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Abstract

With the recognition of the impact of humans on our world and the anticipated effects of global warming there is increasing interest in the environment.  This project intends to enable localized data monitoring using low-cost sensing and computer networking technologies to enable individuals to acquire data about local smog (air pollution) conditions. The system is intended to use opportunistic networking – the exploitation of the now ubiquitous access to the Internet through wired or wireless means. 

The urban microclimate monitor tracks certain atmospheric parameters in any location accessible to a wired or wireless Ethernet connection and is exposed to sunlight.  Sensed parameters of the device include temperature, humidity, pressure, carbon monoxide (CO), and ozone (O3).  The system is comprised of four subsystems: a sensor module,  microprocessor, the power management, and a server/database.  Each of these subsystems is powered by an energy harvester consisting of photovoltaic cells and a rechargeable NiCad battery pack. Once data are acquired from the sensors, they are transmitted, via internet connection, to a remote server established to collect and disseminate time series data. On the server, measured data produced from the operating circuits are converted to engineering units and stored in a MySQL database.  Web access to the MySQL database provides a set of tools for viewing trends and subsequent upload to more advanced analysis environments. 
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1.0 Introduction

1.1 Statement of the Problem

As the harmful effects of air pollution on our planet become more widely known, there exists a need to more effectively monitor these pollutants.  In order to stop these harmful effects, scientists need to understand the trends that these environmental factors have.  The goal of this project is to create a relatively low-cost urban monitoring station that would be able to supply large quantities of data to display these trends.  Ideally, there would be many end users owning these small stations so as to create a large pool of data.

1.2 General Approach

Our project took a divide-and-conquer general approach.  The system was divided into two units: a remote sensing module and a database/server module.  The remote sensing unit is self-powered by solar panels and a Ni-Cad rechargeable battery.  Contained within the remote unit are four sensors which sense five environmental factors: temperature, relative humidity, pressure, carbon monoxide (CO), and ozone (O3).  Also in the remote unit is the WildFireMod which coordinates the acquisition and sending of data to the database/server module.  After processing by the server and storage into the database, the user is able to view the data on a website.  Our final product is pictured in Figure 1.2.1.  This project will allow many users to purchase their own monitoring stations to assist in the creation of a large pool of data on the harmful effects of air pollution.
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Figure 1.2.1—Final Product

This system has been designed for outdoor use.  We recommend that the unit be installed on a balcony or preferably on a roof.  The unit will be autonomous therefore it is the user’s responsibility to make sure that the system is well attached to a fixed position especially under high wind conditions.  The user should manipulate the power circuit with extreme caution because of the high current (1A) running through any hazardous short circuit. The manufacturer will not be responsible for any injury or loss of life, loss of or damage to personal equipment and property.

1.3 Highlights and Special Features

Our system makes it possible to measure a variety of environmental factors from multiple units.  This data is consolidated onto a server where any interested user with an Internet connection can view the data.  This data can also be downloaded so users can make their own calculations (i.e. MATLAB integration).  However, if the user does not wish to download the data, there are useful on-site applications such as the ability to sort and graph data.  

A unique feature of our system is that the system requires little maintenance.  Once the unit is set up and connected to a network with internet connectivity, the system operates independently of any external sources.  The system is self-powering via solar panels and a rechargeable Ni-Cad battery. Furthermore, the microprocessor is able to hibernate and wake itself up using an internal timer to conserve power.  The sensors do not require annual calibration – once calibrated they can function without replacement for at least two years.  The system was designed to be placed in a certain location and left alone for years at a time.

Another highlight is that our server allows for many administrative features.  Since our project was designed using open source software exclusively, all source code is available for further improvement.  The server uses log files that allow the receiving server process to operate verbosely for easy tracking of bugs.  Furthermore, the combination of the Apache webserver, MySQL database, php code, and python code is the industry standard for high performance data driven applications.  The MySQL database is also normalized up to the second normal form to reduce database size and increase query efficiency.     

1.4 User Manual

The following pages of this document include sections which describe different aspects of our prototype.  The following section provides an overview of the system block diagram, user interface, physical appearance, installation, and specifications of our project.  Section 3.0 is an elaboration on the two modes of operation, troubleshooting, and issues of safety.  Next, is a technical background followed by a breakdown of costs.  The final section is the appendices which contain all documentation referred to in the user manual as well as reference sources.
2.0 System Overview and Installation

2.1 Block Diagram

The block diagram in Appendix A depicts our system overview. We designed a four element system that measures environmental data, transmits it to our server via Ethernet and then displays the readings on our web server. The four elements consist of a power module, a sensor module, a ColdFire Module, and a server module.

2.1.1 Power Module

The power module is made up of a pack of Ni-Cad rechargeable batteries, four silicon-made photovoltaic (PV) cells, a solar controller, a voltage regulator, and a switch.

