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ANEXO 2. LIBRERÍAS  

En este apartado se exponen las librerías utilizadas en el código puesto que están 

modificadas. 

2.1. MLX90614 

A continuación, se expone la librería del sensor de temperatura por infrarrojos 

2.1.1. MLX90614.h 

1 /*************************************************** 

2 This is a library for the MLX90614 Temp Sensor 

3 

4 Designed specifically to work with the MLX90614 sensors in the 

5 adafruit shop 

6 ----> https://www.adafruit.com/products/1748 

7----> https://www.adafruit.com/products/1749 

8 

9 These sensors use I2C to communicate, 2 pins are required to 

10 interface 

11 Adafruit invests time and resources providing this open source code, 

12 please support Adafruit and open-source hardware by purchasing 

13 products from Adafruit! 

14 

15 Written by Limor Fried/Ladyada for Adafruied in any redistribution 

16 ****************************************************/ 

17 

18 

19 #if (ARDUINO >= 100) 

20 #include "Arduino.h" 

21 #else 

22 #include "WProgram.h" 

23 #endif 

24 #include "Wire.h" 

25 

26 

27 #define MLX90614_I2CADDR 0x5A 

28 

29 // RAM 
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30 #define MLX90614_RAWIR1 0x04 

31 #define MLX90614_RAWIR2 0x05 

32 #define MLX90614_TA 0x06 

33 #define MLX90614_TOBJ1 0x07 

34 #define MLX90614_TOBJ2 0x08 

35 // EEPROM 

36 #define MLX90614_TOMAX 0x20 

37 #define MLX90614_TOMIN 0x21 

38 #define MLX90614_PWMCTRL 0x22 

39 #define MLX90614_TARANGE 0x23 

40 #define MLX90614_EMISS 0x24 

41 #define MLX90614_CONFIG 0x25 

42 #define MLX90614_ADDR 0x0E 

43 #define MLX90614_ID1 0x3C 

44 #define MLX90614_ID2 0x3D 

45 #define MLX90614_ID3 0x3E 

46 #define MLX90614_ID4 0x3F 

47 

48 

49 class Adafruit_MLX90614 { 

50 public: 

51 Adafruit_MLX90614(uint8_t addr = MLX90614_I2CADDR); 

52 boolean begin(); 

53 uint32_t readID(void); 

54 

55 double readObjectTempC(void); 

56 double readAmbientTempC(void); 

57 double readObjectTempF(void); 

58 double readAmbientTempF(void); 

59 

60 private: 

61 float readTemp(uint8_t reg); 

62 

63 uint8_t _addr; 

64 uint16_t read16(uint8_t addr); 

65 void write16(uint8_t addr, uint16_t data); 

66 }; 

67 

68 
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2.1.2. MLX90614.cpp 

1 /*************************************************** 

2 This is a library for the MLX90614 Temp Sensor 

3 

4 Designed specifically to work with the MLX90614 sensors in the 

5 adafruit shop 

6  
----> 

https://www.adafruit.com/products/1748 

7  
----> 

https://www.adafruit.com/products/1749 

8 

9 These sensors use I2C to communicate, 2 pins are required to 

10 interface 

11 Adafruit invests time and resources providing this open source code, 

12 please support Adafruit and open-source hardware by purchasing 

13 products from Adafruit! 

14 

15 Written by Limor Fried/Ladyada for Adafruit Industries. 

16 BSD license, all text above must be included in any redistribution 

17 ****************************************************/ 

18 

19 #include "Adafruit_MLX90614.h" 

20 

21 Adafruit_MLX90614::Adafruit_MLX90614(uint8_t i2caddr) { 

22 _addr = i2caddr; 

23 } 

24 

25 

26 boolean Adafruit_MLX90614::begin(void) { 

27 Wire.begin(); 

28 

29 /* 

30 for (uint8_t i=0; i<0x20; i++) { 

31 Serial.print(i); Serial.print(" = "); 

32 Serial.println(read16(i), HEX); 

33 } 

34 */ 
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35 return true; 

36 } 

37 

38 ////////////////////////////////////////////////////// 

39 

40 

41 double Adafruit_MLX90614::readObjectTempF(void) { 

42 return (readTemp(MLX90614_TOBJ1) * 9 / 5) + 32; 

43 } 

44 

45 

46 double Adafruit_MLX90614::readAmbientTempF(void) { 

47 return (readTemp(MLX90614_TA) * 9 / 5) + 32; 

48 } 

49 

50 double Adafruit_MLX90614::readObjectTempC(void) { 

51 return readTemp(MLX90614_TOBJ1); 

52 } 

53 

54 

55 double Adafruit_MLX90614::readAmbientTempC(void) { 

56 return readTemp(MLX90614_TA); 

57 } 

58 

59 float Adafruit_MLX90614::readTemp(uint8_t reg) { 

60 float temp; 

61 

62 temp = read16(reg); 

63 temp*= .02; 

64 temp-= 273.15; 

65 return temp; 

66 } 

67 

68 /*********************************************************************/ 

69 

70 uint16_t Adafruit_MLX90614::read16(uint8_t a) { 

71 uint16_t ret; 

72 
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73 Wire.beginTransmission(_addr); // start transmission to device 

74 Wire.write(a); // sends register address to read from 

75 Wire.endTransmission(false); // end transmission 

76 

77 Wire.requestFrom(_addr, (uint8_t)3);// send data n-bytes read 

78 ret= Wire.read(); // receive DATA 

79 ret |= Wire.read() << 8; // receive DATA 

80 

81 uint8_t pec = Wire.read(); 

82 

83 return ret; 

84 } 

85 

2.2. ADS1115 

A continuación, se expone la librería del conversor analógico digital de 4 canales 

diferenciales ADS1115. 

2.2.1. ADS1115.h 

s 1 // I2Cdev library collection - ADS1115 I2C device class header file 

2 // Based on Texas Instruments ADS1113/4/5 datasheet, May 2009 (SBAS444B, revised 

October 2009) 

3 // Note that the ADS1115 uses 16-bit registers, not 8-bit registers. 

4 // 8/2/2011 by Jeff Rowberg <jeff@rowberg.net> 

5 // Updates should (hopefully) always be available at 

https://github.com/jrowberg/i2cdevlib 

6 // 

7 // Changelog: 

8 // 2013-05-05 - Add debug information. Clean up Single Shot implementation 

9 // 2011-10-29 - added getDifferentialx() methods, F. Farzanegan 

10 // 2011-08-02 - initial release 

11 

12 

13 /* ============================================ 

14 I2Cdev device library code is placed under the MIT license 

15 Copyright (c) 2011 Jeff Rowberg 

16 

17 Permission is hereby granted, free of charge, to any person obtaining a copy 

18 of this software and associated documentation files (the "Software"), to deal 

19 in the Software without restriction, including without limitation the rights 

20 to use, copy, modify, merge, publish, distribute, sublicense, and/or sell 

21 copies of the Software, and to permit persons to whom the Software is 

22 furnished to do so, subject to the following conditions: 

23 
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24 The above copyright notice and this permission notice shall be included in 

25 all copies or substantial portions of the Software. 

26 

27 THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR 

28 IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, 

29 FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL 

THE 

30 AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER 

31 LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING 

FROM, 

32 OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN 

33 THE SOFTWARE. 

34 =============================================== 

35 */ 

36 

37 #ifndef _ADS1115_H_ 

38 #define _ADS1115_H_ 

39 

40 #include "I2Cdev.h" 

41 

42 // -----------------------------------------------------------------------------  

43 // Arduino-style "Serial.print" debug constant (uncomment to enable) 

44 // ----------------------------------------------------------------------------- 

45 //#define ADS1115_SERIAL_DEBUG 

46 

47 #define ADS1115_ADDRESS_ADDR_GND 0x48 // address pin low (GND) 

48 #define ADS1115_ADDRESS_ADDR_VDD 0x49 // address pin high (VCC) 

49 #define ADS1115_ADDRESS_ADDR_SDA 0x4A // address pin tied to SDA pin 

50 #define ADS1115_ADDRESS_ADDR_SCL 0x4B // address pin tied to SCL pin 

51 #define ADS1115_DEFAULT_ADDRESS ADS1115_ADDRESS_ADDR_GND 

52 

53 #define ADS1115_RA_CONVERSION 0x00 

54 #define ADS1115_RA_CONFIG 0x01 

55 #define ADS1115_RA_LO_THRESH 0x02 

56 #define ADS1115_RA_HI_THRESH 0x03 

57 

58 #define ADS1115_CFG_OS_BIT 15 

59 #define ADS1115_CFG_MUX_BIT 14 

60 #define ADS1115_CFG_MUX_LENGTH 3 

61 #define ADS1115_CFG_PGA_BIT 11 

62 #define ADS1115_CFG_PGA_LENGTH 3 

63 #define ADS1115_CFG_MODE_BIT 8 

64 #define ADS1115_CFG_DR_BIT 7 

65 #define ADS1115_CFG_DR_LENGTH 3 

66 #define ADS1115_CFG_COMP_MODE_BIT 4 

67 #define ADS1115_CFG_COMP_POL_BIT 3 

68 #define ADS1115_CFG_COMP_LAT_BIT 2 

69 #define ADS1115_CFG_COMP_QUE_BIT 1 

70 #define ADS1115_CFG_COMP_QUE_LENGTH 2 

71 
72 

73 #define ADS1115_MUX_P0_N1 0x00 // default 

74 #define ADS1115_MUX_P0_N3 0x01 

75 #define ADS1115_MUX_P1_N3 0x02 

76 #define ADS1115_MUX_P2_N3 0x03 

77 #define ADS1115_MUX_P0_NG 0x04 

78 #define ADS1115_MUX_P1_NG 0x05 

79 #define ADS1115_MUX_P2_NG 0x06 
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80 #define ADS1115_MUX_P3_NG 0x07 

