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Mesurer la température à l’aide d’un microcontrôleur
Fiche enseignant


Compétences : 
· Cycle 4 – D4 – Concevoir, créer, réaliser - Je réalise un dispositif de mesure
· Seconde Bac Pro – Thermique : comment caractériser les échanges d’énergie sous forme thermique -  Mesurer des températures – Choisir et utiliser un capteur de température
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Pour utiliser cette ressource numérique, assurez-vous d’être sur un ordinateur et d’avoir installé le logiciel mBlock 3.
[Attention, seule la version 3 permettra de faire fonctionner correctement le programme]




[image: ]
Vous pouvez y accéder à l’aide du lien suivant : 
https://www.mblock.cc/en-us/download/

Une fois le logiciel ouvert :
· Vérifiez que le choix de votre carte corresponde à celle que vous utilisez (Onglet Choix de la carte)
· Connectez la carte (Onglet Connecter, puis choisissez le port numéroté accessible)
· Cliquez sur le drapeau vert pour activer le programme et utilisez votre sonde.
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Important : Nous utilisons ici la sonde de température DS18B20, très répandue et abordable. Elle existe aussi vendu dans une capsule étanche. 




Le Montage
	1 x Microcontrôleur Arduino Uno (ou équivalent)

1 x Sonde de température DS18B20

3 x fils de connexion

1 x Conducteur ohmique 4,7 kΩ

1 x Plaque de branchements

	[image: Résultat de recherche d'images pour "DS18b20 montage"]


Important : Nous utilisons ici des blocs disponibles dans une librairie spécifique aux capteurs. Voici le lien pour la télécharger et trouver les informations pour l’installer.
http://www.technozone51.fr/dokuwiki2/doku.php?id=documentation:extensions_tz51_pour_mblock
Ou en cliquant ici pour télécharger la librairie à installer depuis mBlock (Choix des extensions  Gérer les extensions  Ajouter  Sélectionner le fichier (type de fichiers « zip files »).

 

Le programme
[image: ] · Ecriture dans un format compris par la carte.
· Boucle de répétition pour ne pas avoir à relancer le programme à chaque mesure.
· Lecture de l’information du capteur par la carte.
· Pause (évite les bugs)
· Affichage de la valeur lue sur l’écran.
· Pause (évite les bugs)










Pour exécuter ce programme et lire la valeur en direct, réalisez cette série d’actions :
· Connectez votre microcontrôleur (Connecter  Par port série  COM #)
· En mode Arduino (Edition  Mode Arduino) Téléversez dans l’Arduino (En haut à droite de la fenêtre).
· Une fois le téléversement fini, reconnectez la carte.
· [bookmark: _GoBack]Vous pouvez lire la valeur en direct en bas à droite de la fenêtre (Pensez à cocher « mode texte » dans la case « recv encode mode ».
Groupe de travail au numérique – 2019/2020 Amiens – P. VRECH & A. BUIRE
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TZ51_capteurs/js/TZ51_capteurs.js

// TZ51_actionneurs.js



(function(ext) {

    var device = null;

    

	var incomebyte;

	var chaine_cmd='';

	var myID;

	var answer_type;

	var my_DHT;

	var levels = {allume:1,eteint:0,active:0,désactive:1,DHT22:22,DHT11:11,DHT21:21,AM2301:21};

    

	ext.resetAll = function(){};

	

	ext.runArduino = function(){

		

	};

	

	ext.getDigitalneg = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='BOOL_NEG';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RD ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	

	ext.digitalRead = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='BOOL';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RD ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	

	ext.getAnalog = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='INT';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RA ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	ext.getemp1 = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='TEMP1';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RA ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	ext.getemp3 = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='INT';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RT ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	ext.gettemp3 = function(dht_type,pin){

		my_DHT=levels[dht_type];

	};

	ext.getemp4 = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='INT';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RU ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x20);

		mytab=ascii_to_hexa(mytab,my_DHT.toString());

		mytab.push(0x20);

		mytab=ascii_to_hexa(mytab,'1');

		mytab.push(0x0A);

        device.send(mytab)

	};

	ext.gethumid = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='INT';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RU ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x20);

		mytab=ascii_to_hexa(mytab,my_DHT.toString());

		mytab.push(0x20);

		mytab=ascii_to_hexa(mytab,'0');

		mytab.push(0x0A);

        device.send(mytab)

	};

	ext.getlum1 = function(nextID,pin){

		//alert(nextID);

		myID=nextID;

		answer_type='LUM1';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RA ');

		mytab=ascii_to_hexa(mytab,pin.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	ext.getdist1 = function(nextID,trig,dist){

		//alert(nextID);

		myID=nextID;

		answer_type='INT';

		var mytab=[];

		mytab=ascii_to_hexa(mytab,'RS ');

		mytab=ascii_to_hexa(mytab,trig.toString());

		mytab.push(0x20)

		mytab=ascii_to_hexa(mytab,dist.toString());

		mytab.push(0x0A);

        device.send(mytab)

	};

	var _level = 0;	



	function Enum(constantsList) {

    for (var i in constantsList) {

        this[constantsList[i]] = i;

    }

}

	

	function ascii_to_hexa(tab,str)

  {

	for (var n = 0, l = str.length; n < l; n ++) 

     {

		var hex = Number(str.charCodeAt(n));

		tab.push(hex);

	 }

	return tab;

   }

	

    function processData(bytes) {

		trace(bytes);

		if (answer_type=='INT') { var value=bytes[0]+256*bytes[1]; }

		if (answer_type=='TEMP1') { 

									var temp=bytes[0]+256*bytes[1];

									var value=Math.round(-0.525641025*(temp/4)+ 116.0897436);

								  }

		if (answer_type=='LUM1') { 

									var temp=bytes[0]+256*bytes[1];

									var value=Math.round(1517.288685*Math.exp(-64.822510*temp/10000));

								  }						  

		if (answer_type=='BOOL') { var value=bytes[0]; }

		if (answer_type=='BOOL_NEG') { var value=1-bytes[0]; }	

		//alert(value);

		responseValue(myID,value);

    }



    // Extension API interactions

    var potentialDevices = [];

    ext._deviceConnected = function(dev) {

        potentialDevices.push(dev);



        if (!device) {

            tryNextDevice();

        }

    }



    function tryNextDevice() {

        // If potentialDevices is empty, device will be undefined.

        // That will get us back here next time a device is connected.

        device = potentialDevices.shift();

        if (device) {

            device.open({ stopBits: 0, bitRate: 115200, ctsFlowControl: 0 }, deviceOpened);

        }

    }



    function deviceOpened(dev) {

        if (!dev) {

            // Opening the port failed.

            tryNextDevice();

            return;

        }

        device.set_receive_handler('demo',function(data) {

            processData(data);

        });

    };



    ext._deviceRemoved = function(dev) {

        if(device != dev) return;

        device = null;

    };



    ext._shutdown = function() {

        if(device) device.close();

        device = null;

    };



    ext._getStatus = function() {

        if(!device) return {status: 1, msg: 'demo disconnected'};

        return {status: 2, msg: 'demo connected'};

    }



    var descriptor = {};

	ScratchExtensions.register('Technozone51 capteurs', descriptor, ext, {type: 'serial'});

})({});
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TZ51_capteurs/src/TZ51_BME280.cpp/*
BME280.cpp
This code records data from the BME280 sensor and provides an API.
This file is part of the Arduino BME280 library.
Copyright (C) 2016   Tyler Glenn

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.   See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.   If not, see <http://www.gnu.org/licenses/>.

Written: Dec 30 2015.
Last Updated: Oct 07 2017.

This header must be included in any derived code or copies of the code.

Based on the data sheet provided by Bosch for the Bme280 environmental sensor,
calibration code based on algorithms providedBosch, some unit conversations courtesy
of www.endmemo.com, altitude equation courtesy of NOAA, and dew point equation
courtesy of Brian McNoldy at http://andrew.rsmas.miami.edu.
 */

#include <Wire.h>

#include "TZ51_BME280.h"


/****************************************************************/
BME280::BME280
(
   const Settings& settings
):m_settings(settings),
  m_initialized(false)
{
}


/****************************************************************/
bool BME280::Initialize()
{
   bool success(true);

   success &= ReadChipID();

   if(success)
   {
      success &= ReadTrim();

      if(m_settings.filter != Filter_Off)
      {
        InitializeFilter();
      }
      
      WriteSettings();
   }

   m_initialized = success;

   return m_initialized;
}


/****************************************************************/
bool BME280::InitializeFilter()
{
  // Force an unfiltered measurement to populate the filter buffer.
  // This fixes a bug that causes the first read to always be 28.82 °C 81732.34 hPa.
  Filter filter = m_settings.filter;
  m_settings.filter = Filter_Off;

  WriteSettings();

  float dummy;
  read(dummy, dummy, dummy);

  m_settings.filter = filter;
}


/****************************************************************/
bool BME280::ReadChipID()
{
   uint8_t id[1];

   ReadRegister(ID_ADDR, &id[0], 1);

   switch(id[0])
   {
      case ChipModel_BME280:
         m_chip_model = ChipModel_BME280;
         break;
      case ChipModel_BMP280:
         m_chip_model = ChipModel_BMP280;
         break;
      default:
         m_chip_model = ChipModel_UNKNOWN;
         return false;
   }

   return true;
}


/****************************************************************/
bool BME280::WriteSettings()
{
   uint8_t ctrlHum, ctrlMeas, config;

   CalculateRegisters(ctrlHum, ctrlMeas, config);

   WriteRegister(CTRL_HUM_ADDR, ctrlHum);
   WriteRegister(CTRL_MEAS_ADDR, ctrlMeas);
   WriteRegister(CONFIG_ADDR, config);
}


/****************************************************************/
void BME280::setSettings
(
   const Settings& settings
)
{
   m_settings = settings;
   WriteSettings();
}


/****************************************************************/
const BME280::Settings& BME280::getSettings() const
{
   return m_settings;
}


/****************************************************************/
bool BME280::begin
(
)
{
   bool success = Initialize();
   success &= m_initialized;

   return success;
}

/****************************************************************/
void BME280::CalculateRegisters
(
   uint8_t& ctrlHum,
   uint8_t& ctrlMeas,
   uint8_t& config
)
{
   // ctrl_hum register. (ctrl_hum[2:0] = Humidity oversampling rate.)
   ctrlHum = (uint8_t)m_settings.humOSR;
   // ctrl_meas register. (ctrl_meas[7:5] = temperature oversampling rate, ctrl_meas[4:2] = pressure oversampling rate, ctrl_meas[1:0] = mode.)
   ctrlMeas = ((uint8_t)m_settings.tempOSR << 5) | ((uint8_t)m_settings.presOSR << 2) | (uint8_t)m_settings.mode;
   // config register. (config[7:5] = standby time, config[4:2] = filter, ctrl_meas[0] = spi enable.)
   config = ((uint8_t)m_settings.standbyTime << 5) | ((uint8_t)m_settings.filter << 2) | (uint8_t)m_settings.spiEnable;
}


/****************************************************************/
bool BME280::ReadTrim()
{
   uint8_t ord(0);
   bool success = true;

   // Temp. Dig
   success &= ReadRegister(TEMP_DIG_ADDR, &m_dig[ord], TEMP_DIG_LENGTH);
   ord += TEMP_DIG_LENGTH;

   // Pressure Dig
   success &= ReadRegister(PRESS_DIG_ADDR, &m_dig[ord], PRESS_DIG_LENGTH);
   ord += PRESS_DIG_LENGTH;

   // Humidity Dig 1
   success &= ReadRegister(HUM_DIG_ADDR1, &m_dig[ord], HUM_DIG_ADDR1_LENGTH);
   ord += HUM_DIG_ADDR1_LENGTH;

   // Humidity Dig 2
   success &= ReadRegister(HUM_DIG_ADDR2, &m_dig[ord], HUM_DIG_ADDR2_LENGTH);
   ord += HUM_DIG_ADDR2_LENGTH;

#ifdef DEBUG_ON
   Serial.print("Dig: ");
   for(int i = 0; i < 32; ++i)
   {
      Serial.print(m_dig[i], HEX);
      Serial.print(" ");
   }
   Serial.println();
#endif

   return success && ord == DIG_LENGTH;
}


/****************************************************************/
bool BME280::ReadData
(
   int32_t data[SENSOR_DATA_LENGTH]
)
{
   bool success;
   uint8_t buffer[SENSOR_DATA_LENGTH];

   // For forced mode we need to write the mode to BME280 register before reading
   if (m_settings.mode == Mode_Forced)
   {
      WriteSettings();
   }

   // Registers are in order. So we can start at the pressure register and read 8 bytes.
   success = ReadRegister(PRESS_ADDR, buffer, SENSOR_DATA_LENGTH);

   for(int i = 0; i < SENSOR_DATA_LENGTH; ++i)
   {
      data[i] = static_cast<int32_t>(buffer[i]);
   }

