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Section 1:  Project Background and Motivation

This project aims to aid the Biology Department at the University of Massachusetts Amherst in their study of circadian rhythms in un-tethered rodents, specifically Professor Eric Bittman who has sanctioned this project.  The circadian rhythm is generated by a biological clock, primarily entrained by sunlight, which regulates many biological processes in both plants and animals.  
In conducting experiments on circadian rhythms, the Biology Department would like to have the capability of monitoring the body temperatures of un-tethered rodents over an extended period of time.  The goal of this project is to design and prototype such a temperature monitoring system.

The Circadian “clock” is located in the Hypothalamus. The Hypothalamus is located at the base of the brain and is responsible for linking the Nervous system to the Endocrine system, hence forming a link between the electrical and chemical cues of the body respectively.

Homeostasis is a dynamic feedback system, which allows the body to regulate all biological processes and create a stable environment within itself. This is achieved through the help of the Hypothalamus. 

Experiments have been carried out on mice to observe and document their Circadian Rhythm. Body temperature is an important factor that is monitored when research is done because it has its own rhythm and periodicity. Our client, Professor Bittman, is interested in the variations in temperature of un-tethered rodents that have been surgically grafted together laterally through a technique known as para-biosis. The two mice grafted together share their circulatory system through exchanges in the bone marrow. The key factor in this study is that one of the paired mice has a lesion in its Hypothalamus (specifically know as the SCN suprachiasmatic nucleus); hence it does not have the master oscillator to drive its biological clock. However it has been shown that the mouse does indeed adopt a surrogate rhythm through the help of the second mouse that is grafted to it. Our client proposes that the second mouse with the intact SCN is in fact driving the Circadian cycle of its partner through is own hormone secretions in their linked circulatory system. Thus a system is required by our client to monitor the temperatures in these mice to verify what is taking place. 
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Current systems available on the market to monitor the temperature of rodents have costs that exceed thousands of dollars. Our system will try and reduce the costs to a few hundred dollars, by taking off shelf temperature sensors and reverse engineering them to fulfill our clients’ expectations.
Section 2:  Theory of Operation

In essence we are trying to prototype a single temperature sensor that can be implanted into a rodent. In the case of the mice that have under gone para-biosis, an individual sensor will be implanted in to each and data will be acquired separately.

The sensor will be taking two types of temperature which would be core or epidermal. Depending on which type of temperature it will be implanted either with in the muscle wall for core and sub coetaneous for temperature measurements for under the skin. In both cases the two leads and battery, which will be connected to the positive lead, will run sub coetaneous and emerge at the base of the neck.

The two connections available at the neck of the rodent will allow the device to interface with the software through a serial docking port.

Below is a diagram of the basic operation of our system;
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Section 3: System Specifications 
The functioning prototype will fulfill the following requirements: 

1. A solution that is balance between cost functionality.

2. A sterile housing for the prototype.

3. Sampling rate of every 10 minutes.

4. The ability to measure either core or subcutaneous temperature. 

There will be Software to accompany the prototype that will allow client to control the prototypes settings for sample rate, sleep timer, and provide the client with the temperature data that can be exported to a spreadsheet.

A docking mechanism and connecting cables will also be provided to interface the prototype with the software. 

Necessary documentation will be provided on how to use the prototype and accompanying software.
Below is an iButton temperature with is standard specifications. The goal is to reduce and minimize this device while retaining all its standard specifications.
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DS1921H-F5 Shown on left (Original iButton)

Temperature Range: 15°C to 46°C

Temperature Accuracy: ±1°C

Temperature Resolution: 0.125°C

Data Log Memory: 2048 bytes

Section 4: System Block Diagram 
Below is our system block diagram;
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The left side (dotted box) represents the implanted sensor which will contain a heat sensor that will go through a analog to digital converter and is valued stored in memory. The control unit has the program registers that contain instructions that have been programmed through the GUI. The data can be transferred out through a serial port connection to the computer which is simply depicted on the right hand side. 
Section 5:  Description of Hardware Components
5.1  Block Diagrams
Figure below shows the block diagram of the iButton.  In this project the lid contact and rim contact have been removed and modified with two single wires that attach to the docking station.  All other functionalities stay the same.  
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5.2  Schematics