2.1.1.1 Battery Pack

The Ni-Cad rechargeable battery stores the energy for the system and provides the required amount of power to the load circuitry in order to make the urban microclimate monitoring system autonomous. A 12V Ni-Cad battery is necessary to run the system (the solar controller is rated for Ni-Cad only). The battery pack has two connectors with which to connect to the solar controller and the remote unit’s PCB.

2.1.1.2 Photovoltaic Cells

The blue PV cells are connected so the output can match the battery characteristics (two cells connected in parallel are connected in series with two other cells connected in parallel).  The cells will charge the battery during the day at a rate depending on weather conditions.

2.1.1.3 Solar Controller

The solar controller (Morningstar Sunguard) will regulate the energy between the PV cells and the battery.  It features a built-in diode to prevent any overnight discharging of the battery to the PV cells.  Also the solar controller will stop the charging process when the battery gets too hot.

2.1.1.4 Voltage Regulator

The load circuitry of the system requires a 5V DC voltage.  The LM2940 voltage regulator converts the battery voltage from 12V to 5V and supplies a maximum current of 1A.

2.1.1.5 Switch

There is a CMOS switch which controls the power to the sensors. This switch is controlled through GPIO pin PC0, located on the WildFireMod, and enables the current to flow to the sensors when measurements are being taken.

2.1.2 Sensor Module

The sensor module consists of two separate units that are attached to each other.  The exterior unit, which will be exposed to the environment, contains the four sensors.  These sensors are the HS-2000V which measures temperature and relative humidity, the BARO-A-4V-MINI-PRIME which measures pressure, the Eco-Sure (2e) which measures carbon monoxide, and the O3 7 series which measures ozone.  The sensors sense their respective environmental factors and are processed into a useful voltage by their respective operating circuits which are located on the printed circuit board (Appendix C).  Unlike the other operating circuitry, the CO operating circuit is located in the exterior unit.  In future iterations of the project, this circuitry would also be moved onto the PCB with the other operating circuits.

2.1.3 WildFireMod
The WildFireMod is the development platform that controls the remote unit using the ColdFire microprocessor and its interfacing capabilities.  It is responsible for powering the sensors as well as transferring the data that the sensors collect to the server.  For every sampling cycle, the microprocessor first turns on the sensors, then waits five minutes for the sensors to stabilize.  After this stabilization period, the WildFireMod samples each sensor via its A/D converters.  Once this data has been collected, it turns off the sensors and begins the process for data transmission.  This process entails that the microprocessor make a connection to the server via the established Ethernet connection.  It then is capable of transmitting the collected data through TCP/IP.  After successfully transmitting the data, it disconnects and goes into hibernation mode for 3 hours until the next sampling cycle.

2.1.4 Database
The MySQL database is used to store all relevant information for the system.  Here the remote node parameters are stored along with any data that those nodes have recorded and successfully transmitted.  The system has been set up so that all interactions with the database should be performed through the various web interfaces (see Section 2.2: User Interface).  Nodes can be added and data associated with nodes can be viewed and downloaded.

2.2 User Interface

The system is set up so that it can be viewed through any web browser. The user is presented with the page shown in Figure 2.2.1.
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Figure 2.2.1 – Initial Query Form

On this page, the user may select various filters for which to view the data by filling in the respective select boxes and enabling the filter.  By default, if no filters are enabled all data from the database will be returned.  After selection, the user can press submit and the data will be queried from the database.  The page in Figure 2.2.2 will be displayed.

[image: image4.png]Eile Edit View History Bookmarks Tools Help

Query Results

G- - @ 0 €} [ rpsispacemonkeys. bueduicgrbindispiay.cgi - watric 3
CO (ppm) 03 (ppb) Temp (°C) Pressure (mbar) Humidity (%RH) MAC TimeSent

Sort Ascending | Sort Ascending | Sort Ascending | Sort Ascending | Sort Ascending | Sort Ascending | Sort Ascending |