#ifdef DEBUG_ON
   Serial.print("Data: ");
   for(int i = 0; i < 8; ++i)
   {
      Serial.print(data[i], HEX);
      Serial.print(" ");
   }
   Serial.println();
#endif

   return success;
}


/****************************************************************/
float BME280::CalculateTemperature
(
   int32_t raw,
   int32_t& t_fine,
   TempUnit unit
)
{
   // Code based on calibration algorthim provided by Bosch.
   int32_t var1, var2, final;
   uint16_t dig_T1 = (m_dig[1] << 8) | m_dig[0];
   int16_t   dig_T2 = (m_dig[3] << 8) | m_dig[2];
   int16_t   dig_T3 = (m_dig[5] << 8) | m_dig[4];
   var1 = ((((raw >> 3) - ((int32_t)dig_T1 << 1))) * ((int32_t)dig_T2)) >> 11;
   var2 = (((((raw >> 4) - ((int32_t)dig_T1)) * ((raw >> 4) - ((int32_t)dig_T1))) >> 12) * ((int32_t)dig_T3)) >> 14;
   t_fine = var1 + var2;
   final = (t_fine * 5 + 128) >> 8;
   return unit == TempUnit_Celsius ? final/100.0 : final/100.0*9.0/5.0 + 32.0;
}


/****************************************************************/
float BME280::CalculateHumidity
(
   int32_t raw,
   int32_t t_fine
)
{
   // Code based on calibration algorthim provided by Bosch.
   int32_t var1;
   uint8_t   dig_H1 =   m_dig[24];
   int16_t dig_H2 = (m_dig[26] << 8) | m_dig[25];
   uint8_t   dig_H3 =   m_dig[27];
   int16_t dig_H4 = (m_dig[28] << 4) | (0x0F & m_dig[29]);
   int16_t dig_H5 = (m_dig[30] << 4) | ((m_dig[29] >> 4) & 0x0F);
   int8_t   dig_H6 =   m_dig[31];

   var1 = (t_fine - ((int32_t)76800));
   var1 = (((((raw << 14) - (((int32_t)dig_H4) << 20) - (((int32_t)dig_H5) * var1)) +
   ((int32_t)16384)) >> 15) * (((((((var1 * ((int32_t)dig_H6)) >> 10) * (((var1 *
   ((int32_t)dig_H3)) >> 11) + ((int32_t)32768))) >> 10) + ((int32_t)2097152)) *
   ((int32_t)dig_H2) + 8192) >> 14));
   var1 = (var1 - (((((var1 >> 15) * (var1 >> 15)) >> 7) * ((int32_t)dig_H1)) >> 4));
   var1 = (var1 < 0 ? 0 : var1);
   var1 = (var1 > 419430400 ? 419430400 : var1);
   return ((uint32_t)(var1 >> 12))/1024.0;
}


/****************************************************************/
float BME280::CalculatePressure
(
   int32_t raw,
   int32_t t_fine,
   PresUnit unit
)
{
   // Code based on calibration algorthim provided by Bosch.
   int64_t var1, var2, pressure;
   float final;

   uint16_t dig_P1 = (m_dig[7]   << 8) | m_dig[6];
   int16_t   dig_P2 = (m_dig[9]   << 8) | m_dig[8];
   int16_t   dig_P3 = (m_dig[11] << 8) | m_dig[10];
   int16_t   dig_P4 = (m_dig[13] << 8) | m_dig[12];
   int16_t   dig_P5 = (m_dig[15] << 8) | m_dig[14];
   int16_t   dig_P6 = (m_dig[17] << 8) | m_dig[16];
   int16_t   dig_P7 = (m_dig[19] << 8) | m_dig[18];
   int16_t   dig_P8 = (m_dig[21] << 8) | m_dig[20];
   int16_t   dig_P9 = (m_dig[23] << 8) | m_dig[22];

   var1 = (int64_t)t_fine - 128000;
   var2 = var1 * var1 * (int64_t)dig_P6;
   var2 = var2 + ((var1 * (int64_t)dig_P5) << 17);
   var2 = var2 + (((int64_t)dig_P4) << 35);
   var1 = ((var1 * var1 * (int64_t)dig_P3) >> 8) + ((var1 * (int64_t)dig_P2) << 12);
   var1 = (((((int64_t)1) << 47) + var1)) * ((int64_t)dig_P1) >> 33;
   if (var1 == 0) { return NAN; }                                                         // Don't divide by zero.
   pressure   = 1048576 - raw;
   pressure = (((pressure << 31) - var2) * 3125)/var1;
   var1 = (((int64_t)dig_P9) * (pressure >> 13) * (pressure >> 13)) >> 25;
   var2 = (((int64_t)dig_P8) * pressure) >> 19;
   pressure = ((pressure + var1 + var2) >> 8) + (((int64_t)dig_P7) << 4);

   final = ((uint32_t)pressure)/256.0;

   // Conversion units courtesy of www.endmemo.com.
   switch(unit){
      case PresUnit_hPa: /* hPa */
         final /= 100.0;
         break;
      case PresUnit_inHg: /* inHg */
         final /= 3386.3752577878;          /* final pa * 1inHg/3386.3752577878Pa */
         break;
      case PresUnit_atm: /* atm */
         final /= 101324.99766353; /* final pa * 1 atm/101324.99766353Pa */
         break;
      case PresUnit_bar: /* bar */
         final /= 100000.0;               /* final pa * 1 bar/100kPa */
         break;
      case PresUnit_torr: /* torr */
         final /= 133.32236534674;            /* final pa * 1 torr/133.32236534674Pa */
         break;
      case PresUnit_psi: /* psi */
         final /= 6894.744825494;   /* final pa * 1psi/6894.744825494Pa */
         break;
      default: /* Pa (case: 0) */
         break;
   }
   return final;
}


/****************************************************************/
float BME280::temp
(
   TempUnit unit
)
{
   int32_t data[8];
   int32_t t_fine;
   if(!ReadData(data)){ return NAN; }
   uint32_t rawTemp   = (data[3] << 12) | (data[4] << 4) | (data[5] >> 4);
   return CalculateTemperature(rawTemp, t_fine, unit);
}


/****************************************************************/
float BME280::pres
(
   PresUnit unit
)
{
   int32_t data[8];
   int32_t t_fine;
   if(!ReadData(data)){ return NAN; }
   uint32_t rawTemp       = (data[3] << 12) | (data[4] << 4) | (data[5] >> 4);
   uint32_t rawPressure = (data[0] << 12) | (data[1] << 4) | (data[2] >> 4);
   CalculateTemperature(rawTemp, t_fine);
   return CalculatePressure(rawPressure, t_fine, unit);
}


/****************************************************************/
float BME280::hum()
{
   int32_t data[8];
   int32_t t_fine;
   if(!ReadData(data)){ return NAN; }
   uint32_t rawTemp = (data[3] << 12) | (data[4] << 4) | (data[5] >> 4);
   uint32_t rawHumidity = (data[6] << 8) | data[7];
   CalculateTemperature(rawTemp, t_fine);
   return CalculateHumidity(rawHumidity, t_fine);
}


/****************************************************************/
void BME280::read
(
   float& pressure,
   float& temp,
   float& humidity,
   TempUnit tempUnit,
   PresUnit presUnit
)
{
   int32_t data[8];
   int32_t t_fine;
   if(!ReadData(data)){
      pressure = temp = humidity = NAN;
      return;
   }
   uint32_t rawPressure = (data[0] << 12) | (data[1] << 4) | (data[2] >> 4);
   uint32_t rawTemp = (data[3] << 12) | (data[4] << 4) | (data[5] >> 4);
   uint32_t rawHumidity = (data[6] << 8) | data[7];
   temp = CalculateTemperature(rawTemp, t_fine, tempUnit);
   pressure = CalculatePressure(rawPressure, t_fine, presUnit);
   humidity = CalculateHumidity(rawHumidity, t_fine);
}


/****************************************************************/
BME280::ChipModel BME280::chipModel
(
)
{
   return m_chip_model;
}
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/*

BME280.h

This code records data from the BME280 sensor and provides an API.
This file is part of the Arduino BME280 library.
Copyright (C) 2016  Tyler Glenn

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>.

Written: Dec 30 2015.
Last Updated: Oct 07 2017.

This code is licensed under the GNU LGPL and is open for ditrbution
and copying in accordance with the license.
This header must be included in any derived code or copies of the code.

 */

#ifndef TG_BME_280_H
#define TG_BME_280_H

#include "Arduino.h"


//////////////////////////////////////////////////////////////////
/// BME280 - Driver class for Bosch Bme280 sensor
///
/// Based on the data sheet provided by Bosch for
/// the Bme280 environmental sensor.
///
class BME280
{
public:

/*****************************************************************/
/* ENUMERATIONS                                                  */
/*****************************************************************/

   enum TempUnit
   {
      TempUnit_Celsius,
      TempUnit_Fahrenheit
   };

   enum PresUnit
   {
      PresUnit_Pa,
      PresUnit_hPa,
      PresUnit_inHg,
      PresUnit_atm,
      PresUnit_bar,
      PresUnit_torr,
      PresUnit_psi
   };

   enum OSR
   {
      OSR_Off =  0,
      OSR_X1  =  1,
      OSR_X2  =  2,
      OSR_X4  =  3,
      OSR_X8  =  4,
      OSR_X16 =  5
   };

   enum Mode
   {
      Mode_Sleep  = 0,
      Mode_Forced = 1,
      Mode_Normal = 3
   };

   enum StandbyTime
   {
      StandbyTime_500us   = 0,
      StandbyTime_62500us = 1,
      StandbyTime_125ms   = 2,
      StandbyTime_250ms   = 3,
      StandbyTime_50ms    = 4,
      StandbyTime_1000ms  = 5,
      StandbyTime_10ms    = 6,
      StandbyTime_20ms    = 7
   };

   enum Filter
   {
      Filter_Off = 0,
      Filter_2   = 1,
      Filter_4   = 2,
      Filter_8   = 3,
      Filter_16  = 4
   };

   enum SpiEnable
   {
      SpiEnable_False = 0,
      SpiEnable_True = 1
   };

   enum ChipModel
   {
      ChipModel_UNKNOWN = 0,
      ChipModel_BMP280 = 0x58,
      ChipModel_BME280 = 0x60
   };

/*****************************************************************/
/* STRUCTURES                                                  */
/*****************************************************************/

   struct Settings
   {
      Settings(
         OSR _tosr       = OSR_X1,
         OSR _hosr       = OSR_X1,
         OSR _posr       = OSR_X1,
         Mode _mode      = Mode_Forced,
         StandbyTime _st = StandbyTime_1000ms,
         Filter _filter  = Filter_Off,
         SpiEnable _se   = SpiEnable_False
      ): tempOSR(_tosr),
         humOSR(_hosr),
         presOSR(_posr),
         mode(_mode),
         standbyTime(_st),
         filter(_filter),
         spiEnable(_se) {}

      OSR tempOSR;
      OSR humOSR;
      OSR presOSR;
      Mode mode;
      StandbyTime standbyTime;
      Filter filter;
      SpiEnable spiEnable;
   };

/*****************************************************************/
/* INIT FUNCTIONS                                                */
/*****************************************************************/

   /////////////////////////////////////////////////////////////////
   /// Constructor used to create the class.
   /// All parameters have default values.
   BME280(
      const Settings& settings);

   /////////////////////////////////////////////////////////////////
   /// Method used to initialize the class.
   bool begin();

/*****************************************************************/
/* ENVIRONMENTAL FUNCTIONS                                       */
/*****************************************************************/

   //////////////////////////////////////////////////
   /// Read the temperature from the BME280 and return a float.
   float temp(
      TempUnit unit = TempUnit_Celsius);

   /////////////////////////////////////////////////////////////////
   /// Read the pressure from the BME280 and return a float with the
   /// specified unit.
   float pres(
      PresUnit unit = PresUnit_hPa);

   /////////////////////////////////////////////////////////////////
   /// Read the humidity from the BME280 and return a percentage
   /// as a float.
   float hum();

   /////////////////////////////////////////////////////////////////
   /// Read the data from the BME280 in the specified unit.
   void   read(
      float&    pressure,
      float&    temperature,
      float&    humidity,
      TempUnit  tempUnit    = TempUnit_Celsius,
      PresUnit  presUnit    = PresUnit_hPa);


/*****************************************************************/
/* ACCESSOR FUNCTIONS                                            */
/*****************************************************************/

   ////////////////////////////////////////////////////////////////
   /// Method used to return ChipModel.
   ChipModel chipModel();

protected:

/*****************************************************************/
/* CONSTRUCTOR INIT FUNCTIONS                                    */
/*****************************************************************/

   ///////////////////////////////////////////////////////////////
   /// Write configuration to BME280, return true if successful.
   /// Must be called from any child classes.
   virtual bool Initialize();

   ///////////////////////////////////////////////////////////////
   /// Force a unfiltered measurement to populate the filter 
   /// buffer.
   bool InitializeFilter();


/*****************************************************************/
/* ACCESSOR FUNCTIONS                                            */
/*****************************************************************/

   /////////////////////////////////////////////////////////////////
   virtual void setSettings(
      const Settings& settings);

   /////////////////////////////////////////////////////////////////
   virtual const Settings& getSettings() const;


private:

/*****************************************************************/
/* CONSTANTS                                                     */
/*****************************************************************/

   static const uint8_t CTRL_HUM_ADDR   = 0xF2;
   static const uint8_t CTRL_MEAS_ADDR  = 0xF4;
   static const uint8_t CONFIG_ADDR     = 0xF5;
   static const uint8_t PRESS_ADDR      = 0xF7;
   static const uint8_t TEMP_ADDR       = 0xFA;
   static const uint8_t HUM_ADDR        = 0xFD;
   static const uint8_t TEMP_DIG_ADDR   = 0x88;
   static const uint8_t PRESS_DIG_ADDR  = 0x8E;
   static const uint8_t HUM_DIG_ADDR1   = 0xA1;
   static const uint8_t HUM_DIG_ADDR2   = 0xE1;
   static const uint8_t ID_ADDR         = 0xD0;

   static const uint8_t TEMP_DIG_LENGTH         = 6;
   static const uint8_t PRESS_DIG_LENGTH        = 18;
   static const uint8_t HUM_DIG_ADDR1_LENGTH    = 1;
   static const uint8_t HUM_DIG_ADDR2_LENGTH    = 7;
   static const uint8_t DIG_LENGTH              = 32;
   static const uint8_t SENSOR_DATA_LENGTH      = 8;


/*****************************************************************/
/* VARIABLES                                                     */
/*****************************************************************/
   Settings m_settings;

   uint8_t m_dig[32];
   ChipModel m_chip_model;

   bool m_initialized;


/*****************************************************************/
/* ABSTRACT FUNCTIONS                                            */
/*****************************************************************/

   /////////////////////////////////////////////////////////////////
   /// Write values to BME280 registers.
   virtual bool WriteRegister(
      uint8_t addr,
      uint8_t data)=0;

   /////////////////////////////////////////////////////////////////
   /// Read values from BME280 registers.
   virtual bool ReadRegister(
      uint8_t addr,
      uint8_t data[],
      uint8_t length)=0;


/*****************************************************************/
/* WORKER FUNCTIONS                                              */
/*****************************************************************/

   /////////////////////////////////////////////////////////////////
   /// Calculates registers based on settings.
   void CalculateRegisters(
      uint8_t& ctrlHum,
      uint8_t& ctrlMeas,
      uint8_t& config);

   /////////////////////////////////////////////////////////////////
   /// Write the settings to the chip.
   bool WriteSettings();


   /////////////////////////////////////////////////////////////////
   /// Read the the chip id data from the BME280, return true if
   /// successful and the id matches a known value.
   bool ReadChipID();

   /////////////////////////////////////////////////////////////////
   /// Read the the trim data from the BME280, return true if
   /// successful.
   bool ReadTrim();

   /////////////////////////////////////////////////////////////////
   /// Read the raw data from the BME280 into an array and return
   /// true if successful.
   bool ReadData(
      int32_t data[8]);


   /////////////////////////////////////////////////////////////////
   /// Calculate the temperature from the BME280 raw data and
   /// BME280 trim, return a float.
   float CalculateTemperature(
      int32_t raw,
      int32_t& t_fine,
      TempUnit unit = TempUnit_Celsius);

   /////////////////////////////////////////////////////////////////
   /// Calculate the humidity from the BME280 raw data and BME280
   /// trim, return a float.
   float CalculateHumidity(
      int32_t raw,
      int32_t t_fine);

   /////////////////////////////////////////////////////////////////
   /// Calculate the pressure from the BME280 raw data and BME280
   /// trim, return a float.
   float CalculatePressure(
      int32_t raw,
      int32_t t_fine,
      PresUnit unit = PresUnit_hPa);

};

#endif // TG_BME_280_H
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TZ51_capteurs/src/TZ51_BME280I2C.cpp/*
BME280I2CI2C.cpp
This code records data from the BME280I2C sensor and provides an API.
This file is part of the Arduino BME280I2C library.
Copyright (C) 2016  Tyler Glenn

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>.

Written: Dec 30 2015.
Last Updated: Jan 1 2016. - Happy New year!

This header must be included in any derived code or copies of the code.

Based on the data sheet provided by Bosch for the BME280I2C environmental sensor,
calibration code based on algorithms providedBosch, some unit conversations courtesy
of www.endmemo.com, altitude equation courtesy of NOAA, and dew point equation
courtesy of Brian McNoldy at http://andrew.rsmas.miami.edu.
 */

#include <Wire.h>

#include "TZ51_BME280I2C.h"


/****************************************************************/
BME280I2C::BME280I2C
(
  const Settings& settings
):BME280(settings),
  m_settings(settings)
{
}


/****************************************************************/
void BME280I2C::setSettings
(
   const Settings& settings
)
{
   m_settings = settings;
   BME280::setSettings(settings);
}


/****************************************************************/
const BME280I2C::Settings& BME280I2C::getSettings() const
{
   return m_settings;
}


/****************************************************************/
bool BME280I2C::WriteRegister
(
  uint8_t addr,
  uint8_t data
)
{
  Wire.beginTransmission(m_settings.bme280Addr);
  Wire.write(addr);
  Wire.write(data);
  Wire.endTransmission();

  return true; // TODO: Chech return values from wire calls.
}


/****************************************************************/
bool BME280I2C::ReadRegister
(
  uint8_t addr,
  uint8_t data[],
  uint8_t length
)
{
  uint8_t ord(0);

  Wire.beginTransmission(m_settings.bme280Addr);
  Wire.write(addr);
  Wire.endTransmission();

  Wire.requestFrom(static_cast<uint8_t>(m_settings.bme280Addr), length);

  while(Wire.available())
  {
    data[ord++] = Wire.read();
  }

  return ord == length;
}
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/*
BME280I2C.h
This code records data from the BME280 sensor and provides an API.
This file is part of the Arduino BME280 library.
Copyright (C) 2016  Tyler Glenn

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or
(at your option) any later version.

This program is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.  See the
GNU General Public License for more details.

You should have received a copy of the GNU General Public License
along with this program.  If not, see <http://www.gnu.org/licenses/>.

Written: Sep 19 2016.
Last Updated: Oct 07 2017.

This code is licensed under the GNU LGPL and is open for ditrbution
and copying in accordance with the license.
This header must be included in any derived code or copies of the code.

Based on the data sheet provided by Bosch for the Bme280 environmental sensor.
 */

#ifndef TG_BME_280_I2C_H
#define TG_BME_280_I2C_H

#include "TZ51_BME280.h"

//////////////////////////////////////////////////////////////////
/// BME280I2C - I2C Implementation of BME280.
class BME280I2C: public BME280
{

public:

   enum I2CAddr
   {
      I2CAddr_0x76 = 0x76,
      I2CAddr_0x77 = 0x77
   };


   struct Settings : public BME280::Settings
   {
      Settings(
         OSR _tosr       = OSR_X1,
         OSR _hosr       = OSR_X1,
         OSR _posr       = OSR_X1,
         Mode _mode      = Mode_Forced,
         StandbyTime _st = StandbyTime_1000ms,
         Filter _filter  = Filter_16,
         SpiEnable _se   = SpiEnable_False,
         I2CAddr _addr   = I2CAddr_0x76
        ): BME280::Settings(_tosr, _hosr, _posr, _mode, _st, _filter, _se),
           bme280Addr(_addr) {}

      I2CAddr bme280Addr;
   };

   ///////////////////////////////////////////////////////////////
   /// Constructor used to create the class. All parameters have
   /// default values.
   BME280I2C(
      const Settings& settings = Settings());


/*****************************************************************/
/* ACCESSOR FUNCTIONS                                            */
/*****************************************************************/

   /////////////////////////////////////////////////////////////////
   virtual void setSettings(
      const Settings& settings);

   /////////////////////////////////////////////////////////////////
   const Settings& getSettings() const;


protected:

private:

   Settings m_settings;

   //////////////////////////////////////////////////////////////////
   /// Write values to BME280 registers.
   virtual bool WriteRegister(
      uint8_t addr,
      uint8_t data);

   /////////////////////////////////////////////////////////////////
   /// Read values from BME280 registers.
   virtual bool ReadRegister(
      uint8_t addr,
      uint8_t data[],
      uint8_t length);

};
#endif // TG_BME_280_I2C_H
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TZ51_capteurs/src/TZ51_DallasTemperature.cpp// This library is free software; you can redistribute it and/or
// modify it under the terms of the GNU Lesser General Public
// License as published by the Free Software Foundation; either
// version 2.1 of the License, or (at your option) any later version.

#include "TZ51_DallasTemperature.h"

extern "C" {
#include <Arduino.h>
}

DallasTemperature::DallasTemperature(OneWire* _oneWire)
  #if REQUIRESALARMS
  : _AlarmHandler(&defaultAlarmHandler)
  #endif
{
  _wire = _oneWire;
  devices = 0;
  parasite = false;
  conversionDelay = TEMP_9_BIT;
}

// initialize the bus
void DallasTemperature::begin(void)
{
  DeviceAddress deviceAddress;

  _wire->reset_search();
  devices = 0; // Reset the number of devices when we enumerate wire devices

  while (_wire->search(deviceAddress))
  {
    if (validAddress(deviceAddress))
    {
      if (!parasite && readPowerSupply(deviceAddress)) parasite = true;

      ScratchPad scratchPad;

      readScratchPad(deviceAddress, scratchPad);

      if (deviceAddress[0] == DS18S20MODEL) conversionDelay = TEMP_12_BIT; // 750 ms
      else if (scratchPad[CONFIGURATION] > conversionDelay) conversionDelay = scratchPad[CONFIGURATION];

      devices++;
    }
  }
}

// returns the number of devices found on the bus
uint8_t DallasTemperature::getDeviceCount(void)
{
  return devices;
}

// returns true if address is valid
bool DallasTemperature::validAddress(uint8_t* deviceAddress)
{
  return (_wire->crc8(deviceAddress, 7) == deviceAddress[7]);
}

// finds an address at a given index on the bus
// returns true if the device was found
bool DallasTemperature::getAddress(uint8_t* deviceAddress, uint8_t index)
{
  uint8_t depth = 0;

  _wire->reset_search();

  while (depth <= index && _wire->search(deviceAddress))
  {
    if (depth == index && validAddress(deviceAddress)) return true;
    depth++;
  }

  return false;
}

// attempt to determine if the device at the given address is connected to the bus
bool DallasTemperature::isConnected(uint8_t* deviceAddress)
{
  ScratchPad scratchPad;
  return isConnected(deviceAddress, scratchPad);
}

// attempt to determine if the device at the given address is connected to the bus
// also allows for updating the read scratchpad
bool DallasTemperature::isConnected(uint8_t* deviceAddress, uint8_t* scratchPad)
{
  readScratchPad(deviceAddress, scratchPad);
  return (_wire->crc8(scratchPad, 8) == scratchPad[SCRATCHPAD_CRC]);
}

// read device's scratch pad
void DallasTemperature::readScratchPad(uint8_t* deviceAddress, uint8_t* scratchPad)
{
  // send the command
  _wire->reset();
  _wire->select(deviceAddress);
  _wire->write(READSCRATCH);

  // read the response

  // byte 0: temperature LSB
  scratchPad[TEMP_LSB] = _wire->read();

  // byte 1: temperature MSB
  scratchPad[TEMP_MSB] = _wire->read();

  // byte 2: high alarm temp
  scratchPad[HIGH_ALARM_TEMP] = _wire->read();

  // byte 3: low alarm temp
  scratchPad[LOW_ALARM_TEMP] = _wire->read();

  // byte 4:
  // DS18S20: store for crc
  // DS18B20 & DS1822: configuration register
  scratchPad[CONFIGURATION] = _wire->read();

  // byte 5:
  // internal use & crc
  scratchPad[INTERNAL_BYTE] = _wire->read();

  // byte 6:
  // DS18S20: COUNT_REMAIN
  // DS18B20 & DS1822: store for crc
  scratchPad[COUNT_REMAIN] = _wire->read();

  // byte 7:
  // DS18S20: COUNT_PER_C
  // DS18B20 & DS1822: store for crc
  scratchPad[COUNT_PER_C] = _wire->read();

  // byte 8:
  // SCTRACHPAD_CRC
  scratchPad[SCRATCHPAD_CRC] = _wire->read();

  _wire->reset();
}

// writes device's scratch pad
void DallasTemperature::writeScratchPad(uint8_t* deviceAddress, const uint8_t* scratchPad)
{
  _wire->reset();
  _wire->select(deviceAddress);
  _wire->write(WRITESCRATCH);
  _wire->write(scratchPad[HIGH_ALARM_TEMP]); // high alarm temp
  _wire->write(scratchPad[LOW_ALARM_TEMP]); // low alarm temp
  // DS18S20 does not use the configuration register
  if (deviceAddress[0] != DS18S20MODEL) _wire->write(scratchPad[CONFIGURATION]); // configuration
  _wire->reset();
  // save the newly written values to eeprom
  _wire->write(COPYSCRATCH, parasite);
  if (parasite) delay(10); // 10ms delay
  _wire->reset();
}

