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Anexo I. Modelado térmico de viviendas 
mediante redes neuronales 

      Se propone un esquema a grandes rasgos para utilizar los datos recogidos y 
entrenar redes neuronales artificiales capaces de estimar temperaturas futuras. 
Su potencial aplicación es el control de sistemas de calefacción y aire 
acondicionado, buscando eficiencia energética y confort. 

      Para mejorar el funcionamiento de los sistemas de calefacción se propone 
una aproximación a la resolución de la función de la temperatura en una zona 
como la interconexión de las temperaturas previas, las temperaturas de los 
cuartos colindantes, humedades de los mismos, estado de la calefacción, 
temperatura externa, presión atmosférica, velocidad del viento, radiación UV… 

 
      Hay que tener en cuenta, que para cada zona de estudio, se deberán 
considerar las variables de las zonas colindantes que afecten directamente a la 
temperatura de este. Por ejemplo, en la siguiente ilustración, la temperatura de 
la zona A dependerá directamente de las variables en las zonas B, C y la zona 
externa. 

 
      Esta función se podría resolver mediante el sistema de redes neuronales, 
planteando, por ejemplo, una red tipo perceptrón multicapa (aproximador 
universal de funciones) [1] completamente interconectada, donde la capa de 
entrada está constituida por vectores de las z variables contempladas con 
registros temporales previos discretizados desde n momentos anteriores 
(Temporal Delayed Neural Network) [1]. Habría que determinar todos los 
factores de la red como el número de capas ocultas o la función de activación 
de las mismas. Otra de las entradas que han de ser contempladas es el estado 
de los elementos de calefacción/climatización de la vivienda en los instantes 
temporales, ya que son elementos que pueden perturbar la distribución natural 
de calor en la vivienda. 
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      La red debería ser capaz de parametrizar el problema y ser capaz de 
modelar una estimación de las m temperaturas siguientes del cuarto estudiado. 

El funcionamiento de la red propuesta es el siguiente: 

      El prototipo desarrollado en el trabajo sería relevante para elaborar los 
vectores de datos de entrada y también para el entrenamiento de la misma. Se 
plantea un aprendizaje supervisado. Es decir, para definir los pesos y bias de 
cada una de las neuronas, se requiere un entrenamiento previo en base a datos 
históricos. Se ha de recoger valores de todas las variables contempladas 
durante un lapso temporal representativo, como mínimo un año. 

      Otra opción menos visual, podría ser plantear una red neuronal donde todas 
las variables de la vivienda sean introducidas como variables de entrada; las 
temperaturas y humedades de todos los cuartos, todas las variables externas, y 
el estado de los elementos de climatización. Como salida de la red se 
plantearían n neuronas correspondientes a las n zonas de las que se quiere una 
estimación de la temperatura. De esta manera no se requeriría la elaboración de 
una red por cada zona a controlar, sino que con una única red se podría 
predecir el comportamiento de todas las zonas de la vivienda. 

      Por supuesto, todo esto es un planteamiento teórico y en el que se 
proponen técnicas muy básicas. Posiblemente existan técnicas de aprendizaje o 
estructuras de red mucho más adecuadas para este problema, que deberán ser 
estudiadas. 

 

[1]: Bonifacio Martín-del-Brío y Alfredo Sanz, Redes Neuronales y Sistemas 
Borrosos, Editorial RA-MA, Madrid y Alfaomenga, Mexico DF, 2006 
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Anexo II. Datasheet Microprocesador QG8 



The MC9S08QG8 is a member of the low-cost, high-performance HCS08 Family of 8-bit microcontroller 
units (MCUs). All MCUs in the family use the enhanced HCS08 core and are available with a variety of 
modules, memory sizes, memory types, and package types. Refer to Table 1-1 for features associated with 
each device in this series.

 summarizes the features available in the MC9S08QG8/4 series of MCUs.



One of three stop modes is entered upon execution of a STOP instruction when STOPE in SOPT1 is set. 
In any stop mode, the bus and CPU clocks are halted. The ICS module can be configured to leave the 
reference clocks running. See Chapter 10, �Internal Clock Source (S08ICSV1),� for more information.

Table 3-1 shows all of the control bits that affect stop mode selection and the mode selected under various 
conditions. The selected mode is entered following the execution of a STOP instruction.

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The 
states of all of the internal registers and logic, RAM contents, and I/O pin states are maintained.

Stop3 can be exited by asserting RESET, or by an interrupt from one of the following sources: the real-time 
interrupt (RTI), LVD, ADC, IRQ, or the KBI.

If stop3 is exited by means of the RESET pin, then the MCU is reset and operation will resume after taking 
the reset vector. Exit by means of one of the internal interrupt sources results in the MCU taking the 
appropriate interrupt vector.

The LVD system is capable of generating either an interrupt or a reset when the supply voltage drops below 
the LVD voltage. If the LVD is enabled in stop (LVDE and LVDSE bits in SPMSC1 both set) at the time 
the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode. 

For the ADC to operate the LVD must be left enabled when entering stop3.

Entry into the active background mode from run mode is enabled if ENBDM in BDCSCR is set. This 
register is described in Chapter 17, �Development Support.� If ENBDM is set when the CPU executes a 



As shown in Figure 4-1, on-chip memory in the MC9S08QG8/4 series of MCUs consists of RAM, FLASH 
program memory for nonvolatile data storage, and I/O and control/status registers. The registers are 
divided into these groups:

� Direct-page registers (0x0000 through 0x005F)

� High-page registers (0x1800 through 0x184F)

� Nonvolatile registers (0xFFB0 through 0xFFBF)

DIRECT PAGE REGISTERS

RAM

HIGH PAGE REGISTERS
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The 10-bit analog-to-digital converter (ADC) is a successive approximation ADC designed for operation 
within an integrated microcontroller system-on-chip.

Figure 9-1 shows the MC9S08QG8/4 with the ADC module and pins highlighted.
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This section provides device-specific information for configuring the ADC on MC9S08QG8/4 devices.

The VDDAD and VREFH sources for the ADC are internally connected to the VDD pin. The VSSAD and 
VREFL sources for the ADC are internally connected to the VSS pin. 

The ADC channel assignments for the MC9S08QG8/4 devices are shown in Table 9-1. Reserved channels 
convert to an unknown value.

Selecting the internal bandgap channel requires BGBE =1 in SPMSC1; see 
Section 5.8.8, �System Power Management Status and Control 1 Register 
(SPMSC1).� For the value of the bandgap voltage reference see 
Section A.5, �DC Characteristics.�



The ADC is capable of performing conversions using the MCU bus clock, the bus clock divided by two, 
or the local asynchronous clock (ADACK) within the module. The alternate clock, ALTCLK, input for the 
MC9S08QG8/4 MCU devices is not implemented.

The ADC hardware trigger, ADHWT, is output from the real-time interrupt (RTI) counter. The RTI counter 
can be clocked by either ICSERCLK or a nominal 1-kHz clock source within the RTI block.

The period of the RTI is determined by the input clock frequency and the RTIS bits. The RTI counter is a 
free running counter that generates an overflow at the RTI rate determined by the RTIS bits. When the 
ADC hardware trigger is enabled, a conversion is initiated upon an RTI counter overflow. 

The RTI can be configured to cause a hardware trigger in MCU run, wait, and stop3.

The ADC on MC9S08QG8 devices contains only one analog pin enable register, APCTL1.

The ADC module includes a temperature sensor whose output is connected to one of the ADC analog 
channel inputs. Equation 9-1 provides an approximate transfer function of the temperature sensor.

- 

where:

� VTEMP is the voltage of the temperature sensor channel at the ambient temperature. 

� VTEMP25 is the voltage of the temperature sensor channel at 25 C. 