81 

82 #define ADS1115_PGA_6P144 0x00 

83 #define ADS1115_PGA_4P096 0x01 

84 #define ADS1115_PGA_2P048 0x02 // default 

85 #define ADS1115_PGA_1P024 0x03 

86 #define ADS1115_PGA_0P512 0x04 

87 #define ADS1115_PGA_0P256 0x05 

88 #define ADS1115_PGA_0P256B 0x06 

89 #define ADS1115_PGA_0P256C 0x07 

90 

91 #define ADS1115_MV_6P144 0.187500 

92 #define ADS1115_MV_4P096 0.125000 

93 #define ADS1115_MV_2P048 0.062500 // default 

94 #define ADS1115_MV_1P024 0.031250 

95 #define ADS1115_MV_0P512 0.015625 

96 #define ADS1115_MV_0P256 0.007813 

97 #define ADS1115_MV_0P256B 0.007813 

98 #define ADS1115_MV_0P256C 0.007813 

99 

100 #define ADS1115_MODE_CONTINUOUS 0x00 

101 #define ADS1115_MODE_SINGLESHOT 0x01 // default 

102 

103 #define ADS1115_RATE_8 0x00 

104 #define ADS1115_RATE_16 0x01 

105 #define ADS1115_RATE_32 0x02 

106 #define ADS1115_RATE_64 0x03 

107 #define ADS1115_RATE_128 0x04 // default 

108 #define ADS1115_RATE_250 0x05 

109 #define ADS1115_RATE_475 0x06 

110 #define ADS1115_RATE_860 0x07 

111 

112 #define ADS1115_COMP_MODE_HYSTERESIS 0x00 // default 

113 #define ADS1115_COMP_MODE_WINDOW 0x01 

114 

115 #define ADS1115_COMP_POL_ACTIVE_LOW 0x00 // default 

116 #define ADS1115_COMP_POL_ACTIVE_HIGH 0x01 

117 

118 #define ADS1115_COMP_LAT_NON_LATCHING 0x00 // default 

119 #define ADS1115_COMP_LAT_LATCHING 0x01 

120 

121 #define ADS1115_COMP_QUE_ASSERT1 0x00 

122 #define ADS1115_COMP_QUE_ASSERT2 0x01 

123 #define ADS1115_COMP_QUE_ASSERT4 0x02 

124 #define ADS1115_COMP_QUE_DISABLE 0x03 // default 

125 

126 // -----------------------------------------------------------------------------  

127 // Arduino-style "Serial.print" debug constant (uncomment to enable) 

128 // -----------------------------------------------------------------------------  

129 //#define ADS1115_SERIAL_DEBUG 

130 

131 

132 class ADS1115 { 

133 public: 

134 ADS1115(); 

135 ADS1115(uint8_t address); 

136 
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void initialize(); 

bool testConnection(); 

// SINGLE SHOT utilities 

bool pollConversion(uint16_t max_retries); 

void triggerConversion(); 

// Read the current CONVERSION register 

int16_t getConversion(bool triggerAndPoll=true); 

147 // Differential 

int16_t getConversionP0N1(); 

int16_t getConversionP0N3(); 

int16_t getConversionP1N3(); 

int16_t getConversionP2N3(); 

153 // Single-ended 

int16_t getConversionP0GND(); 

int16_t getConversionP1GND(); 

int16_t getConversionP2GND(); 

int16_t getConversionP3GND(); 

159 // Utility 

getMilliVolts(bool triggerAndPoll=true); 

getMvPerCount(); 

162 

// CONFIG register 

bool isConversionReady(); 

uint8_t getMultiplexer(); 

void setMultiplexer(uint8_t mux); 

uint8_t getGain(); 

void setGain(uint8_t gain); 

bool getMode(); 

void setMode(bool mode); 

uint8_t getRate(); 

void setRate(uint8_t rate); 

bool getComparatorMode(); 

void setComparatorMode(bool mode); 

bool getComparatorPolarity(); 

void setComparatorPolarity(bool polarity); 

bool getComparatorLatchEnabled(); 

void setComparatorLatchEnabled(bool enabled); 
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uint8_t getComparatorQueueMode(); 

void setComparatorQueueMode(uint8_t mode); 

void setConversionReadyPinMode(); 

// *_THRESH registers 

int16_t getLowThreshold(); 

void setLowThreshold(int16_t threshold); 

int16_t getHighThreshold(); 

void setHighThreshold(int16_t threshold); 

// DEBUG 

void showConfigRegister(); 

private: 

uint8_t devAddr; 

uint16_t buffer[2]; 

bool devMode; 

uint8_t muxMode; 

uint8_t pgaMode; 

198 }; 

199 

200 #endif /* _ADS1115_H_ */ 

201 

2.2.2. ADS1115.cpp 

1 // I2Cdev library collection - ADS1115 I2C device class 

2 // Based on Texas Instruments ADS1113/4/5 datasheet, May 2009 (SBAS444B, revised 

October 2009) 

3 // Note that the ADS1115 uses 16-bit registers, not 8-bit registers. 

4 // 8/2/2011 by Jeff Rowberg <jeff@rowberg.net> 

5 // Updates should (hopefully) always be available at 

https://github.com/jrowberg/i2cdevlib 

6 // 

7 // Changelog: 

8 // 2013-05-05 - Add debug information. Rename methods to match datasheet. 

9 // 2011-11-06 - added getVoltage, F. Farzanegan 

10 // 2011-10-29 - added getDifferentialx() methods, F. Farzanegan 

11 // 2011-08-02 - initial release 

12 /* ============================================ 

13 I2Cdev device library code is placed under the MIT license 

14 Copyright (c) 2011 Jeff Rowberg 

15 

16 Permission is hereby granted, free of charge, to any person obtaining a copy 

17 of this software and associated documentation files (the "Software"), to deal 

18 in the Software without restriction, including without limitation the rights 

19 to use, copy, modify, merge, publish, distribute, sublicense, and/or sell 

20 copies of the Software, and to permit persons to whom the Software is 

21 furnished to do so, subject to the following conditions: 
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22 

23 The above copyright notice and this permission notice shall be included in 

24 all copies or substantial portions of the Software. 

25 

26 THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR 

27 IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, 

28 FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL 

THE 

29 AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER 

30 LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING 

FROM, 

31 OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN 

32 THE SOFTWARE. 

33 =============================================== 

34 */ 

35 

36 #include "ADS1115.h" 

37 

38 /** Default constructor, uses default I2C address. 

39 * @see ADS1115_DEFAULT_ADDRESS 

40 */ 

41 ADS1115::ADS1115() { 

42 devAddr = ADS1115_DEFAULT_ADDRESS; 

43 } 

44 

45 /** Specific address constructor. 

46 * @param address I2C address 

47 * @see ADS1115_DEFAULT_ADDRESS 

48 * @see ADS1115_ADDRESS_ADDR_GND 

49 * @see ADS1115_ADDRESS_ADDR_VDD 

50 * @see ADS1115_ADDRESS_ADDR_SDA 

51 * @see ADS1115_ADDRESS_ADDR_SDL 

52 */ 

53 ADS1115::ADS1115(uint8_t address) { 

= address; 

56 

57 /** Power on and prepare for general usage. 

58 * This device is ready to use automatically upon power-up. It defaults to 

59 * single-shot read mode, P0/N1 mux, 2.048v gain, 128 samples/sec, default 

60 * comparator with hysterysis, active-low polarity, non-latching comparator, 

61 * and comparater-disabled operation. 

62 */ 

63 void ADS1115::initialize() { 

64 setMultiplexer(ADS1115_MUX_P0_N1); 

65 setGain(ADS1115_PGA_2P048); 

66 setMode(ADS1115_MODE_SINGLESHOT); 

67 setRate(ADS1115_RATE_128); 

68 setComparatorMode(ADS1115_COMP_MODE_HYSTERESIS); 

69 setComparatorPolarity(ADS1115_COMP_POL_ACTIVE_LOW); 

70 setComparatorLatchEnabled(ADS1115_COMP_LAT_NON_LATCHING); 
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71 setComparatorQueueMode(ADS1115_COMP_QUE_DISABLE); 

72 } 

73 

74 /** Verify the I2C connection. 

