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FLEXIBLE ELECTRONICS VITALS SENSOR

Abstract
[bookmark: _GoBack]	The flexible electronics device described in this report is a wireless, batteryless, multifunction sensor intended to be mounted on flexible and stretchable electronics  substrate. It is powered over RFID frequencies, can measure EKG,  temperature, and acceleration, and report the sensor data in real time. The device is designed to be as thin and flexible as possible, cost effective, and safe for the user to wear. 
	Although we were not able to integrate the EKG sensing system at the time of writing, it would be feasible to integrate later, given the foundational work of wireless data reporting and power transfer described herein. 
	Additionally, the design was demonstrated using a printed circuit board and breadboard, not a flexible substrate. Design considerations were made such that the component's size, package, and layout will lend itself to flexible circuit design in the future.
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1. [bookmark: _Toc355185543]Introduction

We designed and built a sensor system and RFID communication system based on the MSP430 microcontroller and Texas Instruments'  Passive Low Frequency Interface (PaLFI) transponder, which utilizes RFID technology. This system is able to communicate with a base station reader, which is part of TI's PaLFI development kit. It is also able to wirelessly transfer power to a RF harvesting circuit on the device, and store the power in a capacitor for later use. The temperature and acceleration data are able to be acquired and interpreted in real time.  This device is useful for wireless monitoring in very small spaces, without requiring a battery replacement or service. In the future, other low power sensors could be added to the design to further enhance its usefulness.
[bookmark: _Toc355185544]1.1 Purpose
The purpose of this project is to use our knowledge of wireless communication systems, circuit design, and data structures to further the research and development of the bioinformatics industry. Medical devices are becoming smaller, cheaper, and easier to use, and the amount of data storage available is increasing exponentially. This means collecting medical data such as body temperature, acceleration, and heart rate will become easier, and important to doctors in the future for research, correct diagnoses, and treatment for patients. These data need to be collected with as minimal interference with the patient as possible, so we chose to make a wireless, flexible, and stretchable device. We also chose to measure temperature and heart rate in particular because they would normally be collected for every hospital patient at bedside. Acceleration was chosen because it is able to detect falls, and useful for research on body movement, which could potentially yield more accurate data from a lighter, flexible sensor system.
1.2 [bookmark: _Toc355185545]Objectives
Medical products such as heart rate monitors and temperature sensors are not uncommon in today's market. However, most of these products are relatively large, and require various wires which inhibit movement, or a battery which needs to be replaced and takes up a large volume of the device. The flexible electronics monitor is wire-free. In addition, its physical profile is low, which allows it to be used without getting in the way.



[bookmark: _Toc355185546]1.2.1 Functions
The design preforms the following functions:
· Wirelessly and batteryless-ly operates via the RF base station.

· Capable of measuring various different vitals and displaying their values in near real time.

· Capable of storing the received data in a file that can be exported to a plot for graphing.

· Configurable to allow for different data rates from different sensors, depending on what vital requires more priority in measurement.  
[bookmark: _Toc355185547]1.2.2 Benefits 
· Allows for mobility while still being able to monitor patients.

· Less intrusive and more seamlessly integrated into everyday tasks.

· Capable of being used where previous rigid devices were unable to operate.

· Allows for studies that could not normally be performed with wired devices.


· Does not require battery replacement, which means it is reusable and not harmful to the environment.
[bookmark: _Toc355185548]1.2.3 Block Diagram  
[image: ]
Figure 1: Top Level Block Diagram 

	Figure one shows the Top level block diagram of the Vitals sensor. The device has a very simple operation: The Passive Low Frequency Interface (PaLFI) controls the RFID antenna as well as the data transmission hardware and the RLC matching network. The RF Harvesting system, consisting of the DC/DC Converter and the capacitor, turn the RF singal given from the base station into power used to drive the sensors. The microcontroller is pre-loaded with a sequence of commands that then cycles through measurements and charging cycles. These measurements are passed back to the PaLFI, which transmits the data to the base station.
[bookmark: _Toc355185549]1.2.3(a) The RF Wireless Demo Board

