hour and date and the buzzer is initialized (and emits its start sound). 
AtenTTo reads now the rest of configuration files and configures the sensors, actors and macros that the 
installation requires. 

Regarding the configuration of the sensors the first module to be initialized is the radio transceiver (if 
there is not radio connected an error is emitted), there is a list of different sensors accepted as it has been 
mentioned before, and more sensors can be dynamically created and included using the webpage created by 
AtenTTo. Next AtenTTo reads all the wireless sensors (motes) that are already written in the sensors.ini file and 
configures them. After that, it configures the analogical, digital and the OneWire sensors, following this order. 
When it has finished initializing all the sensors, the memory is read and AtenTTo gives a report via serial prompt 
of the total memory and the memory used by the sensors. The setup of the actuators and the setup of the macros 
work similarly. In this case the actors.ini and the macros.ini configuration files are read, the program counts the 
written actuators or macros and configures them. Finally, AtenTTo sends an email notifying of the reset and 
configures and serves its web page. 

Apart from the malfunctioning sounds, three discrete beeps are made in different situations, notifying 
the user that the software is working and developing the tasks correctly. The sounds are an “start sound” every 
time that AtenTTo has finished its setup process, a “datalogging sound” when AtenTTo registers the data from 
its sensors and a “post sound” in the case that the data is posted to the cloud. 

Once the system has been totally configured the main loop of the program starts and it repeats the same 
tasks again and again. Those operations control the whole installation while waiting for the user to make requests 
through the webpage. The first task to develop is the verification of the internet connection, then the messages 
from the webpage are processed in order to serve the needs of the user. In the case that there are not messages 
nor requests from the webpage, the system starts to monitor and control all the sensors and actuators involved 
in the installation.  

Now the loop performs the following tasks: (i) reading all temperature, solar radiation and power 
consumption sensors, (ii) controlling actuators using thermostats and timers, (iii) writing actuator values, (iv) 
saving data on the microSD memory card and (v) posting data to the cloud. The monitoring process can be done 
in real time or in deferred time so two monitoring strategies are defined: local and remote monitoring. In the 
first case the data collected from sensors and actuators are stored in the microSD card. In the second option, the 
information is sent daily to a remote server that uploads everything to the cloud (e.g. Dropbox). Depending on 
the demands of the installation, data can be sent instantly to a remote server. The information is then processed 
and a service is provided to the user. Finally, if sensors/actuators data is uploaded to the cloud, a predictive 
maintenance service can be developed by means of reports about system efficiency, alerts and alarms or reports 
on the actions and possible improvements based on system performances. 

Due to the Object Oriented paradigm used in this software project and using multilayer programming 
techniques (under the external layer where the main setup and loop are a lot of functions are validated) the result 
presents a good reliability and accepts modifications easily.  

4. DISCUSSION AND RESULTS 

Battery-less Wireless Sensors. ThemTTo 

Wireless Sensor Networks (WSNs) are useful for sensing and actuating critical applications, like 
industrial automation, home automation and remote patient monitoring [20]. In the BEMS, tiny autonomous 
devices (sensor nodes) are required to monitor the indoor environment. The measured data are used to control 
the air conditioning of the building in order to reduce the energy consumption. 

ThemTTo is a tiny (21x34mm) wireless device designed to measure temperature and relative humidity 
autonomously, send the data via radio to AtenTTo Core and, by means of an ultra-low consumption, stay 
collecting data up to 10 years running with a coin battery or even more if solar energy is used. The measurement 
frequency can be previously decided and programmed when uploading ThemTTo software. This program is 
specifically written for the device in order to allow him going to sleep and waking up when needed consequently 
reducing the total power consumption. Trying to maximize the sleeping time (while it is the less consumption 
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mode), the device just wakes up when measuring-sending ambient conditions data, when opened-closed state 
changes in the door sensor included and when the push button, also integrated in the board, is pressed.  

ThemTTo, from a simplified hardware point of view, consists of an MCU with access to a radio, a 
temperature-humidity sensor, a LED and a button that works as an interruption source in the program. Also, the 
potential of it has been increased due to the possibility of connecting a huge variety of peripherals in its output 
plugs. A net of sensors (motes) can be situated all around the building and linked to the same AtenTTo system. 
The sensors start sending information autonomously and AtenTTo Core receives and collects the data exactly 
like in the rest of sensors and actuators.  

One of the advantages that this system offers is the improvement of the energy savings by a more 
complete knowledge of temperature behavior in buildings. If a net of sensors can be extended without the use 
of wires, the whole building will be easily monitored, the amount of information will increase and the decisions 
related to climate control will be more accurate. 