Sort Descending | Sort Descending | Sort Descending | Sort Descending | Sort Descending | Sort Descending | Sort Descending |
63.44 37.09 23.04 1005.25 9.76 2007-04-06 12:42:20
71.23 33.64 20.0 1005.93 10.64 2007-04-06 12:35:20
77.96 70.33 20.54 1005.93 11.24 2007-04-06 12:28:20
72.77 70.33 20.1 1006.61 10.94 2007-04-06 12:21:20
67.05 55.98 20.24 1005.93 11.14 2007-04-06 12:14:20
75.37 77.56 20.12 1005.93 11.24 2007-04-06 12:07:20
61.37 33.64 19.66 1005.25 10.74 2007-04-06 13:24:21
62.91 70.33 20.78 1005.93 11.32 2007-04-06 12:01:00
77.43 33.64 20.0 1005.93 11.04 2007-04-06 13:30:40
62.91 33.64 20.34 1006.61 11.52 2007-04-06 13:37:40
71.23 33.64 20.46 1005.93 10.84 00:14:15:02:00:80 2007-04-06 13:44:40
75.37 23.65 18.87 1005.93 26.18 00:1. 2007-04-12 17:05:25
73.3 23.65 18.99 1005.93 26.08 2007-04-12 16:58:25
62.91 30.54 18.87 1006.61 26.28 2007-04-12 16:51:25
62.38 30.54 18.44 1006.61 25.9 2007-04-12 16 07
94.5 33.22 -10.8 530.91 0.28 2007-04-12 10:32:46
122.01 146.86 -10.57 530.91 0.28 2007-04-12 10:31:25
0.05 0.04 -17.47 529.55 0.1 2007-04-12 10:28:06
75.37 33.75 20.34 1005.93 10.94 2007-04-06 14:05:40
77.7 55.98 20.37 1005.93 11.14 00:14:15:02:00:80 2007-04-06 09:33:05
67.05 26.77 20.23 1005.93 10.64 00:1. 2007-04-06 13:58:40
75.37 26.77 20.23 1005.93 10.44 00:14:15:02:00:80 2007-04-06 13:51:40

Query generated: SELECT * FROM data;

Number of rows returned: 22

Graph Temperature | _Graph Pressure | _Graph Humidity | _Graph cO

Graph 03

Download CSV

Done





Figure 2.2.2 – Query Results

With this page the user can sort the data using the buttons in the top of the table.  The data can also be graphed using the buttons at the bottom, or the data can be downloaded by clicking Download CSV.  When graphing, the data will be graphed in the order presented on the screen, and only the environmental factor selected will be graphed.  The graph can be downloaded in a high resolution PNG format.  An example of a graph of temperature after sorting by increasing time is shown in Figure 2.2.3.  Data downloaded using the Download CSV button will be in a CSV formatted file, suitable for importing into a range of applications such as Microsoft Excel or MATLAB.  Figure 2.2.4 shows the data imported into a spreadsheet after selecting comma separated.
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Figure 2.2.3 – Graph
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Figure 2.2.4 – CSV Data Imported into a Spreadsheet

2.3 Physical Description

The four PV cells (blue-polycrystalline silicon) are mounted on a 45° inclined plastic board (12” x 12”).  The connectors link the cells and the set of two boxes where the system is enclosed. 

The first enclosure (6.5” x 6.5” x 3.5”) is rated NEMA-4X weatherproof plastic-silicon. It contains the Ni-Cad battery (protected by yellow Styrofoam) as well as the main PCB board.  The PCB board is double sided.  The top side of the PCB has the voltage regulator, switch, and sensor circuitry.  The bottom side supports the microprocessor connectors, and the two connectors for the 12V battery.  On the exterior of this box is the black RJ45 connector required for Ethernet access. 

The second box is gray plastic and weather proof rated.  It is connected to the first box through a small horizontal opening where a ribbon cable connects the main PCB with the sensor breakout board.  The opening and the ribbon cable (both sides) have been sealed using silicon to prevent water intrusion.  The sensor board contains all sensors as well as the operating circuit for the CO sensor.  This second box features a small circular opening covered by mesh at its bottom to provide allow air to flow into the box.

The two boxes are mounted on a horizontal plastic board were the solar controller also sits. The solar controller has two cables (yellow and black) going to the leads of the PV cells and two other cables (red and black) going to the battery inside the NEMA-4X box.

2.4 Installation, Setup, and Support
Before installation, the user must insert the new node into the database.  Direct your internet browser to “New Node Insertion”. Then fill out the form shown in Figure 2.4.1.  Enter your address and then drag the cursor to the exact location of the sensor box. The latitude and longitude will automatically be updated. Enter the MAC address as it appears on the Microclimate Monitor. This must be exact for the data being sent to register in the server properly. Enter a name for the monitor that will be easy to identify.   After this information is entered into the form, the user must press the submit button and a conformation will be sent showing the status of the insertion.  If successful, the system will allow connections from that node.

2.4.1 Node Setup

Installation of a node requires that the location have an Ethernet connection and exposure to sunlight.  Once a suitable location is found, the remote unit should be secured using whatever means is suitable for that location.  After the remote unit is secured, the user must plug in the Ethernet connection into the RJ45 weatherproof connector and turn the switch on.  The system should then run.
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Figure 2.4.1 – New Node Insertion Form

2.4.2 Support

If the system fails, either read the additional information on the website and follow the Troubleshooting steps outlined in section 3.3.