The eZ430-PaLFI demo board is a development board made by Texas Instruments that is used to test RFID products. The board contains an inductive coil used as an antenna, an RF matching network, the PaLFI and the MSP430F2274 Microcontroller. The board also comes with some simple software that can be installed onto the user’s computer that allows it to preform basic tests (such as flashing an LED with RF power), or preforming write and read functions to the PaLFI’s memory. Before the device is used wirelessly, it is connected to a PC via a USB and a sequence of charge and read commands are loaded into its memory. These commands determine what sensors make what measurements to report back to the base station.
[bookmark: _Toc355185550]1.2.3(b) The RF Harvesting Sub-system

When the device is given the “charge” command, the base station transmits an RF signal. The RF Harvesting Circuit (bottom) rectifies the signal and passes it through a DC/DC converter that reduces ripple and limits the incoming voltage to 3.3V. This is then used to charge a capacitor which powers the sensors. The microcontroller (with a pre-loaded code) can then run through a sequence of powering up individual sensors, making measurements, powering them down, and then calling for the base station to re-charge the capacitor. 
[bookmark: _Toc355185551]1.2.3(c) On-board sensor system

The Wireless Vitals system has three sensors which it uses to take measurements: The TMP 102 Temperature Sensor, the ADXL345 Accelerometer and the ADS1298 Analog Front-end ECG. These three sensors are connected to the RF Wireless Demo board via the C protocol interface. The interface is a 2 wire BUS which send commands and receives data serially. Each sensor connected to this BUS has a specific serial ID that, when sent across the BUS, will wake the sensor up from sleep mode. The microcontroller addresses the sensor, the sensor sends the measurements and then the microcontroller powers down the sensor and moves onto the next sensor. This cycle is performed in a loop to obtain the data that is used to display to the user at the base station. 




[bookmark: _Toc355185552]2 Design
[bookmark: _Toc355185553]2.1 The RF Wireless Demo Board
[bookmark: _Toc355185554]2.1.1 The Passive Low Frequency Interface (PaLFI)

The following is a brief explanation of the Demo Board operations. While the PaLFI preforms many functions; this section will talk about the functions that are used for our design. The device is powered on when the activation of a push signal is detected by an ultra-low-power detection circuit. While waiting for a high signal at PUSH, the only active component in the PaLFI is a flip-flop, whose output is set when PUSH is set high. When this happens, the microprocessor is powered up and initialized. Also a command is sent to the DC/DC converter to power up the microcontroller. The Microcontroller can, after performing its desired actions, send a Power-Down Command to the PaLFI, bringing the devices back down to the ultra-low power mode (more on this in the next section). The LF Wireless Interface contains all of the instructions to perform its operations in its EEPROM. When the BUSY signal is zero, the microcontroller is able to take in commands from the user at the transmitter. If no commands are given, the microcontroller cycles through a “push” routine until it is given a command or the RF field is powered down and the PUSH signal is no longer present.
The below figure is the flow chart of the PaLFI used for our design. While the LF Wireless Interface itself has many control words, for the sake of simplicity it is broken into three main categories:
· The “Function Check” branch means a command was given to the LF Wireless Inter face by the transmitter for it to report data on parts of the component (check to see if power levels are stable, ping the LF Wireless Interface, so on).

· “Power Down” branch gives the command to set the device into ultra-low power mode.

· “MSP Access” is the command which will be the focus of the remainder of the report. This command will allow the microcontroller to access the memory of the LF Wireless Interface and execute a program written to its memory. The program allows the chip to cycle through a transmit/charge/measure cycle over and over until the base station gives the command to halt the process. 

[image: ]
Figure 2: Flow chart of PaLFI Operations

[bookmark: _Toc355185555]2.1.2 Interface between the PaLFI and the Microcontroller

The microcontroller and the PaLFI interact in a very specific way to transfer data for the MPS access. Figure 3 shows the data interface between microcontroller and PaLFI. The LF Wireless Interface is connected to the microcontroller through a 3-wire SPI interface. The PaLFI takes all instructions from these three inputs, including the “MPS Access” command. To simplify communication between the microcontroller and LF Wireless Interface, the BUSY pin of the LF Wireless Interface is connected to the microcontroller. The BUSY pin indicates the readiness of the PaLFI to receive the next data byte from the sensors (which is given by the microcontroller). CLKAM is used for the antenna automatic tune feature. One of the functions in the functions check" is the “autotrim routine". This routine uses the antenna as a voltage probe and tunes a variable capacitor on the PaLFI to ensure for optimum performance. This command can be called for manually, but it can also be called on in other functions (such as within the “MPS access” command).
[image: ]
Figure 3: Microcontroller and PaFLI Communication System
[bookmark: _Toc355185556]2.2 The RF Harvesting Sub-system