� m is the hot or cold voltage versus temperature slope in V/ C.

For temperature calculations, use the VTEMP25 and m values from Section A.10, �ADC Characteristics,� 
in Appendix A, �Electrical Characteristics.�

In application code, the user reads the temperature sensor channel, calculates VTEMP, and compares to 
VTEMP25. If VTEMP is greater than VTEMP25, the cold slope value is applied in Equation 9-1. If VTEMP is 
less than VTEMP25 the hot slope value is applied in Equation 9-1. 

The ADC is capable of running in stop3 mode but requires LVDSE and LVDE in SPMSC1 to be set.



Features of the ADC module include:

� Linear successive approximation algorithm with 10 bits resolution.

� Up to 28 analog inputs.

� Output formatted in 10- or 8-bit right-justified format.

� Single or continuous conversion (automatic return to idle after single conversion).

� Configurable sample time and conversion speed/power.

� Conversion complete flag and interrupt.

� Input clock selectable from up to four sources.

� Operation in wait or stop3 modes for lower noise operation.

� Asynchronous clock source for lower noise operation.

� Selectable asynchronous hardware conversion trigger.

� Automatic compare with interrupt for less-than, or greater-than or equal-to, programmable value. 

Figure 9-2 provides a block diagram of the ADC module



The ADC module supports up to 28 separate analog inputs. It also requires four supply/reference/ground 
connections.
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The ADC analog portion uses VDDAD as its power connection. In some packages, VDDAD is connected 
internally to VDD. If externally available, connect the VDDAD pin to the same voltage potential as VDD. 
External filtering may be necessary to ensure clean VDDAD for good results.

The ADC analog portion uses VSSAD as its ground connection. In some packages, VSSAD is connected 
internally to VSS. If externally available, connect the VSSAD pin to the same voltage potential as VSS.

VREFH is the high reference voltage for the converter. In some packages, VREFH is connected internally to 
VDDAD. If externally available, VREFH may be connected to the same potential as VDDAD, or may be 
driven by an external source that is between the minimum VDDAD spec and the VDDAD potential (VREFH 
must never exceed VDDAD).

VREFL is the low reference voltage for the converter. In some packages, VREFL is connected internally to 
VSSAD. If externally available, connect the VREFL pin to the same voltage potential as VSSAD. 

The ADC module supports up to 28 separate analog inputs. An input is selected for conversion through 
the ADCH channel select bits. 

These memory mapped registers control and monitor operation of the ADC:

� Status and control register, ADCSC1

� Status and control register, ADCSC2

� Data result registers, ADCRH and ADCRL

� Compare value registers, ADCCVH and ADCCVL

� Configuration register, ADCCFG

� Pin enable registers, APCTL1, APCTL2, APCTL3

This section describes the function of the ADC status and control register (ADCSC1). Writing ADCSC1 
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to a value other 
than all 1s).



The internal clock source (ICS) module provides clock source choices for the MCU. The module contains 
a frequency-locked loop (FLL) as a clock source that is controllable by either an internal or an external 
reference clock. The module can provide this FLL clock or either of the internal or external reference 
clocks as a source for the MCU system clock. There are also signals provided to control a low power 
oscillator (XOSC) module to allow the use of an external crystal/resonator as the external reference clock. 

Whichever clock source is chosen, it is passed through a reduced bus divider (BDIV) which allows a lower 
final output clock frequency to be derived.

The bus frequency will be one-half of the ICSOUT frequency.

The external reference clock is not available on all packages. See Table 1-1 
for external clock availability for each package option.

When the internal reference is enabled in stop mode (IREFSTEN = 1), the voltage regulator must also be 
enabled in stop mode by setting the LVDE and LVDSE bits in the SPMSC1 register.

On this MCU, the internal reference is not connected to any module that is operational in stop mode. 
Therefore, the IREFSTEN bit in the ICSC1 register should always be cleared.

Figure 10-1 shows the MC9S08QG8/4 block diagram with the ICS highlighted.

A factory trim value is stored in FLASH during production testing. To be used, this value must be copied 
from FLASH memory to the ICSTRM register. A factory value for this FTRIM bit is also stored in FLASH 
and must be copied into the FTRIM bit in the ICSSC register. See Table 4-4 for the FLASH locations of 
the factory ICSTRM and FTRIM values.
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Key features of the ICS module are:

� Frequency-locked loop (FLL) is trimmable for accuracy

� 0.2% resolution using internal 32 kHz reference

� 2% deviation over voltage and temperature using internal 32 kHz reference

� External reference clock up to 5 MHz can be used to control the FLL

� 3 bit select for reference divider is provided

� Internal reference clock has 9 trim bits available

� Internal or external reference clock can be selected as the clock source for the MCU

� Whichever clock is selected as the source can be divided down

� 2 bit select for clock divider is provided

� Allowable dividers are: 1, 2, 4, 8

� BDC clock is provided as a constant divide by 2 of the DCO output

� Control signals for a low power oscillator as the external reference clock are provided

� HGO, RANGE, EREFS, ERCLKEN, EREFSTEN

� FLL engaged internal mode is automatically selected out of reset

The ICS features the following modes of operation: FEI, FEE, FBI, FBILP, FBE, FBELP, and stop.

In FLL engaged internal mode, which is the default mode, the ICS supplies a clock derived from the FLL 
which is controlled by the internal reference clock. The BDC clock is supplied from the FLL.

In FLL engaged external mode, the ICS supplies a clock derived from the FLL which is controlled by an 
external reference clock. The BDC clock is supplied from the FLL.

In FLL bypassed internal mode, the FLL is enabled and controlled by the internal reference clock, but is 
bypassed. The ICS supplies a clock derived from the internal reference clock. The BDC clock is supplied 
from the FLL.

In FLL bypassed internal low power mode, the FLL is disabled and bypassed, and the ICS supplies a clock 
derived from the internal reference clock. The BDC clock is not available.



In FLL bypassed external mode, the FLL is enabled and controlled by an external reference clock, but is 
bypassed. The ICS supplies a clock derived from the external reference clock. The external reference clock 
can be an external crystal/resonator supplied by an OSC controlled by the ICS, or it can be another external 
clock source. The BDC clock is supplied from the FLL.

In FLL bypassed external low power mode, the FLL is disabled and bypassed, and the ICS supplies a clock 
derived from the external reference clock. The external reference clock can be an external crystal/resonator 
supplied by an OSC controlled by the ICS, or it can be another external clock source. The BDC clock is 
not available.

In stop mode, the FLL is disabled and the internal or external reference clock can be selected to be enabled 
or disabled. The BDC clock is not available. ICS does not provide an MCU clock source.

This section contains the ICS block diagram.



The inter-integrated circuit (IIC) provides a method of communication between a number of devices. The 
interface is designed to operate up to 100 kbps with maximum bus loading and timing. The device is 
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The 
maximum communication length and the number of devices that can be connected are limited by a 
maximum bus capacitance of 400 pF.

The IIC module pins, SDA and SCL can be repositioned under software control using IICPS in SOPT2 as 
as shown in Table 11-1. IICPS in SOPT2 selects which general-purpose I/O ports are associated with IIC 
operation.

Figure 11-1 is the MC9S08QG8/4 block diagram with the IIC block highlighted.
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The IIC includes these distinctive features:

� Compatible with IIC bus standard

� Multi-master operation

� Software programmable for one of 64 different serial clock frequencies

� Software selectable acknowledge bit

� Interrupt driven byte-by-byte data transfer

� Arbitration lost interrupt with automatic mode switching from master to slave

� Calling address identification interrupt

� START and STOP signal generation/detection

� Repeated START signal generation

� Acknowledge bit generation/detection

� Bus busy detection

The IIC functions the same in normal and monitor modes. A brief description of the IIC in the various 
MCU modes is given here. 