75 * Make sure the device is connected and responds as expected. 

76 * @return True if connection is valid, false otherwise 

77 */ 

78 bool ADS1115::testConnection() { 

79 return I2Cdev::readWord(devAddr, ADS1115_RA_CONVERSION, buffer) == 1; 

80 } 

81 

82 /** Poll the operational status bit until the conversion is finished 

83 * Retry at most 'max_retries' times 

84 * conversion is finished, then return true; 

85 * @see ADS1115_CFG_OS_BIT 

86 * @return True if data is available, false otherwise 

87 */ 

88 bool ADS1115::pollConversion(uint16_t max_retries) { 

89 for(uint16_t i = 0; i < max_retries; i++) { 

90 if (isConversionReady()) return true; 

91 } 

92 return false; 

93 } 

94 

95 /** Read differential value based on current MUX configuration. 

96 * The default MUX setting sets the device to get the differential between the 

97 * AIN0 and AIN1 pins. There are 8 possible MUX settings, but if you are using 

98 * all four input pins as single-end voltage sensors, then the default option is 

99 * not what you want; instead you will need to set the MUX to compare the 

100 * desired AIN* pin with GND. There are shortcut methods (getConversion*) to do 

101 * this conveniently, but you can also do it manually with setMultiplexer() 

102 * followed by this method. 

103 * 

104 * In single-shot mode, this register may not have fresh data. You need to write 

105 * a 1 bit to the MSB of the CONFIG register to trigger a single read/conversion 

106 * before this will be populated with fresh data. This technique is not as 

107 * effortless, but it has enormous potential to save power by only running the 

108 * comparison circuitry when needed. 
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109 * 

110 * @param triggerAndPoll If true (and only in singleshot mode) the conversion trigger 

111 * will be executed and the conversion results will be polled. 

112 * @return 16-bit signed differential value 

113 * @see getConversionP0N1(); 

114 * @see getConversionPON3(); 

115 * @see getConversionP1N3(); 

116 * @see getConversionP2N3(); 

117 * @see getConversionP0GND(); 

118 * @see getConversionP1GND(); 

119 * @see getConversionP2GND(); 

120 * @see getConversionP3GND); 

121 * @see setMultiplexer(); 

122 * @see ADS1115_RA_CONVERSION 

123 * @see ADS1115_MUX_P0_N1 

124 * @see ADS1115_MUX_P0_N3 

125 * @see ADS1115_MUX_P1_N3 

126 * @see ADS1115_MUX_P2_N3 

127 * @see ADS1115_MUX_P0_NG 

128 * @see ADS1115_MUX_P1_NG 

129 * @see ADS1115_MUX_P2_NG 

130 * @see ADS1115_MUX_P3_NG 

131 */ 

132 int16_t ADS1115::getConversion(bool triggerAndPoll) { 

133 if (triggerAndPoll && devMode == ADS1115_MODE_SINGLESHOT) { 

134 triggerConversion(); 

135 pollConversion(I2CDEV_DEFAULT_READ_TIMEOUT); 

136 } 

137 I2Cdev::readWord(devAddr, ADS1115_RA_CONVERSION, buffer); 

138 return buffer[0]; 

139 } 

140 /** Get AIN0/N1 differential. 

141 * This changes the MUX setting to AIN0/N1 if necessary, triggers a new 

142 * measurement (also only if necessary), then gets the differential value 

143 * currently in the CONVERSION register. 

144 * @return 16-bit signed differential value 

145 * @see getConversion() 

146 */ 
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ADS1115::getConversionP0N1() { 

(muxMode != ADS1115_MUX_P0_N1) setMultiplexer(ADS1115_MUX_P0_N1); 

149 return getConversion(); 

150 } 

151 

152 /** Get AIN0/N3 differential. 

153 * This changes the MUX setting to AIN0/N3 if necessary, triggers a new 

154 * measurement (also only if necessary), then gets the differential value 

155 * currently in the CONVERSION register. 

156 * @return 16-bit signed differential value 

157 * @see getConversion() 

158 */ 

ADS1115::getConversionP0N3() { 

(muxMode != ADS1115_MUX_P0_N3) setMultiplexer(ADS1115_MUX_P0_N3); 

161 return getConversion(); 

164 /** Get AIN1/N3 differential. 

165 * This changes the MUX setting to AIN1/N3 if necessary, triggers a new 

166 * measurement (also only if necessary), then gets the differential value 

167 * currently in the CONVERSION register. 

168 * @return 16-bit signed differential value 

169 * @see getConversion() 

170 */ 

ADS1115::getConversionP1N3() { 

(muxMode != ADS1115_MUX_P1_N3) setMultiplexer(ADS1115_MUX_P1_N3); 

173 return getConversion(); 

174 } 

175 

176 /** Get AIN2/N3 differential. 

177 * This changes the MUX setting to AIN2/N3 if necessary, triggers a new 

178 * measurement (also only if necessary), then gets the differential value 

179 * currently in the CONVERSION register. 

180 * @return 16-bit signed differential value 

181 * @see getConversion() 

182 */ 

ADS1115::getConversionP2N3() { 

(muxMode != ADS1115_MUX_P2_N3) setMultiplexer(ADS1115_MUX_P2_N3); 

185 return getConversion(); 
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186 } 

187 

188 /** Get AIN0/GND differential. 

189 * This changes the MUX setting to AIN0/GND if necessary, triggers a new 

190 * measurement (also only if necessary), then gets the differential value 

191 * currently in the CONVERSION register. 

192 * @return 16-bit signed differential value 

193 * @see getConversion() 

194 */ 

195 int16_t ADS1115::getConversionP0GND() { 

196 if (muxMode != ADS1115_MUX_P0_NG) setMultiplexer(ADS1115_MUX_P0_NG); 

197 return getConversion(); 

198 } 

199 /** Get AIN1/GND differential. 

200 * This changes the MUX setting to AIN1/GND if necessary, triggers a new 

201 * measurement (also only if necessary), then gets the differential value 

202 * currently in the CONVERSION register. 

203 * @return 16-bit signed differential value 

204 * @see getConversion() 

205 */ 

ADS1115::getConversionP1GND() { 

(muxMode != ADS1115_MUX_P1_NG) setMultiplexer(ADS1115_MUX_P1_NG); 

208 return getConversion(); 

209 } 

210 /** Get AIN2/GND differential. 

211 * This changes the MUX setting to AIN2/GND if necessary, triggers a new 

212 * measurement (also only if necessary), then gets the differential value 

213 * currently in the CONVERSION register. 

214 * @return 16-bit signed differential value 

215 * @see getConversion() 

216 */ 

217 int16_t ADS1115::getConversionP2GND() { 

218 if (muxMode != ADS1115_MUX_P2_NG) setMultiplexer(ADS1115_MUX_P2_NG); 

219 return getConversion(); 

220 } 

221 /** Get AIN3/GND differential. 

222 * This changes the MUX setting to AIN3/GND if necessary, triggers a new 

223 * measurement (also only if necessary), then gets the differential value 
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224 * currently in the CONVERSION register. 

225 * @return 16-bit signed differential value 

226 * @see getConversion() 

227 */ 

ADS1115::getConversionP3GND() { 

(muxMode != ADS1115_MUX_P3_NG) setMultiplexer(ADS1115_MUX_P3_NG); 

230 return getConversion(); 

231 } 

232 

233 /** Get the current voltage reading 

234 * Read the current differential and return it multiplied 

235 * by the constant for the current gain. mV is returned to 

236 * increase the precision of the voltage 

237 * @param triggerAndPoll If true (and only in singleshot mode) the conversion trigger 

238 * will be executed and the conversion results will be polled. 

239 */ 

240 float ADS1115::getMilliVolts(bool triggerAndPoll) { 

(pgaMode) { 

ADS1115_PGA_6P144: 

(getConversion(triggerAndPoll) * ADS1115_MV_6P144); 

245 case ADS1115_PGA_4P096: 

(getConversion(triggerAndPoll) * ADS1115_MV_4P096); 

248 case ADS1115_PGA_2P048: 

(getConversion(triggerAndPoll) * ADS1115_MV_2P048); 

251 case ADS1115_PGA_1P024: 

(getConversion(triggerAndPoll) * ADS1115_MV_1P024); 

254 case ADS1115_PGA_0P512: 

(getConversion(triggerAndPoll) * ADS1115_MV_0P512); 

ADS1115_PGA_0P256: 

ADS1115_PGA_0P256B: 

ADS1115_PGA_0P256C: 

(getConversion(triggerAndPoll) * ADS1115_MV_0P256); 

262 } 

263 } 

264 
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265 /** 

266 * Return the current multiplier for the PGA setting. 

267 * 

268 * This may be directly retreived by using getMilliVolts(), 

269 * but this causes an independent read. This function could 

270 * be used to average a number of reads from the getConversion() 

271 * getConversionx() functions and cut downon the number of 

272 * floating-point calculations needed. 