// reads the device's power requirements
bool DallasTemperature::readPowerSupply(uint8_t* deviceAddress)
{
  bool ret = false;
  _wire->reset();
  _wire->select(deviceAddress);
  _wire->write(READPOWERSUPPLY);
  if (_wire->read_bit() == 0) ret = true;
  _wire->reset();
  return ret;
}

// returns the current resolution, 9-12
uint8_t DallasTemperature::getResolution(uint8_t* deviceAddress)
{
  if (deviceAddress[0] == DS18S20MODEL) return 9; // this model has a fixed resolution

  ScratchPad scratchPad;
  readScratchPad(deviceAddress, scratchPad);
  switch (scratchPad[CONFIGURATION])
  {
    case TEMP_12_BIT:
      return 12;
      break;
    case TEMP_11_BIT:
      return 11;
      break;
    case TEMP_10_BIT:
      return 10;
      break;
    case TEMP_9_BIT:
      return 9;
      break;
  }
}

// set resolution of a device to 9, 10, 11, or 12 bits
void DallasTemperature::setResolution(uint8_t* deviceAddress, uint8_t newResolution)
{
  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad))
  {
    // DS18S20 has a fixed 9-bit resolution
    if (deviceAddress[0] != DS18S20MODEL)
    {
      switch (newResolution)
      {
        case 12:
          scratchPad[CONFIGURATION] = TEMP_12_BIT;
          break;
        case 11:
          scratchPad[CONFIGURATION] = TEMP_11_BIT;
          break;
        case 10:
          scratchPad[CONFIGURATION] = TEMP_10_BIT;
          break;
        case 9:
        default:
          scratchPad[CONFIGURATION] = TEMP_9_BIT;
          break;
      }
      writeScratchPad(deviceAddress, scratchPad);
    }
  }
}

// sends command for all devices on the bus to perform a temperature
void DallasTemperature::requestTemperatures(void)
{
  _wire->reset();
  _wire->skip();
  _wire->write(STARTCONVO, parasite);

  switch (conversionDelay)
  {
    case TEMP_9_BIT:
      delay(94);
      break;
    case TEMP_10_BIT:
      delay(188);
      break;
    case TEMP_11_BIT:
      delay(375);
      break;
    case TEMP_12_BIT:
    default:
      delay(750);
      break;
  }
}

// sends command for one device to perform a temperature by address
void DallasTemperature::requestTemperaturesByAddress(uint8_t* deviceAddress)
{
  _wire->reset();
  _wire->select(deviceAddress);
  _wire->write(STARTCONVO, parasite);

  switch (conversionDelay)
  {
    case TEMP_9_BIT:
      delay(94);
      break;
    case TEMP_10_BIT:
      delay(188);
      break;
    case TEMP_11_BIT:
      delay(375);
      break;
    case TEMP_12_BIT:
    default:
      delay(750);
      break;
  }
}

// sends command for one device to perform a temp conversion by index
void DallasTemperature::requestTemperaturesByIndex(uint8_t deviceIndex)
{
  DeviceAddress deviceAddress;
  getAddress(deviceAddress, deviceIndex);
  requestTemperaturesByAddress(deviceAddress);
}


// Fetch temperature for device index
float DallasTemperature::getTempCByIndex(uint8_t deviceIndex)
{
  DeviceAddress deviceAddress;
  getAddress(deviceAddress, deviceIndex);
  return getTempC((uint8_t*)deviceAddress)*100;
}

// Fetch temperature for device index
float DallasTemperature::getTempFByIndex(uint8_t deviceIndex)
{
  return DallasTemperature::toFahrenheit(getTempCByIndex(deviceIndex));
}

// reads scratchpad and returns the temperature in degrees C
float DallasTemperature::calculateTemperature(uint8_t* deviceAddress, uint8_t* scratchPad)
{
  int16_t rawTemperature = (((int16_t)scratchPad[TEMP_MSB]) << 8) | scratchPad[TEMP_LSB];

  switch (deviceAddress[0])
  {
    case DS18B20MODEL:
    case DS1822MODEL:
      switch (scratchPad[CONFIGURATION])
      {
        case TEMP_12_BIT:
          return (float)rawTemperature * 0.0625;
          break;
        case TEMP_11_BIT:
          return (float)(rawTemperature >> 1) * 0.125;
          break;
        case TEMP_10_BIT:
          return (float)(rawTemperature >> 2) * 0.25;
          break;
        case TEMP_9_BIT:
          return (float)(rawTemperature >> 3) * 0.5;
          break;
      }
      break;
    case DS18S20MODEL:
      /*

      Resolutions greater than 9 bits can be calculated using the data from
      the temperature, COUNT REMAIN and COUNT PER �C registers in the
      scratchpad. Note that the COUNT PER �C register is hard-wired to 16
      (10h). After reading the scratchpad, the TEMP_READ value is obtained
      by truncating the 0.5�C bit (bit 0) from the temperature data. The
      extended resolution temperature can then be calculated using the
      following equation:

                                       COUNT_PER_C - COUNT_REMAIN
      TEMPERATURE = TEMP_READ - 0.25 + --------------------------
                                               COUNT_PER_C
      */

      // Good spot. Thanks Nic Johns for your contribution
      return (float)(rawTemperature >> 1) - 0.25 +((float)(scratchPad[COUNT_PER_C] - scratchPad[COUNT_REMAIN]) / (float)scratchPad[COUNT_PER_C] );
      break;
  }
}

// returns temperature in degrees C or DEVICE_DISCONNECTED if the
// device's scratch pad cannot be read successfully.
// the numeric value of DEVICE_DISCONNECTED is defined in
// DallasTemperature.h.  it is a large negative number outside the
// operating range of the device
float DallasTemperature::getTempC(uint8_t* deviceAddress)
{
  // TODO: Multiple devices (up to 64) on the same bus may take some time to negotiate a response
  // What happens in case of collision?

  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad)) return calculateTemperature(deviceAddress, scratchPad);
  return DEVICE_DISCONNECTED;
}

// returns temperature in degrees F
float DallasTemperature::getTempF(uint8_t* deviceAddress)
{
  return toFahrenheit(getTempC(deviceAddress));
}

// returns true if the bus requires parasite power
bool DallasTemperature::isParasitePowerMode(void)
{
  return parasite;
}

#if REQUIRESALARMS

/*

ALARMS:

TH and TL Register Format

BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
  S    2^6   2^5   2^4   2^3   2^2   2^1   2^0

Only bits 11 through 4 of the temperature register are used
in the TH and TL comparison since TH and TL are 8-bit
registers. If the measured temperature is lower than or equal
to TL or higher than or equal to TH, an alarm condition exists
and an alarm flag is set inside the DS18B20. This flag is
updated after every temperature measurement; therefore, if the
alarm condition goes away, the flag will be turned off after
the next temperature conversion.

*/

// sets the high alarm temperature for a device in degrees celsius
// accepts a float, but the alarm resolution will ignore anything
// after a decimal point.  valid range is -55C - 125C
void DallasTemperature::setHighAlarmTemp(uint8_t* deviceAddress, char celsius)
{
  // make sure the alarm temperature is within the device's range
  if (celsius > 125) celsius = 125;
  else if (celsius < -55) celsius = -55;

  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad))
  {
    scratchPad[HIGH_ALARM_TEMP] = (uint8_t)celsius;
    writeScratchPad(deviceAddress, scratchPad);
  }
}

// sets the low alarm temperature for a device in degreed celsius
// accepts a float, but the alarm resolution will ignore anything
// after a decimal point.  valid range is -55C - 125C
void DallasTemperature::setLowAlarmTemp(uint8_t* deviceAddress, char celsius)
{
  // make sure the alarm temperature is within the device's range
  if (celsius > 125) celsius = 125;
  else if (celsius < -55) celsius = -55;

  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad))
  {
    scratchPad[LOW_ALARM_TEMP] = (uint8_t)celsius;
    writeScratchPad(deviceAddress, scratchPad);
  }
}

// returns a char with the current high alarm temperature or
// DEVICE_DISCONNECTED for an address
char DallasTemperature::getHighAlarmTemp(uint8_t* deviceAddress)
{
  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad)) return (char)scratchPad[HIGH_ALARM_TEMP];
  return DEVICE_DISCONNECTED;
}

// returns a char with the current low alarm temperature or
// DEVICE_DISCONNECTED for an address
char DallasTemperature::getLowAlarmTemp(uint8_t* deviceAddress)
{
  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad)) return (char)scratchPad[LOW_ALARM_TEMP];
  return DEVICE_DISCONNECTED;
}

// resets internal variables used for the alarm search
void DallasTemperature::resetAlarmSearch()
{
  alarmSearchJunction = -1;
  alarmSearchExhausted = 0;
  for(uint8_t i = 0; i < 7; i++)
    alarmSearchAddress[i] = 0;
}

// This is a modified version of the OneWire::search method.
//
// Also added the OneWire search fix documented here:
// http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1238032295
//
// Perform an alarm search. If this function returns a '1' then it has
// enumerated the next device and you may retrieve the ROM from the
// OneWire::address variable. If there are no devices, no further
// devices, or something horrible happens in the middle of the
// enumeration then a 0 is returned.  If a new device is found then
// its address is copied to newAddr.  Use
// DallasTemperature::resetAlarmSearch() to start over.
bool DallasTemperature::alarmSearch(uint8_t* newAddr)
{
  uint8_t i;
  char lastJunction = -1;
  uint8_t done = 1;

  if (alarmSearchExhausted) return false;
  if (!_wire->reset()) return false;

  // send the alarm search command
  _wire->write(0xEC, 0);

  for(i = 0; i < 64; i++)
  {
    uint8_t a = _wire->read_bit( );
    uint8_t nota = _wire->read_bit( );
    uint8_t ibyte = i / 8;
    uint8_t ibit = 1 << (i & 7);

    // I don't think this should happen, this means nothing responded, but maybe if
    // something vanishes during the search it will come up.
    if (a && nota) return false;

    if (!a && !nota)
    {
      if (i == alarmSearchJunction)
      {
        // this is our time to decide differently, we went zero last time, go one.
        a = 1;
        alarmSearchJunction = lastJunction;
      }
      else if (i < alarmSearchJunction)
      {
        // take whatever we took last time, look in address
        if (alarmSearchAddress[ibyte] & ibit) a = 1;
        else
        {
          // Only 0s count as pending junctions, we've already exhasuted the 0 side of 1s
          a = 0;
          done = 0;
          lastJunction = i;
        }
      }
      else
      {
        // we are blazing new tree, take the 0
        a = 0;
        alarmSearchJunction = i;
        done = 0;
      }
      // OneWire search fix
      // See: http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1238032295
    }

    if (a) alarmSearchAddress[ibyte] |= ibit;
    else alarmSearchAddress[ibyte] &= ~ibit;

    _wire->write_bit(a);
  }

  if (done) alarmSearchExhausted = 1;
  for (i = 0; i < 8; i++) newAddr[i] = alarmSearchAddress[i];
  return true;
}

// returns true if device address has an alarm condition
bool DallasTemperature::hasAlarm(uint8_t* deviceAddress)
{
  ScratchPad scratchPad;
  if (isConnected(deviceAddress, scratchPad))
  {
    float temp = calculateTemperature(deviceAddress, scratchPad);

    // check low alarm
    if ((char)temp <= (char)scratchPad[LOW_ALARM_TEMP]) return true;

    // check high alarm
    if ((char)temp >= (char)scratchPad[HIGH_ALARM_TEMP]) return true;
  }

  // no alarm
  return false;
}

// returns true if any device is reporting an alarm condition on the bus
bool DallasTemperature::hasAlarm(void)
{
  DeviceAddress deviceAddress;
  resetAlarmSearch();
  return alarmSearch(deviceAddress);
}

// runs the alarm handler for all devices returned by alarmSearch()
void DallasTemperature::processAlarms(void)
{
  resetAlarmSearch();
  DeviceAddress alarmAddr;

  while (alarmSearch(alarmAddr))
  {
    if (validAddress(alarmAddr))
      _AlarmHandler(alarmAddr);
  }
}

// sets the alarm handler
void DallasTemperature::setAlarmHandler(AlarmHandler *handler)
{
  _AlarmHandler = handler;
}

// The default alarm handler
void DallasTemperature::defaultAlarmHandler(uint8_t* deviceAddress)
{
}

#endif

// Convert float celsius to fahrenheit
float DallasTemperature::toFahrenheit(float celsius)
{
  return (celsius * 1.8) + 32;
}

// Convert float fahrenheit to celsius
float DallasTemperature::toCelsius(float fahrenheit)
{
  return (fahrenheit - 32) / 1.8;
}

#if REQUIRESNEW

// MnetCS - Allocates memory for DallasTemperature. Allows us to instance a new object
void* DallasTemperature::operator new(unsigned int size) // Implicit NSS obj size
{
  void * p; // void pointer
  p = malloc(size); // Allocate memory
  memset((DallasTemperature*)p,0,size); // Initalise memory

  //!!! CANT EXPLICITLY CALL CONSTRUCTOR - workaround by using an init() methodR - workaround by using an init() method
  return (DallasTemperature*) p; // Cast blank region to NSS pointer
}

// MnetCS 2009 -  Unallocates the memory used by this instance
void DallasTemperature::operator delete(void* p)
{
  DallasTemperature* pNss =  (DallasTemperature*) p; // Cast to NSS pointer
  pNss->~DallasTemperature(); // Destruct the object

  free(p); // Free the memory
}

#endif






TZ51_capteurs/src/TZ51_DallasTemperature.h

#ifndef DallasTemperature_h

#define DallasTemperature_h



// This library is free software; you can redistribute it and/or

// modify it under the terms of the GNU Lesser General Public

// License as published by the Free Software Foundation; either

// version 2.1 of the License, or (at your option) any later version.



