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Abstract: Due to the increasing concern on how CO2  is affecting the seas, and lakes; an underwater CO2  sensing module was developed to fulfill this task . It works by using Teflon AF tubing to equilibrate the pCO2  that is underwater. The sensor used was a Telaire 6615 which is a flow through dual channel sensor that communicates to a microcontroller using UART protocol. By putting the device on the Moss Landing harbor, it was determined that the sensor system works in an accurate way, where there was a constant fluctuation of pCO2  between 470 ppm and 530 ppm which is correlated to the tide.  The conclusion of this project, is that a reliable, low cost underwater CO2  sensing module can be built using Teflon  AF as an equilibrator, in the future it is hoped that the sensing module could serve for future small researches or simply for education.
INTRODUCTION
	In the present, humanity have started to realize how important is the chemistry of the water for all the living species on earth. Carbon dioxide plays an important role in the chemistry of our seas, lakes, and rivers (NASA). Many studies are being done to produce better sensors or better algorithms that will detect underwater carbon dioxide levels more efficiently and with more precision (ATABEK) (Ning, Li and Li).   The reason of all this studies is simple, to have a better understanding of how carbon dioxide affects life underwater.  Some species are more suited to live in an environment with more carbon dioxide than others. Different concentrations of  carbon dioxide could trigger different answers to a common stimulus among different species (Damage to Marine Ecosystems as CO2 Emissions Rise). Another reason to study CO2 , could be on how CO2  changes affect the metabolism of respiration and photosynthesis in different underwater plants.
The objective of this project is to develop  a low cost, easy to build, underwater, and low power consumption carbon dioxide sensor. It is not intended to be a high precision sensing device, but is good enough so  that some undergraduate or masters researches could use it to get good data on carbon dioxide concentration that could help them on their respective  researches. It could also be used by anybody with low technical skills who just want to conduct a small research for self-benefit. 
 	In order to measure CO2  concentration underwater, the sensor will be introduced on a water tight housing, where a small Teflon AF tubing is going to be in touch with the water and  going into the sensor. The Teflon AF tubing serves as an equilibrator of Carbon dioxide, meaning that the same partial pressure of CO2  that it is underwater will diffuse through the Teflon AF tubing due to its special capabilities (Dasgupta). 
The need of developing radio communications to the sensing module was necessary. This was because, as said before, the sensor will be put in a water tight housing; therefore, the less it is taken out of that housing the better. This is to avoid any human error that will damage the housing while opening and closing it, thus getting water in the sensor and the microcontroller when put into the water.
  A complete explanation about the CO2  sensing mote  and the Teflon AF tubing will be addressed on the following sections. 



COMPONENTS
Microcontroller (Jeenode):  The Jeenode is a microcontroller based on the Arduino concept that is designed for low power consumption. It has 4 ports in which you can connect any device using the  I2C protocol (Wikipedia, I2C), or also have analog and Digital pins for devices that do not use I2C protocol. The voltage supply is from 3.3 to 17V.  The key about the Jeenode is that is designed for low power consumption. The Jeenode consumes  9mA when is in normal operation and 0.8mA (Jeelabs, Jeenode SMD) while it is on Sleepy state; while the Arduino consumes  50 to 500mA while awake, depending on how is running, and  10 mA while it is on sleeping mode (Mitchell).
[image: Screen Shot 2011 11 08 at 13 02 04]   [image: JN colors]
Figure 1 (pin out and port description of the Jeenode)

· RTC plug(Clock):  The clock plug is a Jeenode plug that works with the real time chip DS1340. It has a little battery backup so it keeps working after disconnected from the power source. It runs using an I2C bus running at 3.3V. So it can be connected in any Jeenode port. (Jeelabs, RTC plug)
[image: http://jeelabs.net/attachments/download/233/rp1.DSC_0696.jpg][image: http://jeelabs.net/attachments/download/234/rp1._0000021f.png]
Figure 2 ( picture of the RTC plug along with the Pinout description.)

· Memory plug:  The memory plug is a small board with 1 to 4 EPROM memory chips, each of them have a capacity of 128 Kbytes. It could have up to 512Kbytes of memory; however for this project  2 memory chips are used, which means there is up to 256 Kbytes in memory. The  memory plug uses an I2C bus with 3.3V to interface with any device or any of the four Jeenode ports. It is designed on a way that each memory chip is composed of pages and directories. Each memory chip has 1000 pages with a capacity of 256 bytes per page. (Jeelabs, Memory plug). There is no file system for reading or writing; therefore all the readings and writings have to be done manually by the user. The best way to do it, is by setting up a directory on page 0 byte 0 and save the number of page and the number of byte where you are at. So the next time an operation needs to be done,  the memory can know the location where it has to go.
[image: http://jeelabs.net/attachments/download/220/mp2.DSC_0699.jpg][image: http://jeelabs.net/attachments/download/221/mp2._00000220.png]
Figure 3 ( picture of the memory plug along with the Pinout description.)
· UART plug: The UART plug just adds a serial port to the system. It is based on the SC16IS740 chip. It can be interconnected with any devices that needs an UART protocol to communicate up to a baud rate of  230400.  It runs using an I2C bus running at 3.3V. So it can be connected in any Jeenode port (Jeelabs, UART plug).
[image: http://jeelabs.net/attachments/download/236/up1.DSC_0694.jpg][image: http://jeelabs.net/attachments/download/238/up1._0000020e.png]
Figure 4 ( picture of the UART plug along with the Pinout description)
· Relay plug:  The relay plug is as the name says two simple relays that can be switched on and off  when desired. It connects to the Jeenode by using one of the Jeenode ports (Jeelabs, Relay plug).
[image: http://jeelabs.net/attachments/download/272/DSC_2488.jpg] [image: http://jeelabs.net/attachments/download/274/pinout.png]
Figure 5 ( picture of the relay plug along with the Pinout description)
· Air pump:  It is a diaphragm pump created by "KNF" which works with a supply voltage of 6V. It possesses two tubing exits and it does not allow any flow of air from the outside to enter in the main chamber of the pump. For more information, look at the datasheet that is on the website  listed in the "Work Cited" part of the paper. (KNF)[image: http://www.gd-thomas.com/assets/0/1086/1108/1118/1280/1298/0277fce2-8dd1-4ec4-9d39-704b29ea0ab8.jpg]
Figure 6 ( picture of the air pump)
· CO2  sensor: For this project, the sensor that is being used is the GE Telaire T6615F which is a dual channel sensor. The sensor works by shining a beam of infrared light, one of the channels measures the reference light that was shined while the other one measures the amount of infrared light that gets back (GE). Then, using Beer-Lambert Law (Wikipedia, Beer_Lambert Law) the concentration of CO2  can be known.  The Telaire 6615F comes with an tight air housing, with two little tubing exits, which does not allow any air to diffuse into the sensor, except by the air that is coming through the tubing.  It communicates using UART protocol (Wikipedia, Universal asynchronous receiver/transmitter) with a supply voltage (Vin) of 5V.

[image: ][image: http://futuresensor.com/images/T6615-dig2.jpg]
Figure 7 ( picture of the Telaire T6615F along with the Pinout description)
· Temperature and humidity Sensor (Sensirion SHT21):  It is a sensor developed by Sensirion, as the name says it measures the temperature and the humidity on the air.  It works using I2C protocol with a SDA and SCL to do the communications with the microcontroller.  It has a supply voltage (Vin) of 5V. (Sensirion)
[image: ][image: ]
Figure 8 (top-down view of SHT21 sensor)
· Nafion Tubing: In simpler terms Nafion is a Teflon backbone with occasional side chains of another fluorocarbon. The side chain terminates in a sulfonic acid (-SO3H). It works as  a water  absorbing trap. It can absorb water in its liquid and vapor phase. Each sulfonic  acid group can absorb up to 13 molecules of water, which are transported through the membranes of the tubing to the outside of the tubing. (Pure)
[image: https://www.adinstruments.com/sites/default/files/prod_MLA2401.jpg]
Figure 9 (Picture of Nafion tubing)
· Teflon AF tubing:  The Teflon AF tubing is a type of tubing made out of Teflon AF-2400. This type of material is permeable to many materials, specially to CO2  (Dasgupta).  It is made out of small membranes which allows the partial pressure of CO2  to equilibrate; therefore, it could act as an equilibrator in an aquatic medium. For this project a 1.6mm OD and 1.0 mm ID was used  (Biogeneral).  
[image: Tubing Illustration]
Figure 10 (Teflon AF tubing)




	Teflon® AF Gas Permeability, cB * 

	Gas
	Teflon® AF 2400 
	PTFE

	CO2 
	280,000
	1200

	O2
	99,000
	420

	H2
	220,000
	980

	N2
	49,000
	140

	* cB = centiBarrer = 10-8 x (cm2 - cm) / (cm - Hg - sec - cm2)

	


Figure 11 (Permeability of Teflon AF 2400 tubing to different materials)
EXPERIMENTS
· Determining the equilibration rate of the Teflon AF
	The whole Idea of the project is to create a sensor that can measure CO2  underwater. In order to do that, it has to be tested if the Teflon AF tubing equilibrates underwater. A series of experiments were done with different concentrations of CO2 ; first in air and finally underwater, to see if the tubing truly equilibrates, and if it does, find out the rate of equilibration.
	The experiment setup was a glass flask with three tubing ports and one plastic cap that can seal completely the inside of the flask. The Teflon AF equilibration tube is placed in the flask  and connected to the sensor, and the air pump through two of  the ports, the gas supply goes into the last port. The idea was to create a closed loop  between the pump, the sensor and the testing environment. The supply was on for  a certain amount of time. When turned off the flask was closed so no air could go in or out. Air circulated through the air pump, next to the sensor and then to the flask again. The pump was left running the whole time through the experiment.

Figure 12( Experiment setup)
· Equilibration time on air

FIgure 13 (Equilibration in air of the Teflon AF tubing, first graph time constant 9.81 min,  second graph  time constant is 4.3 min)

· Equilibration time on water
   
 
Figure 14( Equilibration in Water of Teflon AF, first graph has a time constant of 4.73 min, Second graph has a time constant of 3.73min, Third graph has a time constant of 8.17 ppm/min)
· Power consumption: In order to measure how much time the circuit can run with batteries, first the mAh consumption of the circuit has to be found. A power meter was used in order to look at the amount of power and current that the circuit consumes at each  state. The circuit setup used for this experiment is as follows.

Figure 15 (Circuit to connect the power meter to the sensing module)
After measuring all the devices, the results were as follows:
· Pump consumption:  111mA
· CO2 Sensor while awake (lights on):  0.145 mA
· Microcontroller +SHT21+ 7805 Voltage regulator+ CO2 Sensor  (sleep    	mode)=38.3 mA
Knowing  how much time each of the stages consume, it would be possible to calculate the  total consumption  of the sensing module for each possible time scenario. Nevertheless, the total power consumption calculated for this experiment was done for  a time cycle of an hour. Where  the pump will be turning on for 5 seconds every 3 minutes, the sensor will be in  sleep mode for 50 minutes, and finally the sensor will wake up to warm up for 10 minutes and then do a reading. 
In order to know the power consumption in mAh of each state knowing the amount of seconds the state will be effective, all what is needed to do is multiply by 1 hour, multiply by the number of seconds the stage will be on, and finally divide by 3600 s.
· Pump consumption:  
·  Sensor while awake (lights on):  4
· Microcontroller +SHT21+ 7805 Voltage regulator+ Sensor  (sleep    	mode):
Total power consumption= 47.42mA.h
If the module is operated with 6 D cell batteries which have an average energy of 17000 mA.h. It would be possible to run it for 14.5 days . Nevertheless, it is recommended  to replace the batteries every  13.5 days in order  to be sure that the batteries have not started to discharge, therefore causing the circuit to not run properly.
· Pricing:  
	Jeenode
	$27 

	RTC plug
	$15 

	Relay plug
	$14 

	UART plug
	$11 

	Memory plug
	$9.50 

	Telaire 6615
	$115 

	SHT21
	$40 

	Air pump
	$290 

	7805 voltage regulator
	$2 

	Switch
	$4 

	Teflon AF
	$300 

	Nafion tubing
	$90 

	PVC endcap
	$1 

	PVC tubing
	$1 

	PVC pipe locker
	$3 

	Cooper nickel tube
	$5 

	Total
	$927 


                      
RESULTS
· Test tank: The module was put in a big tank of around 10 meters of deepness. After 12 hours in the test tank, this are the results that were collected

Figure 16 (Results from the test tank )
As visible,  the CO2  seems to be correlated with the humidity; therefore, a comparison between CO2 and humidity was done. After comparing them, the plot looks as follows.