273 * 

274 */ 

275 

276 float ADS1115::getMvPerCount() { 

(pgaMode) { 

ADS1115_PGA_6P144: 

ADS1115_MV_6P144; 

281 case ADS1115_PGA_4P096: 

282 return ADS1115_MV_4P096; 

283 break; 

284 case ADS1115_PGA_2P048: 

285 return ADS1115_MV_2P048; 

286 break; 

287 case ADS1115_PGA_1P024: 

288 return ADS1115_MV_1P024; 

289 break; 

290 case ADS1115_PGA_0P512: 

ADS1115_MV_0P512; 

ADS1115_PGA_0P256: 

ADS1115_PGA_0P256B: 

ADS1115_PGA_0P256C: 

ADS1115_MV_0P256; 

298 } 

301 // CONFIG register 

302 

303 /** Get operational status. 

304 * @return Current operational status (false for active conversion, true for inactive) 

305 * @see ADS1115_RA_CONFIG 

306 * @see ADS1115_CFG_OS_BIT 
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307 */ 

308 bool ADS1115::isConversionReady() { 

309 I2Cdev::readBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_OS_BIT, buffer); 

310 return buffer[0]; 

311 } 

312 /** Trigger a new conversion. 

313 * Writing to this bit will only have effect while in power-down mode (no 

conversions active). 

314 * @see ADS1115_RA_CONFIG 

315 * @see ADS1115_CFG_OS_BIT 

316 */ 

317 void ADS1115::triggerConversion() { 

318 I2Cdev::writeBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_OS_BIT, 1); 

319 } 

320 /** Get multiplexer connection. 

321 * @return Current multiplexer connection setting 

322 * @see ADS1115_RA_CONFIG 

323 * @see ADS1115_CFG_MUX_BIT 

324 * @see ADS1115_CFG_MUX_LENGTH 

325 */ 

326 uint8_t ADS1115::getMultiplexer() { 

327 I2Cdev::readBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_MUX_BIT, 

ADS1115_CFG_MUX_LENGTH, buffer); 

328 muxMode = (uint8_t)buffer[0]; 

329 return muxMode; 

330 } 

331 /** Set multiplexer connection. Continous mode may fill the conversion register 

332 * with data before the MUX setting has taken effect. A stop/start of the conversion 

333 * is done to reset the values. 

334 * @param mux New multiplexer connection setting 

335 * @see ADS1115_MUX_P0_N1 

336 * @see ADS1115_MUX_P0_N3 

337 * @see ADS1115_MUX_P1_N3 

338 * @see ADS1115_MUX_P2_N3 

339 * @see ADS1115_MUX_P0_NG 

340 * @see ADS1115_MUX_P1_NG 

341 * @see ADS1115_MUX_P2_NG 

342 * @see ADS1115_MUX_P3_NG 
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343 * @see ADS1115_RA_CONFIG 

344 * @see ADS1115_CFG_MUX_BIT 

345 * @see ADS1115_CFG_MUX_LENGTH 

346 */ 

347 void ADS1115::setMultiplexer(uint8_t mux) { 

348 if (I2Cdev::writeBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_MUX_BIT, 

ADS1115_CFG_MUX_LENGTH, mux)) { 

349 muxMode = mux; 

350 if (devMode == ADS1115_MODE_CONTINUOUS) { 

351 // Force a stop/start 

352 setMode(ADS1115_MODE_SINGLESHOT); 

353 getConversion(); 

354 setMode(ADS1115_MODE_CONTINUOUS); 

355 } 

356 } 

357 

358 } 

359 /** Get programmable gain amplifier level. 

360 * @return Current programmable gain amplifier level 

361 * @see ADS1115_RA_CONFIG 

362 * @see ADS1115_CFG_PGA_BIT 

363 * @see ADS1115_CFG_PGA_LENGTH 

364 */ 

365 uint8_t ADS1115::getGain() { 

366 I2Cdev::readBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_PGA_BIT, 

ADS1115_CFG_PGA_LENGTH, buffer); 

367 pgaMode=(uint8_t)buffer[0]; 

368 return pgaMode; 

369 } 

370 /** Set programmable gain amplifier level. 

371 * Continous mode may fill the conversion register 

372 * with data before the gain setting has taken effect. A stop/start of the conversion 

373 * is done to reset the values. 

374 * @param gain New programmable gain amplifier level 

375 * @see ADS1115_PGA_6P144 

376 * @see ADS1115_PGA_4P096 

377 * @see ADS1115_PGA_2P048 

378 * @see ADS1115_PGA_1P024 

379 * @see ADS1115_PGA_0P512 
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380 * @see ADS1115_PGA_0P256 

381 * @see ADS1115_RA_CONFIG 

382 * @see ADS1115_CFG_PGA_BIT 

383 * @see ADS1115_CFG_PGA_LENGTH 

384 */ 

385 void ADS1115::setGain(uint8_t gain) { 

386 if (I2Cdev::writeBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_PGA_BIT, 

ADS1115_CFG_PGA_LENGTH, gain)) { 

387 pgaMode = gain; 

388 if (devMode == ADS1115_MODE_CONTINUOUS) { 

// Force a stop/start 

setMode(ADS1115_MODE_SINGLESHOT); 

getConversion(); 

setMode(ADS1115_MODE_CONTINUOUS); 

393 } 

394 } 

395 } 

396 /** Get device mode. 

397 * @return Current device mode 

398 * @see ADS1115_MODE_CONTINUOUS 

399 * @see ADS1115_MODE_SINGLESHOT 

400 * @see ADS1115_RA_CONFIG 

401 * @see ADS1115_CFG_MODE_BIT 

402 */ 

403 bool ADS1115::getMode() { 

404 I2Cdev::readBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_MODE_BIT, buffer); 

405 devMode = buffer[0]; 

406 return devMode; 

407 } 

408 /** Set device mode. 

409 * @param mode New device mode 

410 * @see ADS1115_MODE_CONTINUOUS 

411 * @see ADS1115_MODE_SINGLESHOT 

412 * @see ADS1115_RA_CONFIG 

413 * @see ADS1115_CFG_MODE_BIT 

414 */ 

415 void ADS1115::setMode(bool mode) { 

416 if (I2Cdev::writeBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_MODE_BIT, mode)) { 



Banco de ensayos multipropósito para caracterizar baterías de 

LiPo 

Librerías 

Autor: Igor Martos Iza - 89 – 

[424.18.54] 

417 devMode = mode; 

418 } 

419 } 

420 /** Get data rate. 

421 * @return Current data rate 

422 * @see ADS1115_RA_CONFIG 

423 * @see ADS1115_CFG_DR_BIT 

424 * @see ADS1115_CFG_DR_LENGTH 

425 */ 

426 uint8_t ADS1115::getRate() { 

427 I2Cdev::readBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_DR_BIT, 

ADS1115_CFG_DR_LENGTH, buffer); 

428 return (uint8_t)buffer[0]; 

429 } 

430 /** Set data rate. 

431 * @param rate New data rate 

432 * @see ADS1115_RATE_8 

433 * @see ADS1115_RATE_16 

434 * @see ADS1115_RATE_32 

435 * @see ADS1115_RATE_64 

436 * @see ADS1115_RATE_128 

437 * @see ADS1115_RATE_250 

438 * @see ADS1115_RATE_475 

439 * @see ADS1115_RATE_860 

440 * @see ADS1115_RA_CONFIG 

441 * @see ADS1115_CFG_DR_BIT 

442 * @see ADS1115_CFG_DR_LENGTH 

443 */ 

444 void ADS1115::setRate(uint8_t rate) { 

445 I2Cdev::writeBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_DR_BIT, 

ADS1115_CFG_DR_LENGTH, rate); 

446 } 

447 /** Get comparator mode. 

448 * @return Current comparator mode 

449 * @see ADS1115_COMP_MODE_HYSTERESIS 

450 * @see ADS1115_COMP_MODE_WINDOW 

451 * @see ADS1115_RA_CONFIG 

452 * @see ADS1115_CFG_COMP_MODE_BIT 

453 */ 
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454 bool ADS1115::getComparatorMode() { 

455 I2Cdev::readBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_MODE_BIT, buffer); 

456 return buffer[0]; 

457 } 

458 /** Set comparator mode. 

459 * @param mode New comparator mode 

460 * @see ADS1115_COMP_MODE_HYSTERESIS 

461 * @see ADS1115_COMP_MODE_WINDOW 

462 * @see ADS1115_RA_CONFIG 

463 * @see ADS1115_CFG_COMP_MODE_BIT 

464 */ 

465 void ADS1115::setComparatorMode(bool mode) { 

466 I2Cdev::writeBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_MODE_BIT, mode); 

467 } 

468 /** Get comparator polarity setting. 

469 * @return Current comparator polarity setting 

470 * @see ADS1115_COMP_POL_ACTIVE_LOW 

471 * @see ADS1115_COMP_POL_ACTIVE_HIGH 

472 * @see ADS1115_RA_CONFIG 

473 * @see ADS1115_CFG_COMP_POL_BIT 

474 */ 

475 bool ADS1115::getComparatorPolarity() { 

476 I2Cdev::readBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_POL_BIT, buffer); 

477 return buffer[0]; 

478 } 

479 /** Set comparator polarity setting. 

