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Terms and symbols described in this section are used throughout this guide.  These symbols may appear in this guide only, or they may be marked on the outside of your device or other equipment that is intended for use with the product.
	

	The device will be marked with this Exclamation Symbol when it is necessary to refer to this guide in order to prevent personal injury or equipment damage.  This symbol also appears in this guide to indicate areas where personal injury or equipment damage is possible.

	
	
The Electrical Shock Symbol indicates a hazard arising from dangerous voltage.  Any mishandling could result in irreparable damage to the equipment, and personal injury or death.

	

	
The Grounding Symbol indicates that connection to an external ground conductor is required for protection against electric shock.  Failure to provide correct grounding or mishandling could result in irreparable damage to equipment, and personal injury or death.

	


	
The Hot Surface Symbol indicates a hazard arising from hot surfaces.  Any mishandling could result in irreparable damage to the equipment, and personal injury.

	WARNING


	This calls attention to a procedure, practice, or condition that could possible cause bodily injury or death.

	CAUTION
	This calls attention to a procedure, practice, or condition that could possibly cause damage to equipment or permanent loss of data.
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WARNING

While under operation the gas sensor can heat upwards to temperature of 500°C.  Severe burns can arise if mishandled.

CAUTION

Do not place this RPI-ES01 in water.  The RPI-ES01 is not waterproof and will stop functioning if placed in water.
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     Welcome to the 
Culturally Situated Community Sensing Project!

Culturally Situated Community Sensing, or CSCS, is an open source, peer production, DIY (“do it yourself”) appropriation of technology.  We believe that a Second Order Open Source (SOOS)-based approach to citizen sensing will prove to be an effective approach for communities to interact, learn, and enact changes to their environment. Our goal is for you, the user, to gather cheaply and effectively gather information about your community and think about the environmental issues affecting you.  However, to do so we must create the hardware and software infrastructures needed for SOOS-based citizen sensing project to incorporate into locally-specific needs of a community, reciprocate in lay/professional collaborations, and will be ultimately sustainable.  
The CSCS RPI-ES01 is a multifunctional device based on the Arduino Mega.  Designed by a team of students at RPI as a flexible, compact solution to sensing and observing the environment, the sensor is equipped with many useful features:
Ability to store and log data on a SD card
GPS tagging
Real-time clock
“plug-and-play” flexibility for up to 16 analog, I2C, or UART type sensors (though with heavy modifications to code)
Adjustable measurement intervals
Portable and remote capabilities
On the fly calibration
Power supply to last up to 3 days (with 5 minute measurement intervals)
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Figure 1: RPI-ES01 NAU-model Core & Interface Unit
The larger box on the left is the Core Unit, while the smaller box on the right is the Interface Unit.  The Core Unit contains the “core” of the RPI-ES01.  It is the location of the microprocessor, as well as contains the sensors, batteries, and data storage capabilities.  The Interface Unit allows for the user to “interface” with the core device.  The Interface Unit is comprised of 4 push buttons and a LCD screen.  Inside the box also contains a GPS device.
The orientation of Figure 1 depicts the proper orientation the RPI-ES01 should be used.  The sensors (not shown) face away from the user.  Use of the RPI-ES01 in the opposite orientation can result in injury.
	

	WARNING

While under operation the gas sensor can heat upwards to temperature of 500°C.  Severe burns can arise if mishandled.


What should be noted by the user are the ON switch and the DEVICE NUMBER.  The ON switch turns the RPI-ES01 on.  If this switch is not toggled, the RPI-ES01 will not function.  The DEVICE NUMBER is located on the user side of the Core Unit.  The device number is an important parameter for the CSCS website.
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Figure 2: RPI-ES01 Interface Unit
The Interface Unit is depicted in Figure 2.  The Interface Unit allows the user to “interface” with the Core Unit.  As shown in Figure 2, the LCD screen will display messages about the current status of the Core Unit.  It will indicate the current data, the amount of time left before it records data, as well as if it is saving data.  The Pushbuttons are used for Configuration Mode (see Chapter 8.3).  During Configuration Mode you will be asked to select an answer.  Use the UP and DOWN buttons to move through your choices and press the SELECT button to select your answer.  The fourth button (red button far right) has no functionality at the moment.
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Figure 3: RPI-ES01 NAU-model Core Unit Sensor Side
Figure 3 depicts the Core Unit from the sensor point of view.  On the right half of the picture is the sensors.  Each sensor is labeled with their functionality to the best abbreviation deemed reasonable.  Notice that under the VOC and CO sensors is a label with the Exclamation Symbol and the text HOT.  This indicates that the VOC and CO sensors are capable of harming the user.  Be aware of this fact while handling the Core Unit while it is in operation.
	


