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Introduction 

Abstract 

 

 In the modern American medical system, a significant cost to the sick is time spent in the 

hospital just being observed. If that cost could be circumvented by moving that monitoring back to the 

patient's home, both patient and hospital could be saved considerable financial hardship, not to mention 

the healing power of both being in one's own bed and not hemorrhaging money. The healthy too can 

benefit from persistent vital monitoring like a runner who would benefit tremendously from being 

warned if they were close to dehydration. Imagine if every elder with a weak heart or child with a 

congenital illness knew as soon as they needed help, possibly even before. How much better would 

their lives be? How much better could all of our lives be? 

 

Problem Definition 

 

 The task at hand is to design a wearable device that can monitor the vital signs of its wearer and 

record them. The device must not interfere with the day-to-day lifestyle of the wearer. This device is to 

operate for up to 30 days without needing to change a battery or connect to an external power source. 

The device is to communicate with an external means of viewing the data. 

 

 The design we have come up with is a light shoe, fitted with piezoelectric strips that can harvest 

energy from the footsteps of the wearer. Extra power is drawn from thermo- and photo-electric 

material. An external leg-band is connected via wire to the shoe. Sensors for monitoring heart rate, 

temperature, hydration and blood pressure are fitted in the shoe and leg-band. A near-field 

communication antenna is also fitted in the device, allowing the information to be recorded on the 

device and transmitted to an application on an Android smartphone. 

 

While we would love to get all four vital signs recorded, the first two, temperature and pulse, 

are the primary vital measurements. Attempting to measure blood pressure without a pump-cuff (which 

would be both too power-consuming and too obtrusive for our purposes) is an area of ongoing research 

with no simple answers readily available. Hydration, contrariwise, has a few ways of measuring, but 

are highly dependent on the subject in question and can vary drastically person-to-person. For the first 

issue, we are experimenting with measuring pulse-rate propagation delay between a sensor in the shoe 

and a sensor in the leg band. For the second, we are testing a design for a skin capacitance sensor and 

building up a profile in the accompanying application to figure out a personal range of hydration levels. 

 

The application is more than just a tool for collecting data off of our device, although it will do 

that cleanly and painlessly. It is configured so that simply holding your phone next to the device 

automatically turns on the transmitter antenna in the device and powers it while it broadcasts its 

contents, a process which takes about two seconds total. The front end, though, features a very friendly 

interface that consists of four icons which display the most recent measurement, while also showing 

past data when tapped on.   
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Design 

Block Diagram (Hardware) 

 
 

There will be three different sources of energy harvesting. Our main energy harvester will be the 

piezoelectric vibration energy harvester. 

 Piezoelectric Vibration Energy Harvester (V21BL) 

 Requires a rectifier due to the generation of AC voltage 

 Will be mounted on the heel area inside the shoe 

 Thermoelectric Energy Harvester (CP85138) 
 Produces DC voltage 

 Solar Panel 
 Produces DC voltage 

 Will be mounted on top of shoe 

 

The energy harvested will be stored in a Lithium ion battery. The battery will then be wired to the 

microcontroller which will then be able to power the sensors. (MSP430, manufactured by TI). 

Through the GPIO pins, the microcontroller will power the sensors. 

 Interdigital Capacitor (IDC) 

 Used to measure hydration by measuring the capacitance of skin. 

 Will be mounted on leg or ankle unit. 
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 Thermopile (TMP006) 

 Used to measure body temperature. 

 Does not require skin contact so it will be mounted in the shoe. 

 IR LED + Phototransistor (TCRT1000) 
 Requires the most power out of the sensors due to LED. 

 Used to measure pulse rate and, hopefully, blood pressure. 

 Will be mounted on leg or ankle unit. 

 Outputs from the IDC, TMP006, and the phototransistor will go through the ADC and then be 

processed into readable data. 

 Data will be transmitted through the NFC antenna. 