Figure 17 (CO2)
It seems these two parameters have a linear correlation; therefore a humidity correction needs to be done. The CO2 values will be readjusted to zero humidity using the slope of 2.6 ppm/%humidity (Figure17).

Figure 18 (Results from the test tank (humidity corrected))

·  Harbor: The module was put in the  Moss Landing, CA harbor for 24 hours. The data  collected was first humidity corrected as it was done on the test tank results, and afterwards, it  was analyzed in the three following ways.



Figure 19 (Results from the Moss Landing harbor)
TUTORIAL
	In this tutorial, it will be demonstrated how to build your own CO2  module and how to make it work underwater.  All the steps are shown, from building the module, how to calibrate the sensor if it goes out of calibration, how to build the water tight housing, and how to hookup all the tubing necessary to measure CO2 . 
· Assembling the Jeenode: As described before, the Jeenode has different ports for connecting different devices. Solder the following devices in the  following ports: RTC plug in Port 1, Relay plug in Port 2, Uart plug in Port 3, and Memory plug in Port 4 (remember  to connect the right pins with the right holes of the devices,  just make sure the names of the holes are the same as the names on the Jeenode).  Remember to connect the communication antenna (simply a wire) on the hole that says "A" besides the RF12 board

· Assembling the circuitry together:  The final circuit is  divided into two sub circuits.
· Power lines: first, make sure  that all the devices in the circuit are getting  the voltage that they need to operate. A 7805 voltage regulator will be used, in order to provide  the 5 volts  that the Jeenode, the Telaire CO2  sensor and the SHT21 need to properly function. In addition, add an electrolytic capacitor of 100 uF from the power of the Jeenode to ground, this will help the circuit to properly function when the batteries get a little low.  The power line circuit looks as follows.  Before assembling this circuit please read the section about "battery pack" where more details will be explained about how to use the 7805 5V regulator
 
Figure 20 (Block diagram of the circuit for the power lines)
· Communication lines:  The communication lines are the lines that are made so that the microcontroller (the Jeenode) can communicate with the Telaire sensor and the SHT21. The Telaire sensor uses  UART  protocol in order to communicate with the microcontroller; therefore, it has to have an TX and RX connection with the microcontroller. The  SHT21 uses I2C protocol in order to communicate with the microcontroller; therefore, it has to have an SDA and SCL connection with the microcontroller. The communication line is as follows.

Figure 21( Block diagram of the circuit for the communication lines)
When everything is assembled, the end result should be something looking as follows:
[image: C:\Users\Miguel\AppData\Local\Temp\photo.JPG]
Figure 22 (Actual CO2  sensor module)
· Battery pack:  Since  the module is using a 7805 5 Volts regulator, a voltage greater than 7.5V and less than 20V has to be used in order to have a good regulation.  The supply voltage will be 9V to allow the circuit to keep working even when the batteries start getting discharged.  This will give us a 1.5V offset of discharge until the circuit stops working.  The 7805 requires special circuitry in order to work, it just needs two capacitors. There  are different  circuits that can be used to do a 5V regulation with the 7805 regulator; nevertheless, this was the circuit used for this project:
[image: http://www.instructables.com/files/deriv/F3I/L82H/HAQ37EJV/F3IL82HHAQ37EJV.LARGE.gif]
Figure 23( 7805 5V regulation circuit)
· Housing:  The CO2  sensing module and battery pack are designed to go inside A PVC tube. The sensing module is attached to a PVC endcap through screw  holes so it could be stable, and  it does not bend too much  (If bended too much , the sensing module board could break). There are also two barb fittings that are used as entrance and exit of the tubing system for the CO2  module.
 The outside of the endcap has a copper nickel tube in which Teflon AF tubing can go inside. The cooper nickel tube is going to go attached with the endcap with two swage locks . The last component on the outside are two compression fittings through which  the Teflon AF  is going to go in and out of the system.  
[image: ]
Figure 24 (Endcap design)

[image: ]
Figure 25 (Assembled endcap)
[image: C:\Users\Miguel\AppData\Local\Temp\image-2.jpeg]

Figure 26( PVC tubing  and PVC pipe union)

· Tubing layout: From Figure 21, it is visible that the Teflon AF tubing is going to  go inside  of the Cooper nickel tubing, get out of it and go into the compression fittings.  It is recommendable that at least two loops are made inside of the cooper nickel tubing, the more surface area there is of tubing, then the faster the equilibration process.  For the inside part of the endcap, is no longer necessary to use more Teflon AF since no equilibration is going to take place inside the housing.  After the barb Fittings, it is recommendable to use Tygon tubing. Do not forget about using the Nafion  tubing before going into the sensor, as water vapor could interfere with CO2 measurements. Silica gel dryers packs must be placed inside the pressure housing to reduce humidity on the outside of the Nafion to dry the gas inside.
9

Figure 27 (Tubing layout)
· Code:   The code is made so it can be as user friendly as possible. It is subdivided into three main codes, one for the transmitter, one for the CO2  sensing module, and one for the calibration and sensor functionality. The complete code of the transmitter and the CO2  sensing module can be found in appendix A and B respectively. For  looking at the code of the sensor calibration and functionality, please visit appendix C.

· CO2  sensing module: This code is composed of mainly three functions: read_Save(), load_Memory (char buf) , erase_Memory, and rf12_Interrupt(). The read_Save() part of the code, as the name says, it just reads data and saves it into  the memory. It works using  cycles predefined by the user, where the user can specified the pumping rate and the amount of minutes between each measurement (notice that before a measurement  can be done, the sensor has to warm up at least 10 minutes, that timing system is already included in the code).  If the user wants to control the timing of the pump and sensor the following lines have to be changed
[image: ]
Figure 28 (Code example of cycle timing)
· Transmitter: The transmitter could be just another Jeenode or a Jeelink (same as a Jeenode with the only difference that is more compact and no plugs can be attached to it).  The transmitter is set up so when the user enters a "1" through the serial port, the Sensing module will start to send the data loaded into memory to the transmitter, and then resume normal operation. If the user enters a "2", the sensing module will erase the data inside the memory. 
· Sensor calibration and functionality: The sensor calibration and functionality code is just used when the sensor wants to be calibrated, turn the ABC logic off, or test the functionality.  In order to tell the sensor to do either calibration or turn off the ABC logic, some lines have to be commented or uncommented; this lines are shown in Figure 25. If the sensor has to be calibrated, the gas concentration has to be introduced. In the code the setup is to do it at 200 ppm. nevertheless, if the concentration has to be changed, the last two lines of the command shown in Figure 26 have to be changed into the number that was to be input in hexadecimal notation. 
[image: ]
Figure 29 
[image: ]
Figure 30
Example: The setup for the calibration is 200 ppm which is represented as 00C8 in hexadecimal; therefore the last two lines of Figure 26 are
uart.wrtie(0x00);
uart.write(0xC8);
If the number wants to be changed two 400, the hexadecimal representation would be: 0190; therefore, the last two lines of code in Figure 26 would be as follows:
uart.wrtie(0x01);
uart.write(0x90);

Note: After the calibration process is done, weird data will start appearing on the serial monitor, please wait one minute after the calibration process, and simply turn off the sensor, next time it is turned on, it should be calibrated.
· User interface: A LabView user interface has been created in order to send the radio transmission commands as easy as possible. The LabView interface comes with real time charts that will allow the visualization of data in real time. The data is also  imported to an Excel file if wanted. If the user interface wants to be used, all what it has to be done is open the executable file named CO2 _sensing_module.exe. Nevertheless, sending the serial commands through the Arduino environment is also a good solution.







Conclusion
	In this paper  it was proved that a reliable, low power, low cost  underwater  CO2  sensing module could be built in an easy way.  All the parts can be easily obtained online at  not  with an elevated price, if compared to the professional CO2  sensing modules that are already on the sea.  In order to assemble the module some technical skills are needed. Nevertheless, the tutorial presented on this paper is made to be as explicative as possible. 
 	The results from this project showed that Teflon AF is an excellent CO2  equilibrator on air and underwater. How fast equilibrates is going to be proportional to the flow of air that has through it, how long the tubing is, and how big the diameter is. For underwater research, it has to be evaluated and tested the amount of pressure it can withstand , in order to know how deep it could be taken.  In addition a better algorithm and hardware could be developed in order to make the sensing module as low power consuming as possible.  
	To conclude, it has to be said that this project  serves as the base for a better platform that will allow better  readings of CO2  with a longer battery life period. More research has to be done in order to find a better sensor that  can detect CO2  with more precision and less consumption of power. However, the project presented on this paper fulfills the objective of being easy to build so it can be used for education and little research projects. 
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APPENDIX
· Appendix A
#include <JeeLib.h>

// set up the timer for the radio communications
MilliTimer sendTimer;

//global variables
byte needToSend;

void setup()
{
  Serial.begin(9600);
  rf12_initialize(1,RF12_915MHZ,1); 
}

void loop()
{
  send_Command();
}


/******************************************************************
 * Function name: send_Command()
 * type: void
 * input parameters: NULL
 * output parameter: NULL
 * Description: Sends a command, wait for response of the node, and then 
 * make an action according to the command receicved. If a 1 
 * is sent, loading of the memory will take place. If a 2 is
 * sent, deletion of the memory will take place.
 * Creators: MBARI
 ********************************************************************/
void send_Command()
{
  boolean out=true;
  boolean receiveCommand=true;
  uint8_t buf[1];
  char reading[1];
  uint8_t data[12];

  while(receiveCommand)
  {
    if(Serial.available())
    {
      reading[0]=Serial.read();
      if(reading[0]=='1'||reading[0]=='2')
      {
        reading[0]-=48;
        receiveCommand=false;
      }
    }
  }

  while(out)
  {
    if (rf12_recvDone() && rf12_crc == 0) // received good data if true
    {
      buf[0]=rf12_data[0];
      if(buf[0]==1)
      {
        while(1)
        {
          if (rf12_recvDone() && rf12_crc == 0) // received good data if true
          { 
            for (byte i = 0; i < rf12_len; ++i)
            {
              data[i]=rf12_data[i];
            }
            if(data[0]==50)
            {
              Serial.println("memory empty");
            }
            else
            {
              transform(data);
            }
          }  
        }
      }
      else if(buf[0]==2)
      {
        Serial.println("memory erased");
      }
      out=false;
    }
    else
    {
      if (sendTimer.poll(10))
      {
        needToSend = 1;
      }
      if (needToSend && rf12_canSend()) 
      {
        rf12_sendStart(2,&reading,1);
        needToSend = 0;
      }
    }
  }
}