� Run mode � This is the basic mode of operation. To conserve power in this mode, disable the 
module.

� Wait mode � The module will continue to operate while the MCU is in wait mode and can provide 
a wake-up interrupt.

� Stop mode � The IIC is inactive in stop3 mode for reduced power consumption. The STOP 
instruction does not affect IIC register states. Stop2 will reset the register contents.



Figure 11-2 is a block diagram of the IIC.

This section describes each user-accessible pin signal.

The bidirectional SCL is the serial clock line of the IIC system.

The bidirectional SDA is the serial data line of the IIC system.

This section consists of the IIC register descriptions in address order. 
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The keyboard interrupt KBI module provides up to eight independently enabled external interrupt sources.

Figure 12-1 Shows the MC9S08QG8/4 block guide with the KBI highlighted.
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The KBI features include:

� Up to eight keyboard interrupt pins with individual pin enable bits.

� Each keyboard interrupt pin is programmable as falling edge (or rising edge) only, or both falling 
edge and low level (or both rising edge and high level) interrupt sensitivity.

� One software enabled keyboard interrupt.

� Exit from low-power modes.

This section defines the KBI operation in wait, stop, and background debug modes.

The KBI continues to operate in wait mode if enabled before executing the WAIT instruction. Therefore, 
an enabled KBI pin (KBPEx = 1) can be used to bring the MCU out of wait mode if the KBI interrupt is 
enabled (KBIE = 1).

The KBI operates asynchronously in stop3 mode if enabled before executing the STOP instruction. 
Therefore, an enabled KBI pin (KBPEx = 1) can be used to bring the MCU out of stop3 mode if the KBI 
interrupt is enabled (KBIE = 1).

During either stop1 or stop2 mode, the KBI is disabled. In some systems, the pins associated with the KBI 
may be sources of wakeup from stop1 or stop2, see the stop modes section in the Modes of Operation 
chapter. Upon wake-up from stop1 or stop2 mode, the KBI module will be in the reset state.

When the microcontroller is in active background mode, the KBI will continue to operate normally.

The block diagram for the keyboard interrupt module is shown Figure 12-2.



The KBI input pins can be used to detect either falling edges, or both falling edge and low level interrupt 
requests. The KBI input pins can also be used to detect either rising edges, or both rising edge and high 
level interrupt requests.

The signal properties of KBI are shown in Table 12-1.

The KBI includes three registers:

� An 8-bit pin status and control register.

� An 8-bit pin enable register.

� An 8-bit edge select register.

Refer to the direct-page register summary in the Memory chapter for the absolute address assignments for 
all KBI registers. This section refers to registers and control bits only by their names.

Some MCUs may have more than one KBI, so register names include placeholder characters to identify 
which KBI is being referenced.

KBISC contains the status flag and control bits, which are used to configure the KBI.
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The MTIM is a simple 8-bit timer with several software selectable clock sources and a programmable 
interrupt.

The central component of the MTIM is the 8-bit counter, which can operate as a free-running counter or a 
modulo counter. A timer overflow interrupt can be enabled to generate periodic interrupts for time-based 
software loops.

Figure 13-1 shows the MC9S08QG8/4 block diagram with the MTIM highlighted.

The external clock for the MTIM module, TCLK, is selected by setting CLKS = 1:1 or 1:0 in MTIMCLK, 
which selects the TCLK pin input. The TCLK input on PTA5 can be enabled as external clock inputs to 
both the MTIM and TPM modules simultaneously.
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Timer system features include:

� 8-bit up-counter

� Free-running or 8-bit modulo limit

� Software controllable interrupt on overflow

� Counter reset bit (TRST)

� Counter stop bit (TSTP)

� Four software selectable clock sources for input to prescaler:

� System bus clock � rising edge

� Fixed frequency clock (XCLK) � rising edge

� External clock source on the TCLK pin � rising edge

� External clock source on the TCLK pin � falling edge

� Nine selectable clock prescale values:

� Clock source divide by 1, 2, 4, 8, 16, 32, 64, 128, or 256

This section defines the MTIM�s operation in stop, wait and background debug modes. 

The MTIM continues to run in wait mode if enabled before executing the WAIT instruction. Therefore, 
the MTIM can be used to bring the MCU out of wait mode if the timer overflow interrupt is enabled. For 
lowest possible current consumption, the MTIM should be stopped by software if not needed as an 
interrupt source during wait mode.

The MTIM is disabled in all stop modes, regardless of the settings before executing the STOP instruction. 
Therefore, the MTIM cannot be used as a wake up source from stop modes.

Waking from stop1 and stop2 modes, the MTIM will be put into its reset state. If stop3 is exited with a 
reset, the MTIM will be put into its reset state. If stop3 is exited with an interrupt, the MTIM continues 
from the state it was in when stop3 was entered. If the counter was active upon entering stop3, the count 
will resume from the current value.

The MTIM suspends all counting until the microcontroller returns to normal user operating mode. 
Counting resumes from the suspended value as long as an MTIM reset did not occur (TRST written to a 1 
or MOD written).



The block diagram for the modulo timer module is shown Figure 13-2.

The MTIM includes one external signal, TCLK, used to input an external clock when selected as the 
MTIM clock source. The signal properties of TCLK are shown in Table 13-1. 

The TCLK input must be synchronized by the bus clock. Also, variations in duty cycle and clock jitter 
must be accommodated. Therefore, the TCLK signal must be limited to one-fourth of the bus frequency.

The TCLK pin can be muxed with a general-purpose port pin. See the Pins and Connections chapter for 
the pin location and priority of this function.

Figure 13-3 is a summary of MTIM registers.
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Each MTIM includes four registers:

� An 8-bit status and control register

� An 8-bit clock configuration register

� An 8-bit counter register

� An 8-bit modulo register

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address 
assignments for all MTIM registers.This section refers to registers and control bits only by their names and 
relative address offsets.

Some MCUs may have more than one MTIM, so register names include placeholder characters to identify 
which MTIM is being referenced.
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Features of SCI module include:

� Full-duplex, standard non-return-to-zero (NRZ) format

� Double-buffered transmitter and receiver with separate enables

� Programmable baud rates (13-bit modulo divider)

� Interrupt-driven or polled operation:

� Transmit data register empty and transmission complete

� Receive data register full

� Receive overrun, parity error, framing error, and noise error

� Idle receiver detect

� Hardware parity generation and checking

� Programmable 8-bit or 9-bit character length

� Receiver wakeup by idle-line or address-mark

� Optional 13-bit break character

� Selectable transmitter output polarity

See Section 14.3, �Functional Description,� for a detailed description of SCI operation in the different 
modes.

� 8- and 9- bit data modes

� Stop modes � SCI is halted during all stop modes

� Loop mode

� Single-wire mode
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Anexo III. Datasheet ESP8266 
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Anexo IV. Datasheet Sensor de Presión 
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Anexo V. Datasheet Sensor de Temperatura y 
Humedad 
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Anexo VI. Datasheet Sensor UV 
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Anexo VII. Planos Anemómetro y Veleta 



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

A A

A-A (2:1)

4

5

°

Ø

8

0

Ø

7

0

1
5

1
.
6

2
.
2

7.9

R

.

5

22

1

1.5

1.6

4

5

°

Anemometro base

Anemometro 1
1:1



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

A

A

A-A (1:1)

Ø28.2

Ø

2

5

2

5

.

8

6

5

R

2

20

10

1.6

R

2

10.5

Ø

2

6

.
3

3

Ø

2
9
.
5
8

Anemometro 2

Anemometro cazoletas

1:1



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

A

A

A-A (1:1)

Ø

7

0

Ø

8
0

Ø20

Ø

1

1

.