480 * @param polarity New comparator polarity setting 

481 * @see ADS1115_COMP_POL_ACTIVE_LOW 

482 * @see ADS1115_COMP_POL_ACTIVE_HIGH 

483 * @see ADS1115_RA_CONFIG 

484 * @see ADS1115_CFG_COMP_POL_BIT 

485 */ 

486 void ADS1115::setComparatorPolarity(bool polarity) { 

487 I2Cdev::writeBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_POL_BIT, polarity); 

488 } 

489 /** Get comparator latch enabled value. 

490 * @return Current comparator latch enabled value 

491 * @see ADS1115_COMP_LAT_NON_LATCHING 
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492 * @see ADS1115_COMP_LAT_LATCHING 

493 * @see ADS1115_RA_CONFIG 

494 * @see ADS1115_CFG_COMP_LAT_BIT 

495 */ 

496 bool ADS1115::getComparatorLatchEnabled() { 

497 I2Cdev::readBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_LAT_BIT, buffer); 

498 return buffer[0]; 

499 } 

500 /** Set comparator latch enabled value. 

501 * @param enabled New comparator latch enabled value 

502 * @see ADS1115_COMP_LAT_NON_LATCHING 

503 * @see ADS1115_COMP_LAT_LATCHING 

504 * @see ADS1115_RA_CONFIG 

505 * @see ADS1115_CFG_COMP_LAT_BIT 

506 */ 

507 void ADS1115::setComparatorLatchEnabled(bool enabled) { 

508 I2Cdev::writeBitW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_LAT_BIT, enabled); 

509 } 

510 /** Get comparator queue mode. 

511 * @return Current comparator queue mode 

512 * @see ADS1115_COMP_QUE_ASSERT1 

513 * @see ADS1115_COMP_QUE_ASSERT2 

514 * @see ADS1115_COMP_QUE_ASSERT4 

515 * @see ADS1115_COMP_QUE_DISABLE 

516 * @see ADS1115_RA_CONFIG 

517 * @see ADS1115_CFG_COMP_QUE_BIT 

518 * @see ADS1115_CFG_COMP_QUE_LENGTH 

519 */ 

520 uint8_t ADS1115::getComparatorQueueMode() { 

521 I2Cdev::readBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_QUE_BIT, 

ADS1115_CFG_COMP_QUE_LENGTH, buffer); 

522 return (uint8_t)buffer[0]; 

523 } 

524 /** Set comparator queue mode. 

525 * @param mode New comparator queue mode 

526 * @see ADS1115_COMP_QUE_ASSERT1 

527 * @see ADS1115_COMP_QUE_ASSERT2 

528 * @see ADS1115_COMP_QUE_ASSERT4 

529 * @see ADS1115_COMP_QUE_DISABLE 
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530 * @see ADS1115_RA_CONFIG 

531 * @see ADS1115_CFG_COMP_QUE_BIT 

532 * @see ADS1115_CFG_COMP_QUE_LENGTH 

533 */ 

534 void ADS1115::setComparatorQueueMode(uint8_t mode) { 

535 I2Cdev::writeBitsW(devAddr, ADS1115_RA_CONFIG, ADS1115_CFG_COMP_QUE_BIT, 

ADS1115_CFG_COMP_QUE_LENGTH, mode); 

536 } 

537 

538 // *_THRESH registers 

539 

540 /** Get low threshold value. 

541 * @return Current low threshold value 

542 * @see ADS1115_RA_LO_THRESH 

543 */ 

544 int16_t ADS1115::getLowThreshold() { 

545 I2Cdev::readWord(devAddr, ADS1115_RA_LO_THRESH, buffer); 

546 return buffer[0]; 

547 } 

548 /** Set low threshold value. 

549 * @param threshold New low threshold value 

550 * @see ADS1115_RA_LO_THRESH 

551 */ 

552 void ADS1115::setLowThreshold(int16_t threshold) { 

553 I2Cdev::writeWord(devAddr, ADS1115_RA_LO_THRESH, threshold); 

554 } 

555 /** Get high threshold value. 

556 * @return Current high threshold value 

557 * @see ADS1115_RA_HI_THRESH 

558 */ 

559 int16_t ADS1115::getHighThreshold() { 

560 I2Cdev::readWord(devAddr, ADS1115_RA_HI_THRESH, buffer); 

561 return buffer[0]; 

562 } 

563 /** Set high threshold value. 

564 * @param threshold New high threshold value 

565 * @see ADS1115_RA_HI_THRESH 

566 */ 
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567 void ADS1115::setHighThreshold(int16_t threshold) { 

568 I2Cdev::writeWord(devAddr, ADS1115_RA_HI_THRESH, threshold); 

569 } 

570 

571 /** Configures ALERT/RDY pin as a conversion ready pin. 

572 * It does this by setting the MSB of the high threshold register to '1' and the MSB 

573 * of the low threshold register to '0'. COMP_POL and COMP_QUE bits will be set to 

'0'. 

574 * Note: ALERT/RDY pin requires a pull up resistor. 

575 */ 

576 void ADS1115::setConversionReadyPinMode() { 

ADS1115_RA_HI_THRESH, 15, 1); 

ADS1115_RA_LO_THRESH, 15, 0); 

581 } 

582 

583 // Create a mask between two bits 

584 unsigned createMask(unsigned a, unsigned b) { 

585 unsigned mask = 0; 

586 for (unsigned i=a; i<=b; i++) 

587 mask |= 1 << i; 

588 return mask; 

 

shiftDown(uint16_t extractFrom, int places) { 

(extractFrom >> places); 

593 } 

594 

595 

596 uint16_t getValueFromBits(uint16_t extractFrom, int high, int length) { 

597 int low= high-length +1; 

598 uint16_t mask = createMask(low ,high); 

599 return shiftDown(extractFrom & mask, low); 

600 } 

601 

602 /** Show all the config register settings 

603 */ 

604 void ADS1115::showConfigRegister() { 
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605 I2Cdev::readWord(devAddr, ADS1115_RA_CONFIG, buffer); 

606 uint16_t configRegister =buffer[0]; 

609 #ifdef ADS1115_SERIAL_DEBUG 

610 Serial.print("Register is:"); 

611 Serial.println(configRegister,BIN); 

Serial.print("OS:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_OS_BIT,1), BIN); 

Serial.print("MUX:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_MUX_BIT,ADS1115_CFG_MUX_LENGTH), BIN); 

Serial.print("PGA:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_PGA_BIT,ADS1115_CFG_PGA_LENGTH), BIN); 

Serial.print("MODE:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_MODE_BIT,1), BIN); 

Serial.print("DR:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_DR_BIT,ADS1115_CFG_DR_LENGTH), BIN); 

Serial.print("CMP_MODE:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_COMP_MODE_BIT,1), BIN); 

Serial.print("CMP_POL:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_COMP_POL_BIT,1), BIN); 

Serial.print("CMP_LAT:\t"); 

Serial.println(getValueFromBits(configRegister, 

ADS1115_CFG_COMP_LAT_BIT,1), BIN); 

Serial.print("CMP_QUE:\t"); 

Serial.println(getValueFromBits(configRegister, 

646 ADS1115_CFG_COMP_QUE_BIT,ADS1115_CFG_COMP_QUE_LENGTH), BIN); 

647 #endif 

648 }; 

2.3. MCP342X 
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En este apartado se presenta la librería del conversor analógico digital que se 

utiliza con el sensor de efecto hall 

2.3.1. MCP342X.h 

1 #ifndef _MCP342X_H_ 

2 #define _MCP342X_H_ 

3 

4 #ifdef ARDUINO 

5 #if ARDUINO < 100 

6 #include "WProgram.h" 

7 #else 

8 #include "Arduino.h" 

9 #endif 

10 #else 

11 #include "ArduinoWrapper.h" 

12 #endif 

13 

14 #include <Wire.h> 

15 

16 // I2C Address of device 

17 // MCP3421, MCP3425 & MCP3426 are factory programed for any of 0x68 thru 0x6F 

18 #define MCP342X_DEFAULT_ADDRESS 0x68 

19 

20 // MCP3422, MCP3423, MCP3424, MCP3427 & MCP3428 addresses are controlled by address 

lines A0 and A1 

21 // each address line can be low (GND), high (VCC) or floating (FLT) 

22 #define MCP342X_A0GND_A1GND 0x68 

23 #define MCP342X_A0GND_A1FLT 0x69 

24 #define MCP342X_A0GND_A1VCC 0x6A 

25 #define MCP342X_A0FLT_A1GND 0x6B 

26 #define MCP342X_A0VCC_A1GND 0x6C 

27 #define MCP342X_A0VCC_A1FLT 0x6D 

28 #define MCP342X_A0VCC_A1VCC 0x6E 

29 #define MCP342X_A0FLT_A1VCC 0x6F 

30 

31 

32 // Conversion mode definitions 

33 #define MCP342X_MODE_ONESHOT 0x00 
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34 #define MCP342X_MODE_CONTINUOUS 0x10 