/******************************************************************
 * Function name: transform(char [])
 * type: void
 * input parameters: uint8_t a[]: array of n bytes which will be loaded
 * output parameter: NULL
 * Description: Transform an arry of 1 byte integers into something that looks
 * like mm//dd//yy h:m:s CO2 ppm= xxx temperature= xx.xx 
 * humidity= xx.x
 * Creators: MBARI
 ********************************************************************/
void transform( uint8_t a[])
{
  int buffer[11];
  char string[80];
  for(int i=0;i<6;i++) //get the time form the clock
  {
    buffer[i]= (int)a[i];
  }
  buffer[6]=((a[6] &0xff)<<8) | (a[7] &0xff); //merge the two bytes of co2

  for(int i=8;i<12;i++) // get the values for temperature and humidity
  {
    buffer[i-1]=int(a[i]);
  }

  sprintf(string,"%02d/%02d/%02d %02d:%02d:%02d  CO2 ppm= %02d temperature= %02d.%02d humidity= %02d.%02d",
  buffer[0],buffer[1],buffer[2],buffer[3],buffer[4],buffer[5],buffer[6],buffer[7],buffer[8],buffer[9],buffer[10]);
  Serial.print(string);   
  Serial.println();
  delay(1);
}












· Appendix B
#include <Wire.h>
#include <JeeLib.h>
#include <LibHumidity.h>

// sets up the clock port and the clock module
PortI2C myport (1 /*, PortI2C::KHZ400 */);
DeviceI2C rtc (myport, 0x68);

//sets up the port of the relay
Port relays (2);

//sets up the port of the uart and the uart module
PortI2C i2cBusUart (3);
UartPlug uart (i2cBusUart, 0x4D);

//sets up the port of the memory and the memory module
PortI2C i2cBusMem (4);
MemoryPlug mem (i2cBusMem);
MemoryStream stream (mem);

//sets up the Sensirion sensor for temperature and humidity
LibHumidity humidity_Temp = LibHumidity(0);

MilliTimer sendTimer; //setup the time for the radio communications



// must be defined in case we're using the watchdog for low-power waiting
ISR(WDT_vect) { 
  Sleepy::watchdogEvent(); 
}


//global variables
char bufData[12];//buffer for the data is going to go into the memory

void setup()
{
  Serial.begin(9600);
  uart.begin(19200);


  // initialize the radio for this node
  rf12_initialize(2, RF12_915MHZ, 1); 

  //initialize the relays
  relays.digiWrite(0);
  relays.mode(OUTPUT);
  relays.digiWrite2(0);
  relays.mode2(OUTPUT);

  //uncomment the next two lines when you wat to use the memory for the first time
  //this will start the directory to the page 0 adress 0
  //after compiling and running it for 2 seconds comment them again and compile the code again
  //int buf[2]={0,0};
  //mem.save(0,0,buf,4);

  //uncomment he following line to set up the date and time for the clock for the first time
  //run the code for the 1 seconds comment the following line again and compile
  //setDate (13,8,9,10,03,0);
  
  /*while(1)
  {
    if(Serial.read()=='1')
    {
      char buf[12];
      load_Memory(buf);
    }
  }*/
  delay(10000);
  Serial.end();
}

void loop()
{  
  read_Save();
}

/******************************************************************
 * Function name: read_Save(void)
 * type: void
 * input parameters: void
 * output parameter: NULL
 * Description: function that records a Co2 value from the telaire sensor
 * and stores it into memory
 * Creators: MBARI
 ********************************************************************/
void read_Save()
{
  boolean cycle=true;
  int co2Value=0;
  int pumpingCounter=3; // number of minutes until the pump turn on
  int pumpRunTime=5000; //number of miliseconds for which the pump will run
  int timeForMeasurements=20;
  boolean idle=true; //number of minutes it will pass before the reading happens
  // the sensor will turn on 10 minutes before that in order to warm up
  int counter=0;
  byte time[6];
  int i=0;

  //send the Telair to sleep
  relays.digiWrite2(1);//turn on the sensor
  delay(10000);
  Telaire_IdleMode(idle);

  //clearing the memory data array
  for(int j=0;j<12;j++)
  {
    bufData[j]=NULL;
    j++;
  }
  
  while(cycle)
  { 
    //check for communication
    rf12_sleep(-1);
    rf12_recvDone();
    receive_Command();
    rf12_sleep(1);
    rf12_sleep(0);
    
  
    
    //sleep for n number of seconds if the pump does not turn on during the iteration
    if(pumpingCounter!=3)
    {
      Sleepy::loseSomeTime(pumpRunTime);
    }

    // turn the pump on for n number of seconds
    else if(pumpingCounter==3)
    {
      relays.digiWrite(1);
      Sleepy::loseSomeTime(pumpRunTime);
      relays.digiWrite(0);
      pumpingCounter=0;
    }
    Sleepy::loseSomeTime((word)(60000-pumpRunTime));
    counter++;
    pumpingCounter++;

    if(counter==timeForMeasurements-10)
    {
      Telaire_IdleMode(!idle);
    }

    if(counter==timeForMeasurements)
    {
      Serial.begin(9600);
      delay(20);
      co2Value=read_Co2();
      while((co2Value>2000||co2Value<=0)&&i<=10)
      {
        co2Value=read_Co2();
        if(i==10)
        {
          co2Value=1;
        }
        i++;
        delay(10000);
      }
      float temp=get_Temperature();
      delay(20);
      float humidity=get_Humidity();

      //getting the date and time in the buffer for the memory
      getDate(time);
      bufData[0]=time[1];
      bufData[1]=time[2];
      bufData[2]=time[0];
      bufData[3]=time[3];
      bufData[4]=time[4];
      bufData[5]=time[5];
      delay(20);

      Serial.print(time[1]);
      Serial.print("/");
      Serial.print(time[2]);
      Serial.print("/");
      Serial.print(time[0]);
      Serial.print(" ");
      Serial.print(time[3]);
      Serial.print(":");
      Serial.print(time[4]);
      Serial.print(":");
      Serial.print(time[5]);
      Serial.print(" ");
      Serial.print(co2Value);
      Serial.print(" ");
      Serial.print(temp);
      Serial.print(" ");
      Serial.print(humidity);
      Serial.println();
      saved(bufData);
      delay(10);
      cycle=false;
      counter=0;
      Serial.end();
    }
  }
}



/******************************************************************
 * Function name: load_Memory(char [])
 * type: void
 * input parameters: char a[]: array of n bytes which will be loaded
 * output parameter: NULL
 * Description: Loads the the information that is on memory and transmit 
 * it thorugh radio communications to a base station. 
 * Creators: MBARI
 ********************************************************************/

void load_Memory(char a[]) //function for loading characters in a fast way
{
  int finish[2];
  int remember[2]={
    1,0    };
  if(mem.isPresent())
  {
    mem.load(0,0,finish,4);
    delay(20);
    if(finish[0]!=0 && finish[1]!=0)
    {
      while((remember[0]!=finish[0])||(remember[1]!=finish[1]))
      {
        mem.load(remember[0],remember[1],a,12);
        delay(50);
        send_Radio(a,12);
        delay(1);
        transform(a);
        if(remember[1]<243)
        {
          remember[1]+=12;
        } 
        if(remember[1]>243)
        {
          remember[0]+=1;
          remember[1]=0;
        }
      }
    }
    else
    {
      Serial.println("memory empty");
      uint8_t checkDeletion[1]={50};
      rf12_sendStart(1,checkDeletion,1);
    }
  }
}

/******************************************************************
 * Function name: erase_Memory()
 * type: void
 * input parameters: void
 * output parameter: NULL
 * Description: Erases the memory.resets the directory making the memory
 * to start overriding previous values every time it saves 
 * new data
 * Creators: MBARI
 ********************************************************************/
void erase_Memory()
{
  int erase[2]={0,0};
  if(mem.isPresent())
  {
    mem.save(0,0,erase,4);
    Serial.println("memory erased");
  } 
}


/******************************************************************
 * Function name: receive_Command()
 * type: void
 * input parameters: NIULL
 * output parameter: NULL
 * Description: Checks if there is any radio communication command  
 * from the basen station and takes and action according
 * to the command
 * Creators: MBARI
 ********************************************************************/
void receive_Command()
{
  uint8_t buf[1];
  char buffer[12];
  byte InfoReceived=0;
  byte needToSend=0;
  int i=0;
  boolean out=true;
  
  Serial.begin(9600);
  delay(20);
  while(i<50 && out)//i<2000 && out
  {
    i++;

    if (rf12_recvDone() && rf12_crc == 0) // received good data if true
    {
      buf[0]=rf12_data[0];
      InfoReceived=1;
      needToSend=1;
    }

    if(needToSend && rf12_canSend() && InfoReceived)
    {
      rf12_sendStart(1, buf,1);
      InfoReceived=0;
      needToSend = 0;
      out=false;
      if(buf[0]==1)
      {
        load_Memory(buffer);
      }
      if(buf[0]==2)
      {
        erase_Memory();
      }
    }
  }
  Serial.end();
  delay(20);
}

/******************************************************************
 * Function name: read_Co2(void)
 * type: int
 * input parameters: void
 * output parameter: int
 * Description: tells tehe sensor to start doing measurments and store 
 * the two bytes in a varible called co2value
 * Creators: MBARI
 ********************************************************************/
int read_Co2()
{
  byte buf[56];
  byte i=0;
  int co2Value;

  uart.write(0xFF);
  uart.write(0xFE);
  uart.write(0x02);
  uart.write(0x02);
  uart.write(0x03);
  delay(20);

  // put he two bit answer from the sensor into a buffer
  while(uart.available())
  {
    buf[i]=uart.read();
    i++;
  }

  //save the two bits of Co2 into memory buffer
  bufData[6]=buf[3];
  bufData[7]=buf[4];

  // do a bitwise operation to acomodate the two bits
  // and make them an integer
  co2Value=0;
  co2Value|=buf[3] & 0xFF;
  co2Value=co2Value<<8;
  co2Value|=buf[4] & 0xFF;
  return co2Value;
}

/******************************************************************
 * Function name: get_Temp(void)
 * type: float
 * input parameters: void
 * output parameter: float
 * Description: tells the Sensirion sensor to start doing measurements 
 * of temperature, after that it divides the integer and 
 * float part of the number in two bytes so they can be 
 * stored into memory. The function uses the library 
 * LibHumidity from www.moderndevices.com in order to control
 * the sensor
 * Creators: MBARI
 ********************************************************************/
float get_Temperature()
{
  float temp;
  byte tempInt;
  byte tempFloat;

  /* get the measurement of temperature and divides them into an 
   integer part and a float part*/
  temp=humidity_Temp.GetTemperatureC();
  tempInt=floor(temp);
  tempFloat=(temp*100)-(tempInt*100);

  //get the date into memroy
  bufData[8]=tempInt;
  bufData[9]=tempFloat;

  return temp;
}

/******************************************************************
 * Function name: get_Humidity(void)
 * type: float
 * input parameters: void
 * output parameter: float
 * Description: tells the Sensirion sensor to start doing measurements 
 * of humidity, after that it divides the integer and 
 * float part of the number in two bytes so they can be 
 * stored into memory. The function uses the library 
 * LibHumidity from www.moderndevices.com in order to control
 * the sensor
 * Creators: MBARI
 ********************************************************************/
float get_Humidity()
{
  float humidity;
  byte humidityInt;
  byte humidityFloat;

