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Section 1. Introduction

1.1 Executive Summary

The comprehensive health monitoring system is an upgrade on traditional commercial health monitors.  Traditional portable health systems monitor blood pressure, pulse, temperature, or breathing and transmit data to an output screen, often worn as a wristwatch, but in most cases restricted to large immobile equipment found in medical facilities or homes. However, these systems are generally dumb terminals, unable to process the data that they are collecting or provide any assistance to the patient.  The aim of the comprehensive health monitoring system is to not only measure relevant vital signs, but to store them, recognize patterns, and from these patterns make judgments about a patient's health or perform small functions that contribute to an overall healthy atmosphere.

Current health-related goals in the health monitoring system include heart attack prediction, sleep monitoring, and fall detection. From these basic goals, the system can notify the patient and/or emergency services if necessary, or perform actions that alleviate the problem.  The system also a display so the patient can monitor their vital signs, or so the system can give output to the patient that may not fall under the category of an emergency, but is still considered a health risk.

The basic form the health monitoring system takes is a main controller unit worn around the waist, with several peripheral units attached to the body in other vital locations.  This is similar to many commercial health monitoring systems.  However, as this unit includes other functions not commonly found on these systems, the majority of the electronics are stored on the waist, rather than the peripheries, to consolidate decision-making and avoid having the weight of the peripheral units become an annoyance.
	
The goal of this project was simple but imperative and achieving these objectives resulted in an exceptional overall product. The final design for this project achieved accurate measurements, effective transmission and extensive safety protocols. This pledges that the design realize its objective to be safe and secure, giving its patients equanimity and reassurance. The project assists future projects and therefore helps people achieve a level of functional and/or metabolic efficiency and be as independent and free from major illness or injury as possible.  This also enables the patient to have a complete physical, mental, and social well-being, not merely trying to survive without the knowledge of what might be happening to their body. This system also give the doctor a wider range of knowledge on several body signs by as mentioned previously being able to transmit and store information via different ways.

The system also is able to monitor, blood oxygenation, temperature, and be able to detect a fall. These vital signs are an essential part of case presentation. Pulse rate, blood pressure and respiratory rate are three vital signs which are standard in most medical setting; we also added blood oxygen concentration and fall detection since the targeted group are patients with heart problems and senior citizens who are vulnerable in that there are devastating effects if they fall.   

1.2 Project Motivation and Goals

The main motivation of this project is the desire to help people that have any medical condition that requires continuous monitoring as well as the elderly community. It’s widely believed that when an individual dies of cardiac arrest or breathing difficulties, their survival can be greatly increased if there is medical attention within ten minutes of the episode’s beginning. There are many causes for cardiac arrest; mainly high blood pressure, high cholesterol, and congestive heart failure, but any measure taken to prevent it would be valuable and reassuring. Since the individual is rendered helpless upon onset of cardiac arrest, external sensors are useful to diagnose a range of medical conditions and possibly prevent the cardiac arrest from taking place. The comprehensive health monitoring system used to keep track of vital signs. People with heart conditions and breathing difficulties can use this device to help monitor their conditions and provide almost immediate connection to emergency services.

Some personal health monitors have been produced, but none provided immediate connection to emergency services through wireless means via a cell phone’s giving a location and the personal information of the patient. Some are not designed for constant wear and are very expensive to purchase for home use. Therefore, the purpose of this personal health monitor is to eliminate worries of immediate medical response and allow for comfort and ease of use without the costly charges. The sensors are remote and have a remote monitoring station permitting the patient to participate in everyday activities without limiting the patient’s whereabouts. This also allow medical emergency services to indentify the individual, their location, and last vital signs in addition to contacting the individual’s personal emergency contacts without being at the current location. 

This comprehensive health monitoring system can be used for a variety of alternate applications as well. Heart rate can show stress, fear and excitement. Anyone can use a personal care monitor to keep track of when exercise is done in a safe cardiovascular range. Many athletes use pulse-oximetry monitors to help them train their breathing while exercising. Pilots also use pulse-oximetry monitors to assure their pulse rate and percent oxygen saturation are within the vigorous range while they are in a thinner atmosphere, preventing dangerous conditions and possibly saving lives. 