Figure 6a shows the webpage of an installation made with AtenTTo platform and a network of 7 
ThemTTo sensors. All of them are installed and transmitting data every minute to a HUB or data-logging so 
temperature and relative humidity can be monitored in 7 different points of the house. Apart from these 
environmental conditions, the power source of each sensor is monitored so the user can receive an alarm if one 
sensor is not working properly. In this case, the sensors have been transmitting information during months. 
Figure 6b shows the data obtained in the same installation for a whole day. These results are used as a validation 
of the feasibility of ThemTTo motes as a network of monitoring sensors in a real situation. 

 
Figure 6. (a) Example of webpage created by AtenTTo platform, 7 ThemTTo sensors are transmitting data to the HUB. 
(b) Temperature and Relative Humidity values collected every minute during one day by the same AtenTTo platform. 

AC Voltage Sensing 

As it has been mentioned, the AC voltage sensing in the board is done with the AMC1100 isolation 
amplifier from Texas Instruments and the use of one Analog to Digital Converter port. AMC1100 [14] is an 
amplifier that can provide galvanic isolation for 4000VPEAK voltages between the input and the output using 
a silicon dioxide (SiO2) barrier highly resistant to magnetic interference. It is essential to power both sides of 
the IC using also an isolated power source (accomplished in our design by choosing a proper transformer) and 
respecting the distances reserved between both sides of the board (high and low voltage). 

Figure 7 shows the schematic of the circuit used in Multipurpose which has been obtained from the 
Application Note “AMC1100: Replacement of Input Main Sensing Transformer in Inverters with Isolated 
Amplifier" [15], also created by Texas Instruments. From the AC mains input, there is a capacitive power supply 
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(or capacitive dropper) of around 5.1V (in VDD) formed by R42, C7, D11 and D12. This means that the 
reactance of the capacitor is used to reduce the mains voltage to a lower value (capacitor must be very resistant 
to voltage and have as much capacitance as current needed). With the use of Zener diode D11 and D12, the 
power supply of 5V is achieved.  

 
Figure 7. Schematic used for the AMC1100 circuit included in AtenTTo Multipurpose. It is in charge of the AC voltage 

measuring of the electrical network. 

The voltage divider formed by R43 and R44 generates a voltage level of 2.5V (VDD/2) in the pin VINN 
(inverting analog input) of the AMC1100 component. At the same time there is a voltage divider formed by R45, 
R46, R47 and R48 which adapts the mains voltage for VINP and VINN. AMC110 admits between these pins a 
maximum of ±250mV, therefore the resistors values have to be selected considering the input we want to 
measure and not exceeding the limit. The Peak voltage at positive pin (VINP), solving the voltage divider and 
assuming we have an input of 220VAC with a peak value of √2 ∙ 220𝑉𝑉 = 311𝑉𝑉, is calculated in Eq. [1]. 

 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 = 1𝑘𝑘𝑘𝑘
2𝑀𝑀𝑘𝑘+220𝑘𝑘𝑘𝑘

∙ (±311𝑉𝑉) = ±140𝑚𝑚𝑉𝑉 (1) 

 

The VVINP is under the maximum allowed. In addition, C10 is used as a decoupler capacitor in order to 
reduce noise in the power supply of the integrated circuit. 

On the low voltage side of the AMC1100 the output is measured in VOUTP pin with the reference in 
GND. Since it is powered with +5V the output is centered in 2.55V and oscillates in a range of ±1V when the 
maximum range is applied in the input (±250mV). If 3.3V or 3V are used, the signal is automatically centered 
in 1.29V. Since the input used is ±140mV the output is around ±0.56V centered in 2.55V (gain 4 between VOUTP 
and GND). The maximum is in 3.11V and the minimum in 1.99V. Better results have been obtained when 
powering with 5V rather than 3V since in this case a distorted wave is delivered when a sine is expected. 

First test done was mounting the circuit in a protoboard, connect it and read voltage in the output. The 
oscilloscope shown a curve centered in 2.57V and with a maximum of 3.10V and a minimum of 2.02V, really 
near to the expected value. At the same time the voltage in the voltage divider is measured with a multimeter 
Agilent and the result is 92mVAC which means 130mV of peak value while we predicted 140mV. The same 
test was repeated with 3.3V in the low voltage size and the output was plotted with the oscilloscope. The curve 
obtained had a lot of interferences so 5V powering for the AMC1100 was chosen. 
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The previous circuit was then connected to an AtenTTo Core using an analog signal, sharing the 
reference (GND) in the low voltage part of the AMC and powering the device with the same 5V source. In that 
situation the analog signal can be read at high speed and the values stored and printed in the serial prompt. The 
sampling speed is important since a wave of 50Hz is measured. The results were plotted and a sine curve was 
overlapped in order to compare the measurement with the expected values for a network voltage. The results 
were really satisfactory since both curves were similar as can be seen in the Figure 8a. The Figure 8b shows the 
same experiment done with a board already manufactured. Just uploading a program to an AtenTTo Core, which 
is connected to Multipurpose, and powering both devices with the network of the office is enough to get the 
same results. 