// set to true to include code for new and delete operators

#ifndef REQUIRESNEW

#define REQUIRESNEW false

#endif



// set to true to include code implementing alarm search functions

#ifndef REQUIRESALARMS

#define REQUIRESALARMS true

#endif



#include <inttypes.h>

#include "TZ51_OneWire.h"



// Model IDs

#define DS18S20MODEL 0x10

#define DS18B20MODEL 0x28

#define DS1822MODEL  0x22



// OneWire commands

#define STARTCONVO      0x44  // Tells device to take a temperature reading and put it on the scratchpad

#define COPYSCRATCH     0x48  // Copy EEPROM

#define READSCRATCH     0xBE  // Read EEPROM

#define WRITESCRATCH    0x4E  // Write to EEPROM

#define RECALLSCRATCH   0xB8  // Reload from last known

#define READPOWERSUPPLY 0xB4  // Determine if device needs parasite power

#define ALARMSEARCH     0xEC  // Query bus for devices with an alarm condition



// Scratchpad locations

#define TEMP_LSB        0

#define TEMP_MSB        1

#define HIGH_ALARM_TEMP 2

#define LOW_ALARM_TEMP  3

#define CONFIGURATION   4

#define INTERNAL_BYTE   5

#define COUNT_REMAIN    6

#define COUNT_PER_C     7

#define SCRATCHPAD_CRC  8



// Device resolution

#define TEMP_9_BIT  0x1F //  9 bit

#define TEMP_10_BIT 0x3F // 10 bit

#define TEMP_11_BIT 0x5F // 11 bit

#define TEMP_12_BIT 0x7F // 12 bit



// Error Codes

#define DEVICE_DISCONNECTED -127



typedef uint8_t DeviceAddress[8];



class DallasTemperature

{

  public:



  DallasTemperature(OneWire*);



  // initalize bus

  void begin(void);



  // returns the number of devices found on the bus

  uint8_t getDeviceCount(void);

  

  // returns true if address is valid

  bool validAddress(uint8_t*);



  // finds an address at a given index on the bus 

  bool getAddress(uint8_t*, const uint8_t);

  

  // attempt to determine if the device at the given address is connected to the bus

  bool isConnected(uint8_t*);



  // attempt to determine if the device at the given address is connected to the bus

  // also allows for updating the read scratchpad

  bool isConnected(uint8_t*, uint8_t*);



  // read device's scratchpad

  void readScratchPad(uint8_t*, uint8_t*);



  // write device's scratchpad

  void writeScratchPad(uint8_t*, const uint8_t*);



  // read device's power requirements

  bool readPowerSupply(uint8_t*);



  // returns the current resolution, 9-12

  uint8_t getResolution(uint8_t*);



  // set resolution of a device to 9, 10, 11, or 12 bits

  void setResolution(uint8_t*, uint8_t);



  // sends command for all devices on the bus to perform a temperature conversion

  void requestTemperatures(void);

   

  // sends command for one device to perform a temperature conversion by address

  void requestTemperaturesByAddress(uint8_t*);



  // sends command for one device to perform a temperature conversion by index

  void requestTemperaturesByIndex(uint8_t);



  // returns temperature in degrees C

  float getTempC(uint8_t*);



  // returns temperature in degrees F

  float getTempF(uint8_t*);



  // Get temperature for device index (slow)

  float getTempCByIndex(uint8_t);

  

  // Get temperature for device index (slow)

  float getTempFByIndex(uint8_t);

  

  // returns true if the bus requires parasite power

  bool isParasitePowerMode(void);



  #if REQUIRESALARMS

  

  typedef void AlarmHandler(uint8_t*);



  // sets the high alarm temperature for a device

  // accepts a char.  valid range is -55C - 125C

  void setHighAlarmTemp(uint8_t*, const char);



  // sets the low alarm temperature for a device

  // accepts a char.  valid range is -55C - 125C

  void setLowAlarmTemp(uint8_t*, const char);



  // returns a signed char with the current high alarm temperature for a device

  // in the range -55C - 125C

  char getHighAlarmTemp(uint8_t*);



  // returns a signed char with the current low alarm temperature for a device

  // in the range -55C - 125C

  char getLowAlarmTemp(uint8_t*);

  

  // resets internal variables used for the alarm search

  void resetAlarmSearch(void);



  // search the wire for devices with active alarms

  bool alarmSearch(uint8_t*);



  // returns true if ia specific device has an alarm

  bool hasAlarm(uint8_t*);



  // returns true if any device is reporting an alarm on the bus

  bool hasAlarm(void);



  // runs the alarm handler for all devices returned by alarmSearch()

  void processAlarms(void);

  

  // sets the alarm handler

  void setAlarmHandler(AlarmHandler *);

  

  // The default alarm handler

  static void defaultAlarmHandler(uint8_t*);



  #endif



  // convert from celcius to farenheit

  static float toFahrenheit(const float);



  // convert from farenheit to celsius

  static float toCelsius(const float);



  #if REQUIRESNEW



  // initalize memory area

  void* operator new (unsigned int);



  // delete memory reference

  void operator delete(void*);

  

  #endif



  private:

  typedef uint8_t ScratchPad[9];

  

  // parasite power on or off

  bool parasite;



  // used to determine the delay amount needed to allow for the

  // temperature conversion to take place

  int conversionDelay;



  // count of devices on the bus

  uint8_t devices;

  

  // Take a pointer to one wire instance

  OneWire* _wire;



  // reads scratchpad and returns the temperature in degrees C

  float calculateTemperature(uint8_t*, uint8_t*);

  

  #if REQUIRESALARMS



  // required for alarmSearch 

  uint8_t alarmSearchAddress[8];

  char alarmSearchJunction;

  uint8_t alarmSearchExhausted;



  // the alarm handler function pointer

  AlarmHandler *_AlarmHandler;



  #endif

  

};

#endif
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TZ51_capteurs/src/TZ51_DHT.cpp/* DHT library

MIT license
written by Adafruit Industries
*/

#include "TZ51_DHT.h"

#define MIN_INTERVAL 2000

DHT::DHT(uint8_t pin, uint8_t type, uint8_t count) {
  _pin = pin;
  _type = type;
  #ifdef __AVR
    _bit = digitalPinToBitMask(pin);
    _port = digitalPinToPort(pin);
  #endif
  _maxcycles = microsecondsToClockCycles(1000);  // 1 millisecond timeout for
                                                 // reading pulses from DHT sensor.
  // Note that count is now ignored as the DHT reading algorithm adjusts itself
  // basd on the speed of the processor.
}

void DHT::begin(void) {
  // set up the pins!
  pinMode(_pin, INPUT_PULLUP);
  // Using this value makes sure that millis() - lastreadtime will be
  // >= MIN_INTERVAL right away. Note that this assignment wraps around,
  // but so will the subtraction.
  _lastreadtime = -MIN_INTERVAL;
  DEBUG_PRINT("Max clock cycles: "); DEBUG_PRINTLN(_maxcycles, DEC);
}

//boolean S == Scale.  True == Fahrenheit; False == Celcius
float DHT::readTemperature(bool S, bool force) {
  float f = NAN;

  if (read(force)) {
    switch (_type) {
    case DHT11:
      f = data[2];
      if(S) {
        f = convertCtoF(f);
      }
      break;
    case DHT22:
    case DHT21:
      f = data[2] & 0x7F;
      f *= 256;
      f += data[3];
      f *= 0.1;
      if (data[2] & 0x80) {
        f *= -1;
      }
      if(S) {
        f = convertCtoF(f);
      }
      break;
    }
  }
  return f;
}

float DHT::convertCtoF(float c) {
  return c * 1.8 + 32;
}

float DHT::convertFtoC(float f) {
  return (f - 32) * 0.55555;
}

float DHT::readHumidity(bool force) {
  float f = NAN;
  if (read()) {
    switch (_type) {
    case DHT11:
      f = data[0];
      break;
    case DHT22:
    case DHT21:
      f = data[0];
      f *= 256;
      f += data[1];
      f *= 0.1;
      break;
    }
  }
  return f;
}

//boolean isFahrenheit: True == Fahrenheit; False == Celcius
float DHT::computeHeatIndex(float temperature, float percentHumidity, bool isFahrenheit) {
  // Using both Rothfusz and Steadman's equations
  // http://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
  float hi;

  if (!isFahrenheit)
    temperature = convertCtoF(temperature);

  hi = 0.5 * (temperature + 61.0 + ((temperature - 68.0) * 1.2) + (percentHumidity * 0.094));

  if (hi > 79) {
    hi = -42.379 +
             2.04901523 * temperature +
            10.14333127 * percentHumidity +
            -0.22475541 * temperature*percentHumidity +
            -0.00683783 * pow(temperature, 2) +
            -0.05481717 * pow(percentHumidity, 2) +
             0.00122874 * pow(temperature, 2) * percentHumidity +
             0.00085282 * temperature*pow(percentHumidity, 2) +
            -0.00000199 * pow(temperature, 2) * pow(percentHumidity, 2);

    if((percentHumidity < 13) && (temperature >= 80.0) && (temperature <= 112.0))
      hi -= ((13.0 - percentHumidity) * 0.25) * sqrt((17.0 - abs(temperature - 95.0)) * 0.05882);

    else if((percentHumidity > 85.0) && (temperature >= 80.0) && (temperature <= 87.0))
      hi += ((percentHumidity - 85.0) * 0.1) * ((87.0 - temperature) * 0.2);
  }

  return isFahrenheit ? hi : convertFtoC(hi);
}

boolean DHT::read(bool force) {
  // Check if sensor was read less than two seconds ago and return early
  // to use last reading.
  uint32_t currenttime = millis();
  if (!force && ((currenttime - _lastreadtime) < 2000)) {
    return _lastresult; // return last correct measurement
  }
  _lastreadtime = currenttime;

  // Reset 40 bits of received data to zero.
  data[0] = data[1] = data[2] = data[3] = data[4] = 0;

  // Send start signal.  See DHT datasheet for full signal diagram:
  //   http://www.adafruit.com/datasheets/Digital%20humidity%20and%20temperature%20sensor%20AM2302.pdf

  // Go into high impedence state to let pull-up raise data line level and
  // start the reading process.
  digitalWrite(_pin, HIGH);
  delay(250);

  // First set data line low for 20 milliseconds.
  pinMode(_pin, OUTPUT);
  digitalWrite(_pin, LOW);
  delay(20);

  uint32_t cycles[80];
  {
    // Turn off interrupts temporarily because the next sections are timing critical
    // and we don't want any interruptions.
    InterruptLock lock;

    // End the start signal by setting data line high for 40 microseconds.
    digitalWrite(_pin, HIGH);
    delayMicroseconds(40);

    // Now start reading the data line to get the value from the DHT sensor.
    pinMode(_pin, INPUT_PULLUP);
    delayMicroseconds(10);  // Delay a bit to let sensor pull data line low.

    // First expect a low signal for ~80 microseconds followed by a high signal
    // for ~80 microseconds again.
    if (expectPulse(LOW) == 0) {
      DEBUG_PRINTLN(F("Timeout waiting for start signal low pulse."));
      _lastresult = false;
      return _lastresult;
    }
    if (expectPulse(HIGH) == 0) {
      DEBUG_PRINTLN(F("Timeout waiting for start signal high pulse."));
      _lastresult = false;
      return _lastresult;
    }

    // Now read the 40 bits sent by the sensor.  Each bit is sent as a 50
    // microsecond low pulse followed by a variable length high pulse.  If the
    // high pulse is ~28 microseconds then it's a 0 and if it's ~70 microseconds
    // then it's a 1.  We measure the cycle count of the initial 50us low pulse
    // and use that to compare to the cycle count of the high pulse to determine
    // if the bit is a 0 (high state cycle count < low state cycle count), or a
    // 1 (high state cycle count > low state cycle count). Note that for speed all
    // the pulses are read into a array and then examined in a later step.
    for (int i=0; i<80; i+=2) {
      cycles[i]   = expectPulse(LOW);
      cycles[i+1] = expectPulse(HIGH);
    }
  } // Timing critical code is now complete.