Because of the wide variety of uses for the comprehensive health monitoring system, this project has a large potential market, but the primary desire is to improve the quality of life. However, medical applications tend to be the most expensive. Similar products are priced around $300-$600. For more information on existing products, see section 3.1. We intend that this design cost is significantly less for the same features, or have the same cost but with more much needed features. Its design is to have safety features to prevent losses of monitoring and alert the patient of dangerous conditions, providing the maximum safety with minimum cost.

This system helps the elderly, disabled and those with chronic illness be cared in their comfort of their own home. Even though the cost of this system was intended to be kept at a minimum this system is still very costly; however the advantages might outweigh any cost and insurance might be able to cover it. Also there are some patients that are so critical that it might be best for them not to move around so much and staying at home might be their best solution.  The cost of staying at the hospital as well as the space to stay at the hospital and provide after care is highly expensive.  This health monitoring system enables patients to leave the hospital earlier, therefore reducing institutional care and also hospital visits for routine examination, and identify exasperations before they turn into crisis. Some people get annual checkups and sometimes this might be a really long time, as the illness might turn into a crisis way before the next appointment. 

This system is also meant to be comfortable, and could also have an interface that could allow the patient to input data on how they were feeling that day or if they are under any extraneous conditions. This allows the health care provider to prescribe the adequate amount of medication as well as just monitor the person. This system needs to be as accurate as possible because one of the biggest concerns for most patients is the safety and accuracy of being self diagnosed as compared to being diagnosed in a hospital. Therefore this system can be issued by the physician that would verify along with their equipment that everything is being correctly measured. Another concern especially for elderly patients would be to actually learn or be able to use the system. So the system needs to be extremely simple, friendly and easy to use. 

One goal was to make this system adaptive. One option was to have the health professional have a simple software were they input the patients normal vital signs and with the aid of algorithms in the system, the system gives a range were the person is “ok to operate”, a safe range. Another thing to consider is the operation range of the parts therefore it might not be for every age group. As mentioned before, adults are the ones that are most likely going to use this system. 

The market for these types of devices is growing rapidly due to the boomers entering their senior years, and there are only a few markets across North America with devices that monitor both health and security.  About 85 million baby boomers are entering the age of 60 in North America.  Due to life in these days’ being more sedentary than ever, there are a lot of chronic illnesses affecting these people. Diabetes, heart disease, high blood pressure and obesity are some of the ailments that affect this generation and there are only a few things in the market than can monitor these effectively or have only one thing monitoring at the same time. It would be great to help this generation and upcoming generation with these ailments and many others. These are going to be done by early detection, monitoring as well as having checkups with their physician.   

1.3 Objectives

1.3.1 Current Objectives

One of the main objectives was to make the device as inexpensive as possible without losing any of the functionality expected. This means having everything needed to make this system effective for the targeted audience; being senior citizens among others. This was not only done to make the system cheap for the designers or manufacturers benefit but also the consumer. The consumer and insurances, if they are willing to consider this product, they will obviously look into costs. The system is innovated and competitive with what is out in the market, which involves creating many of the system monitors from basic components, rather than relying on pre-made components with superfluous features, which can be quite expensive.

Making it easy to use means: making the device as intuitive as possible, and for the parts that are not so intuitive, making it easy to learn how to use. Usually people that have a health condition that would need of this type of health monitoring would be elderly people and also people with chronic health conditions.  These people will need the device to be as simple as possible, yet it needs to provide all the necessary information to keep the patient safe. 

The device was constructed so people with different handicaps to be able to use it. This is done by having the device have outputs that alert the patients in more than one manner. This means that the system has LEDS and a display alert message that makes it easy to see and if the message cannot be seen, for example if the patient cannot find his/her glasses, the system LED’s bright color give a general idea of what the system is detecting. Also the system has an audible alarm go off that will let for example a patient that is blind be able to hear that there is something wrong going on. There is also a vibration part of the system that will alert the patient if the patient cannot see or hear well or at all.