35 

36 

37 // Channel definitions 

38 // MCP3421 & MCP3425 have only the one channel and ignore this param 

39 // MCP3422, MCP3423, MCP3426 & MCP3427 have two channels and treat 3 & 4 as repeats 

of 1 & 2 respectively 

40 // MCP3424 & MCP3428 have all four channels 

41 #define MCP342X_CHANNEL_1 0x00 

42 #define MCP342X_CHANNEL_2 0x20 

43 #define MCP342X_CHANNEL_3 0x40 

44 #define MCP342X_CHANNEL_4 0x60 

45 #define MCP342X_CHANNEL_MASK 0x60 

46 

47 

48 // Sample size definitions - these also affect the sampling rate 

49 // 12-bit has a max sample rate of 240sps 

50 // 14-bit has a max sample rate of 60sps 

51 // 16-bit has a max sample rate of 15sps 

52 // 18-bit has a max sample rate of 3.75sps (MCP3421, MCP3422, MCP3423, MCP3424 only) 

53 #define MCP342X_SIZE_12BIT 0x00 

54 #define MCP342X_SIZE_14BIT 0x04 

55 #define MCP342X_SIZE_16BIT 0x08 

56 #define MCP342X_SIZE_18BIT 0x0C 

57 #define MCP342X_SIZE_MASK 0x0C 

58 

59 

60 // Programmable Gain definitions 

61 #define MCP342X_GAIN_1X 0x00 

62 #define MCP342X_GAIN_2X 0x01 

63 #define MCP342X_GAIN_4X 0x02 

64 #define MCP342X_GAIN_8X 0x03 

65 #define MCP342X_GAIN_MASK 0x03 

66 

67 

68 // /RDY bit definition 

69 #define MCP342X_RDY 0x80 

70 
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71 

72 class MCP342X { 

73 public: 

74 MCP342X(); 

75 MCP342X(uint8_t address); 

76 

77 bool testConnection(void); 

78 

79 // Set/Get the configuration bits for the ADC 

80 void configure(uint8_t config); 

81 uint8_t getConfigRegShdw(void); 

82 //float getStepSize(); // returns step size based on configRegShdw 

83 

84 // Start a conversion 

85 bool startConversion(void); 

86 bool startConversion(uint8_t channel); 

87 

88 // Read the ADC result 

89 uint8_t getResult(int16_t *data); 

90 uint8_t getResult(int32_t *data); 

91 

92 // Non-blocking Read the ADC result 

93 uint8_t checkforResult(int16_t *data); 

94 uint8_t checkforResult(int32_t *data); 

95 

96 private: 

97 uint8_t devAddr; 

98 uint8_t configRegShdw; 

99 //float stepSizeTbl[]; 

100 }; 

101 

102 #endif /* _MCP342X_H_ */ 

103 

2.3.2. MCP342X.cpp 

1 /**************************************************************************/ 

2 /*! 
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5 @license BSD (see license.txt) 

6 

7 This is part of an Arduino library to interface with the Microchip 

8 MCP47X6 series of Analog-to-Digital converters which are connected 

9 via the I2C bus. 

10 

11 MCP342X I2C device class 

12 Based on Microchip datasheets for the following part numbers 

13 MCP3421, MCP3422, MCP3423, MCP3424, MCP3425, MCP3426, MCP3427, MCP3428 

14 These parts share a common programming interface 

15 

16 (c) Copyright 2013 by Chip Schnarel <schnarel@hotmail.com> 

17 Updates should (hopefully) always be available at 

18 https://github.com/uchip/MCP342X 

19 

20 @section HISTORY 

21 

22 2013-Dec-24 - First release, C. Schnarel 

23 */ 

24 /**************************************************************************/ 

25 

26 #include "MCP342X.h" 

27 

28 /* static float stepSizeTbl[] = { 

36 0.00003125, // 14-bit, 8X Gain 

37 0.0000625, // 16-bit, 1X Gain 

38 0.00003125, // 16-bit, 2X Gain 

45 }; 

46 */ 

47 

48 /****************************************** 

49 * Default constructor, uses default I2C address. 

50 * @see MCP342X_DEFAULT_ADDRESS 

51 */ 

52 MCP342X::MCP342X() { 

= MCP342X_DEFAULT_ADDRESS; 

55 
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56 /****************************************** 

57 * Specific address constructor. 

58 * @param address I2C address 

59 * @see MCP342X_DEFAULT_ADDRESS 

60 * @see MCP342X_A0GND_A1GND, etc. 

61 */ 

62 MCP342X::MCP342X(uint8_t address) { 

63 devAddr = address; 

64 } 

65 

66 /****************************************** 

67 * Verify the I2C connection. 

68 * Make sure the device is connected and responds as expected. 

69 * @return True if connection is valid, false otherwise 

70 */ 

71 bool MCP342X::testConnection() { 

72 Wire.beginTransmission(devAddr); 

73 return (Wire.endTransmission() == 0); 

74 } 

75 

76 

77 /****************************************** 

78 * Set the configuration shadow register 

79 */ 

80 void MCP342X::configure(uint8_t configData) { 

= configData; 

83 

84 /****************************************** 

85 * Get the configuration shadow register 

86 */ 

87 uint8_t MCP342X::getConfigRegShdw(void) { 

88 return configRegShdw; 

89 } 

90 

91 /****************************************** 

92 * Get the step size based on the configuration shadow register 

93 */ 

94 /*float MCP342X::getStepSize(void) { 
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95 uint8_t select = configRegShdw & (MCP342X_SIZE_MASK | MCP342X_GAIN_MASK); 

96 return stepSizeTbl[select]; 

97 }*/ 

98 

99 /****************************************** 

100 * Start a conversion using configuration settings from 

101 * the shadow configuration register 

102 */ 

103 bool MCP342X::startConversion(void) { 

104 Wire.beginTransmission(devAddr); 

105 Wire.write(configRegShdw | MCP342X_RDY); 

106 return (Wire.endTransmission() == 0); 

107 } 

108 

109 

110 /****************************************** 

111 * Start a conversion using configuration settings from 

112 * the shadow configuration register substituting the 

113 * supplied channel 

114 */ 

115 bool MCP342X::startConversion(uint8_t channel) { 

116 Wire.beginTransmission(devAddr); 

117 configRegShdw = ((configRegShdw & ~MCP342X_CHANNEL_MASK) | 

118 (channel & MCP342X_CHANNEL_MASK)); 

119 Wire.write(configRegShdw | MCP342X_RDY); 

120 return (Wire.endTransmission() == 0); 

121 } 

122 

123 

124 /****************************************** 

125 * Read the conversion value (12, 14 or 16 bit) 

126 * Spins reading status until ready then 

127 * fills in the supplied location with the 16-bit (two byte) 

128 * conversion value and returns the status byte 

129 * Note: status of -1 "0xFF' implies read error 

130 */ 

131 uint8_t MCP342X::getResult(int16_t *dataPtr) { 

132 uint8_t adcStatus; 
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133 if((configRegShdw & MCP342X_SIZE_MASK) == MCP342X_SIZE_18BIT) { 

134 return 0xFF; 

135 } 

136 

do { 

if(Wire.requestFrom(devAddr, (uint8_t) 3) == 3) { 

((char*)dataPtr)[1] = Wire.read(); 

((char*)dataPtr)[0] = Wire.read(); 

adcStatus = Wire.read(); 

} 

else return 0xFF; 

} while((adcStatus & MCP342X_RDY) != 0x00); 

return adcStatus; 

146 } 

147 

148 

149 /****************************************** 

150 * Check to see if the conversion value (12, 14 or 16 bit) 

151 * is available. If so, then 

152 * fill in the supplied location with the 16-bit (two byte) 

153 * conversion value and status the config byte 

154 * Note: status of -1 "0xFF' implies read error 

155 */ 

156 uint8_t MCP342X::checkforResult(int16_t *dataPtr) { 

157 uint8_t adcStatus; 

158 if((configRegShdw & MCP342X_SIZE_MASK) == MCP342X_SIZE_18BIT) { 

159 return 0xFF; 

160 } 

161 

if(Wire.requestFrom(devAddr, (uint8_t) 3) == 3) { 

((char*)dataPtr)[1] = Wire.read(); 

((char*)dataPtr)[0] = Wire.read(); 

adcStatus = Wire.read(); 

} 

else return 0xFF; 

return adcStatus; 

170 } 

171 
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172 

173 /****************************************** 

174 * Read the conversion value (18 bit) 

175 * Spins reading status until ready then 

176 * fills in the supplied location (32 bit) with 

177 * the 24-bit (three byte) conversion value 

178 * and returns the status byte 

179 * Note: status of -1 "0xFF' implies read error 

180 */ 

181 uint8_t MCP342X::getResult(int32_t *dataPtr) { 

182 uint8_t adcStatus; 

183 if((configRegShdw & MCP342X_SIZE_MASK) != MCP342X_SIZE_18BIT) { 

184 return 0xFF; 