2.5 Specifications
	Specification
	Value, range, tolerance, units

	Case dimensions
	1' x 1' x 1'

	Power
	12V battery, Photovoltaic cells

	Battery
	1 day without recharge

	Data Points
	8/day

	Communications
	Store 4 previous data points

	Operating Temperature
	-10C to +45C

	Database access time
	<1 minute

	Weather resistance
	NEMA4x ratings

	Temperature Accuracy
	± 2C

	Humidity Accuracy
	± 5%

	Pressure Accuracy
	± 1%

	CO Accuracy
	-2ppm / +4ppm

	O3 Accuracy
	± 5%


3.0 Operation of the Project

3.1 Operating Mode 1: Normal Operation

3.1.1 Setup

The setup procedure described below consists of all the actions that a person buying an environmental monitor will have to take:
· Register the microclimate monitor online using the “New Node Insertion Form”. Follow the instructions in section 2.4.

· Locate an appropriate location for the microclimate monitor. This should be outdoors with ample exposure to the sun.

· Place the box in this location with the solar cells facing the direction of greatest exposure to the sun.

· Plug the yellow and black cable from the Sunguard solar controller into the connectors coming from the solar cells.

· Plug the red and black connector coming from the Sunguard solar controller into the red and black connector coming out of the primary enclosure.
· Plug an Ethernet cord into the Ethernet jack on the outside of the box. Make sure the other end is plugged into a network that is connected to the internet.
· Flip the switch to turn on the system.  

3.1.2 Operation of Remote Unit

The microclimate monitor will turn on and take measurements every 3 hours starting at the time the switch is first flipped. It can now be left alone for extended periods of time.

3.1.3 Operation of Internet Based User Interface

Point your web browser to the website and follow the detailed user interface instructions in Section 2.2.

3.2 Operating Mode 2: Abnormal Operation

Several abnormal operations can occur during the system operating life. We propose several solutions for the user. To avoid abnormal operations, the user should perform a regular system check at least once every six months.

3.2.1 Solar Charger Malfunction

The MorningStar Sunguard Solar Charger will stop any charging operation if the battery voltage drops below 6.5V.  If this happens, the user must remove the battery from the power circuit and replace it with an equivalent type (1100 mAh Ni-Cad).  It is preferable that the user charge the new battery with a charger (rated at 0.6Ah) before installation.  

3.2.2 Si-PV Cells Damage

If one of the four photovoltaic panels is damaged, the system will not be able to operate properly.  The user may remove the broken photovoltaic cells and replace it with a photovoltaic cell of an equivalent type.  Solder, electrical tape, and a small flat-head screwdriver will be needed for this re-installation. 

3.2.3 Low Temperature Effect

This system is rated for outdoor use.  All the components of the board are to run under extreme conditions of -10°C.  However, the battery will have lower performance when charging and discharging under these conditions.  A protective Styrofoam chamber has been installed to limit these effects, but operation outside of the temperature range of -20°C to 50°C may cause the system to stop functioning.

3.3 Troubleshooting

3.3.1 System Malfunction

If the system has stopped sending data to the server, check the following:

1. Is the Ethernet link light on?  This can be checked by opening up the main box and removing the PCB.  The link light is located on the WildFireMod Ethernet jack.  If it is not on, check the network connections.

2. Has the server IP address changed?

3. Reboot the system.  This can be done by turning the outside power switch off and on.  After power cycle check the link light again.  If it is off perform a battery check described below.

3.3.2 Sensor Malfunction

Sensors showing no measurable or varying output have either been damaged or reached the end of their lifecycle.  Nonfunctioning sensors must be replaced with equivalent types.  Failure to do so may cause incorrect readings or damage to the system.

3.3.3 Power Malfunction

If the system has stopped powering on and transmitting data, there is a problem with the power to the device.  The most common cause of a power malfunction is that the battery is not fully charged.  This would be due to low exposure to the sun for extended periods of time.  Turn off the switch and leave the system outside with exposure to the sun for 24 hours.  After this, turn the system on again and it should resume operation.  If the system still does not power on, the battery has probably exceeded its lifetime and should be replaced.

For those users inclined to test this thoroughly, note that the battery voltage should be within 10-15V for normal operation.  Test this by disconnecting the battery and placing a 2W, 100 ohm resistor over the terminals and measuring the resulting voltage across the terminals.  If the voltage is below 10V then the battery has exceeded its lifetime and must be replaced.  If this is not the case, the battery is working normally and the SunGuard charger must be replaced.  If the voltage is above 15V, replace the SunGuard charger.  When performing any checks on the power system, do not measure from the solar leads, as the controller may be damaged.

3.4 Safety Issues

3.4.1 Battery

When the battery reaches the end of its lifecycle, remove the battery pack from the system and dispose it properly.  Also, the user must avoid any long term exposure to the sun or the battery might explode.  Never short circuit the battery leads.  Make sure the main box is properly shut to ensure water tightness—the battery cannot charge or discharge in a wet environment.

3.4.2 Styrofoam

The Styrofoam chamber is here to make sure that the battery is isolated from water and moisture. However if there is a leakage from the battery, the Styrofoam may react and undesirable chemical reactions could take place.  It is the user’s responsibility to make sure that the integrity of the box is not compromised.