The device is non-intrusive.  This means making the device not have to pierce the skin, to give the patient utmost comfort, and this will be done trying to get all the vital signs as accurate as possible. The device does not have anything that will puncture the skin in any way. Non-intrusive also means the ability to have it hidden, or better yet in a position that will not interfere with the patient’s daily life.

The device will be very accurate. To detect health problems, the algorithms being used will be very accurate; as well the sensors will be good and well-tested.  Since the device is for medical use, accuracy is highly important. Even though it can be time-consuming to enter detailed information into a software program it is crucial to be consistent and accurate, it will be very important to avoid any shortcuts since a person’s life is on the line. Perhaps a physician will also use this information as part of the diagnosis of the patient and accurate information would be key, for example prescribing the correct amount of medication for the patient to take. The check accuracy the system will be rigorously tested. To test accuracy:

  

Meaning that an accuracy of 100% measured values are exactly the same as the given “correct” values.

It should be reliable again since this is health system reliability is a big issue. Reliability is the ability of a system or component to perform the required function under stated conditions for a specified period of time.  It can also be defined in different ways: the idea that something is fit for a purpose with respect to time, the capability of a device or system to perform as design, the resistance to failure of a device or system, the ability of a device or system to perform a specified interval under stated conditions, the ability of something to fail well without catastrophic consequences.  One of the main concerns is battery life. This issue will be addressed looking into what power systems to use and picking the one that lasts longer and may not be too heavy.  Also, using algorithms that are simple yet accurate will diminish the amount of power used in the system.

The system also has to be worn at all times, and therefore the device cannot be heavy. The device should be easy to wear and be able to forget about it until is activated by an alert. The weight of the system is important because as mentioned previously this device will most likely be worn by elderly people or people with chronic conditions that do not need to have a load of added weight to carry around daily. The device has also to be able to be easily maintained. Whether is a battery that needs changing, or the system needs to be reset, it needs to be maintained with ease. Maintainability in a system is always important.  Just as the system needs to be maintained by the user, the system also needs to be easy to be maintained by the people that are going to assemble it; if it needs repairing it needs to be easy to send off for repair.  Maintainability can be by a user manual and also by having the system able to be repaired if it fails, which can mean making the system modular so it can be able to be restored to a specific condition within a given time.

Because of the limited time given for the project, there are other ideas and objectives that were other ideas thought of, which could be implemented in the future.  These ideas were either too complicated or would require too much time to accomplish during this time period. These ideas would make the device very accurate and safe, since they are able to gather even more information from the patient for the medical personnel, family, and/or physician to monitor in real time. 

1.3.2 Future Objectives

There are several future objectives that were brainstormed about.  One of them is the monitoring of blood pressure.  Currently in the design, the system is monitoring pulse and oxygen levels, and fall detection.  One idea was the addition of a blood pressure monitor to give the patient an extra factor to check.  This is important because one can become injured or die as a result of high blood pressure.  Since there are no visible symptoms, one can receive several health problems such as kidney damage, vision loss, strokes, damage to the heart or arteries, and many more.  In the future, the system can alarm a person if their blood pressure has risen over the standard blood pressure readings.

The second idea that was thought of was to develop an android/iPhone application for the system.  Currently, there is a display on the waist that shows the info and readings from the different components of the system.  The application would actually replace the display of the system.  Since there is an accelerometer already inside cell phones, the application would be able to consider fall detection as well as receive information from the other parts of the system when a fall occurs.  For example, most cell phone carriers have their phone attached to their bodies, usually in a cell phone case located on the hip.  If that person falls, the accelerometer in the phone will send information to the application, as well as the other components of the system, and the software of the application can send out an alert that a fall just occurred.  The reason this idea was not considered was because it would be more complicated than the original idea and require more time than the time already given.

The next idea that was brought up was to maybe have a system that is geared for kids.  The system that is being developed are developing is targeting adults.  The reason why is because kids run, jump, break things, and fall more frequently than adults do.  If that is the case, there would be no point for them to have this system.  The system could be less sensitive or not contain all of the components of the current system.  Otherwise, there would have to more coding to consider what kids to on a day to day basis or how hard an impact actually is.  Also, the reading would be a lot harder to retrieve from a child rather than an adult.