6

3Ø

6

2
0

5

8
8

.
2

3

9
5

1
0

0

Anemometro cono

1:1 Anemometro 3



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

5

9
7
.
1

4
.
63

1.6

16.83

1
1
.
7
7

R

8

.
6

R

7

Anemometro 4

Anemometro eje

1:1



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

R

7

8

.

5

6

2
0

8
.
4

1.6

R

1

4

.

1

9
.
9
6

5

R

3

R

3

1
0

63.97

50.22

R
3

R

4

8

.
8

6

15

R

3

3

9

.
4

4

Anemometro 5

Anemometro veleta

1:1



Desarrollo de una plataforma domótica mediante el uso de nodos IoT 
 

158 
Ir al Índice 

Anexo VIII. Código implementado en el 
procesador QG8 

 
El código se ha distribuido en el archivo principal y varias librerías. Los archivos 
descritos son:  

• main.c 
• i2c.h 
• I2C.c 
• ad.h 
• AD.c 
• sci.h 
• SCI.c 

 
main.c 
 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : main.c 
******************************************************************* 
* descripcion       : Codigo principal 
* programador       : Pablo Pastor 
* lenguaje          : ANSI C para CodeWarrior 
* fecha             : 21 agosto 2018 
********************************************************************/ 
 
#include <hidef.h>                    // for EnableInterrupts macro  
#include "derivative.h"               // include peripheral declarations 
#include "hcs08.h"                    // QG8 definitions 
#include "ad.h"                        
#include "i2c.h" 
#include "sci.h" 
 
/*Variables globales*/ 
char Dir; 
signed long P; 
unsigned int RH, Temp, Batt, counter, Vel; 
char UV, Irradiancia; 
 
 
/*Funciones*/ 
void InitSystem(void); 
void ConfigEntradas(void); 
 
void main (void) { 
  InitSystem(); 
  Init_AD(); 
  Init_SCI(); 
  Init_I2C(); 
  ConfigEntradas(); 
  EnableInterrupts;  
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  for(;;) { 
 counter+=1; 
 if (counter == 18000){ //cada 5 minutos  
  counter=0; 
  P = leer_presion();  
  RH = leer_RH(); 
  Temp = leer_Temp(); 
  UV = leer_UV(); 
  Irradiancia = UV*25; 
  Dir = leer_Dir(); 
  Vel = leer_Vel(); 
  Batt = leer_Battery(); 
  send_data(P,RH,Temp,UV,Irradiancia,Dir,Vel,Batt); 
 }  
 STOP; //Sleep mode  
  }  
} 
 
void InitSystem(void) { 
SOPT1_COPE = 0;           // COP watchdog timer disabled 
SOPT1_STOPE = 1;          // Stop mode enabled 
SOPT1_BKGDPE = 1;         // Background DEbug Mode enabled -PTA4 reserved- 

SOPT1_RSTPE = 0;          // Pin reset disabled. PTA5 free. 
SPMSC1 = 0;            // disable LVD 
SPMSC2 = 0;            // stop3 mode selected 
SRTISC = bRTIE | RTI_1024ms; // enable RTI (internal clock source, 
1024ms timeout, interrupt enabled) 
}   
 
void ConfigEntradas(void) { 
 PTADD_PTADD0=0;         // PTA0 as input --- LDR/PRESSURE --- 
 PTADD_PTADD1=0;         // PTA1 as input --- BATERIA --- 
 PTADD_PTADD2=1;         // PTA2 as output--- SDA I2C H&T UV --- 
 PTADD_PTADD3=1;         // PTA3 as output--- SCL I2C H&T UV--- 
   
 PTBDD_PTBDD0=1;         // PTB0 as output--- RX SERIAL ESP8266 ---  
 PTBDD_PTBDD1=1;         // PTB1 as output--- TX SERIAL ESP8266 --- 
 PTBDD_PTBDD2=0;         // PTB2 as input --- VEL/DIR WIND --- 
 PTBDD_PTBDD3=1;         // PTB3 as output--- SW VEL --- 
 PTBDD_PTBDD4=1;         // PTB4 as output--- SW ESP8266 --- 
 PTBDD_PTBDD5=1;         // PTB5 as output--- SW DIR --- 
 PTBDD_PTBDD6=1;         // PTB6 as output--- SW H&T --- 
 PTBDD_PTBDD7=1;         // PTB7 as output--- SW LDR UV BATT PRESSURE--- 
  
 //SW Sensors Power Off 
 PTBD_PTBD3=1;         //      --- SW VEL OFF --- 
 PTBD_PTBD4=1;         //      --- SW ESP8266 OFF --- 
 PTBD_PTBD5=1;         //      --- SW DIR OFF --- 
 PTBD_PTBD6=1;         //      --- SW H&T OFF --- 
 PTBD_PTBD7=1;         //      --- SW LDR UV BATT PRESSURE OFF--- 
}   
 
void interrupt VectorNumber_Vrti rti_isr(void)  
{   // ISR for RTI interrupt (only clears RTIF flag) 
  SRTISC_RTIACK = 1; // acknowledge RTI interrupt (clear RTIF) 
} 
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i2c.h 
 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : i2c.h  
******************************************************************* 
* descripción    : Fichero de cabecera modulo de comunicaciones i2c 
* programador    : Pablo Pastor 
* lenguaje       : ANSI C para CodeWarrior 
* fecha          : 28 agosto 2017 
********************************************************************/ 
 
#ifndef i2c_h 
#define i2c_h 
 
void Init_I2C (void); 
void byteWrite(char address, char data); 
char byteRead(char address); 
unsigned int byte2Read(char address); 
long int byte3Read(char address); 
signed long leer_presion(void); 
unsigned int leer_RH(void);  
unsigned int leer_Temp(void); 
char leer_UV(void);  
void retardo(unsigned int tiempo); 
 
#endif 
 

I2C.c 
 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : i2c.c  
******************************************************************* 
* descripción    : Implementación modulo comunicaciones i2c 
* programador    : Pablo Pastor 
* lenguaje       : ANSI C para CodeWarrior 
* fecha          : 28 agosto 2017 
********************************************************************/ 
 
#include "derivative.h" 
#include "i2c.h" 
#include "hcs08.h" 
 
 
void Init_I2C (void) { 
 IICF_MULT = 2;  //Mul = 2; 
 IICF_ICR = 0x0B;   //Divisor: 40  
 // IIC Baud rate: bus speed /(mul*divider) = 8MHz/(2*40)= 100KHz  
 // SDA Hold Time = bus period * SDA hold value = 1/8MHz * 9 =1.125uS   
 IICC = bIICEN;     // enable the I2C interface 
} 
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void byteWrite(char address, char data) 
{ 
  do  //send the address field 
  { 
    // enter master transmit mode and send a start 
    IICC = bIICEN | bTX | bMST; 
    // send the address field  
    IICD = address; 
    while (!IICS_TCF);             // wait until the transmission ends 
 
} while (IICS_RXAK);  // if no ACK was received, resend the address field 
 
  do{ 
   IICD = data;      
    while (!IICS_TCF);       // wait until the transmission ends 
  }while(IICS_RXAK); 
    
  IICC = bIICEN;    // send stop, exit master mode       
} 
 
 
char byteRead(char address) 
{ 
  char data; 
  while (IICS_BUSY); 
  IICS_ARBL = 1;           // clear ARBL flag 
   
  do  //send the address field 
  { 
    // enter master transmit mode and send a start 
    IICC = bIICEN | bTX | bMST; 
    IICD = address; 
    while (!IICS_TCF);             // wait until the transmission ends 
 