	WARNING

Take notice of the Exclamation Symbol Warning located under the VOC and CO sensors.  While under operation the gas sensor can heat upwards to temperature of 500°C.  Severe burns can arise if mishandled.



The left half of Figure 3 depicts the Interface Unit connector as well as the PAUSE button and status LEDs.  The Interface Unit will only connect to the Core Unit via this DB-25 connector.  The PAUSE button allows the user to “pause” the Core Unit’s program and save the data.  Pressing the PAUSE button a second time resumes operations.  There are two status LEDs.  The RED LED indicates if the RPI-ES01 has power.  The GREEN LED indicates the current state of the RPI-ES01.
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Figure 4: Interior of the RPI-ES01 NAU-model Core Unit
Figure 4 shows the interior of the RPI-ES01 Core Unit.  The three most important features the user must interact with are the microSD card data logger, the temperature calibration potentiometer, and the battery holder, highlighted in red.  Other important components to the user are the Factory Reset wires (see Chapters 8.2 and 8.5) and the Reset button (see Chapter 8.1).  For more information about the interior of the Core Unit refer to the RPI-ES01 Instruction Manual located on the CSCS website.
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The firmware for the RPI-ES01 is found on the Culturally Situated Community Sensing website at the following link:
http://www.communitysensors.rpi.edu/?q=rpiesfirmware
Firmware for your device will be updated periodically as long as support for your device continues. 
THE CURRENT FIRMWARE VERSION IS 0.89
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Before the device is started up the firmware must be uploaded onto the Arduino Mega.
Download the Arduino software from the following website:  
http://arduino.cc/en/Main/Software
Download the firmware for the RPI-ES01 is found on the Culturally Situated Community Sensing website at the following link:
http://www.communitysensors.rpi.edu/?q=rpiesfirmware
Unscrew the four screws on top of the Core Unit and remove the top plate.
Plug a USB 2.0 cable into the Arduino Mega.
Upload the firmware onto the Arduino Mega
Make sure you do not have the Interface Unit plugged into the Core Unit while you update the firmware.  The GREEN LED will flash rapidly, indicating that firmware is uploading.
If you have problems with installing the firmware use the tutorials developed on the following link:
http://arduino.cc/en/Guide/HomePage
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The device can operate in portable and remote modes.  In either mode the device can operate without the Interface Unit attachment.  Both modes require pre-programming via the Interface Unit before it can operate and record data.  Setup the RPI-ES01 with the following procedure.  
[bookmark: _Toc293064731][bookmark: _Toc298429954]Setting Up the RPI-ES01
Follow the steps below the setup the RPI-ES01 if you are using it for the very first time.
First go to the CSCS website.  Go to the RPI-ES01 page and receive a serial number for your device.  Write this number down.
Download the CONFIG.TXT file and place it on your microSD card.  
Unscrew the four screws on top of the Core Unit and remove the top plate.
Insert the microSD card into the logging unit.
Close the core unit and replace the screws.
Turn on the core unit by switching the power switch to ON. The RED LED should be on.  If not, go to Chapter 8 Troubleshooting and Maintenance. The GREEN LED will flash for 1 second.
Plug in the Interface Unit into the Core Unit via the DB-25 connectors once the GREEN LED turns ON a second time.  The LCD screen will light up and within a few seconds text should appear on the screen.  If no text appears, unplug the Interface Unit and then replug it back into the Core Unit.  The Core Unit will now run through two tests.  You should see text appear on your screen relating to testing and the GREEN LED blinking constantly.