Schematic of Dock (Serial Port iButton Holder)
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5.3  PCB Layout
Picture below shows the circuit board taken out from the original iButton.
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5.2.1  Image Files
none
5.2.2  Gerber Files

none

5.4  Parts Lists
DS1921H: High Resolution Thermochron iButton 

· ±1°C Accuracy

· 0.125°C Resolution

· 2048-Byte Temperature Log

· 64-bin Temperature Histogram

· High/Low Temperature Alarms

DS1411-009: Serial Port iButton Holder

· Powered entirely from an RS232 interface

· DB female connector for communicating to the COM port of a computer

· Supports reading and writing at standard speeds

Section 6:  Description of Software Components

6.1  Operating System

This program is compatible Mac and PC operating systems.
6.2  Development Environment
The development environment used to code this software was java 1.4.2.  

6.3  Compiler

To compile the program the software used was Eclipse it is a user friendly java compiler that is available for free via the internet.  It is far more convenient to use vs. the command prompt method of compiling multiple java files.

6.4  Decision Flow Diagrams

[image: image15.emf]
Picture source (iButton OneWire Software Manual)
6.5  Code (Source Files)

The Program was open source and therefore we only modified the supplied code to fit the needs of our customer.  We modified the program to allow for a real time update of mission data even while its mission state is true.  The code that was added to allow for this follows:

// Refresh Panel for Refresh Button.

      JPanel commandPanel = new JPanel(new GridLayout(3,1,3,3));  // Layout options
      JScrollPane commandScroll = new JScrollPane(commandPanel);

      commandPanel.setBorder(BorderFactory.createTitledBorder(

         BorderFactory.createEtchedBorder(), "Command"));     // sets the border around the graph
         JPanel buttonPanel = new JPanel(new FlowLayout(FlowLayout.CENTER));

         buttonPanel.setBackground(Color.lightGray);

            JButton refreshButton = new JButton("Refresh Mission Results");  // text on button
            refreshButton.addActionListener(new ActionListener()

               {

                  public void actionPerformed(ActionEvent ae)

                  {

                     setupViewerTask.reloadResults = true;

                     enqueueRunTask(setupViewerTask);

                  } }

            );

Section 7:  Description of Mechanical Components

This project had no mechanical components.  Main purpose of this project was to log temperature of un-tethered rodents in order to further increase the knowledge of circadian rhythms in rodents.  
Section 8: Project Expenses
Below is the complete breakdown of all the purchases and their respective shipping costs for all the components that were required to complete and test the prototype.
	QTY
	Unit Price
	Description
	Total

	11
	 $   25.00 
	  iButtons 
	$275.00

	
	
	
	

	3
	 $   15.00 
	 Docking Stations 
	$45.00

	
	
	
	

	8
	 $    1.89 
	 Batteries 
	$15.12

	
	
	
	

	1
	 $   35.00 
	 Temperature Probe 
	$35.00

	
	
	
	

	1
	 $   20.00 
	 Box and Banana Jacks 
	$20.00

	
	
	
	

	1
	 $   75.00 
	 Shipping Costs Total 
	$75.00

	
	
	
	

	 Complete Total
	$465.12


Section 9: Owner’s  Manual

This document will serve as a guide for the proper use of the implantable temperature sensors. It will explain how to use the accompanying software and the procedures for interfacing the sensor with the software. Lastly it will outline the procedure used to extract and reseal the sensors from their original metal case.