The RF harvesting sub-system that powers the device is pictured below. The transmitter uses an external DC/DC converter attached to VCL to generate a VBAT / VCC voltage out of the 134.2 kHz RF field. Figure 4 shows the basic principle of this circuit.
[image: ]
Figure 4: The RF sub-system and its connections to each other component

The input of the DC/DC converter PaLFI  is connected to VCL via diode D1. D15 prevents the resonance circuit (consisting of LR and CR) from any disturbances coming from the dc/dc converter. Capacitor CBAT stores the energy derived from the RF field. Using an external DC/DC converter instead of the internal of the TMS37157 overcomes two issues. Thefirst advantage of an external DC/DC converter is that it can provide higher output currents in comparison to the internal regulator (80 mA compared to 5 mA). The second advantage using an external regulator is the simplerflow for the application and thefirmware (see Table 1).
[image: ]
Table 1: Comparison of Internal vs. External Regulator

[bookmark: _Toc355185557]2.3 On-board sensor system

The intended sensors to be used for this project were the TMP 102 Temperature Sensor, the ADXL345 Accelerometer and the ADS1298 Analog Front-end ECG. However, due to time constraints, the ECG was not able to be successfully installed for the project. The following sections will discuss the interface between the sensors and the microcontroller, as well as the details required for the operation of each sensor.
[bookmark: _Toc355185558]2.3.1 Interface between the Microcontroller and Sensors

This and the following sections describe the operation of each sensor and how it interfaces with the microcontroller. The microcontroller for this design was chosen for two reasons. Firstly, it consumes extremely low amounts of power compared to most on the market today (270 µA in active mode and 0.7 µA in standby). The second, being that it has a variety of pin configurations which it is equipped to handle, allowing for a variety of sensors to be mounted to it. Figure 6 shows the common configuration between all of the sensors and the microcontroller.



[image: ]
Figure 5: Connections between Microcontroller and sensors
For the case of the TMP 102 temperature sensor, and the ADXL345 Accelerometer, the data pins used communicate using the C protocol. In this protocol, each sensor is pre-programmed with a serial address. When the microcontroller sends a “start” condition, it is immediately followed by a single byte address. The sensor which corresponds with this address will respond with an “acknowledge” command and waits for the corresponding commands from the microcontroller. An example timing diagram for addressing a sensor is seen below. 
[image: ]
Figure 6: Sample diagrams of the C addressing
Once the sensor has been addressed, the microcontroller can send the commands required for a measure command, or whatever other command is required of the sensor. The sequence of commands required to operate the sensors is pre-loaded into the microcontroller before operation.  More details on loading of the microinstructions commands will be covered later.  When the “stop” command is given, the microcontroller tells the PaLFI it is available, and returns the sensors into low-power mode. The relevant information for the sensors are covered in the following sections.




[bookmark: _Toc355185559]2.3.2 The ADXL345 Accelerometer
The accelerometer used for this design is the ADXL344 is a versatile 3-axis, digital-output, accelerometer. The device was chosen because its selectable measurement range and bandwidth allow it to be configured for low power measurements. All of the necessary data on the accelerometer is displayed below.
[image: ]
Figure 7: Relevant Information for accelerometer 

A special note is that the address of the sensor is 0x53 (hex). The ADXL is a fairly complicated circuit, so for simplicity only the functions it uses will be discussed in this section. The following code is the section of the sequence used to call the temperature sensor for measurement. It is labeled, and a brief description of each step is listed below 





//Start accelerometer measure
(1)		if (count%20==0){
		//write the measure bit to 1
		i2cStart();
		i2cWrite(0x3A); //Address slave with write
		i2cWrite(0x2D); //Access Power register
		i2cWrite(0x08); //Set measure to 1
		i2cStop();
		Delay_ms_LPM(20); //Wait for measurement

		//perform a 2 byte read of the acceleration
(2)		i2cStart();
		i2cWrite(0x3A); //Address slave with write
		i2cWrite(0x32); // point to first register of data
		i2cStop();
		i2cStart();
		i2cWrite(0x3B); //Address slave with read
		Data[1] = i2cRead(1);  //LSB
		Data[0] = i2cRead(0);  //MSB
		i2cStop();