Wait until the text on the screen states Enter Dev#:.  Using the pushbutton keys, type in your device’s number and hit SELECT to continue.
Your device’s number will be displayed on the screen.  The device will then start sensing.  
For future use of this device, ignore steps 1, 2 and 7.  
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The RED LED indicates the device has power.  The GREEN LED indicates the status of the device.  A quick, 1 second flash, indicates the box is currently in operation.  A longer length of light indicates the Core Unit is currently sensing data. This can also be indicated by a series of longer lights as well.   Rapid flashes of GREEN light in succession indicate the Core Unit is currently saving data.  A short flash followed by a long period of the GREEN light being off indicates the device is in “PAUSE” mode.  If the GREEN LED is off the Core Unit is waiting to enter the User Configuration Mode.
During portable operation the device should be held such the sensors face away from your body.  In remote mode place the device such that it remains stationary with the sensors.  The device will continue to log data to the SD card until one of three events occurs:  1) You press the “PAUSE” button located on the side of core unit, 2) the device enters User Configuration Mode, 3) The device runs into low battery power.  To start taking data again, press the “PAUSE” button a second time.  Go to Chapter 6.4 for further explanation on how to obtain data.  
If you desire to reset the parameters you inputted into the core unit, simply plug the Interface Unit into the Core Unit and press the UP, DOWN and SELECT buttons simultaneously when the words Hold to Enter Config Mode appear on screen.  Go to Chapter 6.3 for more information on how to configure your device.
If the device is in low battery power it will be indicated on the Interface Unit’s LCD screen.  Also, if the RED power LED turns off, this indicates there is not enough power left in the unit.
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To enter configuration mode, first plug the Interface Unit into the core unit and press the UP, DOWN and SELECT buttons simultaneously when the words Hold to Enter Config Mode appear on screen.  
Following an initial start menu the LCD should be displaying the message Log GPS?  (If it does not press the UP, DOWN, and SELECT buttons simultaneously).
The following three options are available:
No – Do not log any location data
Once – Log a single location, which will be stored in the first line of the output file. This setting is recommended if the Core Unit is left in a stationary location. This single location may be manually viewed or removed once the .csv file has been loaded onto a computer to determine where the Core Module was left.
Always – Continue to log the GPS location until the Interface Unit is removed, or until the Core Unit is powered off. This setting is recommended if the Interface Unit will remain attached to the Core Unit, and the two will be moving.
The LCD should now display the message Date? followed by the current date in MM/DD/YYYY. The internal date of the unit is displayed in MM/DD/YYYY format, in which MM represents month, DD represents day, and YYYY represents year. The date may be approved, or the date may be set by the user. The following options are available:
OK – Keep the current date setting
Set – Allows the user to change the date. If chosen, the month is displayed first, proceeded by the day, and then the year. The UP and DOWN buttons increase or decrease the hour and minute settings by 1, and SELECT saves the setting.
	