  /* get the measurement of humidity and divides them into an 
   integer part and a float part*/
  humidity=humidity_Temp.GetHumidity(); 
  humidityInt=floor(humidity); 
  humidityFloat=(humidity*100)-(humidityInt*100);

  //get the date into memroy
  bufData[10]=humidityInt;
  bufData[11]=humidityFloat;

  return humidity;
}

/****************************************
 * Function name: bind2bcd(byte)
 * type: byte
 * input parameters: byte val
 * output parameter:  val + 6 * (val / 10);
 * Description:
 * Creators: Jeelabs.
 *****************************************
 */
static byte bin2bcd (byte val)
{
  return val + 6 * (val / 10);
  delay(1);
}

/****************************************
 * Function name: bcd2bcd(byte)
 * type: byte
 * input parameters: byte val
 * output parameter: val - 6 * (val >> 4);
 * Description:
 * Creators: Jeelabs
 *****************************************
 */
static byte bcd2bin (byte val)
{
  return val - 6 * (val >> 4);
  delay(1);
}

/***************************************************************************************************
 * // Function name: setDate(byte,  byte, byte, byte, byte)
 * type: static void
 * input parameters: byte yy: year
 * byte mm:month
 * byte dd: day
 * byte h: hour
 * byte m: minutes 
 * byte s: seconds
 * output parameter: NULL
 * Description:  This function is used in order to setup a specific day in the format yy/mm/dd h:m:s
 * Compile it once in order to set up the clock. Erase the call of this function from the code.
 * Finally compile again in order to make the clock to start running indepedently.
 * Creators: Jeelabs
 ********************************************************************************************************
 */
static void setDate (byte yy, byte mm, byte dd, byte h, byte m, byte s)
{
  rtc.send();
  rtc.write(0);
  rtc.write(bin2bcd(s));
  rtc.write(bin2bcd(m));
  rtc.write(bin2bcd(h));
  rtc.write(bin2bcd(0));
  rtc.write(bin2bcd(dd));
  rtc.write(bin2bcd(mm));
  rtc.write(bin2bcd(yy));
  rtc.write(0);
  rtc.stop();
}

/******************************************************************
 * Function name: getDate (void)
 * type: static void
 * input parameters: bye* buf: byte array in which the date and time would be introduced
 * output parameter: NULL
 * Description: get the date and time from the clock and puts it into
 * the byte array specified
 * Creators: MBARI
 ********************************************************************/

static void getDate (byte* buf)
{
  rtc.send();
  rtc.write(0);   
  rtc.stop();

  rtc.receive();
  buf[5] = bcd2bin(rtc.read(0));
  buf[4] = bcd2bin(rtc.read(0));
  buf[3] = bcd2bin(rtc.read(0));
  rtc.read(0);
  buf[2] = bcd2bin(rtc.read(0));
  buf[1] = bcd2bin(rtc.read(0));
  buf[0] = bcd2bin(rtc.read(1));
  rtc.stop();
}


/******************************************************************
 * Function name:saved(char[])
 * type: void
 * input parameters: char a[]= array whcih will be saved into memory
 * output parameter: NULL
 * Description: saves the input array into the memory. The way it works is
 * by checking the directory of the memory which is at location
 * [0,0] if there is nothing in memory start saving on adress [1,0]
 * if there is something on memory start saving where you left off
 * Creators: MBARI
 ********************************************************************/

void saved(char a[])
{
  int remember[2];
  if(mem.isPresent())
  {
    mem.load(0,0,remember,4);
    delay(10);
    if(remember[0]==0 && remember[1]==0)
    {
      mem.save(1,0, a,12);
      delay(10);
      remember[0]=1;
      remember[1]+=12;
      mem.save(0,0,remember,4);
      delay(10);
    }
    else 
    {
      if(remember[1]<243)
      {
        mem.save(remember[0],remember[1],a,12);
        delay(10);
        remember[1]+=12;
      }
      if (remember[1]>243)
      {
        remember[0]+=1;
        remember[1]=0;
        mem.save(remember[0],remember[1],a,12);
        remember[1]+=12; 
      }
      mem.save(0,0,remember,4);
      delay(10);
    }
  }
}



/******************************************************************
 * Function name: send_Radio( char a[], int length)
 * type: void
 * input parameters: char a[]: array which will be transmitted
 * int length: length of the array to be transmitted
 * output parameter: NULL
 * Description: sends an array of n length through radio communications
 * to a base station
 * Creators: MBARI
 ********************************************************************/
void send_Radio(char a[], int length)
{
  delay(10);
  while (!rf12_canSend()) // wait until sending is allowed
  {
    rf12_recvDone();    // processes any incoming data, it all happens "in the background"
  }
  rf12_sendStart(1,a, length);  // sends the data out
}

/******************************************************************
 * Function name: transform(char [])
 * type: void
 * input parameters: char a[]: array of n bytes which will be loaded
 * output parameter: NULL
 * Description: Transform an arry of characters into something that looks
 * like mm//dd//yy h:m:s CO2 ppm= xxx temperature= xx.xx 
 * humidity= xx.x
 * Creators: MBARI
 ********************************************************************/
void transform( char a[])
{
  int buffer[11];
  char string[80];
  for(int i=0;i<6;i++) //get the time form the clock
  {
    buffer[i]= (int)a[i];
  }
  buffer[6]=((a[6] &0xff)<<8) | (a[7] &0xff); //merge the two bytes of co2

  for(int i=8;i<12;i++) // get the values for temperature and humidity
  {
    buffer[i-1]=int(a[i]);
  }

  sprintf(string,"%02d/%02d/%02d %02d:%02d:%02d  CO2 ppm= %02d temperature= %02d.%02d humidity= %02d.%02d",
  buffer[0],buffer[1],buffer[2],buffer[3],buffer[4],buffer[5],buffer[6],buffer[7],buffer[8],buffer[9],buffer[10]);

  Serial.print(string);   
  Serial.println();
  delay(1);
}

/******************************************************************
 * Function name: Telaire-IdleMode(boolean mode)
 * type: void
 * input parameters: boolean mode, 
 * output parameter: NULL
 * Description: Indicates wheter the sensor is 
                going to go in Idle mode or not. True=Idle mode,     
                False=wake up
 * Creators: MBARI
 ********************************************************************/

void Telaire_IdleMode(boolean mode)
{
  boolean out=true;
  byte buf[3];

  //if true the Telaire will go into sleep mode
  if(mode==true)
  {
    while(out)
    {
      int i=0;
      uart.write(0xFF);
      uart.write(0xFE);
      uart.write(0x02);
      uart.write (0xB9);
      uart.write (0X01);
      while(uart.available())
      {
        buf[i]=uart.read();
        i++;
      }
      if((buf[0]==255)&&(buf[1]==250)&&(buf[2]==0))
      {
        out=false;
      }
    }
  }

  //if not true, the Telair will wake up
  if(mode==false)
  {
    while(out)
    {
      int i=0;
      uart.write(0xFF);
      uart.write(0xFE);
      uart.write(0x02);
      uart.write (0xB9);
      uart.write (0X02);
      while(uart.available())
      {
        buf[i]=uart.read();
        i++;
      }
      if((buf[0]==255)&&(buf[1]==250)&&(buf[2]==0))
      {
        out=false;
      }
    }
  }
}



















· Appendix C

//uncomment the following line to calibrate the sensor
//Calibrate_Telair(); 
}

void loop()
{
  //read CO2 every 10 seconds
  int co2=read_Co2();
  Serial.print("CO2 ppm=");
  Serial.println(co2);
  delay(10000);
}


/******************************************************************
 Function name: read_Co2(void)
 type: int
 input parameters: void
 output parameter: int
 Description: tells tehe sensor to start doing measurments and store 
              the two bytes in a varible called co2value
 Creators: MBARI
********************************************************************/
int read_Co2()
{
  byte buf[56];
  byte i=0;
  int co2Value;
  
  uart.write(0xFF);
  uart.write(0xFE);
  uart.write(0x02);
  uart.write(0x02);
  uart.write(0x03);
  delay(20);
  
  // put he two bit answer from the sensor into a buffer
  while(uart.available())
  {
    buf[i]=uart.read();
    i++;
  }
  
  // do a bitwise operation to acomodate the two bits
  // and make them an integer
  co2Value=0;
  co2Value|=buf[3] & 0xFF;
  co2Value=co2Value<<8;
  co2Value|=buf[4] & 0xFF;  
  return co2Value;
}

/******************************************************************
 Function name: Abc_Logic_Off()
 type: void
 input parameters: NULL
 output parameter: NULL
 Description:Tells the sensor to turn off the ABC logic (self calibration
             process)
 Creators: MBARI
********************************************************************/
void Abc_Logic_Off()
{
  byte buf[10]={}; 
  boolean out =true;
    while(out)
    {
      int i=0;
      uart.write(0xFF);
      uart.write(0xFE);
      uart.write(0x02);
      uart.write(0xB7);
      uart.write(0x02);
      delay(20);
      
      // put he two bit answer from the sensor into a buffer
      while(uart.available())
      {
      uart.read();
      }
      delay(20);
      //check if the abc logic was turned of
      uart.write(0xFF);
      uart.write(0xFE);
      uart.write(0x02);
      uart.write(0xB7);
      uart.write(0x00);
      delay(20);
  
      // put he two bit answer from the sensor into a buffer
      while(uart.available())
      {
      buf[i]=uart.read();
      i++;
      }
      Serial.println(buf[3]);
      if(buf[3]==0x01)
      {
        Serial.println("ABC logic on");
      }
      if(buf[3]==0x2)
      {
        Serial.println("ABC loigc turned off");
        out=false;
      }
      else if((buf[3]<1||buf[3]>2))
      {
        Serial.println("error reading ABC logic status");
      }
    }
}