 

Block Diagram (Software) 

 

 

The Android application’s workflow is laid out above. In order to reduce the amount of 

processing done in the microcontroller, the data is transmitted to a Near Field Communication (NFC) 

enabled Android smartphone. Once the data has been successfully transmitted, the phone will perform 

a Digital Signal Processing (DSP) on the raw data from the four sensors. Upon completion of the DSP, 

the phone will display the most recent reading for each of the four vitals. The user will then be able to 

select a category to go into the detail view. The detail view prompt the user for a range of dates they 

would like to view. After the date is set, a graph will be generated for the user’s viewing pleasure. The 

same process is available for all the other sensors.  
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Performance Requirements 

● 24+ hour time logging 

● Water resistant 

● Fit in a wearable package 

● 30+ days without external power source or charging 

● Sensors 

Required: 

○ Temperature: [90⁰F - 115⁰F ± 0.5⁰F], 48 samples daily 

○ Heart Rate: [10 - 300 ± 2 bpm], 96 samples daily 

Preferred Additions: 

○ Blood Pressure:  

■ Systolic: [60 - 300 ± 3 mmHg] 

■ Diastolic: [10 - 150 ± 3 mmHg] 

○ Hydration: Normalized versus average 

 

● Power estimates (Current total: 16 – 20 mAh per day) 

○ Sensors, Instant (<30㎲ ) :  

■ Temperature Sensor: 2.2v - 3.6V @ 0.24mA ≈ 0.696mW, 2pAh per Read; 96pAh Total 

■ Hydration: 1V @ 10mA  ≈  10mW ; 900 pAh (Semi-Passive) Total 

○ Sensors, Slow (10s - 15s) 

■ Heart Rate Sensor:  

● IR LED Method: 5v @ 20-25 mA ≈ 125mW, 0.1042mAh ; 10.0032 mAh Total 

● Optimized LED Method: 5v @ 4mA ≈ 25mW, 0.02mAh ; 2 mAh Total 

■ Blood pressure based on Heart Rate Propogation Time, added power: Heart rate sensor                                                                        

      method chosen time 2.  

○ Microprocessor (1 mAh worst case):  

● Time on: ~25minutes 2.2v @ 220 μA (1MHz) Total 

● Time off: ~1415minutes 2.2v @0.1 μA Total 
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Testing Procedure 

Testing Procedure: 

 

Each component needs to be verified individually. 

The sensors all have specifications in their data sheets that we must verify with the instruments 

in the lab. For the temperature sensor, we would wire it up to a voltage source (which has the added 

benefit of displaying the amperage drawn) and compare its output voltage to its temperature with a 

thermocouple temperature sensor and match those to the specifications. Should those match, we use the 

part. Else, we either try another sensor or reconsider our choice of part. Repeat this for each sensor, 

comparing the parts’ output between its design documentation and a known accurate measuring device 

(a nurse’s sphygmomanometer for blood pressure, a stethoscope for heart-rate, and the pinch-test for 

hydration). Once we are sure of the sensors themselves, we need to test the analog circuitry that will be 

adapting them to the microcontroller circuits’ ADC using the same method, but without needing to 

refer to a signal comparison. 

The power harvesting apparatuses will each need to be tested separately at first, and then 

together. The photovoltaic will simply be wired directly to a voltmeter and if voltage is generated from 

ambient light we will know it is working. The thermoelectric piece will also be wired to a voltmeter 

and then pressed against the skin to see if the thermal difference produces energy. The Piezoelectric 

strips will likewise need to be wired up, but in this case to an oscilloscope as it produces a sharp, 

alternating current. Once shown to produce, we will need to mount them in their final position within 

the shoe and demonstrate that they produce power as desired while worn. Once all three have been 

cleared for quality, they each have to be connected to their support circuitry and tested again for a 

useful single direct current voltage from all of them. 

The battery system testing will consist of wiring the battery up to its support circuitry and a 

voltmeter, then using the voltage controller to simulate several charge and discharge cycles and 

recording voltage levels and discharge times. If those measurements are close to the curves described in 

the battery’s documentation, our battery and support circuitry work. I cannot recommend testing 

batteries without their support circuitry, as they may explode in spectacular fashion. 