  // Inspect pulses and determine which ones are 0 (high state cycle count < low
  // state cycle count), or 1 (high state cycle count > low state cycle count).
  for (int i=0; i<40; ++i) {
    uint32_t lowCycles  = cycles[2*i];
    uint32_t highCycles = cycles[2*i+1];
    if ((lowCycles == 0) || (highCycles == 0)) {
      DEBUG_PRINTLN(F("Timeout waiting for pulse."));
      _lastresult = false;
      return _lastresult;
    }
    data[i/8] <<= 1;
    // Now compare the low and high cycle times to see if the bit is a 0 or 1.
    if (highCycles > lowCycles) {
      // High cycles are greater than 50us low cycle count, must be a 1.
      data[i/8] |= 1;
    }
    // Else high cycles are less than (or equal to, a weird case) the 50us low
    // cycle count so this must be a zero.  Nothing needs to be changed in the
    // stored data.
  }

  DEBUG_PRINTLN(F("Received:"));
  DEBUG_PRINT(data[0], HEX); DEBUG_PRINT(F(", "));
  DEBUG_PRINT(data[1], HEX); DEBUG_PRINT(F(", "));
  DEBUG_PRINT(data[2], HEX); DEBUG_PRINT(F(", "));
  DEBUG_PRINT(data[3], HEX); DEBUG_PRINT(F(", "));
  DEBUG_PRINT(data[4], HEX); DEBUG_PRINT(F(" =? "));
  DEBUG_PRINTLN((data[0] + data[1] + data[2] + data[3]) & 0xFF, HEX);

  // Check we read 40 bits and that the checksum matches.
  if (data[4] == ((data[0] + data[1] + data[2] + data[3]) & 0xFF)) {
    _lastresult = true;
    return _lastresult;
  }
  else {
    DEBUG_PRINTLN(F("Checksum failure!"));
    _lastresult = false;
    return _lastresult;
  }
}

// Expect the signal line to be at the specified level for a period of time and
// return a count of loop cycles spent at that level (this cycle count can be
// used to compare the relative time of two pulses).  If more than a millisecond
// ellapses without the level changing then the call fails with a 0 response.
// This is adapted from Arduino's pulseInLong function (which is only available
// in the very latest IDE versions):
//   https://github.com/arduino/Arduino/blob/master/hardware/arduino/avr/cores/arduino/wiring_pulse.c
uint32_t DHT::expectPulse(bool level) {
  uint32_t count = 0;
  // On AVR platforms use direct GPIO port access as it's much faster and better
  // for catching pulses that are 10's of microseconds in length:
  #ifdef __AVR
    uint8_t portState = level ? _bit : 0;
    while ((*portInputRegister(_port) & _bit) == portState) {
      if (count++ >= _maxcycles) {
        return 0; // Exceeded timeout, fail.
      }
    }
  // Otherwise fall back to using digitalRead (this seems to be necessary on ESP8266
  // right now, perhaps bugs in direct port access functions?).
  #else
    while (digitalRead(_pin) == level) {
      if (count++ >= _maxcycles) {
        return 0; // Exceeded timeout, fail.
      }
    }
  #endif

  return count;
}
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/* DHT library

MIT license
written by Adafruit Industries
*/
#ifndef DHT_H
#define DHT_H

#if ARDUINO >= 100
 #include "Arduino.h"
#else
 #include "WProgram.h"
#endif


// Uncomment to enable printing out nice debug messages.
//#define DHT_DEBUG

// Define where debug output will be printed.
#define DEBUG_PRINTER Serial

// Setup debug printing macros.
#ifdef DHT_DEBUG
  #define DEBUG_PRINT(...) { DEBUG_PRINTER.print(__VA_ARGS__); }
  #define DEBUG_PRINTLN(...) { DEBUG_PRINTER.println(__VA_ARGS__); }
#else
  #define DEBUG_PRINT(...) {}
  #define DEBUG_PRINTLN(...) {}
#endif

// Define types of sensors.
#define DHT11 11
#define DHT22 22
#define DHT21 21
#define AM2301 21


class DHT {
  public:
   DHT(uint8_t pin, uint8_t type, uint8_t count=6);
   void begin(void);
   float readTemperature(bool S=false, bool force=false);
   float convertCtoF(float);
   float convertFtoC(float);
   float computeHeatIndex(float temperature, float percentHumidity, bool isFahrenheit=true);
   float readHumidity(bool force=false);
   boolean read(bool force=false);

 private:
  uint8_t data[5];
  uint8_t _pin, _type;
  #ifdef __AVR
    // Use direct GPIO access on an 8-bit AVR so keep track of the port and bitmask
    // for the digital pin connected to the DHT.  Other platforms will use digitalRead.
    uint8_t _bit, _port;
  #endif
  uint32_t _lastreadtime, _maxcycles;
  bool _lastresult;

  uint32_t expectPulse(bool level);

};

class InterruptLock {
  public:
   InterruptLock() {
    noInterrupts();
   }
   ~InterruptLock() {
    interrupts();
   }

};

#endif
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TZ51_capteurs/src/TZ51_OneWire.cpp/*
Copyright (c) 2007, Jim Studt  (original old version - many contributors since)

The latest version of this library may be found at:
  http://www.pjrc.com/teensy/td_libs_OneWire.html

OneWire has been maintained by Paul Stoffregen (paul@pjrc.com) since
January 2010.  At the time, it was in need of many bug fixes, but had
been abandoned the original author (Jim Studt).  None of the known
contributors were interested in maintaining OneWire.  Paul typically
works on OneWire every 6 to 12 months.  Patches usually wait that
long.  If anyone is interested in more actively maintaining OneWire,
please contact Paul.

Version 2.2:
  Teensy 3.0 compatibility, Paul Stoffregen, paul@pjrc.com
  Arduino Due compatibility, http://arduino.cc/forum/index.php?topic=141030
  Fix DS18B20 example negative temperature
  Fix DS18B20 example's low res modes, Ken Butcher
  Improve reset timing, Mark Tillotson
  Add const qualifiers, Bertrik Sikken
  Add initial value input to crc16, Bertrik Sikken
  Add target_search() function, Scott Roberts

Version 2.1:
  Arduino 1.0 compatibility, Paul Stoffregen
  Improve temperature example, Paul Stoffregen
  DS250x_PROM example, Guillermo Lovato
  PIC32 (chipKit) compatibility, Jason Dangel, dangel.jason AT gmail.com
  Improvements from Glenn Trewitt:
  - crc16() now works
  - check_crc16() does all of calculation/checking work.
  - Added read_bytes() and write_bytes(), to reduce tedious loops.
  - Added ds2408 example.
  Delete very old, out-of-date readme file (info is here)

Version 2.0: Modifications by Paul Stoffregen, January 2010:
http://www.pjrc.com/teensy/td_libs_OneWire.html
  Search fix from Robin James
    http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1238032295/27#27
  Use direct optimized I/O in all cases
  Disable interrupts during timing critical sections
    (this solves many random communication errors)
  Disable interrupts during read-modify-write I/O
  Reduce RAM consumption by eliminating unnecessary
    variables and trimming many to 8 bits
  Optimize both crc8 - table version moved to flash

Modified to work with larger numbers of devices - avoids loop.
Tested in Arduino 11 alpha with 12 sensors.
26 Sept 2008 -- Robin James
http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1238032295/27#27

Updated to work with arduino-0008 and to include skip() as of
2007/07/06. --RJL20

Modified to calculate the 8-bit CRC directly, avoiding the need for
the 256-byte lookup table to be loaded in RAM.  Tested in arduino-0010
-- Tom Pollard, Jan 23, 2008

Jim Studt's original library was modified by Josh Larios.

Tom Pollard, pollard@alum.mit.edu, contributed around May 20, 2008

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Much of the code was inspired by Derek Yerger's code, though I don't
think much of that remains.  In any event that was..
    (copyleft) 2006 by Derek Yerger - Free to distribute freely.

The CRC code was excerpted and inspired by the Dallas Semiconductor
sample code bearing this copyright.
//---------------------------------------------------------------------------
// Copyright (C) 2000 Dallas Semiconductor Corporation, All Rights Reserved.
//
// Permission is hereby granted, free of charge, to any person obtaining a
// copy of this software and associated documentation files (the "Software"),
// to deal in the Software without restriction, including without limitation
// the rights to use, copy, modify, merge, publish, distribute, sublicense,
// and/or sell copies of the Software, and to permit persons to whom the
// Software is furnished to do so, subject to the following conditions:
//
// The above copyright notice and this permission notice shall be included
// in all copies or substantial portions of the Software.
//
// THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS
// OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
// MERCHANTABILITY,  FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
// IN NO EVENT SHALL DALLAS SEMICONDUCTOR BE LIABLE FOR ANY CLAIM, DAMAGES
// OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE,
// ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
// OTHER DEALINGS IN THE SOFTWARE.
//
// Except as contained in this notice, the name of Dallas Semiconductor
// shall not be used except as stated in the Dallas Semiconductor
// Branding Policy.
//--------------------------------------------------------------------------
*/

#include "TZ51_OneWire.h"


OneWire::OneWire(uint8_t pin)
{
    pinMode(pin, INPUT);
    bitmask = PIN_TO_BITMASK(pin);
    baseReg = PIN_TO_BASEREG(pin);
#if ONEWIRE_SEARCH
    reset_search();
#endif
}


// Perform the onewire reset function.  We will wait up to 250uS for
// the bus to come high, if it doesn't then it is broken or shorted
// and we return a 0;
//
// Returns 1 if a device asserted a presence pulse, 0 otherwise.
//
uint8_t OneWire::reset(void)
{
    IO_REG_TYPE mask = bitmask;
    volatile IO_REG_TYPE *reg IO_REG_ASM = baseReg;
    uint8_t r;
    uint8_t retries = 125;

    noInterrupts();
    DIRECT_MODE_INPUT(reg, mask);
    interrupts();
    // wait until the wire is high... just in case
    do {
        if (--retries == 0) return 0;
        delayMicroseconds(2);
    } while ( !DIRECT_READ(reg, mask));

    noInterrupts();
    DIRECT_WRITE_LOW(reg, mask);
    DIRECT_MODE_OUTPUT(reg, mask);  // drive output low
    interrupts();
    delayMicroseconds(480);
    noInterrupts();
    DIRECT_MODE_INPUT(reg, mask);   // allow it to float
    delayMicroseconds(70);
    r = !DIRECT_READ(reg, mask);
    interrupts();
    delayMicroseconds(410);
    return r;
}

//
// Write a bit. Port and bit is used to cut lookup time and provide
// more certain timing.
//
void OneWire::write_bit(uint8_t v)
{
    IO_REG_TYPE mask=bitmask;
    volatile IO_REG_TYPE *reg IO_REG_ASM = baseReg;

    if (v & 1) {
        noInterrupts();
        DIRECT_WRITE_LOW(reg, mask);
        DIRECT_MODE_OUTPUT(reg, mask);  // drive output low
        delayMicroseconds(10);
        DIRECT_WRITE_HIGH(reg, mask);   // drive output high
        interrupts();
        delayMicroseconds(55);
    } else {
        noInterrupts();
        DIRECT_WRITE_LOW(reg, mask);
        DIRECT_MODE_OUTPUT(reg, mask);  // drive output low
        delayMicroseconds(65);
        DIRECT_WRITE_HIGH(reg, mask);   // drive output high
        interrupts();
        delayMicroseconds(5);
    }
}

//
// Read a bit. Port and bit is used to cut lookup time and provide
// more certain timing.
//
uint8_t OneWire::read_bit(void)
{
    IO_REG_TYPE mask=bitmask;
    volatile IO_REG_TYPE *reg IO_REG_ASM = baseReg;
    uint8_t r;

    noInterrupts();
    DIRECT_MODE_OUTPUT(reg, mask);
    DIRECT_WRITE_LOW(reg, mask);
    delayMicroseconds(3);
    DIRECT_MODE_INPUT(reg, mask);   // let pin float, pull up will raise
    delayMicroseconds(10);
    r = DIRECT_READ(reg, mask);
    interrupts();
    delayMicroseconds(53);
    return r;
}

//
// Write a byte. The writing code uses the active drivers to raise the
// pin high, if you need power after the write (e.g. DS18S20 in
// parasite power mode) then set 'power' to 1, otherwise the pin will
// go tri-state at the end of the write to avoid heating in a short or
// other mishap.
//
void OneWire::write(uint8_t v, uint8_t power /* = 0 */) {
    uint8_t bitMask;

    for (bitMask = 0x01; bitMask; bitMask <<= 1) {
    OneWire::write_bit( (bitMask & v)?1:0);
    }
    if ( !power) {
    noInterrupts();
    DIRECT_MODE_INPUT(baseReg, bitmask);
    DIRECT_WRITE_LOW(baseReg, bitmask);
    interrupts();
    }
}

void OneWire::write_bytes(const uint8_t *buf, uint16_t count, bool power /* = 0 */) {
  for (uint16_t i = 0 ; i < count ; i++)
    write(buf[i]);
  if (!power) {
    noInterrupts();
    DIRECT_MODE_INPUT(baseReg, bitmask);
    DIRECT_WRITE_LOW(baseReg, bitmask);
    interrupts();
  }
}