Another idea that was thought of to add to the system was a sleep timer for the television.  For example, televisions that have sleep timers programmed into them usually go by increments of thirty minutes.  When those minutes are up, the television shuts off.  What if one sets their sleep timer to the next 30 minutes but falls asleep within the next 5 minutes?  Both power and money are being wasted because the television is still on and not being utilized. This problem does not only affect the patient money wise but also health wise. Exposure even to dim lights when it should be dark may contribute to depression and life-threatening diseases such as breast cancer, weight gain and diabetes. A solution to this problem, dealing with the system, is to have a transmitter on the system that transmitted a signal to the television to turn it off as soon as the viewer falls asleep. Some system cameras could detect whether the person is asleep.  Another way is to measure this is by body temperature, pulse rate, and oxygen levels. Since part of this project was already detecting vital signs, making the system detect whether the person was asleep or not would not be very difficult. The difficulty arose in differentiating whether the person is falling asleep or falling ill. Vital signs decrease when a person is falling asleep; for example the blood pressure decreases by 20% and the pulse decreases by 5% to 10%, since there is no correlation between heart rate and blood pressure. This is too similar to the reaction of the human body when it is falling ill.  Coming up with an idea and implementing it into the system would be too complicated to complete in the time given for this project. Also after this idea was discarded, another problem arose, which was having a continuous blood pressure reading.  Noninvasive continuous blood pressure reading is not available with current technology, and current techniques to monitor blood pressure take some time to activate.

Monitoring sleep is another idea that that was thought of.  Like mentioned before, the information that is being displayed to the patient are oxygen levels, heart rate, and fall detection.  While one is sleeping, these levels and rates could get very low and could be dangerous.  One of the most common sleeping disorders is sleep apnea.  Sleep apnea is a sleeping disorder that is characterized by abnormal pauses of abnormal low breathing during sleep, whether brought on by a malfunction in the oxygen controller of the brain, or a closing of the throat due to musculature.  This tends to happen to men rather than woman as the men are usually more heavy set.  Symptoms usually include sleeping a lot during the day, fatigue, breathing problems after awaking, and loud snoring.  This occurs when the oxygen levels are low and this type of information is usually unknown to the patient.

Another idea that we felt the system should have are temperature sensors.  These sensors would help the system monitor sleep. Two different types of these temperature sensors are thermistors and RTD’s (resistance temperature detectors). A thermistor is a type of resistor whose resistance varies with the temperature. RTD’s are temperature resistors that exploit the change in electrical resistance of various materials with changing temperature. The main difference between these two resistors is the material that is used with each device.  Thermistors use ceramic or polymer material where the RTD’s uses pure metals.  If the monitoring of sleep is ever added to this system, temperature sensors should definitely be a part of that feature in order to receive accurate readings.

Another idea was to make the system water proof. Making it water proof means that the patient will be able to wear it outside without worrying if is going to rain or not. Not only will the system be better off and the patient regarding rain but also sweat. If the patient needs to monitor his/her vital signs while they are running the system will be able to keep track of this without getting damaged by moisture. The patient could also wear the system while he/she is swimming and under specified depths the patient would be able to be constantly monitor without having the fear of his/her body lacking oxygen among other vital sign being measured. Another situation in where waterproofing is very important, is if the systems accidentally gets thrown in the washer the system will be able to still function afterwards. 

A very important idea that was thought of is having the system let the emergency personnel and family know exactly were in the house is the patient located. There are times where emergency personnel have a hard time finding the location of a person that is in distress in their home. There are several locators that already exist; many of them use the Global Positioning System (GPS). This could be easily incorporated with one of the ideas that were previously mentioned; the app, since many mobile phones now come with GPS receivers already integrated. One example of this device is the GPS-911 Real-Time Personal Tracking Kit by Go Pass. The device support indoor positioning, Bi-directional phone conversations, SOS emergency call function, and various other options. 

Another feature that could be added and might still be added, is have the system display any medical information that might be useful to medical personnel after arriving. Example of medical information would be: blood type, allergies, whether the person has any allergies to any medication. Since every second counts, having as much information from the patient without causing him/her any physical harm (nonintrusive) and locating the person fast and accurately, having more information being able to be display will make any medical process go faster and with fewer complications.   