The NFC antenna will be tested by loading a dummy packet into its memory from a smartphone 

and using that smartphone to try and pick up the packet. If the received packet and the dummy packet 

match, we have a functional antenna.  

 The microcontroller itself will be tested with a quick program, like an L.E.D. blinker, being 

uploaded to it and run to make sure that the chip itself is good. While doing this, we should be 

powering it with the test voltage sources in the lab so that we can also verify that the amperage draw is 

low enough to meet our needs. Then we load up the firmware for the final device, wire it up to the 

sensors, battery, and power generators, place it all into its respective housings, have one of us run 

around in the thing for a day, and see if we get a day’s worth of meaningful readings. If so, we have a 

finished package. 
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Benchmarks: 

Energy harvesting benchmark: 

 In order to benchmark the energy harvesters, each harvester will be matched up against the 

results of other research papers. The following table provides those measurements from other research 

groups: 

 

Harvester Produces 

Piezoelectric 3.0~3.6v @ 100µA~100mA (Motion Depndent) 

Thermoelectric 25~50mV 

Solar 3.0V @ .11mA 

 

Sensor benchmark: 

 The vital sensors will be matched up against medical devices that measure the corresponding 

vital. The following table displays the device used and the accuracy: 

 

Device Accuracy 

Thermometer ±0.2°C (0.36°F) 

 

Heart Rate Monitor ±2BPM 

Blood Pressure Systolic ± 3 mmHg 

 Diastolic ± 3 mmHg 
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Project Plan 

 In order to accomplish the task at hand, we have been given a $1,000 budget, a five person 

group, and sixteen weeks. The budget will be covered in another section but is projected to only use 4/5 

of the total allotment. In order to successfully accomplish our task, we broke the project down into the 

following three key components: energy harvesting, vital monitoring, and a mobile application. These 

main objectives have been split up between the members, and some of the members are ready to assist 

with other tasks as deadlines approach. The schedule of tasks to be completed has been outlined in a 

Gantt chart. 

 

Energy Harvesting: 

 Since Energy Harvesting has many approaches, we decided to split up the research evenly. We 

decided to focus our research on four different energy harvesting techniques. The four techniques are 

Radio Frequency energy harvesting, thermoelectric energy harvesting, mechanical energy harvesting, 

and solar energy harvesting. After some weeks research, we decided on our three energy harvesting 

methods, which were solar, thermo, and mechanical energy harvesting. 

 

Vital Monitoring: 

 The secondary objective of the project is to monitor the user's vitals using the harvested energy 

to power the device. For this section, we split up the research of vitals we should monitor into the 

following: hydration, blood pressure, heart rate, body temperature, and blood oxygen. The goal is to 

implement the following four sensors into the device: blood pressure, body temperature, hydration and 

heart rate. 

 

Mobile Application: 

 The medium we decided to use to communicate the information to the user is a mobile 

application. More specifically, we decided on an Android application. The Android application will 

communicate the device via Near Field Communication (NFC), which is a radio that is commonly 

available on today's smart phones. The application, when synced, will display the current vitals from 

the sensors. Additionally, if the user selects one of the vitals, the application will show a graphical 

representation of the past data. 

 

Milestones: 
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Budget 

 
 

Budget Analysis: 

Largest purchase for power harvesting Piezo-strips and associated support circuitry. 

Multiple Sensors included 4 parameters for user health profile. 

Footwear was chosen specifically for the “Minimus” thin sole to enhance power output for harvesting. 

Development tools includes experimental power harvesting research, development boards, etc. 

NFC hardware includes antennae, microcontroller, associated support circuitry. 

Sufficient unallocated budget available for unexpected prototype replacement parts. 

 

Smaller purchase orders were added to Sensors and Miscellaneous Hardware for the sake of 

researching alternative measurement options. All parts purchases exceeding 15$ were previously 

discussed and approved by the Aperture Medical collective before ordering. Part Orders were recorded 

authorized and requested by team’s designated Parts Manager. 
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