Section A: Hardware configuration

Section B: Software configuration

Section C: De canning procedure

Section A: Hardware configuration

1. First insure computer has booted up to windows operating system.

2. Locate serial port connection on computer and plug in serial port extension cord.

3. Connect extension cable to the Docks’ serial port connector.

4. Now take the two leads (red and back respectively) and connect directly to the two respective leads that are present on the back of the rodent.

Note: software will indicate if proper connection has occurred (see Section B) 

1. After data acquisition, unhook leads and disconnect all connections between dock and computer before system shut down.

Section B: Software configuration

1. Locate Java One Wire application icon on desktop and launch program, upon start up, provided the dock has been connected correctly, the following interface will appear.
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Note: The device list only shows one serial identification number, which is that of the Dock.

Note: No sensor connected.

2. Once proper connection has been made to the sensor implanted in the mouse the interface will show the device in the device list.
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Celsius, and the histogram bin width is 0.500 degrees Celsius.





When device is selected, its unique serial number and a brief description of the device will appear.

Now the six menu tabs will be available to interact with the device;

Description, Temperature, Clock, Memory, File and Thermochron. 

The following will be a description of the above mentioned menu tabs.

I. Description; 

As stated above gives a description of the device and displays its unique serial number.

II. Temperature;

This tab allows real time monitoring of temperature provided the device has not already been programmed to take temperature readings at specific time intervals.
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Note: Memory and File tabs have been omitted from this description as their functions are not relevant for this project.

III. Clock;

This is a key function that must be done before a device is programmed to take temperature readings. Here the clock on the device is synchronized with the clock on the computer so that it can take temperature readings at specific intervals.
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Note: to insure integrity of the device after implantation, especially after an extended period of use, one must re synchronize the clock and observe the Current Time field. 

If this field is counting and the Difference from PC Time is stagnant then clock is fully operational and the device is still active and reliable. However, if the Current Time is stagnant and the Difference in PC Time is counting then the clock has failed. 

Several re synchronization steps must be observed before passing final judgment on the integrity of the device.

IV. Thermochron;
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This tab is responsible for programming the implanted devices.

Now a secondary tabbed menu opens up with the options Status, Temperature, Histogram and Alarm Log. These options will be discussed after the programming phase.

Programming the device:

After synchronization of the clock has been done, click on the Start New Mission button.
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The above dialogue box will appear and here you can specify sample rate, temperature alarm settings and timer delay enable the device to switch its self on after a specified period to time.  
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After the parameters have been inputted remember to check the Synchronize Rea-time Clock? button as shown above and hen click OK.

Now you will see the screen below and this will display the status of the programmed device. (Note: Is Mission Active? field now displays true, since it is now acquiring data)
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Now the Temperature sub tab that was stated above will display the temper data in graphical form. Right clicking on the screen will bring up the option to cop data to clip board and then send it to excel. 
Section C: De canning procedure

The de canning was done in two phases;
1. The physical extraction of the circuitry
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The figure above demonstrates the procedure by which this was done. After the initial cut was made the broad metallic lid was pealed away as depicted below.

Once the side has been pealed away the components can be extracted:
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2. The next phase involves the re soldering of the wires and then sealing with epoxy to insure that it is free of moisture.


(A) is the positive lead, (B) and (C) are essentially the same battery connection (negative) and (D) is the negative lead on the metallic underside of the IC.

(1) is positive side of battery and (2) is the negative under side.

Note: when soldering on to the battery do not heat soldering iron to more than 65 degrees Celsius and you must use Flux so that a reliable connection is made. 
Solder connections:

1. B and C bridged with a solder connection with insulating wire.

2. A and 1 connected.
3. Connect either B or C to 2, depending on which side you would like the wire.

4. Connect wire to A which is stand alone negative connection.
5. Connect wire to 1 which is now stand alone positive connection.

Note: wire should be cut to relatively short lengths depending on the species of rodent. Also wire should be insulated with silastic tubing and then the entire IC and battery should be sealed in epoxy and dried.
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