The lights were another factor that we thought of for the system.  The system currently has three different lights: a red light, a blue light, and a green light.  Each light corresponds to a different function dealing with health problems, system problems, and fall detection.   Currently, because of power issues, the system displays a blinking light with vibration and sound to alert the patient that of heart problems.  Implementing a different type of light pattern could possibly be more of an attention grabber.  Similar to the restaurant paging systems, having several lights rather than a few lights creates more than a distraction.  For future discussions, having several lights than fewer lights would improve the system.  The only factor to compliment the lights would be a more powerful battery.

The last feature that we thought about was where the signal actually goes.  As of now, if the patient pushes the panic/help button, there will be a signal transmitted from the transceiver to a cell phone.  For example, the cell phone will display a false number such as ‘888’ to prove that a signal was successfully sent out.  Due to the given time span, having a signal transmit to the paramedics directly is to complex.  So for futures discussions, the system should be able to send out a signal to ‘911’ so the paramedics can be informed of the situation  Also, if this product is a success and the company is large enough, the system can also add a dispatcher; this is similar to security systems.  A signal transmits to the dispatcher, and then the dispatcher alerts ‘911’.

1.4 Existing Similar Projects

There are some projects that have similarities to this project. Mentioned in the following paragraphs are some of these projects. The Wearable health Monitoring Systems (WHMS) is a project by students of the University of Alabama in Huntsville, Wealthy – Wearable Health Care System, Bicycle with Health Monitoring System, Wireless Health Monitoring System, HealthWear project, and there are other projects mentioned below.

The Wearable Health Monitoring System is meant to detect abnormal conditions and prevent serious conditions at an early stage. It will help patients that need continuous ambulatory monitoring as part of a diagnostic procedure, and also patients that are recovering or suffer from chronic condition. They also recognize a personal medical monitoring system that is out in the market called Holter monitors. Holter monitors are portable devices that monitor various electrical activity of the central nervous system for at least 24 hours. The Holter’s most common use is for monitoring heart activity but it can also be used to monitor brain activity. Their system has an ECG and Tilt sensor on the chest, a SpO2 and Motion sensor on the wrist, and on both ankles motion sensors. This system is connected to a personal server (PDA or 3G cell phone). The server communicates to the Internet which connects to weather forecast, emergency, caregiver, medical server, and/or a physician. They developed several generations of wireless intelligent sensors. 

Wealthy (Wearable Health Care System) The Wealthy system unlike the first one that was a project that was based on making it an online collection of information, the second one making it “power friendly”, this one is based on making it comfortable. Wealthy unitizes a ground-breaking woven sensing interface to be work without any discomfort for the patient. The system is implemented by integrating smart sensors, portable devices and telecommunications, together with local intelligence and decision support system. The system like previous examples is meant to assist patients during rehabilitation but also it is meant for people working in extremely stressful environmental conditions, and ensures continuous intelligent monitoring. The garment is body suit with sleeves and shorts. It has 6 electrodes on the front side with two Piezoresistive sensors. The Piezoresistive effect describes the changing resistivity of a semiconductor die to applied mechanical stress. Many commercial devices such as pressure sensors and acceleration sensors employ the piezoresistive effect in silicon. Another two piezoresistive sensors are located on the arms. To measure respirations four electrodes are placed on the thoracic position. To monitor skin temperature and core temperature two temperature sensors are placed one under the armpit and one in the shoulder. There is one 2D accelerometer placed on the lower abdomen. The system will collect and process data will make a “decision” and will display on the user interface and send an alert if necessary.  

There is a similar project that takes the health monitoring system and puts in on a bicycle. It is called the Bicycle with Health Monitoring System; its purpose is to provide the user as much information as possible during their work out. The health monitoring system includes BMI (Body Mass Index), miles per hour, calories burned per minute and heat rate (BPM). The only part of this project that would be relevant to this one is the heart rate monitor also it displays everything on an LCD, which is directly in front of the user. The project was required to be inexpensive embedded system with some intelligence. It used a BASIC Stamp 2 microcontroller, which is a microcontroller that is designed for uses in a wide variety of applications. It uses a 4 X 20 serial LCD display. For the Heart Rate Monitor an infrared LED was used to pass light through a user’s finger or ear without any safety concern.