/******************************************************************
 Function name: Check_Abc_Logic()
 type: void
 input parameters: NULL
 output parameter: NULL
 Description:Tells the sensor chek for the ABC logic status
 Creators: MBARI
****************
400 to 600 ppm	0.42670138888888887	0.42693287037037325	0.42715277777778127	0.42739583333333336	0.42761574074074082	0.42784722222222232	0.42807870370370715	0.42831018518518865	0.42854166666666682	0.42876157407407606	0.4289930555555555	0.4292361111111111	0.4294560185185185	0.42968750000000194	0.42991898148148538	0.43015046296296677	0.43038194444444816	0.43060185185185407	0.43083333333333335	0.43106481481481917	0.43129629629629634	0.43152777777778212	0.4317476851851853	0.43199074074074301	0.4322106481481483	0.43244212962963213	0.4326736111111113	0.43290509259259258	0.43313657407407657	0.43336805555555802	0.43358796296296798	0.43383101851851824	0.43405092592592887	0.43428240740741036	0.43451388888889175	0.43474537037037037	0.43497685185185647	0.43519675925926266	0.43542824074074427	0.43567129629629631	0.43589120370370382	0.43612268518518865	0.43635416666667015	0.43658564814814832	0.43681712962963315	0.43703703703703706	0.4372685185185185	0.43750000000000194	0.4377314814814815	0.43796296296296877	0.43818287037037468	0.43842592592592955	0.43865740740740788	0.43887731481481917	0.43910879629629851	0.43934027777778212	0.43957175925926362	0.43980324074074301	0.44002314814814825	0.44026620370370406	0.44048611111111152	0.44071759259259224	0.44094907407407452	0.44118055555555596	0.44141203703703752	0.44164351851851574	0.44186342592592648	0.44210648148148191	0.44232638888889192	0.44255787037037092	0.44278935185185231	0.44302083333333392	0.44325231481481531	0.44347222222222332	0.44370370370370377	0.44393518518518527	0.44416666666666771	0.44439814814814826	0.44462962962963071	0.44486111111111126	0.44509259259259276	0.44531250000000222	0.44554398148148178	0.44577546296296516	0.44600694444444672	0.44623842592592622	0.44645833333333362	0.44670138888888883	0.44692129629629662	0.44715277777778034	0.44738425925926362	0.44761574074074112	0.44784722222222262	0.44807870370370623	0.44829861111111124	0.448541666666667	0.44876157407407452	0.44899305555555524	0.44922453703703752	0.44945601851851824	0.44968750000000041	0.44991898148148435	0.45013888888888887	0.45038194444444685	0.45060185185185181	0.45083333333333325	0.45106481481481764	0.45129629629629625	0.45152777777778064	0.45174768518518515	0.45197916666666682	0.4522106481481481	0.45244212962962982	0.4526736111111111	0.4529050925925926	0.45313657407407432	0.45336805555555582	0.45358796296296677	0.45381944444444638	0.45405092592592688	0.45428240740740788	0.45451388888888888	0.45473379629629629	0.45497685185185538	0.45520833333333333	0.45542824074074301	0.45565972222222234	0.45589120370370378	0.45612268518518739	0.45635416666666889	0.45657407407407657	0.45681712962963172	0.45703703703703674	0.45726851851851824	0.45750000000000002	0.45773148148148129	0.45796296296296729	0.4581944444444444	0.45841435185185464	0.4586574074074074	0.45887731481481764	0.45910879629629631	0.45934027777778064	0.45957175925926208	0.4598032407407408	0.4600231481481481	0.46025462962962982	0.4604976851851853	0.4607175925925926	0.46094907407407432	0.46118055555555582	0.46141203703703698	0.46164351851851604	0.46186342592592688	0.46209490740740788	0.46232638888889238	0.46255787037037038	0.46278935185185188	0.46302083333333338	0.46325231481481488	0.46348379629629632	0.46370370370370378	0.46393518518518517	0.46416666666666889	409	406	406	404	402	400	400	403	405	408	412	415	421	426	431	435	439	448	455	462	467	472	478	484	489	495	500	505	511	517	520	525	529	534	538	542	546	550	555	557	558	559	560	563	565	567	569	512	575	577	579	583	587	588	589	589	589	590	592	592	593	595	597	598	600	601	602	602	601	600	598	598	598	600	602	603	602	604	606	600	606	607	608	606	605	605	607	607	607	606	608	610	610	610	609	610	611	612	612	613	614	612	612	611	609	608	609	609	608	606	607	608	609	609	609	610	611	612	610	609	609	610	609	608	609	609	611	612	611	611	612	612	613	612	612	610	608	607	606	605	604	605	605	605	606	607	607	607	609	610	610	608	608	606	604	607	610	611	611	611	612	613	613	614	400 to 200 ppm	0.56600694444444444	0.56692129629630206	0.56873842592592549	0.56964120370370996	0.5705555555555557	0.57145833333333362	0.5723611111111111	0.5732754629629625	0.57509259259259748	0.57599537037037618	0.57690972222222225	0.57781249999999951	0.57871527777777865	0.5796296296296346	0.58144675925925338	0.58234953703703707	0.58326388888888858	0.5841666666666615	0.58506944444444442	0.58598379629629627	0.58780092592592015	0.58870370370370351	0.58961805555555569	0.59052083333333361	0.59142361111111108	0.59233796296295305	0.59415509259259758	0.59505787037037061	0.59597222222222157	0.59687499999999949	0.59778935185185156	0.59869212962962959	0.60050925925925924	0.6014120370370365	0.6023263888888889	0.60322916666666671	0.60414351851852632	0.60504629629630124	0.60686342592592557	0.60776620370370371	341	292	269	236	230	225	223	219	213	207	205	205	205	205	206	206	208	208	208	209	210	207	209	210	212	211	211	214	213	215	217	214	214	216	215	217	217	216	213	218	300 to 0 ppm	0.61532407407407996	0.61623842592592559	0.61714120370370906	0.61895833333333805	0.61986111111111164	0.62167824074074074	0.62259259259259725	0.62349537037037583	0.62531249999999949	0.62621527777777775	0.62803240740740762	0.62894675925925925	0.62984953703704183	0.63166666666666671	0.63256944444444463	0.63438657407407462	0.63530092592592557	0.63620370370370372	0.6380208333333417	0.63892361111111673	0.64074074074074072	0.64165509259260256	0.64255787037037504	0.64437500000000481	0.64527777777777773	0.64709490740741205	0.64800925925926334	0.64891203703703704	0.65072916666667224	0.65163194444444905	0.65344907407408237	0.65436342592592556	0.6552662037037037	0.65708333333333746	0.65798611111111105	0.6598032407407407	0.66071759259259999	0.66162037037037857	301	296	224	187	126	106	78	66	56	56	60	60	62	62	64	65	65	65	65	67	68	66	69	69	70	72	71	74	74	72	75	74	76	76	77	77	78	78	350 to 200 ppm	0.56600694444444444	0.56692129629630184	0.56873842592592549	0.56964120370370974	0.5705555555555557	0.57145833333333362	0.5723611111111111	0.5732754629629625	0.57509259259259715	0.57599537037037585	0.57690972222222225	0.57781249999999951	0.57871527777777865	0.57962962962963416	0.58144675925925371	0.58234953703703707	0.58326388888888858	0.58416666666666195	0.58506944444444442	0.58598379629629627	0.58780092592592037	0.58870370370370351	0.58961805555555569	0.59052083333333361	0.59142361111111108	0.5923379629629536	0.59415509259259724	0.59505787037037061	0.59597222222222157	0.59687499999999949	0.59778935185185156	0.59869212962962959	0.60050925925925924	0.6014120370370365	0.6023263888888889	0.60322916666666671	0.60414351851852588	0.60504629629630102	0.60686342592592557	0.60776620370370371	341	292	269	236	230	225	223	219	213	207	205	205	205	205	206	206	208	208	208	209	210	207	209	210	212	211	211	214	213	215	217	214	214	216	215	217	217	216	213	218	400 to 600 ppm	0.42784722222222232	0.42807870370370693	0.42831018518518843	0.42854166666666682	0.42876157407407595	0.4289930555555555	0.4292361111111111	0.4294560185185185	0.42968750000000183	0.42991898148148516	0.43015046296296655	0.43038194444444794	0.43060185185185396	0.43083333333333335	0.43106481481481895	0.43129629629629634	0.4315277777777819	0.4317476851851853	0.4319907407407429	0.4322106481481483	0.43244212962963202	0.4326736111111113	0.43290509259259258	0.43313657407407646	0.43336805555555791	0.4335879629629677	0.43383101851851824	0.43405092592592864	0.43428240740741014	0.43451388888889153	0.43474537037037037	0.43497685185185619	0.43519675925926243	0.43542824074074404	0.43567129629629631	0.43589120370370382	0.43612268518518843	0.43635416666666993	0.43658564814814832	0.43681712962963293	0.43703703703703706	0.4372685185185185	0.43750000000000183	0.4377314814814815	0.43796296296296844	0.43818287037037446	0.43842592592592938	0.43865740740740788	0.43887731481481895	0.4391087962962984	0.4393402777777819	0.43957175925926339	0.4398032407407429	0.44002314814814819	0.44026620370370378	0.4404861111111113	0.44071759259259224	0.44094907407407408	0.44118055555555552	0.44141203703703707	0.44164351851851569	0.44186342592592592	0.44210648148148146	0.44232638888889153	0.44255787037037037	0.44278935185185181	0.44302083333333336	0.44325231481481481	0.44347222222222232	0.44370370370370371	0.44393518518518515	0.44416666666666682	0.4443981481481481	0.44462962962962982	0.4448611111111111	0.4450925925925926	0.44531250000000183	0.4455439814814815	0.44577546296296477	0.44600694444444633	0.44623842592592594	0.44645833333333335	0.44670138888888883	0.44692129629629634	0.4471527777777799	0.44738425925926339	0.44761574074074084	0.44784722222222234	0.44807870370370584	0.44829861111111113	0.44854166666666667	0.44876157407407408	0.44899305555555524	0.44922453703703707	0.44945601851851824	0.44968750000000002	0.44991898148148385	0.45013888888888887	0.45038194444444668	0.45060185185185181	0.45083333333333325	0.45106481481481747	0.45129629629629625	0.45152777777778047	0.45174768518518515	0.45197916666666682	0.4522106481481481	0.45244212962962982	0.4526736111111111	400	400	403	405	408	412	415	421	426	431	435	439	448	455	462	467	472	478	484	489	495	500	505	511	517	520	525	529	534	538	542	546	550	555	557	558	559	560	563	565	567	569	512	575	577	579	583	587	588	589	589	589	590	592	592	593	595	597	598	600	601	602	602	601	600	598	598	598	600	602	603	602	604	606	606	606	607	608	606	605	605	607	607	607	606	608	610	610	610	609	610	611	612	612	613	614	612	612	611	609	608	609	609	608	606	607	608	609	609	CO2	41494.643726851798	41494.65761574074	41494.671759143515	41494.685902604164	41494.700046064805	41494.714189525454	41494.728332986109	41494.742476446794	41494.756619907443	41494.770763368055	41494.784906828703	41494.799050289315	41494.81319375	41494.827337210634	41494.841480671232	41494.855624131946	41494.869767592594	41494.883911053235	41494.898054513884	41494.912197974591	41494.926341435188	41494.940484895837	41494.954628356551	41494.968771817126	41494.982915277826	41494.997058738423	41495.011202199108	41495.025345659669	41495.039489120354	41495.053632580995	41495.067776041629	41495.081919502314	41495.096062962955	41495.110206423611	41495.124349884223	41495.138493344944	41495.152636805593	41495.166780266176	41495.180923726861	41495.195067187466	41495.209210648187	41495.223354108784	41495.237497569382	41495.251641030074	41495.265784490701	41495.279927951349	41495.294071412034	41495.308214872726	41495.322358333331	41495.336501794016	587	533	507	489	489	480	478	470	470	472	471	466	461	465	461	456	459	456	455	454	451	451	453	450	446	448	447	445	446	441	442	442	440	443	439	438	436	435	437	437	436	436	436	437	433	432	433	430	431	426	Humidity	41494.643726851798	41494.65761574074	41494.671759143515	41494.685902604164	41494.700046064805	41494.714189525454	41494.728332986109	41494.742476446794	41494.756619907443	41494.770763368055	41494.784906828703	41494.799050289315	41494.81319375	41494.827337210634	41494.841480671232	41494.855624131946	41494.869767592594	41494.883911053235	41494.898054513884	41494.912197974591	41494.926341435188	41494.940484895837	41494.954628356551	41494.968771817126	41494.982915277826	41494.997058738423	41495.011202199108	41495.025345659669	41495.039489120354	41495.053632580995	41495.067776041629	41495.081919502314	41495.096062962955	41495.110206423611	41495.124349884223	41495.138493344944	41495.152636805593	41495.166780266176	41495.180923726861	41495.195067187466	41495.209210648187	41495.223354108784	41495.237497569382	41495.251641030074	41495.265784490701	41495.279927951349	41495.294071412034	41495.308214872726	41495.322358333331	41495.336501794016	47.44	43.78	40.96	38.370000000000005	36.160000000000011	34.260000000000012	32.42	30.69	29.24	27.85	26.67	25.610000000000017	24.7	23.919999999999987	23.21	22.54	21.95	21.39	20.919999999999987	20.45	20.059999999999999	20.059999999999999	19.66	19.309999999999999	18.989999999999974	18.68	18.399999999999999	18.130000000000017	17.89	17.649999999999999	17.489999999999974	17.260000000000002	17.100000000000001	16.91	16.779999999999987	16.630000000000017	16.510000000000005	16.350000000000001	16.23	16.110000000000017	15.96	15.88	15.88	15.76	15.65	15.56	15.49	15.4	15.29	15.209999999999999	Time (local)
CO2 ppm
CO2 vs Humdity	40.96	38.370000000000005	36.160000000000011	34.260000000000012	32.42	30.69	29.24	27.85	26.67	25.610000000000017	24.7	23.919999999999987	23.21	22.54	21.95	21.39	20.919999999999987	20.45	20.059999999999999	20.059999999999999	19.66	19.309999999999999	18.989999999999974	18.68	18.399999999999999	18.130000000000017	17.89	17.649999999999999	17.489999999999974	17.260000000000002	17.100000000000001	16.91	16.779999999999987	16.630000000000017	16.510000000000005	16.350000000000001	16.23	16.110000000000017	15.96	15.88	15.88	15.76	15.65	15.56	15.49	15.4	15.29	15.209999999999999	507	489	489	480	478	470	470	472	471	466	461	465	461	456	459	456	455	454	451	451	453	450	446	448	447	445	446	441	442	442	440	443	439	438	436	435	437	437	436	436	436	437	433	432	433	430	431	426	CO2 test tank	41494.643726851798	41494.65761574074	41494.671759143515	41494.685902604164	41494.700046064805	41494.714189525454	41494.728332986109	41494.742476446794	41494.756619907443	41494.770763368055	41494.784906828703	41494.799050289315	41494.81319375	41494.827337210634	41494.841480671232	41494.855624131946	41494.869767592594	41494.883911053235	41494.898054513884	41494.912197974591	41494.926341435188	41494.940484895837	41494.954628356551	41494.968771817126	41494.982915277826	41494.997058738423	41495.011202199108	41495.025345659669	41495.039489120354	41495.053632580995	41495.067776041629	41495.081919502314	41495.096062962955	41495.110206423611	41495.124349884223	41495.138493344944	41495.152636805593	41495.166780266176	41495.180923726861	41495.195067187466	41495.209210648187	41495.223354108784	41495.237497569382	41495.251641030074	41495.265784490701	41495.279927951349	41495.294071412034	41495.308214872726	41495.322358333331	41495.336501794016	461.7916079999996	417.45144600000003	398.894272	387.73005899999953	393.56291199999993	389.57758200000001	392.43389399999967	388.99988300000001	392.82686799999999	398.49549499999966	400.60986900000034	398.40752699999973	395.80929000000032	401.86794399999997	399.74184700000001	396.5101779999996	401.067365	399.54537299999993	399.785844	400.02631499999939	398.05564200000032	398.05564200000032	401.11136199999999	399.03511699999945	395.87969299999997	398.69787600000001	398.43687999999946	397.14949100000041	398.78292299999993	394.41635499999938	395.83864299999999	396.44568199999998	394.86797000000001	398.369437	394.71254599999969	394.10844100000008	392.42515699999944	391.84744500000028	394.16416099999998	394.48087699999974	393.87677199999973	394.08791599999967	394.08791599999967	395.40463199999999	391.69495499999999	390.93249199999974	392.11724300000031	389.35478000000035	390.64510300000001	385.856247	Time (local)