3.4.3 Power Circuit

The LM2940 voltage regulator will produce heat when the system is running. A heat sink has been include (black indented metal) to dissipate the energy.  Never touch the heat sink when the system is running to avoid any serious burns.

3.4.4 Unit Location

The system is to be placed outdoors in a place with high exposure to the sun. We recommend that the user place the system on a roof or a balcony.  To protect bystanders, the system should be secured to the roof to avoid any mishaps should there be high winds. 

4.0 Technical Background

4.1 Sensor Circuitry

4.1.1 Temperature/Humidity

The temperature and relative humidity sensor is the HS-2000V.  The sensor is capable of detecting temperature from -30ºC to +85ºC and relative humidity from 0% to 100%.  For relative humidity it has +/- 2% accuracy, and for temperature it has +/- 0.4ºC accuracy.  A minimum load of 50KΩ and a voltage supply of 2V to 5.5V are required for proper operation.  We used two 100KΩ in parallel to achieve this load and all of our sensors are powered by 5V from utilization of a 5V voltage regulator.  This circuitry is on the PCB.  The sensor was tested in the lab, as well as with heat applied to it, and it was found to be working.  To test relative humidity, the sensor was tested on a rainy day as well as a sunny day and the voltages corresponded to the correct values.
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Figure 4.1.1 – HS-2000V

4.1.2 Pressure

The pressure sensor is the BARO-A-4V-MINI-PRIME sensor.  The sensor is operational in a temperature range of -25ºC to +85ºC with an operating range of 600 mbar to 1100 mbar for pressure.  The highest recorded level of pressure was 1086 mbar and the lowest recorded level was 870 mbar so this sensor is perfectly suitable.  The sensor is accurate within 1%.  We contacted the manufacturer to enquire about the operating circuit.  The manufacturer ensured us that the sensor would be perfectly operational using a 50KΩ load and a 5V supply.  The circuitry is on the PCB.  The sensor was tested and the results were compared against measured values at www.noaa.gov and the sensor output matched these values. 

[image: image9.emf]
Figure 4.1.2 – BARO-A-4V-MINI-PRIME

4.1.3 Carbon Monoxide

The carbon monoxide sensor is the Sixth-Sense Eco-Sure (2e).  The sensor is operational in a temperature range of -10ºC to +50ºC with an operating range of 0 ppm to 500 ppm for CO.  The outdoor ambient range of CO is 35ppm so this sensor is able to sense appropriate fluctuations.  The sensor is accurate within a range of -2 ppm to +4 ppm.  The system has been set up with preliminary mapping constants for this sensor, but these factors have not been calibrated against known values.  This sensor is in the process of being calibrated against measurements from an EPA monitoring station.  Though the data is not public for this year, it is available upon request from the EPA.  These values have been requested but not received as of this time.  The system and this manual will be updated upon receiving that data.

[image: image10.emf]
Figure 4.1.3 – Sixth-Sense Eco-Sure (2e)

4.1.4 Ozone

The ozone sensor is the 7OZ Citicel.  The sensor is operational in a temperature range -20ºC to +50ºC with an operating range of 0 ppm to 2 ppm for O3.  The outdoor ambient range of O3 is .12 ppm so this sensor is able to sense appropriate fluctuations. The sensor is accurate within 5%.  The operating circuit was provided by the manufacturer.  The values for Rgain and Rload were determined according to their limiting conditions.  For Rgain the voltage across the resistor should be less than 10mV.  Rload determines the response time for the circuit to be less than 150s.  Rgain and Rload were selected to be 220Ω and 33Ω respectively.  This sensor was calibrated against measurements from an EPA monitoring station and found to be producing correct outputs. 

[image: image11.emf]
Figure 4.1.4 – 7OZ Citicel

4.2 Microprocessor


The embedded system we are using is the WildfireMod from Steroid Micros (www.steroidmicros.com).  The microcontroller it uses is the ColdFire MCF5282 Module.  The module operates on 5V and requires approximately 300mA when in full operation.  Additional features include an Ethernet port, 8 filtered 10 bit A/D converters, 512K fast on-chip FLASH EPROM, 64K fast on-chip SRAM, 4 MB flash memory for program storage, 16 MB fast SDRAM for program execution, an SD card slot, 16 general purpose I/O pins, and a Real Time Clock.
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Figure 4.2.1 – WildFireMod


The sensors outputs are each connected to a dedicated A/D converter.  There are 5 environmental parameters being measured which require 5 A/D converters. Two of the general purpose I/O pins are being used to power the switch which turns on the sensors. The Ethernet port is being used to communicate with the server. The real time clock is used to allow the microprocessor to hibernate and wake up at the appropriate time. All
programming for the microprocessor is done in C.