The Wireless Health Monitoring System done by the Department of Electrical and Computer Engineering in Stony Brook New York. The projects goal was to design a sensor system that monitors the users’ vital signs and notifies relatives and medical personnel of their location during life threatening situations. This is very similar to the project here but the location part is not being done. The Health Tracker 2000 combines wireless sensor networks, existing RFID (Radio Frequency Identification) and Vital Sign Monitoring technology to simultaneously tracking the user’s location. This project has a sensor for heart rate, blood pressure, and respiration and temperature. The power management has a battery charger, backup, and line voltage regulator. The sensor for heart rate, blood pressure, and respiration rate could be implemented using pressure sensors. To ensure a proper reading of those sensors outputs the signals are amplified using op-amps are converted to a digital signal using ADC (analog to digital converter). Those signal then are processed using a microcontroller or microprocessor and the data is output vie a wireless module.
 
Another project is the health monitoring with wearable non-invasive mobile system: The HealthWear project. The project monitors vital signs through ECG, HR, oxygen saturation, impedance pneumography and activity patterns. The design is based on the Wealthy prototype system mentioned previously, and is designed to increase comfort. The cloth is connected to a patient’s portable electronic unit (PPU) that acquires and elaborates the signals from the sensors. The system is applied to three clinical contexts. One being rehabilitations of cardiac patents following an acute event; also early discharge program for chronic respiration patients; promotion of physical activity in ambulatory stable for cardio-respiratory patients. There is another health monitoring system that instead of recording vital signs for a health problem it indicates the total amount of activity expressed in either as activity energy expenditure (kcal, Joules, MET mins) or physical activity level (PAL). PAL is the time (min/day or week) spent at health enhancing physical activity level at moderate and vigorous intensity levels. Also, the time (min/day or week) spent sitting.   

There are several projects that have fall detection but one of them instead of having accelerometers has a camera that feeds in images continuously to a computer where the data is analyzed and processed to determine if a fall has occurred and whether it is necessary to immediately have medical assistance. The computer differentiates between a sudden movement and motion that is actually a fall. If it is necessary to have medical assistance and alarm or alert is sent to a station in order to tell staff that there is action to be taken.  

Another fall detection was made by CSEM (Centre Suisse d’electronique et de Microtechnique). They develop a fall detector that automatically detects various body falls and sends and alarm to a remote terminal. The user can manually also sent the alarm and also cancel the automatically generate alarm in case there is false fall detection. The detection system is supposed to be integrated into a wrist watch. The core of the decision consists of a microprocessor and two MEMS sensors arranged perpendicularly to allow measurement of acceleration along three axes with a range of ±18g. The user interface is a simple small LCD screen, a vibrator that tells the user that the device has detected a fall and that an alarm will be sent shortly. Also has a manual trigger on the device. Data can be transmitted from fixed/or mobile devices over short distances utilizing a short/or mobile devices over short distances using a short-range communicator technology (Bluetooth protocol). The acceleration can be stored in a flash memory card. The testing of this system based on accelerometeric signals yield high sensitivity of 90% detection and only 3% false detections.

Another fall detection device was developed by Garret Brown of the University of Michigan under the Undergraduate Program in Engineering at Berkley (SUPERB), the paper focus on three algorithms. It mentions unlike the one mention previously that is on the wrist that this position is to the best because of not being stable enough. The chest, waist and neck are said to be the best positions. The device developed has an accelerometer, GPS capabilities; it is powered by three AAA 1.2 volt rechargeable batteries. It has Bluetooth capabilities that can be connected to a laptop or a mobile phone. It mentions that before anything is tested the devices are calibrated. There were several algorithms considered. One consisted of looking for a significant angle change within the designated time interval length. Then when a significant angle change was encountered, it looked for a breach of a large acceleration threshold within that same time interval and if both of those actions occurred within that time interval length it was classified as a fall. The second one considered first looked for a breach of a large acceleration threshold. Then it waits until the large acceleration dissipated and then the normal acceleration is gotten. Was is classified as short time interval later is around 12 seconds and is used for the user to get acclimated. Then it analyzes the user’s orientation. If it is determined that the user’s orientation is horizontal with the ground then it is classified as a fall. Because of the second one having a weakness of not detecting a fall if the fall is completely horizontal then the third one was looked at. The third algorithm looks for a breach of large acceleration threshold. Then it waits until the large acceleration dissipates and then the normal acceleration is gotten, after a short time interval (around 12 seconds) for the use to get acclimated. Then it is determines that the use has orientation with the group it is classified as a fall. If the user is not determined to have orientation horizontal with the group but does have orientation designed as deviating from uprightness provides another short time for the user to acclimated after a period of inactivity length the user still has orientation designed as deviating from uprightness then is classify as a fall.
           