CO2 ppm
CO2	41495.464722222205	41495.478842592602	41495.492951388893	41495.507071759224	41495.521192129585	41495.535312500004	41495.549432870372	41495.56355324074	41495.57767361102	41495.591805555472	41495.605925925927	41495.620046296295	41495.63417824074	41495.648298611108	41495.662418981476	41495.676539351938	41495.690671296295	41495.704791666576	41495.718923611013	41495.718923611013	41495.733043981338	41495.747164351764	41495.761296296296	41495.775416666584	41495.789548611021	41495.803668981476	41495.817789351851	41495.831909722205	41495.846030092696	41495.860162037025	41495.874282407443	41495.888402777782	41495.902523148259	41495.916643518518	41495.930763888886	41495.944895833331	41495.959016203713	41495.973136574081	41495.98725694458	41496.001377314817	41496.001377314817	41496.015497685185	41496.029618055552	41496.043738425942	41496.057858796397	41496.071979166656	41496.086099537039	41496.100219907443	41496.114328703705	41496.128449074073	41496.142569444593	41496.156689814816	41496.170810185191	41496.184918981482	41496.19903935185	41496.213159722225	41496.227280092586	41496.241400462954	41496.255509259259	41496.269629629584	41496.283749999995	41496.283749999995	41496.29787037037	41496.311990740738	41496.326111111106	41496.340219907535	41496.35434027786	41496.368460648147	41496.382581018603	41496.396701388891	41496.410821759258	41496.424942129626	41496.439062499994	41496.453182870355	545.024	477.66149999999999	463.09950000000003	462.13599999999963	467.63299999999964	472.87149999999963	470.91549999999921	482.56049999999999	492.94200000000001	505.65600000000001	518.43649999999946	510.02249999999964	509.14300000000031	528.12799999999947	524.31499999999949	524.57100000000003	534.23099999999999	526.75300000000004	523.41300000000001	523.41300000000001	530.07299999999998	537.93499999999949	530.72799999999938	540.12199999999996	521.98400000000004	535.31149999999946	519.97400000000005	521.83599999999876	522.16599999999949	521.42949999999996	524.7595	516.35549999999864	519.35299999999779	529.21749999999997	520.34799999999802	522.41199999999947	521.21	521.14099999999996	515.13850000000002	512.66800000000001	512.66800000000001	506.26649999999927	502.73199999999889	503.72950000000003	493.46099999999939	493.32550000000003	494.52499999999969	490.32299999999969	496.78849999999926	486.25400000000002	491.85249999999996	480.31799999999993	481.78349999999926	485.04949999999997	476.78099999999927	477.98049999999927	479.51249999999999	477.04449999999997	481.31049999999999	480.51	477.70949999999999	477.70949999999999	484.97549999999933	484.50749999999999	478.77349999999939	485.23900000000003	484.4384999999989	479.7045	479.2364999999989	486.5025	486.5025	485.4359999999989	490.4359999999989	501.64300000000031	Time (GMT
-7)
CO2 ppm
CO2 and temperature
CO2	41495.464722222205	41495.478842592602	41495.492951388893	41495.507071759224	41495.521192129585	41495.535312500004	41495.549432870372	41495.56355324074	41495.57767361102	41495.591805555472	41495.605925925927	41495.620046296295	41495.63417824074	41495.648298611108	41495.662418981476	41495.676539351938	41495.690671296295	41495.704791666576	41495.718923611013	41495.718923611013	41495.733043981338	41495.747164351764	41495.761296296296	41495.775416666584	41495.789548611021	41495.803668981476	41495.817789351851	41495.831909722205	41495.846030092696	41495.860162037025	41495.874282407443	41495.888402777782	41495.902523148259	41495.916643518518	41495.930763888886	41495.944895833331	41495.959016203713	41495.973136574081	41495.98725694458	41496.001377314817	41496.001377314817	41496.015497685185	41496.029618055552	41496.043738425942	41496.057858796397	41496.071979166656	41496.086099537039	41496.100219907443	41496.114328703705	41496.128449074073	41496.142569444593	41496.156689814816	41496.170810185191	41496.184918981482	41496.19903935185	41496.213159722225	41496.227280092586	41496.241400462954	41496.255509259259	41496.269629629584	41496.283749999995	41496.283749999995	41496.29787037037	41496.311990740738	41496.326111111106	41496.340219907535	41496.35434027786	41496.368460648147	41496.382581018603	41496.396701388891	41496.410821759258	41496.424942129626	41496.439062499994	41496.453182870355	545.024	477.66149999999999	463.09950000000003	462.13599999999963	467.63299999999964	472.87149999999963	470.91549999999921	482.56049999999999	492.94200000000001	505.65600000000001	518.43649999999946	510.02249999999964	509.14300000000031	528.12799999999947	524.31499999999949	524.57100000000003	534.23099999999999	526.75300000000004	523.41300000000001	523.41300000000001	530.07299999999998	537.93499999999949	530.72799999999938	540.12199999999996	521.98400000000004	535.31149999999946	519.97400000000005	521.83599999999876	522.16599999999949	521.42949999999996	524.7595	516.35549999999864	519.35299999999779	529.21749999999997	520.34799999999802	522.41199999999947	521.21	521.14099999999996	515.13850000000002	512.66800000000001	512.66800000000001	506.26649999999927	502.73199999999889	503.72950000000003	493.46099999999939	493.32550000000003	494.52499999999969	490.32299999999969	496.78849999999926	486.25400000000002	491.85249999999996	480.31799999999993	481.78349999999926	485.04949999999997	476.78099999999927	477.98049999999927	479.51249999999999	477.04449999999997	481.31049999999999	480.51	477.70949999999999	477.70949999999999	484.97549999999933	484.50749999999999	478.77349999999939	485.23900000000003	484.4384999999989	479.7045	479.2364999999989	486.5025	486.5025	485.4359999999989	490.4359999999989	501.64300000000031	Temperature	41495.464722222205	41495.478842592602	41495.492951388893	41495.507071759224	41495.521192129585	41495.535312500004	41495.549432870372	41495.56355324074	41495.57767361102	41495.591805555472	41495.605925925927	41495.620046296295	41495.63417824074	41495.648298611108	41495.662418981476	41495.676539351938	41495.690671296295	41495.704791666576	41495.718923611013	41495.718923611013	41495.733043981338	41495.747164351764	41495.761296296296	41495.775416666584	41495.789548611021	41495.803668981476	41495.817789351851	41495.831909722205	41495.846030092696	41495.860162037025	41495.874282407443	41495.888402777782	41495.902523148259	41495.916643518518	41495.930763888886	41495.944895833331	41495.959016203713	41495.973136574081	41495.98725694458	41496.001377314817	41496.001377314817	41496.015497685185	41496.029618055552	41496.043738425942	41496.057858796397	41496.071979166656	41496.086099537039	41496.100219907443	41496.114328703705	41496.128449074073	41496.142569444593	41496.156689814816	41496.170810185191	41496.184918981482	41496.19903935185	41496.213159722225	41496.227280092586	41496.241400462954	41496.255509259259	41496.269629629584	41496.283749999995	41496.283749999995	41496.29787037037	41496.311990740738	41496.326111111106	41496.340219907535	41496.35434027786	41496.368460648147	41496.382581018603	41496.396701388891	41496.410821759258	41496.424942129626	41496.439062499994	41496.453182870355	18.88	18.12	17.979999999999986	17.989999999999952	18.02	18.149999999999999	18.279999999999987	18.309999999999999	18.600000000000001	18.739999999999988	18.86	18.8	18.989999999999952	19.03	18.979999999999986	18.959999999999987	19.23	19.130000000000031	19.03	19.03	18.88	18.91	18.920000000000002	18.850000000000001	18.71	18.72	18.62	18.479999999999986	18.39	18.38	18.420000000000002	18.3	18.25	18.279999999999987	18.329999999999988	18.32	18.3	18.309999999999999	18.27	18.12	18.12	17.979999999999986	17.89	17.87	17.73	17.59	17.64	17.610000000000031	17.62	17.510000000000005	17.439999999999987	17.37	17.37	17.41	17.41	17.399999999999999	17.43	17.38	17.329999999999988	17.38	17.38	17.38	17.420000000000002	17.439999999999987	17.439999999999987	17.45	17.43	17.439999999999987	17.41	17.38	17.39	17.55	17.610000000000031	17.959999999999987	Time (GTM-7)
CO2 ppm
CO2 and tide
CO2	41495.464722222205	41495.478842592602	41495.492951388893	41495.507071759224	41495.521192129585	41495.535312500004	41495.549432870372	41495.56355324074	41495.57767361102	41495.591805555472	41495.605925925927	41495.620046296295	41495.63417824074	41495.648298611108	41495.662418981476	41495.676539351938	41495.690671296295	41495.704791666576	41495.718923611013	41495.718923611013	41495.733043981338	41495.747164351764	41495.761296296296	41495.775416666584	41495.789548611021	41495.803668981476	41495.817789351851	41495.831909722205	41495.846030092696	41495.860162037025	41495.874282407443	41495.888402777782	41495.902523148259	41495.916643518518	41495.930763888886	41495.944895833331	41495.959016203713	41495.973136574081	41495.98725694458	41496.001377314817	41496.001377314817	41496.015497685185	41496.029618055552	41496.043738425942	41496.057858796397	41496.071979166656	41496.086099537039	41496.100219907443	41496.114328703705	41496.128449074073	41496.142569444593	41496.156689814816	41496.170810185191	41496.184918981482	41496.19903935185	41496.213159722225	41496.227280092586	41496.241400462954	41496.255509259259	41496.269629629584	41496.283749999995	41496.283749999995	41496.29787037037	41496.311990740738	41496.326111111106	41496.340219907535	41496.35434027786	41496.368460648147	41496.382581018603	41496.396701388891	41496.410821759258	41496.424942129626	41496.439062499994	41496.453182870355	545.024	477.66149999999999	463.09950000000003	462.13599999999963	467.63299999999964	472.87149999999963	470.91549999999921	482.56049999999999	492.94200000000001	505.65600000000001	518.43649999999946	510.02249999999964	509.14300000000031	528.12799999999947	524.31499999999949	524.57100000000003	534.23099999999999	526.75300000000004	523.41300000000001	523.41300000000001	530.07299999999998	537.93499999999949	530.72799999999938	540.12199999999996	521.98400000000004	535.31149999999946	519.97400000000005	521.83599999999876	522.16599999999949	521.42949999999996	524.7595	516.35549999999864	519.35299999999779	529.21749999999997	520.34799999999802	522.41199999999947	521.21	521.14099999999996	515.13850000000002	512.66800000000001	512.66800000000001	506.26649999999927	502.73199999999889	503.72950000000003	493.46099999999939	493.32550000000003	494.52499999999969	490.32299999999969	496.78849999999926	486.25400000000002	491.85249999999996	480.31799999999993	481.78349999999926	485.04949999999997	476.78099999999927	477.98049999999927	479.51249999999999	477.04449999999997	481.31049999999999	480.51	477.70949999999999	477.70949999999999	484.97549999999933	484.50749999999999	478.77349999999939	485.23900000000003	484.4384999999989	479.7045	479.2364999999989	486.5025	486.5025	485.4359999999989	490.4359999999989	501.64300000000031	Tide	41495	41495.00694444454	41495.013888888891	41495.020833333336	41495.027777777774	41495.034722222204	41495.041666666584	41495.048611111109	41495.055555555562	41495.0625	41495.069444444445	41495.076388888891	41495.083333333336	41495.090277777781	41495.097222222204	41495.104166666584	41495.111111111029	41495.118055555562	41495.124999999993	41495.131944444445	41495.138888888891	41495.145833333336	41495.152777777781	41495.159722222204	41495.166666666584	41495.173611111029	41495.180555555562	41495.1875	41495.194444444445	41495.201388888876	41495.208333333336	41495.215277777781	41495.222222222204	41495.229166666519	41495.236111111029	41495.243055555555	41495.25	41495.25694444454	41495.263888888876	41495.270833333336	41495.277777777774	41495.284722222204	41495.291666666519	41495.298611111029	41495.305555555562	41495.31250000008	41495.31944444454	41495.326388888891	41495.333333333336	41495.340277777876	41495.347222222219	41495.354166666664	41495.361111111029	41495.368055555562	41495.375	41495.38194444454	41495.388888889014	41495.395833333336	41495.402777777781	41495.409722222204	41495.416666666664	41495.423611111029	41495.430555555562	41495.4375	41495.44444444454	41495.451388888891	41495.458333333343	41495.465277777781	41495.472222222219	41495.479166666584	41495.486111111109	41495.493055555555	41495.5	41495.50694444454	41495.513888888891	41495.520833333336	41495.527777777774	41495.534722222204	41495.541666666584	41495.548611111109	41495.555555555562	41495.5625	41495.569444444445	41495.576388888891	41495.583333333336	41495.590277777781	41495.597222222204	41495.604166666584	41495.611111111029	41495.618055555562	41495.624999999993	41495.631944444445	41495.638888888891	41495.645833333336	41495.652777777781	41495.659722222204	41495.666666666584	41495.673611111029	41495.680555555562	41495.6875	41495.694444444445	41495.701388888876	41495.708333333336	41495.715277777781	41495.722222222204	41495.729166666519	41495.736111111029	41495.743055555555	41495.75	41495.75694444454	41495.763888888876	