		Delay_ms_LPM(20); //Wait for measurement

		//write the measure bit to 0
(3)		i2cStart();
		i2cWrite(0x3A); //Address slave with write
		i2cWrite(0x2D); //Access Power register
		i2cWrite(0x00); //Set Measure to 0
		i2cStop();

		//End accelerometer measure

1. In order to preform a temperature measurement, the “Access Power Register”  0x2D (located inside the accelerometer) must be set to 0x08 (details as to why this is can be seen in the technical manual of the accelerometer). 
2. When this is done, the accelerometer begins to make measurements. The microcontroller then preforms a 2-byte read of the data starting at address 0x32. 
3. The microcontroller then re-sets the “Access Power Register” to 0x00, setting it back into power saving mode. 




[bookmark: _Toc355185560]2.3.3 The TMP102 Temperature Sensor
The chip used for temperature sensing is the
TMP 102 Temperature Sensor. This chip was chosen because of its low power consumption, its 2-wire Interface: I2C Compatibility (mentioned above) and its digital output. All of the essentials of the chip are displayed below.
[image: ]
Figure 7: Relevant Information for Temperature sensor.  
A special note is that the address of the sensor is 0x90hex). The temperature sensor is much easier to configure than the accelerometer, as it has a lot less register. The following code is the section of the sequence used to call the temperature sensor for measurement. It is labeled, and a brief description of each step is listed below.
//start temp measure
		if (count%20==10){
		//one shot temp measure start- set shutdown to 0, write a 1 to the OS bit
(1)		i2cStart();
		i2cWrite(0x90);                 //address of slave
		i2cWrite(0x01);                 //configuration register address
		//Register 0x01 is a 16 bit register, two writes required
		i2cWrite(0xE0);                 //Modify the OS and SD bit
		i2cWrite(0xA0);                 //Do not change any other settings
		i2cStop();

		//get temp sensor value
(2)		i2cStart();
		i2cWrite(0x90);                 //address of slave
		i2cWrite(0x00);                 //Temprature register address
		i2cStop();
		i2cStart();
		i2cWrite(0x91);                 //Call to read value
		//16 bit register read and sent to MSP Access
		Data[2] = i2cRead(1);   // get meas value MSByte
		Data[3] = i2cRead(1);   // get meas value LSByte
		i2cStop();

		//set the OS bit to 0
  (3)		i2cStart();
		i2cWrite(0x90);                 //address of slave
		i2cWrite(0x01);                 //configuration register address
		//Register 0x01 is a 16 bit register, two writes required
		i2cWrite(0x61);                 //shutdown mode configuration MSB
		i2cWrite(0xA0);                 //Do not change other setting
		i2cStop();
		//Delay_ms_LPM(1); //Small pause between measurements
		//end temp measure
		}
1. The “Configuration Register” 0x01 is modified. Each bit controls length frequency of measurement, accuracy of measurement, ext. The only bit modified are the OS and SD bit, which set the sensor to measure mode. 
2. The pointer is then moved to where the data begins (0x91) and the data is read.
3. The microcontroller then edits the “Configuration Register” and shuts off measurement, placing the device back into low-power mode.
[bookmark: _Toc355182164][bookmark: _Toc355185561]3. Design Verification
The design built was implemented on a combination of our own printed circuit board, a breadboard, and a development board interface. A full table of requirements and verifications met are listed in Appendix A. System level verifications have been done at the highest level unless one of the lower verifications failed.
[bookmark: _Toc355182165][bookmark: _Toc355185562]3.1 RFID communication link
The communication link over RFID frequencies was verified to be working using the RFID demo software included with the development kit. The cyclic redundancy check of the data received proves that the communication is reliable at approximately 87% over 100 data transmissions. All measurements and functions available in the RFID demonstration software provided are successful.
[bookmark: _Toc355185563]3.2 RF Harvesting system
The system was verified to be working while measurements were taken at the maximum working distance of 4cm. The voltage did not drop below 70% of the constant 3.3V output during any point, indicating that the RF harvesting system was regulating and supplying adequate power to all devices. An oscilloscope was used to verify this requirement during both measurements, shown in the figure below.
Figure 8: Accelerometer Measurement
[image: C:\Users\MNF\Dropbox\Spring 13\Senior Design\somedata\scope_2.png]
Figure 9: Temperature Measurement
[image: C:\Users\MNF\Dropbox\Spring 13\Senior Design\somedata\scope_3.png]
[bookmark: _Toc355185564]3.3 Capacitor Storage
The capacitor used for RF energy storage was verified to provide enough power during both measurements and transmission of data. The discharge time was shown to be 236ms for the maximum working distance of the device, and this time was measured with an oscilloscope.