} while (IICS_RXAK);  // if no ACK was received, resend the address field 
 
  IICC_TX = 0;             // receive mode 
  IICC_TXAK = 1;           // send NACK in the next read 
  data = IICD;              
  while (!IICS_TCF);       // wait until the transmission ends 
  IICC = bIICEN;           // send a stop, leave master mode 
  return(data); 
} 
 
unsigned int byte2Read(char address) 
{ 
  char data1, data2; 
  unsigned int temp; 
  while (IICS_BUSY); 
  IICS_ARBL = 1;           // clear ARBL flag 
   
  do  // send the address field 
  { 
    // enter master transmit mode and send a start 
    IICC = bIICEN | bTX | bMST; 
    // send the address field  
    IICD = address; 
    while (!IICS_TCF);             // wait until the transmission ends 
 
} while (IICS_RXAK);  // if no ACK was received, resend the address field 
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  IICC_TX = 0;             // receive mode 
  IICC_TXAK = 1;           // send NACK in the next read 
  data1 = IICD;              
  while (!IICS_TCF);       // wait until the transmission ends 
  IICC_TXAK = 1;           // send NACK in the next read 
  data2 = IICD;              
  while (!IICS_TCF);       // wait until the transmission ends 
  IICC = bIICEN;           // send a stop, leave master mode 
  temp = (data1 << 8) | data2; 
  return temp; 
} 
 
long int byte3Read(char address) 
{ 
  char data1, data2, data3; 
  long temp; 
  while (IICS_BUSY); 
  IICS_ARBL = 1;           // clear ARBL flag 
   
  do  // first we send the address field 
  { 
    // enter master transmit mode and send a start 
    IICC = bIICEN | bTX | bMST; 
    // send the address field (R/W = write) 
    IICD = address; 
    while (!IICS_TCF);             // wait until the transmission ends 
 
} while (IICS_RXAK);  // if no ACK was received, resend the address field 
 
  IICC_TX = 0;             // receive mode 
  IICC_TXAK = 1;           // send NACK in the next read 
  data1 = IICD;              
  while (!IICS_TCF);       // wait until the transmission ends 
  IICC_TXAK = 1;           // send NACK in the next read 
  data2 = IICD;              
  while (!IICS_TCF);       // wait until the transmission ends 
  IICC_TXAK = 1;           // send NACK in the next read 
  data3 = IICD;              
  while (!IICS_TCF);       // wait until the transmission ends 
  IICC = bIICEN;           // send a stop, leave master mode 
  temp = (data1 << 8) | data2; 
  temp = (temp << 16) | data3; 
  return temp; 
} 
 
signed long leer_presion(void)  
{ 
    char presAdress = 0b11101111; 
    unsigned int C1, C2, C3, C4, C5, C6; 
    signed long D1, D2, dT, TEMP, press; 
    signed long long OFF, SENS;  
    PTBD_PTBD7=0;   //Sensor ON 
    retardo(10); 
    byteWrite(presAdress, 0xA0); 
    C1 = byte2Read(presAdress); 
    byteWrite(presAdress, 0xA2); 
    C2 = byte2Read(presAdress); 
    byteWrite(presAdress, 0xA4); 
    C3 = byte2Read(0xA4); 
    byteWrite(presAdress, 0xA6); 
    C4 = byte2Read(presAdress); 
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    byteWrite(presAdress, 0xA8); 
    C5 = byte2Read(presAdress); 
    byteWrite(presAdress, 0xAA); 
    C6 = byte2Read(presAdress); 
     
    byteWrite(presAdress, 0x48); //Conversion pressure with OSR = 4096 
    D1 = byte3Read(presAdress);  
 
    byteWrite(presAdress, 0x58); //Conversion temperature with OSR = 4096 
    D2 = byte3Read(presAdress);     
    PTBD_PTBD7=1;   //Sensor OFF 
     
    dT = D2 - (C5 << 8);  // = D2 - C5 * 2^8 
    TEMP = 2000 + dT * (C6 >> 23); // =2000 + dT * C6 / 2^23 
    OFF = (C2 << 17)  + ((C4 * dT) >> 6); 
    SENS = (C1 << 16) + ((C3 * dT) >> 7); 
    press = ((D1 * ( SENS >> 21) - OFF) >> 15); 
    return(press); 
} 
 
 
unsigned int leer_RH(void)       
{ 
 char RHAdressW = 0b10000000; // Write adress 
 char RHAdressR = 0b10000001; // Read adress 
  
 unsigned int RH; 
    PTBD_PTBD6=0;   //Sensor ON 
    retardo(10); 
    byteWrite(RHAdressW, 0xF5); // Measure Comand 
    RH = byte2Read(RHAdressR); 
    PTBD_PTBD6=1;   //Sensor OFF 
      RH = (unsigned int)(((long)(RH*125) >> 16) -6); 
      return(RH); 
} 
 
unsigned int leer_Temp(void)       
{ 
 char TempAdressW = 0b10000000; // Write adress 
 char TempAdressR = 0b10000001; // Read adress 
  
 unsigned int temp; 
    PTBD_PTBD6=0;   //Sensor ON 
    retardo(10); 
    byteWrite(TempAdressW, 0xF3); // Measure Comand 
    temp = byte2Read(TempAdressR); 
    PTBD_PTBD6=1;   //Sensor OFF 
      temp = (unsigned int)(((long)(temp*17572) >> 16) -4685); 
    return(temp); 
} 
 
 
 
char leer_UV(void)       
{ 
 char data1,data2, UV; 
 unsigned int rawUV; 
    PTBD_PTBD7=0;   //Sensor ON 
    retardo(10); 
    //Se implementa a bajo nivel porque no utiliza el estandar I2C. 
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     do  // first we send the address field 
   { 
     // enter master transmit mode and send a start 
     IICC = bIICEN | bTX | bMST; 
     // send ARA (acknowledge alert response) 
     IICD = 0x18; 
     while (!IICS_TCF);      // wait until the transmission ends 
 } while (IICS_RXAK);  // if no ACK was received, resend the address field 
  
 retardo(32000);         // wait 4s to measure 
    do{ 
     IICD = 0x73;  // Ask for MSB 
     while (!IICS_TCF); 
    }while (IICS_RXAK); 
    IICC_TX = 0;             // receive mode 
    IICC_TXAK = 1;           // send NACK in the next read 
    data1 = IICD;              
    while (!IICS_TCF);       // wait until the transmission ends 
    IICC_TX = 1;             // send mode 
    do{ 
     IICD = 0x71;  // Ask for LSB 
     while (!IICS_TCF); 
    }while (IICS_RXAK); 
    IICC_TX = 0;             // receive mode 
    IICC_TXAK = 1;           // send NACK in the next read 
    data2 = IICD;              
    while (!IICS_TCF);       // wait until the transmission ends   
    IICC = bIICEN;           // send a stop, leave master mode 
    PTBD_PTBD7=1;             // Sensor OFF 
    
    rawUV = (data1 << 8) | data2; 
    if (rawUV <= 2988 ) UV = 0; 
    else if ((rawUV > 2988) && (rawUV <= 5976)) UV = 1; 
    else if ((rawUV > 5976) && (rawUV <= 8964)) UV = 2; 
    else if ((rawUV > 8964) && (rawUV <= 11952)) UV = 3; 
    else if ((rawUV > 11952) && (rawUV <= 14940)) UV = 4; 
    else if ((rawUV > 14940) && (rawUV <= 17928)) UV = 5; 
    else if ((rawUV > 17928) && (rawUV <= 20916)) UV = 6; 
    else if ((rawUV > 20916) && (rawUV <= 23904)) UV = 7; 
    else if ((rawUV > 23904) && (rawUV <= 26892)) UV = 8; 
    else if ((rawUV > 26892) && (rawUV <= 29880)) UV = 9; 
    else if ((rawUV > 29880) && (rawUV <= 32869)) UV = 10; 
    else UV = 11; 
    return(UV); 
} 
 

ad.h 
 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : ad.h  
******************************************************************* 
* descripcion    : Fichero de cabecera modulo conversor analogico -
digital 
* programador    : Pablo Pastor 
* lenguaje       : ANSI C para CodeWarrior 
* fecha          : 8 julio 2017 
********************************************************************/ 
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#ifndef ad_h 
#define ad_h 
 
void Init_AD (void) ; 
unsigned int leer_LDR (void) ; 
unsigned int leer_Battery (void);  
char leer_Dir (void); 
unsigned int leer_Vel (void);  
void retardo(unsigned int tiempo); 
#endif 
 

ad.c 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : ad.c  
******************************************************************* 
* descripcion    : Implementacion modulo conversor analogico -digital 
* programador    : Pablo Pastor 
* lenguaje       : ANSI C para CodeWarrior 
* fecha          : 8 julio 2017 
********************************************************************/ 
 