41495.770833333336	41495.777777777774	41495.784722222204	41495.791666666519	41495.798611111029	41495.805555555562	41495.81250000008	41495.81944444454	41495.826388888891	41495.833333333336	41495.840277777876	41495.847222222219	41495.854166666664	41495.861111111029	41495.868055555562	41495.875	41495.88194444454	41495.888888889014	41495.895833333336	41495.902777777781	41495.909722222204	41495.916666666664	41495.923611111029	41495.930555555562	41495.9375	41495.94444444454	41495.951388888891	41495.958333333343	41495.965277777781	41495.972222222219	41495.979166666584	41495.986111111109	41495.993055555555	41496	41496.00694444454	41496.013888888891	41496.020833333336	41496.027777777774	41496.034722222204	41496.041666666584	41496.048611111109	41496.055555555562	41496.0625	41496.069444444445	41496.076388888891	41496.083333333336	41496.090277777781	41496.097222222204	41496.104166666584	41496.111111111029	41496.118055555562	41496.124999999993	41496.131944444445	41496.138888888891	41496.145833333336	41496.152777777781	41496.159722222204	41496.166666666584	41496.173611111029	41496.180555555562	41496.1875	41496.194444444445	41496.201388888876	41496.208333333336	41496.215277777781	41496.222222222204	41496.229166666519	41496.236111111029	41496.243055555555	41496.25	41496.25694444454	41496.263888888876	41496.270833333336	41496.277777777774	41496.284722222204	41496.291666666519	41496.298611111029	41496.305555555562	41496.31250000008	41496.31944444454	41496.326388888891	41496.333333333336	41496.340277777876	41496.347222222219	41496.354166666664	41496.361111111029	41496.368055555562	41496.375	41496.38194444454	41496.388888889014	41496.395833333336	41496.402777777781	41496.409722222204	41496.416666666664	41496.423611111029	41496.430555555562	41496.4375	41496.44444444454	41496.451388888891	41496.458333333343	41496.465277777781	41496.472222222219	41496.479166666584	41496.486111111109	41496.493055555555	41496.5	41496.50694444454	41496.513888888891	41496.520833333336	41496.527777777774	41496.534722222204	41496.541666666584	41496.548611111109	41496.555555555562	41496.5625	41496.569444444445	41496.576388888891	41496.583333333336	41496.590277777781	41496.597222222204	41496.604166666584	41496.611111111029	41496.618055555562	41496.624999999993	41496.631944444445	41496.638888888891	41496.645833333336	41496.652777777781	41496.659722222204	41496.666666666584	41496.673611111029	41496.680555555562	41496.6875	41496.694444444445	41496.701388888876	41496.708333333336	41496.715277777781	41496.722222222204	41496.729166666519	41496.736111111029	41496.743055555555	41496.75	41496.75694444454	41496.763888888876	41496.770833333336	41496.777777777774	41496.784722222204	41496.791666666519	41496.798611111029	41496.805555555562	41496.81250000008	41496.81944444454	41496.826388888891	41496.833333333336	41496.840277777876	41496.847222222219	41496.854166666664	41496.861111111029	41496.868055555562	41496.875	41496.88194444454	41496.888888889014	41496.895833333336	41496.902777777781	41496.909722222204	41496.916666666664	41496.923611111029	41496.930555555562	41496.9375	41496.94444444454	41496.951388888891	41496.958333333343	41496.965277777781	41496.972222222219	41496.979166666584	41496.986111111109	41496.993055555555	41497	41497.00694444454	41497.013888888891	41497.020833333336	41497.027777777774	41497.034722222204	41497.041666666584	41497.048611111109	41497.055555555562	41497.0625	41497.069444444445	41497.076388888891	41497.083333333336	41497.090277777781	41497.097222222204	41497.104166666584	41497.111111111029	41497.118055555562	41497.124999999993	41497.131944444445	41497.138888888891	41497.145833333336	41497.152777777781	41497.159722222204	41497.166666666584	41497.173611111029	41497.180555555562	41497.1875	41497.194444444445	41497.201388888876	41497.208333333336	41497.215277777781	41497.222222222204	41497.229166666519	41497.236111111029	41497.243055555555	41497.25	41497.25694444454	41497.263888888876	41497.270833333336	41497.277777777774	41497.284722222204	41497.291666666519	41497.298611111029	41497.305555555562	41497.31250000008	41497.31944444454	41497.326388888891	41497.333333333336	41497.340277777876	41497.347222222219	41497.354166666664	41497.361111111029	41497.368055555562	41497.375	41497.38194444454	41497.388888889014	41497.395833333336	41497.402777777781	41497.409722222204	41497.416666666664	41497.423611111029	41497.430555555562	41497.4375	41497.44444444454	41497.451388888891	41497.458333333343	41497.465277777781	41497.472222222219	41497.479166666584	41497.486111111109	41497.493055555555	41497.5	41497.50694444454	41497.513888888891	41497.520833333336	41497.527777777774	41497.534722222204	41497.541666666584	41497.548611111109	41497.555555555562	41497.5625	41497.569444444445	41497.576388888891	41497.583333333336	41497.590277777781	41497.597222222204	41497.604166666584	41497.611111111029	41497.618055555562	41497.624999999993	41497.631944444445	41497.638888888891	41497.645833333336	41497.652777777781	41497.659722222204	41497.666666666584	41497.673611111029	41497.680555555562	41497.6875	41497.694444444445	41497.701388888876	41497.708333333336	41497.715277777781	41497.722222222204	41497.729166666519	41497.736111111029	41497.743055555555	41497.75	41497.75694444454	41497.763888888876	41497.770833333336	41497.777777777774	41497.784722222204	41497.791666666519	41497.798611111029	41497.805555555562	41497.81250000008	41497.81944444454	41497.826388888891	41497.833333333336	41497.840277777876	41497.847222222219	41497.854166666664	41497.861111111029	41497.868055555562	41497.875	41497.88194444454	41497.888888889014	41497.895833333336	41497.902777777781	41497.909722222204	41497.916666666664	41497.923611111029	41497.930555555562	41497.9375	41497.94444444454	41497.951388888891	41497.958333333343	41497.965277777781	41497.972222222219	41497.979166666584	41497.986111111109	41497.993055555555	1.5115509999999999	1.5101979999999999	1.504688	1.49501	1.481182	1.4632499999999975	1.4412889999999998	1.4154059999999975	1.385732	1.352427	1.315677	1.2756929999999975	1.232707	1.1869749999999999	1.138774	1.0883970000000001	1.0361520000000024	0.98236499999999827	0.92737000000000003	0.87151100000000004	0.81513999999999998	0.75861400000000134	0.70228900000000005	0.64652299999999996	0.5916709999999995	0.53808199999999951	0.486095	0.43604300000000001	0.388243	0.34299800000000008	0.30059400000000008	0.26129799999999997	0.225358	0.19299600000000033	0.16441400000000037	0.13978399999999999	0.11925500000000012	0.102948	9.0953000000000006E-2	8.3333000000000004E-2	8.012200000000004E-2	8.132300000000002E-2	8.6910000000000001E-2	9.6828000000000025E-2	0.11099100000000002	0.12928700000000001	0.15157599999999999	0.17769199999999999	0.20744100000000043	0.24060799999999999	0.27695600000000031	0.31622500000000031	0.3581390000000001	0.40240300000000001	0.44870899999999997	0.49673700000000004	0.54615400000000003	0.59662300000000001	0.64780000000000171	0.69933800000000002	0.75088999999999995	0.80211100000000002	0.85266000000000064	0.90220299999999864	0.95041599999999959	0.99698699999999829	1.0416159999999999	1.0840180000000001	1.1239299999999972	1.1611039999999999	1.1953149999999999	1.226362	1.2540659999999999	1.2782739999999999	1.298859	1.3157229999999998	1.3287929999999999	1.3380259999999999	1.3434059999999999	1.344946	1.3426880000000001	1.3366989999999999	1.327075	1.3139379999999998	1.2974349999999972	1.2777369999999972	1.2550379999999999	1.2295529999999999	1.2015149999999974	1.1711780000000001	1.138808	1.1046870000000026	1.0691089999999999	1.032376	0.99479799999999996	0.95668799999999998	0.91836299999999826	0.88014099999999951	0.8423349999999995	0.80525599999999997	0.76920500000000158	0.73447799999999996	0.70135499999999951	0.67010499999999995	0.64098200000000005	0.61422100000000135	0.59004000000000001	0.56863399999999997	0.55017700000000003	0.53481900000000004	0.52268800000000004	0.51388299999999865	0.50847999999999949	0.506525	0.50804099999999996	0.51302099999999951	0.52143099999999865	0.53321199999999958	0.54827700000000001	0.56651499999999877	0.58778699999999828	0.61193500000000134	0.6387730000000017	0.66809800000000208	0.69968500000000133	0.73329299999999997	0.76866200000000062	0.80551899999999865	0.84358	0.88254900000000003	0.922122	0.96199100000000171	1.0018429999999998	1.0413649999999972	1.080244	1.1181700000000001	1.1548419999999999	1.1899649999999975	1.223252	1.2544329999999999	1.2832489999999999	1.3094589999999999	1.3328389999999999	1.3531869999999999	1.3703190000000001	1.3840760000000001	1.394323	1.4009499999999973	1.403870999999997	1.403028999999997	1.398393	1.389958	1.3777489999999999	1.3618159999999999	1.342236	1.319115	1.2925819999999999	1.2627919999999973	1.229922999999997	1.1941770000000029	1.155775	1.1149609999999999	1.0719939999999972	1.02715	0.98071799999999865	0.933002	0.88431399999999827	0.83497299999999997	0.78530500000000003	0.73564000000000185	0.686307	0.63763300000000134	0.58994500000000005	0.54355999999999949	0.49878900000000032	0.45593100000000003	0.41527500000000001	0.37709200000000032	0.341638	0.30915200000000032	0.27985200000000032	0.25393200000000005	0.2315680000000003	0.21290800000000043	0.198075	0.18716900000000034	0.18026000000000034	0.17739300000000024	0.17858299999999999	0.18382000000000001	0.19306499999999999	0.20625399999999999	0.22329199999999999	0.24406200000000033	0.26841900000000002	0.2961970000000001	0.32720400000000038	0.36122800000000038	0.39803600000000061	0.43737700000000085	0.47898500000000038	0.52257500000000001	0.56785500000000122	0.61451699999999865	0.66224799999999995	0.71072700000000122	0.75963000000000158	0.80863099999999999	0.85740400000000005	0.90562699999999996	0.952982	0.99915900000000002	1.043857	1.0867869999999999	1.127672	1.1662540000000001	1.2022889999999999	1.2355529999999999	1.2658429999999998	1.2929759999999999	1.3167949999999975	1.3371639999999998	1.3539739999999998	1.3671409999999999	1.376606	1.382339	1.384334	1.3826130000000001	1.3772239999999998	1.368241	1.3557609999999998	1.3399099999999975	1.320832	1.2986979999999999	1.2736959999999975	1.2460370000000001	1.2159479999999998	1.1836720000000001	1.149467	1.1136039999999998	1.0763639999999999	1.038035	0.99891399999999853	0.95930099999999996	0.91949599999999998	0.87980200000000064	0.84051599999999949	0.80193400000000004	0.76434200000000063	0.72801899999999997	0.69323299999999877	0.66023799999999999	0.62927400000000133	0.60056599999999949	0.57431900000000002	0.55071999999999999	0.52993400000000002	0.51210500000000003	0.49735500000000032	0.48578000000000032	0.47745400000000032	0.47242500000000032	0.47071500000000011	0.47232300000000038	0.47722000000000031	0.48535600000000068	0.49665300000000001	0.51100999999999996	0.528304	0.54838900000000002	0.57109799999999999	0.5962459999999995	0.62362800000000185	0.65302100000000185	0.68418999999999996	0.71688499999999999	0.75084500000000221	0.78579800000000122	0.82146799999999853	0.85757000000000005	0.89381699999999853	0.92992200000000003	0.96559700000000004	1.000559	1.0345279999999999	1.0672339999999998	1.098414	1.1278170000000001	1.155205	1.1803560000000024	1.2030609999999975	1.2231339999999975	1.2404039999999998	1.2547229999999998	1.265963999999997	1.2740229999999999	1.2788189999999999	1.280297	1.2784229999999999	1.2731899999999998	1.2646170000000001	1.252745	1.2376409999999998	1.2193969999999972	1.198126	1.1739659999999998	1.1470750000000001	1.1176309999999998	1.0858329999999998	1.0518969999999972	1.0160560000000001	0.97855499999999951	0.93965500000000135	0.89962600000000004	0.85874800000000184	0.81730899999999951	0.7755990000000017	0.73391300000000004	0.69254800000000005	0.65179700000000185	0.61195200000000005	0.5732969999999995	0.53611199999999959	0.50066299999999853	0.46720800000000001	0.43599200000000032	0.40724200000000005	0.38117000000000067	0.35797200000000068	0.3378200000000014	0.32086900000000085	0.30725000000000002	0.29707200000000061	0.29042000000000068	0.28735500000000008	0.28791400000000067	0.29210700000000001	0.29992100000000038	0.31131700000000068	0.3262310000000001	0.34457600000000038	0.36624000000000001	0.39108900000000085	0.41896600000000067	0.44969399999999998	0.48307700000000031	0.51890000000000003	0.55692900000000134	0.59691899999999865	0.63861000000000134	0.68172800000000133	0.72599200000000064	0.77111300000000005	0.81679500000000171	0.86273999999999995	0.90864599999999995	0.95421500000000004	0.99914800000000004	1.0431520000000001	1.085942	1.1272389999999999	1.1667770000000024	1.2043009999999998	1.2395699999999972	1.272359	1.3024609999999999	1.3296870000000001	1.3538669999999975	1.374854	1.392522	1.4067679999999998	1.4175119999999974	1.4246989999999975	1.4282969999999975	1.4283009999999998	1.4247269999999972	1.4176179999999998	1.4070399999999972	1.3930819999999999	1.3758570000000001	1.355497	1.3321580000000024	1.306014	1.2772570000000001	1.2460979999999999	1.2127609999999998	1.177486	1.140523	1.102133	1.0625869999999999	1.02216	0.98113299999999826	0.93978899999999999	0.89841199999999877	0.85728400000000005	0.81668399999999997	0.77688500000000171	0.7381529999999995	0.70074499999999995	0.66490600000000122	0.63087000000000171	0.59885500000000003	0.56906400000000001	0.54168300000000003	0.51688000000000001	0.49480200000000085	0.47557800000000061	0.45931200000000061	0.44608900000000001	0.43597100000000061	0.42899600000000032	0.42518100000000031	0.42451700000000031	0.42697400000000085	0.43250100000000002	0.441021	0.45243900000000004	0.46663699999999997	0.48347900000000038	0.50280800000000003	0.52445299999999828	0.54822400000000004	0.57391700000000001	0.60131500000000004	0.63019000000000158	0.66030299999999997	0.69140800000000002	0.72325200000000001	0.75557799999999997	0.78812700000000002	0.82063900000000134	0.85285599999999995	Time (GTM-7)
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Final_Code_telair_2 | Arduino 1.04