Figure 10: Discharge time of Capacitor
[image: C:\Users\MNF\Dropbox\Spring 13\Senior Design\somedata\scope_5.png]
[bookmark: _Toc355185565]3.4 Accelerometer
The data from the accelerometer was not able to be verified to be correct, although data was acquired and transmitted wirelessly. This is due to the magnitude and direction of acceleration measurements being unverifiable at the data rate we could supply of 1 measurement / 4 second interval. 
[bookmark: _Toc355185566]3.4.1 Accelerometer Communication
The communication over the I2C bus was verified to be working through the oscilloscope measurement of the ACK command over the I2C bus.
[bookmark: _Toc355185567]3.4.2 Accelerometer Accuracy
The data received from the accelerometer was logged and graphed, shown in the figure below. Unfortunately, the tests used during this data logging were not adequate enough to verify accuracy due to the low data acquisition rate allowed by the demo software and GUI scripting method of data interpretation.
Figure 11: Acceleration data

[bookmark: _Toc355185568]3.5 Temperature Sensor
The temperature sensor data was able to be transmitted over the I2C bus and interpreted for accuracy at the computer. The data was verified using a soldering iron test, and was within our predicted 10% error margins. The data acquired is shown in the figure below.
Figure 12: Temperature sensor measurements

[bookmark: _Toc355185569]3.6 EKG sensor
Unfortunately, the EKG Sensor was not able to be interfaced with or verified to be working due to time constraints. In the future work section of the conclusion, the necessary tasks are outlined in order to perform these tests.
[bookmark: _Toc355185570]
4. Costs
[bookmark: _Toc355185571]4.1 Parts
Many of the components were available for free as a sample from Texas Instruments for students. 
	Table 2 Parts Costs

	Part
	Manufacturer
	Retail Cost ($)
	Bulk Purchase Cost ($)
	Actual Cost ($)

	TMS37157
	TI
	2.68
	1.25
	0

	MSP430F2274
	TI
	2.98
	1.29
	0

	eZ430-TMS37157
	TI
	199.99
	199.99
	199.99

	RI-RFM-007B
	TI
	499.99
	499.99
	Not Ordered

	ADXL345-Z
	Analog Devices
	29.99
	1.45
	29.99

	ADS 119x
	TI
	2.14
	1.97
	0

	TMP102
	TI
	1.36
	.79
	4.35

	TPS71433
	TI
	1.10
	.89
	0

	Total
	
	740.23
	707.62
	234.33



[bookmark: _Toc355185572]4.2 Labor
 In the design review, we estimated our hourly wage to be $40 per hour, and the total number of hours invested in this project to be 160. By our final estimates according to lab notebooks and other records, the total amount of hours spent per person was around 150. 
[bookmark: _Toc355185573]4.3 Total Cost
The total cost of this project, according to the formula 
Parts + (ideal salary (hourly rate) x actual hours spent x 2.5)
The total cost resulted in 234.33 + (35 x 150 x 2.5) = $13,359.33.