 
#include "derivative.h" 
#include "ad.h" 
int pulsos = 0; 
interrupt 18 void InterrupcionVel(void);  
 
 
void Init_AD (void) { 
  ADCSC1_ADCO = 0;        // One conversion 
  ADCSC1_AIEN = 0;        // Interrupt disabled 
   
  ADCSC2_ADTRG = 0;       // Software trigger enabled 
  ADCSC2_ACFE = 0;        // Compare function disabled 
   
  ADCCFG_ADLPC = 0;       // High speed configuration 
  ADCCFG_ADIV = 0;        // Input clock without division 
  ADCCFG_ADLSMP = 1;      // Long sample time 
  ADCCFG_MODE = 0;        // 8 bit conversion 
  ADCCFG_ADICLK = 0;      // Bus clock source 
   
  APCTL1_ADPC0 = 1;       // PTA0/ADP0 activation (LDR/PRESSURE) 
  APCTL1_ADPC1 = 1;       // PTA1/ADP1 activation (BATTERY) 
  APCTL1_ADPC6 = 1;       // PTB2/ADP6 activation (VEL/DIR)  
 
} 
 
 
 
 
unsigned int leer_LDR (void)  
{ 
 char raw; 
 unsigned int lux; 
    PTBD_PTBD7=0;         // Activated sensor pwr-suply 
    retardo(10); 
    ADCSC1_ADCH = 0b00000;// AD conversion start 
                          // Conversion chanel ADP0/PTA0 
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    while(!ADCSC1_COCO);  // Wait conversion end 
    PTBD_PTBD7=1;         // Stop sensor pwr-suply 
    raw = ADCR;        // Read data, Clean COCO  
    if (raw <= 20 ) lux = 40000; 
    else if ((raw > 20) && (raw <= 30)) lux = 16000; 
    else if ((raw > 30) && (raw <= 40)) lux = 7700; 
    else if ((raw > 40) && (raw <= 50)) lux = 4300; 
    else if ((raw > 50) && (raw <= 60)) lux = 2600; 
    else if ((raw > 60) && (raw <= 70)) lux = 1700; 
    else if ((raw > 70) && (raw <= 80)) lux = 1100; 
    else if ((raw > 80) && (raw <= 90)) lux = 770; 
    else if ((raw > 90) && (raw <= 100)) lux = 540; 
    else if ((raw > 100) && (raw <= 110)) lux = 380; 
    else if ((raw > 110) && (raw <= 120)) lux = 270; 
    else if ((raw > 120) && (raw <= 130)) lux = 195; 
    else if ((raw > 130) && (raw <= 140)) lux = 140; 
    else if ((raw > 140) && (raw <= 150)) lux = 100; 
    else if ((raw > 150) && (raw <= 160)) lux = 70; 
    else if ((raw > 160) && (raw <= 170)) lux = 50; 
    else if ((raw > 170) && (raw <= 180)) lux = 30; 
    else if ((raw > 180) && (raw <= 190)) lux = 20; 
    else lux = 13; 
    return lux;          
} 
 
unsigned int leer_Battery (void)  
{ 
 char raw; 
 unsigned int batt; 
    PTBD_PTBD7=0;         // Activated sensor pwr-suply 
    retardo(10); 
    ADCSC1_ADCH = 0b00001;// AD conversion start 
                          // Conversion chanel ADP1/PTA1 
    while(!ADCSC1_COCO);  // Wait conversion end 
    PTBD_PTBD7=1;         // Stop sensor pwr-suply 
    raw = ADCR;     // Read data, Clean COCO 
    batt = 2588 * raw;   // ADC configuration from 0-6.6V, returns V 
*100 -> 3.83V = 383 
    return batt; 
} 
 
char leer_Dir (void)   
{ 
    PTBD_PTBD5=0;         // Activated sensor pwr-suply 
    retardo(10); 
    ADCSC1_ADCH = 0b00110;// AD conversion start 
                          // Conversion chanel ADP6/PTB2 
    while(!ADCSC1_COCO);  // Wait conversion end 
    PTBD_PTBD5=1;         // Stop sensor pwr-suply 
    return ADCR;          // Read data, Clean COCO  
} 
 
unsigned int leer_Vel (void)   
{ 
 char raw,lap=0; 
 unsigned int vel; 
    PTBD_PTBD3=0;           // Activated sensor pwr-suply 
 pulsos =0;     // Reset counter 
    retardo(10);     
    //KBI interrupt configuration 
    KBIPE=0b01000000;     // enable KBIP0 at PTB2 
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    KBIES=0;      // Edge select: edge 1 to 0 
    KBISC=0x00000110;      //INT enable, single edge detector 
    //MTIM configuration 
    MTIMCLK = 0b00001000;   //CLK source BUS clock, %256 --
>15625Hz 
    MTIMMOD= 255;            //Count 255, Reset timer 
    MTIMSC_TOIE = 0;    //No interrupt 
    MTIMSC_TSTP = 0;    //Start TIMER 
    MTIMSC_TRST = 1;    //Reset to 0 
    for(lap=0; lap<=62; lap++){  
     while(!MTIMSC_TOF);   //Wait to end lap 
     MTIMSC_TRST = 1;    //Reset to 0 
    }  
    MTIMSC_TSTP = 1;    //Stop TIMER 
    KBISC_KBIE=0;       //INT disable 
    PTBD_PTBD3=1;           //Stop sensor pwr-suply 
    vel = 22 * pulsos; 
    return vel;          
} 
 
interrupt 18 void InterrupcionVel (void){ 
 pulsos+=1; 
    KBISC_KBACK = 1;     
} 
 

sci.h 
 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : sci.h 
******************************************************************* 
* descripcion    : Fichero de cabecera modulo de comunicaciones sci 
* programador    : Pablo Pastor 
* lenguaje       : ANSI C para CodeWarrior 
* fecha          : 28 agosto 2017 
********************************************************************/ 
 