File Edit Sketch Tools Help

Final_Code_telair_2

output parameter: WULL
Description: function that records a Coz value from the telaire sensor
and stores it into memory

Creators: NBAR
P
void read save()
¢

boolean eyelestrues

int pumpingCounter=3; // mumber of minutes until the pump tumn on

int puBPRUNTine=5000; //mumber of wiliseconds for which the pump will run

int timeForNleasurements=20; //mumber of minutes it will pass before the reading happens
77 the sensor will turn on 10 minutes before that in order to varm up

int counter=0;
byte tine[61;
int 1=0;

//start vith the sensor off
relays.digivritez(0);

ohile(eyele)
¢
//5leep for n mumber of seconds if the pump does not turn on during the iteration
4f (punpingCounter!=3)
¢
SLeepy:

oseSoneTine (punpRurTine] ;

77 turn the pump on for n number of seconds

Done compiling,

Arduin
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Telaire_sensor_functionality | Arduino 1.04

File Edit Sketch Tools Help

Telaire_sensor_functionality § -
#include <Jeelib.h> z

//sets up the port of the relay
Port relays (2);

77 setup the UART board port
PortIzc izchus (3):
UarcPlug vare (i2cBus, 0xdD);

void setwp()

¢
Serial.begin(9600) ;
vare. begin{19200) ;

J/initislize relays
relays.digivritez(1);
relays.mode (OUTPUT)

delay (10000) ;
/7uncoment folloing line to clear the ABC logic off
/7 Abe_Logic 0££(]:

/‘/EheckiAbciLDq)c 0:

/funcoment the following line to calibrate the sensor
J/Calibrate Telair(]:

)

void loop() <
< ’

Arduin
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Telaire_sensor_functionality | Arduino 1.04

File Edit Sketch Tools Help

Telaire_sensor_functionality § -

checking[i]=uart. read() ; -

)

1=0;

£7 (checking[3]

¢
Serial.printin("ready to set point”);

)

)

J/setting the calibration point to 200
Serial.printin{"setting the calibration point to 2007);
are.urite (OKFF) ;
are.urite (OKFE) ;
are.orite (0x04) ;
are.orite (0x03) ;
are.orite (0x11) ;
are.urite (0x00) ;
are.urite (0x08) ;

while (uare. available ()

¢

ware.zead();

)

77 verifying that tyhe calibration process is at 600

are.urite (OKFF) ;

ware.urite (OKFE) ;

vare.orite (0x02) ; 2
< ’

Cornpiling sketch —
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