[bookmark: _Toc355185574]5. Conclusion
[bookmark: _Toc355185575]5.1 Accomplishments
This project accomplished the framework for building a wireless sensing device. The RF harvesting and power storage scheme implemented is applicable to any sensing or data interface devices, given that they are low power and addressable on an I2C or SPI bus.  Also, wireless data transfer and interpretation was successful, although at a low data rate.
[bookmark: _Toc355185576]5.2 Ethical Considerations
The IEEE code of ethics in Section 7.8 of IEEE Policies contains the following items which are relevant to this project: 
· to accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment;
This device is intended to monitor the health and welfare of human beings, therefore it must be relied upon to provide correct results when used correctly, and not cause any harm to the user while in use. There were no potential dangers to the user while in normal use.
· to be honest and realistic in stating claims or estimates based on available data; 
Each of the components has the relevant data and claims that this project expects in the design section of this report. The stated claims have been compared to other available data to be sure that they are realistic.
· to improve the understanding of technology; its appropriate application, and potential consequences;
This project's purpose is to further the knowledge and innovation in the newly expanding field of BAN's and health informatics. Any potential consequences of this knowledge have been duly addressed in the final report.
· to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations; The team has only attempted technological tasks for others until after being qualified in training and disclosure of any and all risks involved.
· to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others;
All contributions and sources have been cited in the appropriate References section of this report.
[bookmark: _Toc355185577]5.3 Future work
Development of ECG sensor firmware needs to be done in order to communicate with the device over the SPI bus.  The device we chose to use in the design is the smallest, lowest power device available that has an SPI interface at the time of this writing.
Mounting of all hardware on a printed circuit board, now that it has been debugged and tested, will increase range, speed of data measurements that are possible, and provide the necessary framework for the next step of flexible electronics implementation.
Embedded software should be developed to interface with USB reader directly (as compared to the current GUI script method currently employed). This was attempted to be done via Matlab code, but the serial data transmitted was not able to be decoded using the toolboxes provided. There is a serial interface on the reader board which can connect to a commercially available embedded microcontroller for control. This was not done this semester due to time constraints.
Purchase and test of a high power reader (RI-RFM-007B) can be done to increase range up to 27cm. This does not require any additional development, only a significant amount of funding ($500).
Development of hardware on flexible substrate is the last step to achieving the original goals stated in the design review. This was attempted to be done this semester, but there was not adequate time to do so with any of the Materials Science research groups on campus. 
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[bookmark: _Toc355185579]Appendix A	Requirement and Verification Table
Some of the requirements and verifications were changed from the design review in order to perform a more accurate and available test using the equipment available. 
	Table 4   System Requirements and Verifications
	

	Requirement
	Verification
	Verification status
(Y or N)

	1) The Base Station Reader can communicate required commands to the development board in battery-less mode.
	2) With the software and firmware installed for the device, the base station will successfully be able to communicate commands to the EZ430 PaLFI demo board.
	Y

	a) The development board is within range of the base station reader antenna.
	a) With the demo software, use the "battery check" command to read the status of the development board. If the development board is in range, the software should respond with a "success" read status, and a "low battery" response.
	Y

	b) Perform a demo mode light flash using the RFID demo software
	b) Using the demo software, select the "Flash LED (without battery)" option, the number of times the LED will flash, and the color of the LED. The demo board should then perform the correct action, and the demo software should read a "success" when the operation is complete.
	Y

	c) A charge command can be sent to the development board, and recognized so that the capacitor charges to the voltage provided by the voltage regulator.
	c) Select the "Direct Access Mode" tab in the demo software and select the "battery charge" option. With the device in range, hook a multimeter across the capacitor and view its voltage. The capacitor voltage should rise and reach a maximum of 3.3V almost instantly.
	Y


	2) The diode and DC/DC converter must be able to convert the rectified RF signal from the antenna to a constant 3.3 V DC.
	2) When the battery check confirms the device is in range, a "charge" command will be given and a voltmeter will be used to measure the potential across the capacitor to ensure a voltage of 3.3V with no more than a 10% error.
	Y

	a) The diode must be able to successfully operate as a rectifier with a turn on voltage of .7 V
	a) Hooking up the diode to a wave generator, and a load up to an oscilloscope, broadcast a signal of 134.7 kHz (the operating frequency of the PaLFI). Vary the amplitude of the signal until it reaches above .7V. When this happens, a rectified output should be seen on the oscilloscope.
	Y

	b) The DC/DC converter must be able to reduce ripple from the input.
	b) With a rectified signal on the input of the DC/DC, an oscilloscope will measure the voltage across a load on the output. Varying the voltage on the input incrementally from .7 to 3.3V, the output of the DC/DC must remain constant and within 10% of the input voltage.
	Y

	c. The DC/DC converter must be able to regulate the output voltage to insure it does not exceed 3.3 V for an input of 3.3 to 10V.
	c) With a rectified input on the DC/DC, an oscilloscope will measure the voltage across the load on the output. Varying the voltage on the input from 3.3 to 10V, the output of the voltage must remain within in 10% of the desired 3.3V.
	Y