//
// Read a byte
//
uint8_t OneWire::read() {
    uint8_t bitMask;
    uint8_t r = 0;

    for (bitMask = 0x01; bitMask; bitMask <<= 1) {
    if ( OneWire::read_bit()) r |= bitMask;
    }
    return r;
}

void OneWire::read_bytes(uint8_t *buf, uint16_t count) {
  for (uint16_t i = 0 ; i < count ; i++)
    buf[i] = read();
}

//
// Do a ROM select
//
void OneWire::select(const uint8_t rom[8])
{
    uint8_t i;

    write(0x55);           // Choose ROM

    for (i = 0; i < 8; i++) write(rom[i]);
}

//
// Do a ROM skip
//
void OneWire::skip()
{
    write(0xCC);           // Skip ROM
}

void OneWire::depower()
{
    noInterrupts();
    DIRECT_MODE_INPUT(baseReg, bitmask);
    interrupts();
}

#if ONEWIRE_SEARCH

//
// You need to use this function to start a search again from the beginning.
// You do not need to do it for the first search, though you could.
//
void OneWire::reset_search()
{
  // reset the search state
  LastDiscrepancy = 0;
  LastDeviceFlag = FALSE;
  LastFamilyDiscrepancy = 0;
  for(int i = 7; ; i--) {
    ROM_NO[i] = 0;
    if ( i == 0) break;
  }
}

// Setup the search to find the device type 'family_code' on the next call
// to search(*newAddr) if it is present.
//
void OneWire::target_search(uint8_t family_code)
{
   // set the search state to find SearchFamily type devices
   ROM_NO[0] = family_code;
   for (uint8_t i = 1; i < 8; i++)
      ROM_NO[i] = 0;
   LastDiscrepancy = 64;
   LastFamilyDiscrepancy = 0;
   LastDeviceFlag = FALSE;
}

//
// Perform a search. If this function returns a '1' then it has
// enumerated the next device and you may retrieve the ROM from the
// OneWire::address variable. If there are no devices, no further
// devices, or something horrible happens in the middle of the
// enumeration then a 0 is returned.  If a new device is found then
// its address is copied to newAddr.  Use OneWire::reset_search() to
// start over.
//
// --- Replaced by the one from the Dallas Semiconductor web site ---
//--------------------------------------------------------------------------
// Perform the 1-Wire Search Algorithm on the 1-Wire bus using the existing
// search state.
// Return TRUE  : device found, ROM number in ROM_NO buffer
//        FALSE : device not found, end of search
//
uint8_t OneWire::search(uint8_t *newAddr)
{
   uint8_t id_bit_number;
   uint8_t last_zero, rom_byte_number, search_result;
   uint8_t id_bit, cmp_id_bit;

   unsigned char rom_byte_mask, search_direction;

   // initialize for search
   id_bit_number = 1;
   last_zero = 0;
   rom_byte_number = 0;
   rom_byte_mask = 1;
   search_result = 0;

   // if the last call was not the last one
   if (!LastDeviceFlag)
   {
      // 1-Wire reset
      if (!reset())
      {
         // reset the search
         LastDiscrepancy = 0;
         LastDeviceFlag = FALSE;
         LastFamilyDiscrepancy = 0;
         return FALSE;
      }

      // issue the search command
      write(0xF0);

      // loop to do the search
      do
      {
         // read a bit and its complement
         id_bit = read_bit();
         cmp_id_bit = read_bit();

         // check for no devices on 1-wire
         if ((id_bit == 1) && (cmp_id_bit == 1))
            break;
         else
         {
            // all devices coupled have 0 or 1
            if (id_bit != cmp_id_bit)
               search_direction = id_bit;  // bit write value for search
            else
            {
               // if this discrepancy if before the Last Discrepancy
               // on a previous next then pick the same as last time
               if (id_bit_number < LastDiscrepancy)
                  search_direction = ((ROM_NO[rom_byte_number] & rom_byte_mask) > 0);
               else
                  // if equal to last pick 1, if not then pick 0
                  search_direction = (id_bit_number == LastDiscrepancy);

               // if 0 was picked then record its position in LastZero
               if (search_direction == 0)
               {
                  last_zero = id_bit_number;

                  // check for Last discrepancy in family
                  if (last_zero < 9)
                     LastFamilyDiscrepancy = last_zero;
               }
            }

            // set or clear the bit in the ROM byte rom_byte_number
            // with mask rom_byte_mask
            if (search_direction == 1)
              ROM_NO[rom_byte_number] |= rom_byte_mask;
            else
              ROM_NO[rom_byte_number] &= ~rom_byte_mask;

            // serial number search direction write bit
            write_bit(search_direction);

            // increment the byte counter id_bit_number
            // and shift the mask rom_byte_mask
            id_bit_number++;
            rom_byte_mask <<= 1;

            // if the mask is 0 then go to new SerialNum byte rom_byte_number and reset mask
            if (rom_byte_mask == 0)
            {
                rom_byte_number++;
                rom_byte_mask = 1;
            }
         }
      }
      while(rom_byte_number < 8);  // loop until through all ROM bytes 0-7

      // if the search was successful then
      if (!(id_bit_number < 65))
      {
         // search successful so set LastDiscrepancy,LastDeviceFlag,search_result
         LastDiscrepancy = last_zero;

         // check for last device
         if (LastDiscrepancy == 0)
            LastDeviceFlag = TRUE;

         search_result = TRUE;
      }
   }

   // if no device found then reset counters so next 'search' will be like a first
   if (!search_result || !ROM_NO[0])
   {
      LastDiscrepancy = 0;
      LastDeviceFlag = FALSE;
      LastFamilyDiscrepancy = 0;
      search_result = FALSE;
   }
   for (int i = 0; i < 8; i++) newAddr[i] = ROM_NO[i];
   return search_result;
  }

#endif

#if ONEWIRE_CRC
// The 1-Wire CRC scheme is described in Maxim Application Note 27:
// "Understanding and Using Cyclic Redundancy Checks with Maxim iButton Products"
//

#if ONEWIRE_CRC8_TABLE
// This table comes from Dallas sample code where it is freely reusable,
// though Copyright (C) 2000 Dallas Semiconductor Corporation
static const uint8_t PROGMEM dscrc_table[] = {
      0, 94,188,226, 97, 63,221,131,194,156,126, 32,163,253, 31, 65,
    157,195, 33,127,252,162, 64, 30, 95,  1,227,189, 62, 96,130,220,
     35,125,159,193, 66, 28,254,160,225,191, 93,  3,128,222, 60, 98,
    190,224,  2, 92,223,129, 99, 61,124, 34,192,158, 29, 67,161,255,
     70, 24,250,164, 39,121,155,197,132,218, 56,102,229,187, 89,  7,
    219,133,103, 57,186,228,  6, 88, 25, 71,165,251,120, 38,196,154,
    101, 59,217,135,  4, 90,184,230,167,249, 27, 69,198,152,122, 36,
    248,166, 68, 26,153,199, 37,123, 58,100,134,216, 91,  5,231,185,
    140,210, 48,110,237,179, 81, 15, 78, 16,242,172, 47,113,147,205,
     17, 79,173,243,112, 46,204,146,211,141,111, 49,178,236, 14, 80,
    175,241, 19, 77,206,144,114, 44,109, 51,209,143, 12, 82,176,238,
     50,108,142,208, 83, 13,239,177,240,174, 76, 18,145,207, 45,115,
    202,148,118, 40,171,245, 23, 73,  8, 86,180,234,105, 55,213,139,
     87,  9,235,181, 54,104,138,212,149,203, 41,119,244,170, 72, 22,
    233,183, 85, 11,136,214, 52,106, 43,117,151,201, 74, 20,246,168,
    116, 42,200,150, 21, 75,169,247,182,232, 10, 84,215,137,107, 53};

//
// Compute a Dallas Semiconductor 8 bit CRC. These show up in the ROM
// and the registers.  (note: this might better be done without to
// table, it would probably be smaller and certainly fast enough
// compared to all those delayMicrosecond() calls.  But I got
// confused, so I use this table from the examples.)
//
uint8_t OneWire::crc8(const uint8_t *addr, uint8_t len)
{
    uint8_t crc = 0;

    while (len--) {
        crc = pgm_read_byte(dscrc_table + (crc ^ *addr++));
    }
    return crc;
}
#else
//
// Compute a Dallas Semiconductor 8 bit CRC directly.
// this is much slower, but much smaller, than the lookup table.
//
uint8_t OneWire::crc8(const uint8_t *addr, uint8_t len)
{
    uint8_t crc = 0;
    
    while (len--) {
        uint8_t inbyte = *addr++;
        for (uint8_t i = 8; i; i--) {
            uint8_t mix = (crc ^ inbyte) & 0x01;
            crc >>= 1;
            if (mix) crc ^= 0x8C;
            inbyte >>= 1;
        }
    }
    return crc;
}
#endif

#if ONEWIRE_CRC16
bool OneWire::check_crc16(const uint8_t* input, uint16_t len, const uint8_t* inverted_crc, uint16_t crc)
{
    crc = ~crc16(input, len, crc);
    return (crc & 0xFF) == inverted_crc[0] && (crc >> 8) == inverted_crc[1];
}

uint16_t OneWire::crc16(const uint8_t* input, uint16_t len, uint16_t crc)
{
    static const uint8_t oddparity[16] =
        { 0, 1, 1, 0, 1, 0, 0, 1, 1, 0, 0, 1, 0, 1, 1, 0 };

    for (uint16_t i = 0 ; i < len ; i++) {
      // Even though we're just copying a byte from the input,
      // we'll be doing 16-bit computation with it.
      uint16_t cdata = input[i];
      cdata = (cdata ^ crc) & 0xff;
      crc >>= 8;

      if (oddparity[cdata & 0x0F] ^ oddparity[cdata >> 4])
          crc ^= 0xC001;

      cdata <<= 6;
      crc ^= cdata;
      cdata <<= 1;
      crc ^= cdata;
    }
    return crc;
}
#endif

#endif
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#ifndef OneWire_h
#define OneWire_h

#include <inttypes.h>

#if ARDUINO >= 100
#include "Arduino.h"       // for delayMicroseconds, digitalPinToBitMask, etc
#else
#include "WProgram.h"      // for delayMicroseconds
#include "pins_arduino.h"  // for digitalPinToBitMask, etc
#endif

// You can exclude certain features from OneWire.  In theory, this
// might save some space.  In practice, the compiler automatically
// removes unused code (technically, the linker, using -fdata-sections
// and -ffunction-sections when compiling, and Wl,--gc-sections
// when linking), so most of these will not result in any code size
// reduction.  Well, unless you try to use the missing features
// and redesign your program to not need them!  ONEWIRE_CRC8_TABLE
// is the exception, because it selects a fast but large algorithm
// or a small but slow algorithm.

// you can exclude onewire_search by defining that to 0
#ifndef ONEWIRE_SEARCH
#define ONEWIRE_SEARCH 1
#endif

// You can exclude CRC checks altogether by defining this to 0
#ifndef ONEWIRE_CRC
#define ONEWIRE_CRC 1
#endif

// Select the table-lookup method of computing the 8-bit CRC
// by setting this to 1.  The lookup table enlarges code size by
// about 250 bytes.  It does NOT consume RAM (but did in very
// old versions of OneWire).  If you disable this, a slower
// but very compact algorithm is used.
#ifndef ONEWIRE_CRC8_TABLE
#define ONEWIRE_CRC8_TABLE 1
#endif

// You can allow 16-bit CRC checks by defining this to 1
// (Note that ONEWIRE_CRC must also be 1.)
#ifndef ONEWIRE_CRC16
#define ONEWIRE_CRC16 1
#endif

#define FALSE 0
#define TRUE  1

// Platform specific I/O definitions

#if defined(__AVR__)
#define PIN_TO_BASEREG(pin)             (portInputRegister(digitalPinToPort(pin)))
#define PIN_TO_BITMASK(pin)             (digitalPinToBitMask(pin))
#define IO_REG_TYPE uint8_t
#define IO_REG_ASM asm("r30")
#define DIRECT_READ(base, mask)         (((*(base)) & (mask)) ? 1 : 0)
#define DIRECT_MODE_INPUT(base, mask)   ((*((base)+1)) &= ~(mask))
#define DIRECT_MODE_OUTPUT(base, mask)  ((*((base)+1)) |= (mask))
#define DIRECT_WRITE_LOW(base, mask)    ((*((base)+2)) &= ~(mask))
#define DIRECT_WRITE_HIGH(base, mask)   ((*((base)+2)) |= (mask))

#elif defined(__MK20DX128__)
#define PIN_TO_BASEREG(pin)             (portOutputRegister(pin))
#define PIN_TO_BITMASK(pin)             (1)
#define IO_REG_TYPE uint8_t
#define IO_REG_ASM
#define DIRECT_READ(base, mask)         (*((base)+512))
#define DIRECT_MODE_INPUT(base, mask)   (*((base)+640) = 0)
#define DIRECT_MODE_OUTPUT(base, mask)  (*((base)+640) = 1)
#define DIRECT_WRITE_LOW(base, mask)    (*((base)+256) = 1)
#define DIRECT_WRITE_HIGH(base, mask)   (*((base)+128) = 1)