4.3 Power

4.3.1 Photovoltaic Cells

The photovoltaic cells deliver the power necessary for the system to be continuously autonomous. The boom of the environmental market enables us to use polycrystalline silicon-made cells at an affordable price. The efficiency of this material is around 12%.  To ensure the best sunlight exposure, the cells are mounted on a 45º incline.  The expected value for the power produced by this cell combination is around 6W (0.5A at 12V) at sun exposure (Figure B11).
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Figure 4.3.1 – Photovoltaic Cells

4.3.2 Solar Controller

The Sunguard solar controller was manufactured by Morningstar Corporation. It can support up to 30V/4.5A input and is rated for Ni-Cad 12V batteries. This specific solar controller was chosen because of its regular use in photovoltaic applications.  It is rated for outdoor use and has a list of important features.   The potentiometer shuts down the charging process should the battery overheat.  It also has a built-in diode that blocks any overnight discharging of the battery into the solar cells.  Its self-consumption is limited to 6mA.
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Figure 4.3.2 – Morning Sungard Solar Controller

4.3.3 Ni-Cad Battery Pack

The 12V Ni-Cad battery pack has a series of 10 x AA single batteries inside a white protective compartment.  It has 2000 theoretical life cycles. The current is delivered at a rate of 1000mAh.  When running, the system will use an instantaneous value of 370mA at 12V.  Tested over several days, the battery can reach a voltage of 13.8V when charging under the PV cells. The battery pack, if initially discharged, will need about 3 hours to be fully charged.  The threshold at which Ni-Cad ceases to function is -40°C.  At that frigid temperature, the Ni-Cad is limited to a discharge rate of 0.2C (200mAh for this battery). In addition, the battery will recharge at below freezing provided the charge rate is reduced to 0.1C (i.e. 100mAh).
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Figure 4.3.3 – Ni-Cad Battery

4.3.4 Voltage Regulator

All the sensors and the other loads have an input of 5V, therefore it was essential to include a voltage regulator to transform the output of the 12V battery to a 5V power supply for the load circuitry. The LM2940 can provide a 5V voltage and a maximum current of 1A for the load circuitry which matches the capacity of the Ni-Cad battery.  A heat sink was added so that the LM2940 can deliver 500mA for more than 2 hours without shutting down.

[image: image16.emf]
Figure 4.3.4 – LM2940

4.3.5 Switch

The single switch provides current from the battery to the sensor circuitry.  This switch is composed of two transistors (BC107 and BC177). The switch is controlled by the microprocessor from port PC0.  The switch is also rated for high current use (up to 700mA).

5.0 Cost Breakdown

	Project Costs for Production of Urban Microclimate Monitoring System

Alpha Version

	Item
	Quantity
	Description
	Unit Cost
	Extended Cost

	1
	1
	Outdoor Box Set NEMA-4X
	28.59
	28.59

	2
	1
	Eco-Sure 2e Carbon Monoxide Sensor*
	238
	238

	3
	1
	BARO-4V-MINI-PRIME Pressure Sensor
	86
	86

	4
	1
	HS-200V Temperature and Humidity Sensor
	29.95
	29.95

	5
	1
	O3-7OZ CiticeL Ozone Sensor*
	296
	296

	6
	1
	Wild-Fire Mod uClinux Development Board*
	699
	699

	7
	1
	Printed Circuit Board
	33
	33

	8
	1
	1’ 20 Conductor Ribbon Cable
	5
	5

	9
	1
	Plastic Cement
	5
	5

	10
	1
	LT1078 Op-Amp
	5
	5

	11
	1
	OP77 Op-Amp
	5.5
	5.4

	12
	2
	Quick Disconnect 2 pin Assembly
	5
	10

	13
	4
	Silicon Photovoltaic Cell
	10
	40

	14
	1
	Plexiglas Sheet (4’x 4’)*
	10
	10

	15
	1
	Wire Harness
	16.49
	16.49

	16
	1
	Ni-Cad Battery Pack
	15.97
	15.97

	18
	1
	SunGuard Solar Controller
	35
	35

	19
	-
	Passive Components (Resistors, Capacitors, LED …)
	-
	39.63

	Alpha Version-Total Cost
	1588.03


The table above describes the costs incurred for the production of our prototype. The item(s) marked with asterisk were donated to the project. The prices listed next to those values are the current market values for each item if they were not donated.  The final cost of the alpha version is $1588.03; however, the cost of the beta version is less.  The beta version of our prototype would cost $1078.03, a savings of $520 because there is no need for the WildFireMod’s development kit, only the ColdFire microprocessor board would need to be purchased. 