	3) The Capacitor CBAT must provide enough power to all systems when it is needed.
	3) When the base station successfully reads the device is in range, the sensors take measurements with the supply voltage never dropping below 70% of the non-measurement voltage.
	Y

	a) The microcontroller must receive a voltage from the capacitor greater than 1.8V over a time greater than 4ms.
	a)Using the development board, send a 75ms power pulse to the transceiver to charge the capacitor, and connect an oscilloscope to the capacitor leads. With the microcontroller preforming a routine, measure the time it takes for the voltage to decrease to below 1.8V. 
	Y

	b) The Temperature Sensor must receive a voltage from the capacitor greater than 2.7V over a time greater than 40ms
	b) Using the development board connected to the temperature sensor via the I2C data pins of the microcontroller, send a 75ms power pulse to the transceiver to charge the capacitor, and connect an oscilloscope to the capacitor leads. Send a 'Start measure' command to the temperature sensor via the microcontroller, and measure the time it takes for the capacitor to reach a voltage of 2.7V.
	Y

	c) The accelerometer receives a voltage from the capacitor greater than 1.7V for a time greater than 40ms
	c) Using the development board connected to the accelerometer via the I2C data pins of the microcontroller, send a 75ms power pulse to the transceiver to charge the capacitor, and connect an oscilloscope to the capacitor leads. Send a 'Start Measure' command to the accelerometer via the microcontroller, and measure the time it takes for the capacitor to reach a voltage of 1.7V.
	Y

	e) Each sensing component is getting a signal from the microcontroller and able to power on with a charge time that is less than 100ms
	e) Send a 100ms pulse of "battery charge" command to the PaLFI transponder. Use the microcontroller firmware to power and store data during 100 ms of time, and store it in memory. Ensure that the data received is accurate.
	Y

	4) The accelerometer must be able to determine the acceleration within 10% accuracy and transmit the data along the I2C Bus.
	4) Power the sensor and development board, and perform a "Self Test" command using the microcontroller. Make sure the outputs match the data sheet values on page 22.
	N

	a) The sensor must be able to communicate along the I2C bus
	a) Perform a write to the memory of the sensor using microcontroller firmware, while the I2C pins are  connected to an oscilloscope. Check to make sure that the "Acknowledge" bits are present in the signal, indicating the sensor has interpreted the command and is ready for more commands to be transmitted. Perform a read of the memory location that was just written and verify the data integrity.
	Y

	b) The data communicated from the accelerometer to the microcontroller must be accurate. 
	b) Use the IAR embedded workbench software to view the acceleration data in memory. Accelerate the sensor, and check if the value changes. 
	N

	5) The temperature sensor must be able to determine the temperature within 10% accuracy and transmit the data along the I2C Bus
	5) Power the sensor wirelessly, and verify the accuracy of the data. 
	Y

	a) The sensor must be able to communicate along the I2C bus
	a) Perform a write to the memory of the sensor using microcontroller firmware, while the I2C pins are  connected to an oscilloscope. Check to make sure that the "Acknowledge" bits are present in the signal, indicating the sensor has interpreted the command and is ready for more commands to be transmitted. Perform a read of the memory location that was just written and verify the data integrity.
	Y

	b) The data communicated from the temperature sensor to the microcontroller must be accurate. 
	b) Use the IAR embedded workbench software to view the temperature data in memory. Place a soldering iron near the sensor, and check if the value increases.
	Y

	6) The ECG sensor must be able to determine the temperature within 10% accuracy and transmit the data along the SPI Bus
	6) Power the sensor wirelessly, and verify the accuracy of the data, compared to
	N

	a) The sensor must be able to communicate along the I2C bus
	a) Perform a write to the memory of the sensor using microcontroller firmware, while the SPI pins are  connected to an oscilloscope. Check to make sure that the "Acknowledge" bits are present in the signal, indicating the sensor has interpreted the command and is ready for more commands to be transmitted. Perform a read of the memory location that was just written and verify the data integrity.
	N

	b) The data communicated from the ECG sensor to the microcontroller must be accurate. 
	b) Compare the heart rate reported by the sensor at the base station to a heart rate reported by a commercially available heart rate sensor.
	N
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