#elif defined(__SAM3X8E__)
// Arduino 1.5.1 may have a bug in delayMicroseconds() on Arduino Due.
// http://arduino.cc/forum/index.php/topic,141030.msg1076268.html#msg1076268
// If you have trouble with OneWire on Arduino Due, please check the
// status of delayMicroseconds() before reporting a bug in OneWire!
#define PIN_TO_BASEREG(pin)             (&(digitalPinToPort(pin)->PIO_PER))
#define PIN_TO_BITMASK(pin)             (digitalPinToBitMask(pin))
#define IO_REG_TYPE uint32_t
#define IO_REG_ASM
#define DIRECT_READ(base, mask)         (((*((base)+15)) & (mask)) ? 1 : 0)
#define DIRECT_MODE_INPUT(base, mask)   ((*((base)+5)) = (mask))
#define DIRECT_MODE_OUTPUT(base, mask)  ((*((base)+4)) = (mask))
#define DIRECT_WRITE_LOW(base, mask)    ((*((base)+13)) = (mask))
#define DIRECT_WRITE_HIGH(base, mask)   ((*((base)+12)) = (mask))
#ifndef PROGMEM
#define PROGMEM
#endif
#ifndef pgm_read_byte
#define pgm_read_byte(addr) (*(const uint8_t *)(addr))
#endif

#elif defined(__PIC32MX__)
#define PIN_TO_BASEREG(pin)             (portModeRegister(digitalPinToPort(pin)))
#define PIN_TO_BITMASK(pin)             (digitalPinToBitMask(pin))
#define IO_REG_TYPE uint32_t
#define IO_REG_ASM
#define DIRECT_READ(base, mask)         (((*(base+4)) & (mask)) ? 1 : 0)  //PORTX + 0x10
#define DIRECT_MODE_INPUT(base, mask)   ((*(base+2)) = (mask))            //TRISXSET + 0x08
#define DIRECT_MODE_OUTPUT(base, mask)  ((*(base+1)) = (mask))            //TRISXCLR + 0x04
#define DIRECT_WRITE_LOW(base, mask)    ((*(base+8+1)) = (mask))          //LATXCLR  + 0x24
#define DIRECT_WRITE_HIGH(base, mask)   ((*(base+8+2)) = (mask))          //LATXSET + 0x28

#else
#error "Please define I/O register types here"
#endif


class OneWire
{
  private:
    IO_REG_TYPE bitmask;
    volatile IO_REG_TYPE *baseReg;

#if ONEWIRE_SEARCH
    // global search state
    unsigned char ROM_NO[8];
    uint8_t LastDiscrepancy;
    uint8_t LastFamilyDiscrepancy;
    uint8_t LastDeviceFlag;
#endif

  public:
    OneWire( uint8_t pin);

    // Perform a 1-Wire reset cycle. Returns 1 if a device responds
    // with a presence pulse.  Returns 0 if there is no device or the
    // bus is shorted or otherwise held low for more than 250uS
    uint8_t reset(void);

    // Issue a 1-Wire rom select command, you do the reset first.
    void select(const uint8_t rom[8]);

    // Issue a 1-Wire rom skip command, to address all on bus.
    void skip(void);

    // Write a byte. If 'power' is one then the wire is held high at
    // the end for parasitically powered devices. You are responsible
    // for eventually depowering it by calling depower() or doing
    // another read or write.
    void write(uint8_t v, uint8_t power = 0);

    void write_bytes(const uint8_t *buf, uint16_t count, bool power = 0);

    // Read a byte.
    uint8_t read(void);

    void read_bytes(uint8_t *buf, uint16_t count);

    // Write a bit. The bus is always left powered at the end, see
    // note in write() about that.
    void write_bit(uint8_t v);

    // Read a bit.
    uint8_t read_bit(void);

    // Stop forcing power onto the bus. You only need to do this if
    // you used the 'power' flag to write() or used a write_bit() call
    // and aren't about to do another read or write. You would rather
    // not leave this powered if you don't have to, just in case
    // someone shorts your bus.
    void depower(void);

#if ONEWIRE_SEARCH
    // Clear the search state so that if will start from the beginning again.
    void reset_search();

    // Setup the search to find the device type 'family_code' on the next call
    // to search(*newAddr) if it is present.
    void target_search(uint8_t family_code);

    // Look for the next device. Returns 1 if a new address has been
    // returned. A zero might mean that the bus is shorted, there are
    // no devices, or you have already retrieved all of them.  It
    // might be a good idea to check the CRC to make sure you didn't
    // get garbage.  The order is deterministic. You will always get
    // the same devices in the same order.
    uint8_t search(uint8_t *newAddr);
#endif

#if ONEWIRE_CRC
    // Compute a Dallas Semiconductor 8 bit CRC, these are used in the
    // ROM and scratchpad registers.
    static uint8_t crc8(const uint8_t *addr, uint8_t len);

#if ONEWIRE_CRC16
    // Compute the 1-Wire CRC16 and compare it against the received CRC.
    // Example usage (reading a DS2408):
    //    // Put everything in a buffer so we can compute the CRC easily.
    //    uint8_t buf[13];
    //    buf[0] = 0xF0;    // Read PIO Registers
    //    buf[1] = 0x88;    // LSB address
    //    buf[2] = 0x00;    // MSB address
    //    WriteBytes(net, buf, 3);    // Write 3 cmd bytes
    //    ReadBytes(net, buf+3, 10);  // Read 6 data bytes, 2 0xFF, 2 CRC16
    //    if (!CheckCRC16(buf, 11, &buf[11])) {
    //        // Handle error.
    //    }     
    //          
    // @param input - Array of bytes to checksum.
    // @param len - How many bytes to use.
    // @param inverted_crc - The two CRC16 bytes in the received data.
    //                       This should just point into the received data,
    //                       *not* at a 16-bit integer.
    // @param crc - The crc starting value (optional)
    // @return True, iff the CRC matches.
    static bool check_crc16(const uint8_t* input, uint16_t len, const uint8_t* inverted_crc, uint16_t crc = 0);

    // Compute a Dallas Semiconductor 16 bit CRC.  This is required to check
    // the integrity of data received from many 1-Wire devices.  Note that the
    // CRC computed here is *not* what you'll get from the 1-Wire network,
    // for two reasons:
    //   1) The CRC is transmitted bitwise inverted.
    //   2) Depending on the endian-ness of your processor, the binary
    //      representation of the two-byte return value may have a different
    //      byte order than the two bytes you get from 1-Wire.
    // @param input - Array of bytes to checksum.
    // @param len - How many bytes to use.
    // @param crc - The crc starting value (optional)
    // @return The CRC16, as defined by Dallas Semiconductor.
    static uint16_t crc16(const uint8_t* input, uint16_t len, uint16_t crc = 0);
#endif
#endif
};

#endif
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#include "Arduino.h"

#include "TZ51_SONAR1.h"



int mesure_distance_cm(byte trig_pin,byte dist_pin)

{

  digitalWrite(trig_pin,HIGH);

  delayMicroseconds(1000);

  digitalWrite(trig_pin,LOW);

  int value = (pulseIn(dist_pin,HIGH)/2)/29.1+2;

  if (value>255) { value=255; }

  delay(20);

  return value;

}
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int mesure_distance_cm(byte trig_pin,byte dist_pin);
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{	"extensionName": "Technozone51 capteurs",

	"description":"version 3.0",

	"sort":1,

	"extensionPort": 0,

	"firmware":"3.0",

	"javascriptURL":"js/TZ51_capteurs.js",

	"blockSpecs": [

		["B", "le bouton (BTN1-color) sur la broche %n est appuyé ?","getDigitalneg","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==0","loop":""}],

		

		["B", "le fin de course (SWITCHx) sur la broche %n est appuyé ?","getDigitalneg","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==0","loop":""}],

		

		["B", "le capteur (ILS1) sur la broche %n détecte un champ magnétique ?","getDigitalneg","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==0","loop":""}],



		["B", "le capteur de proximité (PROXI1) sur la broche %n détecte un obstacle ?","getDigitalneg","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==0","loop":""}],



		["B", "la barrière infrarouge (BARI1) sur la broche %n détecte un obstacle ?","getDigitalneg","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==0","loop":""}],



		["B", "le capteur (LIG1) sur la broche %n détecte une ligne ?","digitalRead","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==1","loop":""}],



		["B", "le capteur (CMOUV1) sur la broche %n détecte une présence ?","digitalRead","9",

		{"encode":"{d0}","setup":"pinMode({0},INPUT);\n","inc":"","def":"","work":"digitalRead({0})==1","loop":""}],



		["R", "la position du potentiomètre (POTAR1) sur la broche analogique %n","getAnalog","0",

		{"encode":"{d0}","setup":"pinMode(A0+{0},INPUT);\n","inc":"","def":"","work":"analogRead(A0+{0})","loop":""}],



		["R", "la température en °C (CTN1) sur la broche analogique %n","getemp1","0",

		{"encode":"{d0}","setup":"pinMode(A0+{0},INPUT);\n","inc":"","def":"","work":"round(- 0.525641025*(analogRead(A0+{0})/4)+ 116.0897436)","loop":""}],



		["R", "la luminosité en Lux (LDR1) sur la broche analogique %n","getlum1","0",

		{"encode":"{d0}","setup":"pinMode(A0+{0},INPUT);\n","inc":"","def":"","work":"round(1517.288685*exp(-64.822510*analogRead(A0+{0})/10000))","loop":""}],



		["R", "la distance mesurée (SONAR1) en cm : TRIG sur la broche %n DIST sur la broche %n","getdist1","4","5",

		{"encode":"{d0}{d1}","setup":"pinMode({0},OUTPUT);\npinMode({1},INPUT);\n","inc":"#include \"TZ51_SONAR1.h\"","def":"","work":"mesure_distance_cm({0},{1})","loop":""}],



		["w", "Lire le capteur de température (DS18B20) sur la broche %n","gettemp2","9",

		{"encode":"{d0}","setup":"sensors_{0}.begin();\n","inc":"#include \"TZ51_OneWire.h\"\n#include \"TZ51_DallasTemperature.h\"\n","def":"OneWire oneWire_{0}({0});\nDallasTemperature sensors_{0}(&oneWire_{0});\n","work":"sensors_{0}.requestTemperatures();\n","loop":""}],

		

		["R", "la température en centième de °C (DS18B20) sur la broche %n","getemp3","9",

		{"encode":"{d0}","setup":"","inc":"","def":"","work":"sensors_{0}.getTempCByIndex(0)","loop":""}],

		

		["w", "* initialise le capteur de températute/humidité %d.dhttype sur la broche %n","gettemp3","DHT22","9",

		{"encode":"{d0}{d1}","setup":"dht_{1}.begin();\n","inc":"#include \"TZ51_DHT.h\"\n","def":"DHT dht_{1}({1},{0});\n","work":"","loop":""}],



		["R", "la température en centième de °C (DHTxx) sur la broche %n","getemp4","9",

		{"encode":"{d0}","setup":"","inc":"","def":"","work":"dht_{0}.readTemperature()","loop":""}],



		["R", "l'humidité en % (DHTxx) sur la broche %n","gethumid","9",

		{"encode":"{d0}","setup":"","inc":"","def":"","work":"dht_{0}.readHumidity()","loop":""}],

		

		["w", "* initialise le capteur de températute/humidité/pression BME280 sur le bus I2C","initbme280",

		{"encode":"","setup":"Wire.begin();\nbme.begin();\n","inc":"#include \"TZ51_BME280I2C.h\"\n","def":"BME280I2C bme;\nfloat temp(NAN), hum(NAN), pres(NAN);\nBME280::TempUnit tempUnit(BME280::TempUnit_Celsius);\nBME280::PresUnit presUnit(BME280::PresUnit_Pa);\n","work":"","loop":""}],

		

		["w", "Lire le capteur de température (BME280)","readbme280",

		{"encode":"","setup":"","inc":"","def":"","work":"bme.read(pres, temp, hum, tempUnit, presUnit);\n","loop":""}],

		

		["R", "la température en °C (BME280)","getempbme280",

		{"encode":"","setup":"","inc":"","def":"","work":"temp","loop":""}],

		

		["R", "l'humidité en % (BME280)","gethumbme280",

		{"encode":"","setup":"","inc":"","def":"","work":"hum","loop":""}],

		

		["R", "la pression en Pa (BME280)","getpressbme280",

		{"encode":"","setup":"","inc":"","def":"","work":"pres","loop":""}]

		



	],

	"menus": {

		"digital":["HIGH","LOW"],

		"onoff":["allume","eteint"],

		"active":["active","désactive"],

		"dhttype":["DHT22","DHT11","DHT21","AM2301"]

	},

	"values":{

		"run":2,

		"DHT22":22,

		"DHT21":21,

		"DHT11":11,

		"AM2301":21,

		"get":1,

		"digital":30,

		"analog":31,

		"pwm":32,

		"servo_pin":33,

		"tone":34,

		"timer":50,

		"HIGH":1,"LOW":0,

		"allume":1,"eteint":0,

		"désactive":1,"active":0

	},

	"translators":{

	}

}
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