The Worcester Polytechnic Institute had a project on making a wireless oximeter patient monitoring device that was low cost and had good battery life. To accomplish the low cost part they looked at low-power systems. Bluetooth devices according to their paper have high frequency-to-noise ratio, capable of high data rates, and it is present in many cellular phone, PDAs and notebook computer making it very compatible. Another possibility is ZigBee based wireless transmitter. The advantages of using ZigBee are that it has very long battery life, with average current draws. It securely transfers data, it has simple integrated architecture and it is very inexpensive.

There is another project call the Wireless Infant Monitor that was design to monitor for premature infants that measures heart rate, respiratory rate, and core temperature. The design incorporates a self powered double band design that allows the user to adjust the band to be placed on the infant. The vital signs are measured from the chest and abdomen of the infant and it is transmitted via a wireless connection to a data acquisition system and display. 

 Another project is one developed in Los Angeles Saban Research Institute. The focus of the project was to develop algorithms for optimizing the limited resources like battery power on the sensor nodes. The algorithms adapt the operating parameter of the sensor nodes in order to extend the lifetime of the system. The algorithms need to be executes on the low power processor on the sensor nodes so there is a need to make the algorithms computationally simple.
 



1.5 Relevant Technologies

Some technologies that are relevant to the project some of them are just ideas and some are actually in the market or have been use in projects. One idea that had been looked at is HealthPals: Body-heat powered, wearable health monitoring system by a Germany-based industrial designer Olga Epikhina. This is just an idea and it would be very energy efficient. Another technology that is out in the market it the Wearable Health Monitoring Sensor by WIN Human Recorder Co Ltd of Japan.

HealthPals: Body-heat powered, wearable health monitoring system steps this idea of the wearable monitoring system by making it relies on the power generated by human body heat and vibrations. This systems monitor’s temperature, blood pressure, brainwaves and heartbeats. Each piece of HealthPals comes with a vibration energy harvester and thermoelectric generator and capacitor for energy storage. This is meant to help patients with heart diseases, sleep disorders, hypertension, epilepsy, and post-stoke treatment. The health monitoring set consists of a bracelet and a ring equipped with SPO2 sensor, temperature and breathing sensor, headphones equipped with EEG sensors for brainwave monitoring and another ECG sensor for more precise ECG data collection. The device like the previously mentioned will gather all the data from the sensors and send it onto the patient’s Smartphone or also computer via Bluetooth. Then for this system will reach the doctors through Wi-Fi for examination. 

WIN Human Recorder Co. Ltd. Of Japan put out on the market last year a new health monitoring service which utilizes sensor network to function. The system measures electrocardiographic signals, heart rate, brain waves, body temperature, respiration, pulse waves among others. The system is viewed and managed on a mobile phone or a PC. The system has only one 30mm (L) X 30mm (W) X 5mm (D) and 7g sensor module that is attached to the chest.

There are some products in the market that do some of the things that we need to implement such as heart beat and give some sort of output even though this it is not a complete or fairly complete health monitor system like the one we are trying to do. For example a heart rate monitor in typically implemented in a watch which is usually used in a workout. Looking at a fairly expensive watch the product is able to Display speed, pace, distance, and heart rate during a workout. It has a GPS sensor that measures speed and distance during outdoor sports. It stores 99 memory files and workout plans. It is also capable of downloading workouts and races directly to the computer to analyze potential improvements. It is water-resistant and it is designed to repel sweat and moisture.
 