	POTENTIAL FIRMWARE BUG

The current version of the firmware does not incorporate the DAY term properly.  Therefore, DO NOT ENTER A FICTIONAL DAY (e.g. April 31).  It is unknown what this error can cause.



The LCD should now display the message Clock? followed by the current time in HH:MM:SS. The internal time of the unit is displayed in HH:MM:SS format, in which HH represents hours, MM represents minutes, and SS represents seconds. The time may be approved, or the clock may be set by the user. The following options are available:
OK – Keep the current clock setting
Set – Allows the user to change the hour and minute of the clock. If chosen, the hour is displayed first, proceeded by the minute. The UP and DOWN buttons increase or decrease the hour and minute settings by 1, and SELECT saves the setting.
Meas. Interval? is displayed on the LCD, and the user is required to choose how often to make and record sensor measurements (and log GPS location, if applicable).The interval is displayed on the screen in MM:SS format, where MM represents minutes, and SS represents seconds. The default setting is shown initially, and the UP and DOWN buttons increase and decrease the measurement interval to a number of preset intervals from 60 minutes to 1 second.  The SELECT button saves the choice.
The user is prompted to Change Temp Unit.  
OK – This option indicates the user is satisfied with the current unit displayed on the screen.
Set – Allows the user to change the temperature unit. If selected, the following options will be displayed: K C F, where K is in Kelvin, C is in Celsius, and F is in Fahrenheit.
The user is then prompted with Temp: XX°Y, where XX is the current temperature and Y is the unit.  
OK – The temperature sensor is calibrated, no need for change.
Set – Allows the user to manually calibrate the temperature sensor.  This is done using the 10kΩ located on the Mega Shield and a thermometer.  When the LCD screen reads Thermometer Meas: input the thermometers value on the using the pushbuttons on the screen.  Pressing UP adds 0.1 degrees while pressing DOWN subtracts 0.1 degrees from the current temperature.  Hit OK once the desired thermometer value is reached.  Now the user is prompted Adjust to Temp on the LCD screen. Using a screwdriver, adjust the 10kΩ potentiometer until the temperature on the screen reads the temperature of the thermometer.  Then hit OK .
The user will be prompted Humidity Paramtr?, inquiring if the user would like to set the humidity parameters.
OK – Use the last recorded calibration values for the humidity sensor, no need for change. 
Reset-Selecting this option you will need to manually enter in the humidity sensor values.  These are taped to the humidity sensor.
The user will be prompted Gas Sensor Cal?, inquiring if the user would like to calibrate the gas sensors.
NO – Use the last recorded calibration values for the gas sensors, no need for change.
Yes-Selecting this option will calibrate the gas sensors.  Before selecting this option the user should be in a low air pollution environment.
The LCD screen will now display the sensors that are attached to your device and, if needed, the units the sensor is outputting data in.
The LCD screen will now read Insert SD Card and Push Button.  Insert the microSD card and push the “PAUSE” button to continue.
If the user selected either No or Once during the Log GPS? , the LCD screen will display Safe to Remove Interface Unit.  If the user selected Always then go to step 11.
Disconnect the interface unit from the core unit.
Repeat steps 1-11 for each core unit.
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To obtain data from the RPI-ES01 first unscrew the four screws on top of the core unit and remove the top plate.  The device will continue to log data to the SD card until one of three events occurs:  1) You press the “PAUSE” button located on the side of Core Unit, 2) You enter User Configuration Mode by holding UP, DOWN, and SELECT of the core unit, 3) The device runs into low battery power.  If you press the “PAUSE” button or enter User Configuration Mode the GREEN LED will flash in rapid succession, indicating the Core Unit is saving the data.  Remove the microSD card from the logging unit when prompted to by the Interface Unit or when the GREEN LED stops flashing (the data is saved).  Put the microSD card into your computer.  While in “PAUSE” mode the GREEN LED will flash in a short-on long-off fashion.  Before unpausing the Core Unit, put the microSD card back into the logger device.
An output CSV file will be automatically created on the SD card with a filename in the format of ES_HH_MM.csv, where “ES” stands for Environmental Sensor and is always present in the output filename, and “_HH_MM” is the time at which recording started in Hour_Minute format.
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Once you download the CSV to your computer use the CSCS software to upload the data to our website.  User software will be downloadable from the CSCS website or provided to you via a CD.  If you require a CD, please contact us at the following address:
http://www.communitysensors.rpi.edu/?q=contact
Manuals for the software are provided on the CSCS website.
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If the firmware freezes during operation, do not panic.  Open the RPI-ES01 core unit and press the RESET button.  This will reset the device to power up.  You also can reset the RPI-ES01 by turning off the device and turning it back on.
Resetting to Factory Default
There are two small red wires connecting digital pins 22 and 23 to power.  Disconnect the red wire from pin 23 and power and connect it to pin 23 and pin 25.  This will set all of the values back to factory default the next time you start up your device.  Be sure to remove this wire and reconnect it to digital pin 23 and power for the subsequent startups.  This removes any calibration data you inputted as well as resets your device number.
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Replace the batteries often.  When you open the device to obtain the SD card it would be good practice to replace the batteries.  The battery holder is attached to the RPI-ES01 via Velco.  Therefore, it is simple to remove the battery holder without disturbing the Arduino Mega.