185 } 

186 

do { 

if(Wire.requestFrom((uint8_t) devAddr, (uint8_t) 4) == 4) { 

((char*)dataPtr)[3] = Wire.read(); 

((char*)dataPtr)[2] = Wire.read(); 

((char*)dataPtr)[1] = Wire.read(); 

adcStatus = Wire.read(); 

} 

else return 0xFF; 

} while((adcStatus & MCP342X_RDY) != 0x00); 

*dataPtr = (*dataPtr)>>8; 

return adcStatus; 

198 } 

199 

200 

201 /****************************************** 

202 * Check to see if the conversion value (18 bit) 

203 * is available. If so, then 

204 * fill in the supplied location (32 bit) with 

205 * the 24-bit (three byte) conversion value 

206 * and return the status byte 

207 * Note: status of -1 "0xFF' implies read error 

208 */ 

209 uint8_t MCP342X::checkforResult(int32_t *dataPtr) { 
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210 uint8_t adcStatus; 

211 if((configRegShdw & MCP342X_SIZE_MASK) != MCP342X_SIZE_18BIT) { 

212 return 0xFF; 

213 } 

214 

215 if(Wire.requestFrom((uint8_t) devAddr, (uint8_t) 4) == 4) { 

Wire.read(); 

Wire.read(); 

Wire.read(); 

219 adcStatus = Wire.read(); 

220 } 

221 else return 0xFF; 

222 

*dataPtr = (*dataPtr)>>8; 

return adcStatus; 

225 } 

226 

227 

228 

 

2.4. MAX31856 

Se expone la librería utilizada para programar el amplificador universal de 

termopares. 

2.4.1. MAX 31856.h 

1 // This is a library for the Maxim MAX31856 thermocouple IC 

2 // http://datasheets.maximintegrated.com/en/ds/MAX31856.pdf 

3 // 

4 // Written by Peter Easton (www.whizoo.com) 

5 // Released under CC BY-SA 3.0 license 

6 // 

7 // Look for the MAX31856 breakout boards on www.whizoo.com and eBay (madeatrade) 

8 // http://stores.ebay.com/madeatrade 

9 // 
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10 // Looking to build yourself a reflow oven? It isn't that difficult to 

11 // do! Take a look at the build guide here: 

12 // http://www.whizoo.com 

13 // 

14 // Change History: 

15 // 25 June 2015 Initial Version 

16 // 31 July 2015 Fixed spelling and formatting problems 

17 

18 #ifndef MAX31856_H 

19 #define MAX31856_H 

20 

21 #include "Arduino.h" 

22 

23 // MAX31856 Registers 

24 // Register 0x00: CR0 

25 #define CR0_AUTOMATIC_CONVERSION 0x80 

26 #define CR0_ONE_SHOT 0x40 

27 #define CR0_OPEN_CIRCUIT_FAULT_TYPE_K 0x10 // Type-K is 10 to 20 Ohms 

28 #define CR0_COLD_JUNCTION_DISABLED 0x08 

29 #define CR0_FAULT_INTERRUPT_MODE 0x04 

30 #define CR0_FAULT_CLEAR 0x02 

31 #define CR0_NOISE_FILTER_50HZ 0x01 

32 // Register 0x01: CR1 

33 #define CR1_AVERAGE_1_SAMPLE 0x00 

34 #define CR1_AVERAGE_2_SAMPLES 0x10 

35 #define CR1_AVERAGE_4_SAMPLES 0x20 

36 #define CR1_AVERAGE_8_SAMPLES 0x30 

37 #define CR1_AVERAGE_16_SAMPLES 0x40 

38 #define CR1_THERMOCOUPLE_TYPE_B 0x00 

39 #define CR1_THERMOCOUPLE_TYPE_E 0x01 

40 #define CR1_THERMOCOUPLE_TYPE_J 0x02 

41 #define CR1_THERMOCOUPLE_TYPE_K 0x03 

42 #define CR1_THERMOCOUPLE_TYPE_N 0x04 

43 #define CR1_THERMOCOUPLE_TYPE_R 0x05 

44 #define CR1_THERMOCOUPLE_TYPE_S 0x06 

45 #define CR1_THERMOCOUPLE_TYPE_T 0x07 

46 #define CR1_VOLTAGE_MODE_GAIN_8 0x08 

47 #define CR1_VOLTAGE_MODE_GAIN_32 0x0C 
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48 // Register 0x02: MASK 

49 #define MASK_COLD_JUNCTION_HIGH_FAULT 0x20 

50 #define MASK_COLD_JUNCTION_LOW_FAULT 0x10 

51 #define MASK_THERMOCOUPLE_HIGH_FAULT 0x08 

52 #define MASK_THERMOCOUPLE_LOW_FAULT 0x04 

53 #define MASK_VOLTAGE_UNDER_OVER_FAULT 0x02 

54 #define MASK_THERMOCOUPLE_OPEN_FAULT 0x01 

55 // Register 0x0F: SR 

56 #define SR_FAULT_COLD_JUNCTION_OUT_OF_RANGE 0x80 

57 #define SR_FAULT_THERMOCOUPLE_OUT_OF_RANGE 0x40 

58 #define SR_FAULT_COLD_JUNCTION_HIGH 0x20 

59 #define SR_FAULT_COLD_JUNCTION_LOW 0x10 

60 #define SR_FAULT_THERMOCOUPLE_HIGH 0x08 

61 #define SR_FAULT_THERMOCOUPLE_LOW 0x04 

62 #define SR_FAULT_UNDER_OVER_VOLTAGE 0x02 

63 #define SR_FAULT_OPEN 0x01 

64 // Set/clear MSB of first byte sent to indicate write or read 

65 #define READ_OPERATION(x) (x & 0x7F) 

66 #define WRITE_OPERATION(x) (x | 0x80) 

67 // Register numbers 

68 #define REGISTER_CR0 0 

69 #define REGISTER_CR1 1 

70 #define REGISTER_MASK 2 

71 #define NUM_REGISTERS 12 // (read/write registers) 

72 

73 // Errors 

74 #define FAULT_OPEN 10000 // No thermocouple 

75 #define FAULT_VOLTAGE 10001 // Under/over voltage 

error. Wrong thermocouple type? 

76 #define NO_MAX31856 10002 // MAX31856 not 

communicating or not connected 

77 #define IS_MAX31856_ERROR(x) (x == FAULT_OPEN && x <= NO_MAX31856) 

78 #define CELSIUS 0 

79 #define FAHRENHEIT 1 

80 

81 

82 class MAX31856 

83 { 

84 public: 
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85 MAX31856(int, int, int, int); // SDI, SDO, CS, CLK (DRDY and FAULT are 

not used) 

86 

87 void writeRegister(byte, byte); 

88 double readThermocouple(byte unit); 

89 double readJunction(byte unit); 

90 private: 

91 long readData(); 

92 void writeByte(byte); 

93 double verifyMAX31856(); 

94 int _sdi, _sdo, _cs, _clk; 

95 byte _registers[NUM_REGISTERS]; // Shadow registers. Registers can be 

restored if power to MAX31855 is lost 

96 }; 

97 #endif // MAX31856_H 

98 

 

 

 

 

2.4.2. MAX 31856.cpp 

1  

2  

3 // 

4 // Written by Peter Easton (www.whizoo.com) 

5 // Released under CC BY-SA 3.0 license 

6 // 

7 // Look for the MAX31856 breakout boards on www.whizoo.com and eBay (madeatrade) 

8 // http://stores.ebay.com/madeatrade 

9 // 

10 // Looking to build yourself a reflow oven? It isn't that difficult to 

11 // do! Take a look at the build guide here: 

12 // http://www.whizoo.com 

13 // 

14 // Library Implementation Details 



Banco de ensayos multipropósito para caracterizar baterías de 

LiPo 

Librerías 

Autor: Igor Martos Iza - 107 – 

[424.18.54] 

15 // ============================== 

16 // DRDY and FAULT lines are not used in this driver. DRDY is useful for low-power 

mode so samples are only taken when 

17 // needed; this driver assumes power isn't an issue. The FAULT line can be used to 

generate an interrupt in the host 

18 // processor when a fault occurs. This library reads the fault register every time 

a reading is taken, and will 

19 // return a fault error if there is one. The MAX31856 has sophisticated usage 

scenarios involving FAULT. For 

20 // example, low and high temperature limits can be set, and the FAULT line triggers 

when these temperatures are 

21 // breached. This is beyond the scope of this sample library. The assumption is 

that most applications will be 

22 // polling for temperature readings - but it is good to know these features are 

supported by the hardware. 

23 // 

24 // The MAX31856 differs from earlier thermocouple IC's in that it has registers that 

must be configured before 

25 // readings can be taken. This makes it very flexible and powerful, but one concern 

is power loss to the IC. The IC 

26 // should be as close to the cold junction as possible, which might mean there is a 

cable connecting the breakout 

27 // board to the host processor. If this cable is disconnected and reconnected 

(MAX31856 loses power) then the 

28 // registers must be reinitialized. This library detects this condition and will 

automatically reconfigure the 

29 // registers. This simplifies the software running on the host. 