	Project Costs for Production of Urban Microclimate Monitoring System

Beta Version

	Item
	Quantity
	Description
	Unit Cost
	Extended Cost

	1
	1
	Outdoor Box Set NEMA-4X
	28.59
	28.59

	2
	1
	Eco-Sure 2e Carbon Monoxide Sensor
	238
	238

	3
	1
	BARO-4V-MINI-PRIME Pressure Sensor
	86
	86

	4
	1
	HS-200V Temperature and Humidity Sensor
	29.95
	29.95

	5
	1
	O3-7OZ CiticeL Ozone Sensor
	296
	296

	6
	1
	ColdFire  uClinux Microprocessor
	189
	189

	7
	1
	Printed Circuit Board
	33
	33

	8
	1
	1’ 20 Conductor Ribbon Cable
	5
	5

	9
	1
	Plastic Cement
	5
	5

	10
	1
	LT1078 Op-Amp
	5
	5

	11
	1
	OP77 Op-Amp
	5.5
	5.4

	12
	2
	Quick Disconnect 2 pin Assembly
	5
	10

	13
	4
	Silicon Photovoltaic Cell
	10
	40

	14
	1
	Plexiglas Sheet (4’x 4’)
	10
	10

	15
	1
	Wire Harness
	16.49
	16.49

	16
	1
	Ni-Cad Battery Pack
	15.97
	15.97

	18
	1
	SunGuard Solar Controller
	35
	35

	19
	-
	Passive Components (Resistors, Capacitors, LED …)
	-
	39.63

	Alpha Version-Total Cost
	1078.03


6.0   Appendices

Appendix A – Block Diagram 
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Figure A1: System Block Diagram 

Appendix B - Figures

Solar Controller Circuit 
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Figure B1: Sunguard Electrical Diagram

[image: image19.emf]
Figure B2: HS-2000V Voltage vs. Temperature

[image: image20.emf]
Figure B3: HS-2000V Voltage vs. Humidity

[image: image21.emf]
Figure B4: BARO-A-4V-MINI-PRIME Voltage vs. Pressure
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Figure B5: Sixth-Sense Eco-Sure (2e) Voltage vs. Ozone Level
Power Feedback
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Figure B6: PV Cells Output Voltage over a day (1 sample / minute)
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Figure B7: Current Draw From System (1 sample / second)

Appendix C – Schematics & Pictures

PCB Schematic
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Figure C1: Printed Circuit Board Schematic of Alpha Version
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Figure C2: PDF of Bottom of PCB
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Figure C3: PDF of Solder Mask of Bottom of PCB
[image: image28.png]



Figure C4: PDF of Top of PCB

[image: image29.png]



Figure C5: PDF of Solder Mask of Top of PCB
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Figure C6: PDF of Silkscreen Top of PCB
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Figure C7: View of PCB – Top Layer
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Figure C8: View of PCB – Bottom Layer
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Figure C9: Sensors Breakout Board

[image: image34.png]



Figure C10: Styrofoam Battery Chamber
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Figure C11: Printed Circuit Board Schematic of Beta Version

Appendix D – Datasheets

(Please refer to Appendix D on CD)

Appendix E – Source Code

(Please refer to Appendix E on CD)

Appendix F – Bill of Materials

	Quantity
	Description
	Unit Cost ($)
	Total Cost ($)

	Sensor Board

	1
	Outdoor Box (Small)
	10
	10

	6
	Resistors
	0.1
	0.6

	1
	J177 JFET
	0.1
	0.1

	1
	OP90 Op-Amp
	2.94
	2.94

	1
	Eco-Sure 2e CO Sensor
	238
	238

	1
	BARO-4V-MINI-PRIME Pressure Sensor
	86
	86

	1
	HS-200V Temperature and Humidity Sensor
	29.95
	29.95

	1
	O3-7OZ CiticeL Ozone Sensor
	296
	296

	3
	Mounting Pins for Ozone Sensor
	0.02
	0.06

	1
	Ceramic Capacitor
	0.1
	0.1

	2
	Electrolytic Capacitors
	0.1
	0.2

	1
	1' 20 conductor ribbon cable
	5
	5

	2
	20 Pin Dual Row Connectors (female)
	1
	2

	1
	20 Pin Dual Row Connector (Male)
	0.2
	0.2

	1
	LED
	0.1
	0.1

	1
	Wire
	1
	1

	1
	3”x4” Perf Board
	2
	2

	4
	2”x1/8” Flat Head Machine Screws
	0.15
	0.6

	8
	1/8” Coarse Grain Nuts
	0.07
	0.56

	1
	Plastic Cement
	5
	5

	
	
	
	