Once the battery level in the device drops to 3.5V the real time clock stops functioning.  Data continues to be logged, but it is no longer time stamped.  Once the battery level drops to 3.5V external sensors that are controlled via a digital pin are shut off.
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Only the temperature sensor in the RPI-ES01 needs to be manually calibrated via use of a small screwdriver.  The temperature sensor is an analog output device.  To calibrate the temperature sensor see Chapter 6.3 Configuration Mode.
The humidity sensor needs to be calibrated.  If you bought the device from an external vendor, please see their documentation on calibrating the humidity sensor.  Otherwise, see Chapter 6.3 Configuration Mode.  If you have lost the numbers labeled on the humidity sensor, it is advised you follow our online tutorial on how to reobtain those values.  
The initial calibration values of the gas sensors should be sufficient enough to achieve relative values of gas concentration.  However, further calibration can be implemented during configuration mode.  See Chapter 6.3 Configuration Mode for more information.
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This feature was added to allow for fixes in the older versions of the firmware.  There are two small red wires connecting digital pins 22 and 23 to power.  Disconnect the red wire from pin 22 and power and connect it to pin 22 and pin 24.  This will set the device number back to factory default (000) upon your next startup.  Be sure to remove this wire and reconnect it to digital pin 22 and power for the subsequent startups. If you lost your device number apply for another number via our website.  Setting up your device number is mentioned in Chapter 6.1 Setting Up the RPI-ES01.
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The RED LED does not turn on.
Be sure you turned the RPI-ES01 on via the ON button on the top panel.  If you toggle this switch and the RED LED does not turn on, change your batteries.  If the problem still persists contact us via our website.
The RED LED is on, but I cannot see anything on the interface unit.
Be sure to plug the interface unit into the core unit.  The interface unit draws it power from the core unit.  If it is not connected, it will not draw power.  If nothing appears, remove the interface unit and plug it in again.  Be sure the connector fits completely together.  When starting up the RPI-ES01 do not have the interface unit plugged into the core unit.  There is a known bug where the interface unit will not receive any text.  Only plug the interface unit in after the GREEN LED turns ON again during initial power up.  Otherwise, plug the interface unit in whenever the GREEN LED is OFF.  If text still does not appear contact us via our website.
I can make out some text on the interface unit, but it is not clear enough to be read.
Check your battery voltage level.  It is likely the battery voltage is low.  Change the batteries.
I am getting strange data.  Is this correct?
This should only occur for sensors that are calibrated.  For sensors not calibrated the data is output in volts.  Use the datasheet for that given sensor to calibrate your data.  If you cannot calibrate your sensors there is a possibility the sensor may be broken.  If so, consider replacing the sensor.
I am getting strange symbols in my output file or I am not getting an output file.  If I do get an output file, it is not a .csv file.  Why?
It is most likely that you removed the microSD card prior to the data file being saved.  It is recommended that you only remove the SD card when you see the Safe to Remove SD Card message from your interface device.  If you do not have an interface unit, wait until the GREEN LED stops flashing after hitting the “PAUSE” button before removing the microSD card.
If this problem still persists, it may be due to a mismatch of the OpenLogger’s baud rate with the Arduino Mega.  In the event this occurs remove the OpenLogger from the Mega Shield.  Then place a wire connecting the RX pin and GND.  Connect the OpenLogger to +5V and GND to their respective locations.  The two LEDs on the OpenLogger will flash several times.  When the OpenLogger LEDs stop flashing, remove the device from power.  Remove the wire connecting the RX and GND pins.  Plug the device back into the Arduino Mega shield.  Make sure the CONFIG.TXT file is loaded on the microSD card.  You should be able to log data now.
It is taking a long time for the firmware to load to the board.  Is there a problem with my device? 
When uploading firmware to Arduino, it is recommended that you remove the board from the shield.  Firmware is uploaded via serial communication on the device.  If there is another device connected to the serial communication lines it becomes more difficult for the firmware to be sent to the Arduino unit.  Do not connect interface unit when uploading new firmware.


[bookmark: _Toc298429965]Warranty and Licensing
There is no warranty, express or implied, included with this product.
This work is licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.  To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-sa/3.0/ or send a letter to Creative Commons, 444 Castro Street, Suite 900, Mountain View, California, 94041, USA. 
The RPI Environmental Sensing team and the members of the Culturally Situated Community Sensing team will not be held liable for any mishandling, misconduct, personal injury, equipment damage, or death that results from using this product.  We freely encourage the use and modification of this design, but will not be held responsible if it is used inappropriately.
For details, please contact us via our website: http://www.communitysensors.rpi.edu/?q=contact
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For comments, complaints, general help, and desire for involvement, please contact us via our website: http://www.communitysensors.rpi.edu/?q=contact
For details regarding the RPI Environmental Sensing Group, please contact Dr. Ron Eglash at eglash@rpi.edu.
For details regarding RPI-ES00 or the Manufacturing Design Lab at RPI, please contact Mark Anderson at anderm8@rpi.edu.

This manual is located on the Culturally Situated Community Sensing website:
http://www.communitysensors.rpi.edu/?q=rpiesmanual/rpi_es01v0p89
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