30 // 

31 // A lot of configuration options appear in the .H file. Of particular note is the 

line frequency filtering, which 

32 // defaults to 60Hz (USA and others). If your line voltage is 50Hz you should set 

CR0_NOISE_FILTER_50HZ. 

33 // 

34 // This library handles the full range of temperatures, including negative 

temperatures. 

35 // 

36 // 

37 // Change History: 

38 // 25 June 2015 Initial Version 
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39 // 31 July 2015 Fixed spelling and formatting problems 

40 

41 #include "MAX31856.h" 

42 

43 

44 // Define which pins are connected to the MAX31856. The DRDY and FAULT outputs 

45 // from the MAX31856 are not used in this library. 

46 MAX31856::MAX31856(int sdi, int sdo, int cs, int clk) 

47 { 

48 _sdi = sdi; 

49 _sdo = sdo; 

50 _cs = cs; 

51  

52 

53 54 pinMode(_sdi, OUTPUT); 

55 pinMode(_cs, OUTPUT); 

56 pinMode(_clk, OUTPUT); 

57 // Use a pullup on the data line to be able to detect "no communication" 

58 pinMode(_sdo, INPUT_PULLUP); 

59 

60 // Default output pins state 

61 digitalWrite(_cs, HIGH); 

62 digitalWrite(_clk, HIGH); 

63 

64 // Set up the shadow registers with the default values 

65 byte reg[NUM_REGISTERS] = {0x00,0x03,0xff,0x7f,0xc0,0x7f,0xff,0x80,0,0,0,0}; 

66 for (int i=0; i<NUM_REGISTERS; i++) 

67 _registers[i] = reg[i]; 

68 } 

69 

70 

71 // Write the given data to the MAX31856 register 

72 void MAX31856::writeRegister(byte registerNum, byte data) 

73 { 

74 // Sanity check on the register number 

75 if (registerNum >= NUM_REGISTERS) 

76 return; 

77 
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78 // Select the MAX31856 chip 

79 digitalWrite(_cs, LOW); 

80 

81 // Write the register number, with the MSB set to indicate a write 

82 writeByte(WRITE_OPERATION(registerNum)); 

83 

84 // Write the register value 

85 writeByte(data); 

86 

87 // Deselect MAX31856 chip 

88 digitalWrite(_cs, HIGH); 

89 

90 // Save the register value, in case the registers need to be restored 

91 _registers[registerNum] = data; 

92 } 

93 

94 

95 // Read the thermocouple temperature either in Degree Celsius or Fahrenheit. 

Internally, 

96 // the conversion takes place in the background within 155 ms, or longer depending 

on the 

97 // number of samples in each reading (see CR1). 

98 // Returns the temperature, or an error (FAULT_OPEN, FAULT_VOLTAGE or NO_MAX31856) 

99 double MAX31856::readThermocouple(byte unit) 

100 { 

101 double temperature; 

102 long data; 

103 

// Select the MAX31856 chip 

digitalWrite(_cs, LOW); 

// Read data starting with register 0x0c 

writeByte(READ_OPERATION(0x0c)); 

// Read 4 registers 

data = readData(); 

// Deselect MAX31856 chip 

digitalWrite(_cs, HIGH); 

// If there is no communication from the IC then data will be all 1's because 

// of the internal pullup on the data line (INPUT_PULLUP) 
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if (data == 0xFFFFFFFF) 

return NO_MAX31856; 

// If the value is zero then the temperature could be exactly 0.000 (rare), or 

// the IC's registers are uninitialized. 

if (data == 0 && verifyMAX31856() == NO_MAX31856) 

return NO_MAX31856; 

// Was there an error? 

if (data & SR_FAULT_OPEN) 

temperature = FAULT_OPEN; 

else if (data & SR_FAULT_UNDER_OVER_VOLTAGE) 

130 temperature = FAULT_VOLTAGE; 

131 else { 

132 // Strip the unused bits and the Fault Status Register 

data = data >> 13; 

135 // Negative temperatures have been automagically handled by the shift above 

:-) 

136 

// Convert to Celsius 

temperature = (double) data * 0.0078125; 

// Convert to Fahrenheit if desired 

if (unit == FAHRENHEIT) 

temperature = (temperature * 9.0/5.0)+ 32; 

} 

// Return the temperature 

return (temperature); 

147 } 

148 

149 

150 // Read the junction (IC) temperature either in Degree Celsius or Fahrenheit. 

151 // This routine also makes sure that communication with the MAX31856 is working and 

152 // will return NO_MAX31856 if not. 

153 double MAX31856::readJunction(byte unit) 

154 { 

155 double temperature; 

156 long data, temperatureOffset; 

157 

158 // Select the MAX31856 chip 

159 digitalWrite(_cs, LOW); 
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160 

161 // Read data starting with register 8 

162 writeByte(READ_OPERATION(8)); 

163 

// Read 4 registers 

data = readData(); 

// Deselect MAX31856 chip 

digitalWrite(_cs, HIGH); 

170 // If there is no communication from the IC then data will be all 1's because 

171 // of the internal pullup on the data line (INPUT_PULLUP) 

if (data == 0xFFFFFFFF) 

return NO_MAX31856; 

175 // If the value is zero then the temperature could be exactly 0.000 (rare), or 

176 // the IC's registers are uninitialized. 

177 if (data == 0 && verifyMAX31856() == NO_MAX31856) 

return NO_MAX31856; 

180 // Register 9 is the temperature offset 

181 temperatureOffset = (data & 0x00FF0000) >> 16; 

182 

// Is this a negative number? 

if (temperatureOffset & 0x80) 

temperatureOffset |= 0xFFFFFF00; 

// Strip registers 8 and 9, taking care of negative numbers 

if (data & 0x8000) 

data |= 0xFFFF0000; 

else 

data &= 0x0000FFFF; 

// Remove the 2 LSB's - they aren't used 

data = data >> 2; 

// Add the temperature offset to the temperature 

temperature = data + temperatureOffset; 

// Convert to Celsius 

temperature *= 0.015625; 

 

202 // Convert to Fahrenheit if desired 

203 if (unit == FAHRENHEIT) 
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204 temperature = (temperature * 9.0/5.0)+ 32; 

205 

// Return the temperature 

return (temperature); 

208 } 

209 

210 

211 // When the MAX31856 is uninitialzed and either the junction or thermocouple 

temperature is read it will return 0. 

212 // This is a valid temperature, but could indicate that the registers need to be 

initialized. 

213 double MAX31856::verifyMAX31856() 

214 { 

long data, reg; 

217 // Select the MAX31856 chip 

218 digitalWrite(_cs, LOW); 

219 

220 // Read data starting with register 0 

 

225 

228 

229 // If there is no communication from the IC then data will be all 1's because 

 

NO_MAX31856; 

234 // Are the registers set to their correct values? 

235 reg = ((long)_registers[0]<<24) + ((long)_registers[1]<<16) + 

((long)_registers[2]<<8) + _registers[3]; 

if (reg == data) 

return 0; 

// Communication to the IC is working, but the register values are not correct 

// Select the MAX31856 chip 

digitalWrite(_cs, LOW); 

// Start writing from register 0 

244 writeByte(WRITE_OPERATION(0)); 

245 
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// Write the register values 

for (int i=0; i< NUM_REGISTERS; i++) 

writeByte(_registers[i]); 

// Deselect MAX31856 chip 

digitalWrite(_cs, HIGH); 

// For now, return an error but soon valid temperatures will be returned 

return NO_MAX31856; 

255 } 

256 

257 

258 // Read in 32 bits of data from MAX31856 chip. Minimum clock pulse width is 100 ns 

259 // so this could be made faster (using NOP). However, make sure it works on all 

260 // microcontrollers 

261 long MAX31856::readData() 

262 { 

263 long data = 0; 

264 unsigned long bitMask = 0x80000000; 

265 

266 // Shift in 32 bits of data 

267 while (bitMask) 

268 { 

269 digitalWrite(_clk, LOW); 

270 delayMicroseconds(2); 

271 

272 // Store the data bit 

273 if (digitalRead(_sdo)) 

data += bitMask; 

276 digitalWrite(_clk, HIGH); 

277 delayMicroseconds(2); 

278 

279 bitMask >>= 1; 

} 

return(data); 

283 } 

284 

285 

286 // Write out 8 bits of data to the MAX31856 chip. Minimum clock pulse width is 100 ns 

287 // so this could be made faster (using NOP). However, make sure it works on all 
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288 // microcontrollers 

289 void MAX31856::writeByte(byte data) 

290 { 

291 byte bitMask = 0x80; 

292 

293 // Shift out 8 bits of data 

294 while (bitMask) 

{ 

// Write out the data bit. Has to be held for 35ns 

digitalWrite(_sdi, data & bitMask? HIGH: LOW); 

digitalWrite(_clk, LOW); 

delayMicroseconds(2); 

digitalWrite(_clk, HIGH); 

delayMicroseconds(2); 

bitMask >>= 1; 

} 

306 } 

307 

308
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