#ifndef sci_h 
#define sci_h 
void  Init_SCI(void); 
interrupt 15 void recibir (void); 
void send_data(signed long P, unsigned int RH, unsigned int Temp, char 
UV, char Irradiancia, char Dir, unsigned int Vel, unsigned int Batt); 
#endif 
 

sci.c 
 
/****************************************************************** 
* Proyecto TFG 
* Central meteorológica inalámbrica 
******************************************************************* 
* nombre fichero : sci.c 
******************************************************************* 
* descripcion    : Implementacion modulo de comunicaciones SCI 
* programador    : Pablo Pastor 
* lenguaje       : ANSI C para CodeWarrior 
* fecha          : 8 julio 2017 
********************************************************************/ 
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#include "derivative.h" 
#include "sci.h" 
 
char ACK = 0; 
 
void Init_SCI(void) 
{ 
//Speed communication 9600b 
  SCIBDH = 0; 
  SCIBDL = 26; 
//Enable Rx,Tx 
  SCIC2_TE = 1; 
  SCIC2_RE = 1; 
  SCIC2_RIE=1; //Init interrupt 
} 
 
interrupt 15 void recibir (void) 
{ 
    char aux=SCIS1_RDRF;  
    ACK = SCID; 
    SCIC2_ACK=1; 
  }   
 
send_data(signed long P, unsigned int RH, unsigned int Temp, char UV, 
char Irradiancia, char Dir, unsigned int Vel, unsigned int Batt) 
{ 
char aux; 
PTBD_PTBD4=0; 
//Send P 
do{ 
 aux=(char)(P >> 24); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 

retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
do{ 
 aux=(char)(P >> 16); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 

retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
do{ 
 aux=(char)(P >> 8); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 

retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
do{ 
 aux=(char)(P); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send RH  
do{ 
 aux=(char)(RH >> 8); 
 while(SCIS1_TDRE==0) 
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 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0;  
do{ 
 aux=(char)(RH); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send Temp  
do{ 
 aux=(char)(Temp >> 8); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
do{ 
 aux=(char)(Temp); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send UV  
do{ 
 aux=UV; 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send Irradiancia 
do{ 
 aux=Irradiancia; 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send Dir 
do{ 
 aux=Dir; 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send Vel  
do{ 
 aux=(char)(Vel >> 8); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
do{ 
 aux=(char)(Vel); 
 while(SCIS1_TDRE==0) 
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 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 
//Send Batt  
do{ 
 aux=(char)(Batt >> 8); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 

retardo(1); 
}while(ACK!=’A’); 
ACK=0;  
do{ 
 aux=(char)(Batt); 
 while(SCIS1_TDRE==0) 
 SCID=aux; 
 retardo(1); 
}while(ACK!=’A’); 
ACK=0; 

retardo(25000); //Wait for server sync. 
PTBD_PTBD4=1;  
  
}  
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Anexo IX. Código implementado en el 
procesador esp8266 

Se han implementado dos programaciones distintas. Para el ESP8266 como 
módulo wifi que se comunica con el procesador QG8 en los módulos externos y 
como unidad interior independiente. 
 
En los módulos externos, utilizando la librería <PubSubClient.h> para 
implementar el protocolo MQTT: 
/* 
  Basic ESP8266 MQTT example, modified by Pablo. 
 
  This sketch demonstrates the capabilities of the pubsub library in 
combination 
  with the ESP8266 board/library. 
 
  It will reconnect to the server if the connection is lost using a 
blocking 
  reconnect function. See the 'mqtt_reconnect_nonblocking' example for 
how to 
  achieve the same result without blocking the main loop. 
 
  To install the ESP8266 board, (using Arduino 1.6.4+): 
  - Add the following 3rd party board manager under "File -> 
Preferences -> Additional Boards Manager URLs": 
       http://arduino.esp8266.com/stable/package_esp8266com_index.json 
  - Open the "Tools -> Board -> Board Manager" and click install for 
the ESP8266" 
  - Select your ESP8266 in "Tools -> Board" 
 
*/ 
 
#include <ESP8266WiFi.h> 
#include <PubSubClient.h> 
#include <string.h> 
 
// Update these with values suitable for your network. 
const char* ssid = "TP_TFG"; 
const char* password = "tfg_pruebas"; 
const char* mqtt_server = "brokerTFG"; 
 
WiFiClient espClient; 
PubSubClient client(espClient); 
 
char data1, data2, data3, data4; 
char msg[50]; 
signed long P; 
unsigned int RH, Temp, Vel, Batt; 
char UV, Dir; 
float floP,floTemp,floVel, 
 
void setup() { 
  Serial.begin(9600); //Comunication with QG8 
  setup_wifi(); 
  client.setServer(mqtt_server, 1883); 
  client.setCallback(callback); 
} 
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void setup_wifi() { 
 
  delay(10); 
  // We start by connecting to a WiFi network 
  WiFi.begin(ssid, password); 
  while (WiFi.status() != WL_CONNECTED) { 
    delay(500); 
  } 
} 
 
void reconnect() { 
  // Loop until we're reconnected 
  while (!client.connected()) { 
    // Attempt to connect 
    if (client.connect("ESP8266Client")) { 
    } else { 
      // Wait 500 miliseconds before retrying 
      delay(500); 
    } 
  } 
} 
 
void loop() { 
  if (!client.connected()) { 
    reconnect(); 
  } 
  client.loop(); 
  //Read P 
  data1=Serial.read(); 
  Serial.print("A"); 
  data2=Serial.read(); 
  Serial.print("A"); 
  data3=Serial.read(); 
  Serial.print("A"); 
  data4=Serial.read(); 
  Serial.print("A"); 
  P=(signed long)(data1<<24)+(signed long)(data2<<16)+(signed 
long)(data3<<8)+(data4); 
  floP=P/100; 
  client.publish("casa/TFG/presion", floP); 
  //Read RH 
  data1=Serial.read(); 
  Serial.print("A"); 
  data2=Serial.read(); 
  Serial.print("A"); 
  RH=(unsigned int)(data1<<8)+(data2); 
  client.publish("casa/TFG/humedad", RH); 
  //Read Temp 
  data1=Serial.read(); 
  Serial.print("A"); 
  data2=Serial.read(); 
  Serial.print("A"); 
  Temp=(unsigned int)(data1<<8)+(data2); 
  floTemp=Temp/100; 
  client.publish("casa/TFG/temperatura", floTemp); 
  //Read UV 
  data1=Serial.read(); 
  Serial.print("A"); 
  client.publish("casa/TFG/UV", data1); 
  //Read Irradiancia 
  data1=Serial.read(); 



Desarrollo de una plataforma domótica mediante el uso de nodos IoT 
 

173 
Ir al Índice 

  Serial.print("A"); 
  client.publish("casa/TFG/Irradiancia", data1); 
  //Read Dir 
  data1=Serial.read(); 
  Serial.print("A"); 
  client.publish("casa/TFG/DireccionViento", data1); 
  //Read Vel 
  data1=Serial.read(); 
  Serial.print("A"); 
  data2=Serial.read(); 
  Serial.print("A"); 
  Vel=(unsigned int)(data1<<8)+(data2); 
  floVel=Vel/100; 
  client.publish("casa/TFG/VelocidadViento", floVel); 
  //Read Batt 
  data1=Serial.read(); 
  Serial.print("A"); 
  data2=Serial.read(); 
  Serial.print("A"); 
  Batt=(unsigned int)(data1<<8)+(data2); 
  floBatt=Batt/100; 
  client.publish("casa/TFG/Bateria", floBatt); 
  } 
} 
Para los módulos internos se configura de igual manera el protocolo MQTT y 
además la conexión I2C con el sensor de temperatura y humedad: 
 
/* 
 * Wire - I2C Scanner 
 * 
 * The WeMos D1 Mini I2C bus uses pins: 
 * D1 = SCL 
 * D2 = SDA 
 */ 
 
#include <Wire.h> 
#include <ESP8266WiFi.h> 
#include <PubSubClient.h> 
 
const char* ssid = "TP_TFG"; 
const char* password = "tfg_pruebas"; 
const char* mqtt_server = "brokerTFG"; 
 
const int sclPin = D1; 
const int sdaPin = D2; 
char data1, data2; 
unsigned int rawT, rawRH; 
float t, RH; 
 