	Main Board

	1
	WildFireMod
	189
	189

	1
	Outdoor Box (Large)
	18.59
	18.59

	1
	PCB
	33
	33

	14
	Resistors
	0.1
	1.4

	1
	Electrolytic Capacitor
	0.1
	0.1

	4
	Ceramic Capacitor
	0.1
	0.4

	2
	20 Pin Dual Row Connector (Male)
	0.2
	0.4

	4
	Dual Row Jumpers
	0.01
	0.04

	1
	Philmore Coin Cell Holder
	2.9
	2.9

	1
	CR1225 Battery
	2
	2

	1
	LT1078 Op-AMP
	5
	5

	1
	OP77 Op-AMP
	5.4
	5.4

	1
	J177 JFET
	0.1
	0.1

	1
	LM2940T Voltage Regulator
	1.82
	1.82

	2
	80 Pin Board to Board Connectors
	2
	4

	3
	1 Pin Connector
	0.05
	0.15

	1
	BC177b PNP Transistor
	0.5
	0.5

	1
	BC107 NPN Transistor
	0.5
	0.5

	1
	Heatsink Assembly
	0.5
	0.5

	4
	2”x1/8” Flat Head Machine Screws
	0.15
	0.6

	8
	1/8” Coarse Grain Nuts
	0.07
	0.56

	2
	Quick Disconnect 2 pin Assembly
	5
	10

	
	
	
	

	Power System and Support

	4
	Solar Cells
	10
	40

	1
	Plexiglass Sheet (4'x4')
	10
	10

	1
	Wire Harness
	16.49
	16.49

	1
	SunGuard Solar Controller
	35
	35

	1
	NiCd Battery
	15.97
	15.97

	1
	Perf Board
	2
	2

	4
	3/4”x1/8” Flat Head Machine Screws
	0.15
	0.6

	4
	1/8” Coarse Grain Nuts
	0.08
	0.32

	4
	1/8” Lock Washers
	0.07
	0.28

	
	
	
	

	Server

	1
	Computer
	0
	0

	1
	Red Hat Linux Installation Disk Set
	0
	0


Appendix G – Vendor Literature & Important Contacts

· EPA

Environmental Database

www.epa.gov

airdatamail@epamail.epa.gov
· State of Massachusetts

Local EPA Office

Ann.sorensen@state.ma.us
· Steroid-Micros

Wildfire Mod

www.steroidmicros.com
· Advanced

Circuits PCB

www.4pcb.com
· Linear Technology

Electronic Components

www.linear.com
· Digikey 

Electronic Components

www.digikey.com
· Sixth Sense 

CO Sensor

www.sixth-sense.com
· City Technology

O3 Sensor

www.citytech.com
· Precon USA

Temperature & Humidity Sensor

www.preconusa.com
· All Sensors Corporation

Pressure

www.allsensors.com
· Battery Space 

Ni-Cad Battery & Connectors

www.batteryspace.com
· Solar Engineering

PV Cells

solarengineering@gmail.com
· Hammond Manufacturing 

NEMA-4X Enclosure

www.alliedelec.com
· Diversi-Foam Products

Styrofoam

www.diversifoam.com
(763) 477-5854

· MorningStar 

Sunguard Solar Controller

www.morningstarcorp.com
Appendix H – Team Information
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bishopg@bu.edu
(267) 249-7330

George is a native of Philadelphia, Pennsylvania and will be graduating in May with a Bachelor's Degree in Electrical Engineering at Boston University.  Upon graduation, he will be completing a Master's Degree in Computer Engineering also at Boston University.  George's interests include open source software, social responsibility, and transportation
systems.  He enjoys skiing, traveling, and camping.

Peter Dib
pdib@bu.edu
(857) 222-7263

Peter Dib is a native of Paris, France and will be graduating in May with a Bachelor’s Degree in Electrical Engineering at Boston University.  Upon graduation, he will be pursuing his Master’s Degree in Electrical Engineering.  Peter’s interests include signal processing and communication systems.  He enjoys traveling, reading, and skiing.
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Brandi is a native of Orange County, California and will be graduating in May with a Bachelor’s Degree in Electrical Engineering at Boston University.  Upon graduation, she will be pursuing her PhD in Electrical and Computer Engineering at Georgia Tech.  Brandi’s interests are in the field of signal and image processing.  She enjoys traveling, running, and reading.
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Noam is a native of Miami, Florida and will be graduating in May with a Bachelor’s Degree in Electrical Engineering at Boston University.  Upon graduation, he will be pursuing his Master’s Degree in Computer Engineering at Boston University.  Noam’s interests are widespread, ranging from programming in a variety of languages to computer architecture to sound systems.  In his free time, he enjoys traveling, working in the recording studio (or anything that has to do with music), and cooking.

Team History

Brandi and Noam have known each other since freshman year when they both were members of the Boston University Terrier Marching Band.  Sophomore year they met George when all three were in Professor Azza Fahim’s Electric Circuit Theory course.  Also sophomore year, Brandi met Peter and they completed the EK301 truss project together.  Since junior year, all four have taken various classes together.  In the spring of 2006, Brandi, Noam, and George traveled to Puerto Rico which proved to be an interesting bonding experience.  Brandi, Noam, George, and Peter have agreed that they will maintain their friendship throughout the course of senior design and beyond.
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