 
Figure 8. Voltage measurement obtained with the ADC (in red) compared with a sine curve overlapped (in green). (a) 
Proof of concept made before manufacturing the board; the voltage is expressed in Volts. (b) Curve obtained with the 

board already manufactured. 

Real Case Study 

In order to validate this project, a real case study has been conducted. Two installations of AtenTTo 
platform have been mounted in a laboratory where the climate conditions have been controlled and the energy 
consumption monitored. The first system is dedicated to control and monitor the climate conditions of the room 
using the WFG system together with a heat pump. The second platform is in charge of monitoring the electrical 
network in order to find lines with non-expected energy consumption. Due to the big number of computers and 
machines connected to the electricity grid, the system helps finding which lines present a high use of energy. 

Figures 9a and 9b show the webpages of LAB_Clima and LAB_Electric, both monitoring the room in 
real time, uploading the information to the internet and controlling the different parameters. In the case of 
“Clima” platform there are: (i) seven points being monitored using OneWire temperature probes, (ii) two pumps 
controlling the water flow through the windows and (iii) some macros programmed for maintaining a 
comfortable temperature in the room during the day, when the laboratory is being used. Electric platform is 
monitoring nine different lines, the instantaneous power consumed and the total energy consumed during the 
day. At the same time, it is also monitoring the state of the entrance door so an alarm can be programmed when 
a change in this state occurs. 

Apart from the webpage, which can be accessed at all times, the datalogs with the information can also 
be downloaded from the cloud or plotted in the webpage itself. Just as an example of the potential of LAB_Clima 
system, some magnitudes and actuators have been plotted. The Figure 10a shows the temperature inside and 
outside the room (in the street) during a whole day. At six in the morning the circulator that moves the water 
starts working and introduces hot water in the WFG. The fluid has been previously heated by a heat pump placed 
outside the room. Then, the temperature in the interior of the room starts rising. It can also be checked how the 
temperature in the exterior changes along the day or how the climate system influences the environmental 
conditions inside of the room.  
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Figure 9. Screenshot of the webpages created by two AtenTTo platforms controlling and monitoring a laboratory. Each 

AtenTTo shows the sensors, actuators and macros that have been programmed. 

Figure 10b shows two independent lines in the lab; one with all the computers connected and the other 
with the heat pump that manages the climate conditions and which is controlled by LAB_Clima. For both lines 
it is plotted not only the instant power needed by the system but also the energy consumed. The door state is a 
binary variable which indicates with the value “1” the moment when the doors is opened and use the value “0” 
for a close state. 

 
Figure 10. (a) Temperature inside and outside the laboratory, monitored by LAB_Clima during a whole day. A binary 
variable is used for indicating ON/OFF state of the circulator that moves water inside the WFG system. (b) Power and 

energy consumed in two different lines of the laboratory. A binary variable is used for indicating OPEN/CLOSE state of 
the entrance to the laboratory.  

5. CONCLUSIONS  

Buildings consume up to 40% of the energy produced in the world. As it has been mentioned before; 
energy efficiency and occupant’s comfort are the main concerns for evaluating the performance of a building 
control system. AtenTTo Core and Multipurpose boards have been tested, firstly component by component (in 
order to validate the design made) and secondly installing the whole system in a real situation. To summarize 
this analysis, the following conclusions can be derived: 
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1. A real case study on AtenTTo platform demonstrates complete sustainability of the system monitoring 
the environmental conditions of a room. By means of a network of temperature sensors and power 
consumption sensors (current and voltage), the platform can obtain data in real time and offer a real 
image of the climate situation in the room.  

2. The real case study also demonstrates the capability of controlling heating and cooling systems existing 
in the market. These systems can be managed in order to control the environmental conditions and 
implement energy saving strategies with the final objective of reduce the operational cost. 

3. A webpage can be automatically created and maintained for each of the installations mounted. All the 
information gathered is uploaded to the cloud and it can be accessed not only through the webpage but 
also in a remote server like Dropbox. At the same time, the webpage allows manual and automatic 
(through macros) control of the actuators included in the installation. 

4. AtenTTo system is capable of monitoring the quality of the electricity network measuring the voltage 
wave of the single-phase where the platform is connected. Assuming that the machines and systems in 
the room are connected to the same network and using current clamps, the power consumed by these 
systems can be obtained.  

5. Wireless sensor nodes can be deployed with no prior infrastructure, at anytime, anywhere and in a wide 
range of application; as well as monitoring measurable physical parameters such as temperature and 
relative humidity. 
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