WiFiClient espClient; 
PubSubClient client(espClient); 
 
void setup() 
{ 
  Wire.begin(sdaPin, sclPin); 
  setup_wifi(); 
  client.setServer(mqtt_server, 1883); 
  client.setCallback(callback); 
} 
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void setup_wifi() { 
 
  delay(10); 
  // We start by connecting to a WiFi network 
  WiFi.begin(ssid, password); 
  while (WiFi.status() != WL_CONNECTED) { 
    delay(500); 
  } 
} 
 
void reconnect() { 
  // Loop until we're reconnected 
  while (!client.connected()) { 
    // Attempt to connect 
    if (client.connect("ESP8266Client")) { 
    } else { 
      // Wait 500 miliseconds before retrying 
      delay(500); 
    } 
  } 
} 
 
void loop() { 
 if (!client.connected()) { 
    reconnect(); 
  } 
  client.loop(); 
   
  //Read RH  
  Wire.beginTransmission(0b10000000); // write mode 
  Wire.write(byte(0xF5));             // sends measurement petition 
  Wire.endTransmission();        // stop transmitting 
  while (!Wire.available());          // wait conversion 
  Wire.beginTransmission(0b10000001); // read mode 
  data1=Wire.read(); 
  while (!Wire.available());  
  data2=Wire.read(); 
  Wire.endTransmission();        // stop transmitting 
  rawRH = (data1 << 8) | data2 
  RH = (rawRH*125)/65536-6; 
   
  //Read Temp  
  Wire.beginTransmission(0b10000000); // write mode 
  Wire.write(byte(0xF3));             // sends measurement petition 
  Wire.endTransmission();        // stop transmitting 
  while (!Wire.available());          // wait conversion 
  Wire.beginTransmission(0b10000001); // read mode 
  data1=Wire.read(); 
  while (!Wire.available());  
  data2=Wire.read(); 
  Wire.endTransmission();        // stop transmitting 
  rawT = (data1 << 8) | data2 
  t = (rawT*175.72)/65536-46.85; 
  client.publish("casa/TFG/humedad_int", RH); 
  client.publish("casa/TFG/temperatura_int", t); 
  for(int temp = 0; temp <= 300; temp++){  //Blocking code for 5min 
  delay(1000); 
  }   
} 
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Anexo X. Configuración servidor central 
 
INSTALANDO SERVIDOR IOT en RASPBERRY PI Zero W 
 
-Descargar distro Raspbian Lite 
(https://www.raspberrypi.org/downloads/raspbian/) 
-Instalarlo con Rufus (https://rufus.akeo.ie/?locale) 
 
-Crear archivo wpa_supplicant.conf con: 
 country=ES 
 ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev 
 update_config=1 
 network={ 
  ssid="TP_TFG" 
  psk="tfg_pruebas" 
  key_mgmt=WPA-PSK 
 } 
 
-Crear archivo ssh (sin extensión) para activar la conexión remota 
 
-Introducir tarjeta SD en la raspberry y acceder mediante putty (user: pi  pswrd: 
raspberry). 
 
-Cambiar contraseña con passwd 
-Para establecer una IP fija: 
 sudo nano /etc/dhcpcd.conf 
añadir: 
 interface wlan0 
 static ip_address=192.168.1.200 
 static routers=192.168.1.1 
 static domain_name_servers=8.8.8.8 
 static domain_search=8.8.4.4 
 
- Ir a sudo nano /etc/network/interfaces y añadir 
 auto lo 
 iface lo inet loopback 
 iface wlan0 inet manual 
 wpa-conf /etc/wpa_supplicant/wpa_supplicant.conf 
 
-Configuración básica lista. 
 
 

https://www.raspberrypi.org/downloads/raspbian/
https://rufus.akeo.ie/?locale
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(https://community.openhab.org/t/influxdb-grafana-persistence-and-
graphing/13761/21) 
(https://community.openhab.org/t/influxdb-grafana-persistence-and-
graphing/13761/88) 
INSTALACIÓN BÁSICA Grafana 
- sudo apt-get install apt-transport-https curl 
- curl 
https://bintray.com/user/downloadSubjectPublicKey?username=bintray | sudo 
apt-key add - 
- echo "deb https://dl.bintray.com/fg2it/deb-rpi-1b jessie main" | sudo tee 
-a /etc/apt/sources.list.d/grafana.list 
- sudo apt-get update 
- sudo apt-get install grafana 
- sudo service grafana-server start 
- sudo update-rc.d grafana-server defaults 
INSTALACIÓN BÁSICA OPENHAB 2 
(https://www.openhab.org/docs/installation/rasppi.html) 
- sudo apt-get install oracle-java8-jdk 
- sudo apt-get update 
- sudo apt-get upgrade 
- wget -qO - 
'https://bintray.com/user/downloadSubjectPublicKey?username=openhab' | 
sudo apt-key add - 
- sudo apt-get install apt-transport-https 
- echo 'deb https://dl.bintray.com/openhab/apt-repo2 stable main' | sudo 
tee /etc/apt/sources.list.d/openhab2.list 
- sudo apt-get update 
- sudo apt-get install openhab2 
- sudo /etc/init.d/openhab2 start 
- sudo /etc/init.d/openhab2 status 
- sudo update-rc.d openhab2 defaults 
INSTALACIÓN BÁSICA InfluxDB 
- wget -O - https://repos.influxdata.com/influxdb.key | sudo apt-key add - 
- echo "deb https://repos.influxdata.com/debian jessie stable" | sudo tee 
/etc/apt/sources.list.d/influxdb.list 
- sudo apt-get update 
- sudo apt-get install influxdb 
- sudo systemctl daemon-reload 
- sudo systemctl enable influxdb.service 
- sudo systemctl start influxdb.service 
 

https://community.openhab.org/t/influxdb-grafana-persistence-and-graphing/13761/21
https://community.openhab.org/t/influxdb-grafana-persistence-and-graphing/13761/21
https://community.openhab.org/t/influxdb-grafana-persistence-and-graphing/13761/88
https://community.openhab.org/t/influxdb-grafana-persistence-and-graphing/13761/88
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Anexo XI. Planos PCB diseñadas 
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Anexo XII. Planos Carcasas 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*La carcasa del módulo interior empotrable ha sido adaptada desde el diseño: 
https://www.thingiverse.com/thing:2603232 

https://www.thingiverse.com/thing:2603232


92

4
7

2
2

R

1

5

2

1
8

.
9

8
2

0
.
0

2

1:1
Caja

Caja 1



4
7

R

1

7

2

90

92

3
9

2

2

2

Tapa caja
1:1

Caja 2



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

A A

A-A (2:1)

1
7

1
3

9

5
.
5

2
5

1.19

3

0

°

3

0

°

Ø

7

0

Ø

8

0

Ø

9

7

.

5

30

B

B (4:1)

1

43

37

35

1
2

27

61

C

C (2:1)

1
0

2
.
5

46.75

Stevenson Inferior
1:1

Stevenson 1



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

A

A

A-A (2:1)

3

0

°

3

0

°

2
2

1
4

1
0

6

R

3

5

R

4

0

Ø

9

7

.
5

46.75

43

37

1.19

Stevenson Lamas

Stevenson 2
1:1



1

A

2 3 4 5 6 7 8

1 2 3 4 5 6 7 8

B

C

D

E

F

A

B

C

D

E

F

A

A

A-A (2:1)

2
5

Ø

1

1

0

18

16

18

7

1

2

1

3

1

8

1
4

9

6

.
6

5

°

2

4
8

4
2

3
9
.
8

3

Stevenson Superior

1:1
Stevenson 3



Desarrollo de una plataforma domótica mediante el uso de nodos IoT 
 

197 
Ir al Índice 

Anexo XIII. Presupuesto 
Se presenta las cantidades y coste de los elementos utilizados en cada uno de 
los nodos y el servidor central. 
 

 
 
No se ha incluido el coste de componentes pasivos o adicionales. 
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Anexo XIV. Diagrama de Gantt 
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