Another device that is out in the market is breathing monitors. Some of these breathing monitors are primarily used to prevent Sudden Infant Death Syndrome.  There is one product called Snuza go! That safely and conveniently monitors a baby’s movement. The apparatus is clipped onto the waistband or diaper and then is switched on. It has a built-in vibrating stimulator on the Halo model that gently rouses baby 15 seconds after movement stops. If there is no movement after 20 seconds an alarm sounds to alert the parents/guardian. It says that it can be used in combination with a baby sounds or video monitor so that it can be heard in another room. This specific one is say to be better for twins or multiples where it might not be useful to have an monitor under the mattress, since obviously if one twin moves and the other one doesn’t it will still detect movement. Movement is indicated with a green flash on the movement indicator light if there is not movement a red light will be activated along with a siren. 

There are some wearable continuous noninvasive blood pressure sensors. One was developed by MIT faculty and about 20 companies. Like this project the device is to help diagnosed hypertension, heart disease, sleep apnea as well as patients that have anxiety that distorts blood pressure readings. The common blood pressure monitors require no cuff wrapped around the upper arm and inflated until blood flow is completely cut off. Then it releases pressure gradually and listens to the flow until the pulse can be detected. This device requires no cuff and instead uses a method called pulse wave velocity, which allows pressure to be calculated by measuring the pulse at two points along an artery. The two points are one on the wrist and one on the pinky. The main artery that runs on the pinky finger is the ulnar artery. One of the problems about getting blood pressure reading is to tell whether the hand is above or below the heart, since these two reading are different. The device has a sensor that measures acceleration in three dimensions and allows the hand position to be calculated at all times. Like this project the data can be transmitted via radio signals or wireless internet. This device was launched 1995.  
    
There is another device that is actually in the market called “Ambulatory Blood Pressure Monitor Contec ABPM-50. Unlike the previous one this one is not a wrist cuff but a traditional upper arm cuff wrapped around the upper arm. Like this project the information can be stored in a computer. The information that it stores is systolic blood pressure, diastolic blood pressure, mean blood pressure, pulse rate, error message and record number. In the article it says that the blood pressure is taken every N minutes therefore unlike the one mentioned previously and even though it says that is continuous it does not seem continues. 

One feature that this project will have is the ability to turn off the television when the person falls asleep by using the information being outputted by the body onto the device. One technology that has this feature is the Sony Bravia WE5 which does this by having a heat and motion sensor which will alert the system to automatically turn off if there is no one in the room watching, it also has face recognition. The project here instead of using the sensors mentioned the person is the one that is going to have the system on them will turn off the television using their some of their vital signs.

There are some fall detection devices out in the market. One well know commercial with the famous statement “I’ve fallen and I can’t get up” shows a pendant that requires the user to push a button if they have fallen, which is not truly fall detection since they have to physically do something and it doesn’t detect is they have fallen. But there are systems like one by Wellcore that has devices that connect to a docking station via Zigbee wireless technology at home and can pair with some Bluetooth technology on some mobile phones. Another feature that the device has is that is the user does not wear it from a long period of time the device sends an email message to a designated caregiver or a family member letting them know this. 

There are also apps for cell phones that can also try and detect a fall which will be only be obviously good for user of cell phones. One app is the iFall for android devices. This app was developed by Florida State University; the device detects falls and alerts authorities. Data from the accelerometer in the phone is evaluated and with several algorithms and data from the user’s position and taking into accounts different factors like height, weight, and the level of the user detects the fall. When a fall is detected it tells the user this if the user does not respond the system alerts family and/or friends through a text message. It also enables the speakerphone and after the fall is confirmed the then emergency services are contacted.

Another device that is in the market is Halo Monitoring device. Unlike the one above that it was a device that is meant to be clipped on by the waist and the one that is activated by the user that is a pendant. The Halo monitoring device is a chest strap. It is also water proof and can be worn 24/7. The chest strap transmits a wireless message indicating the fall, this message is sent to sent to their Health Server and through the user’s gateway and is then delivered to a professional call center as well as a text message to family/friends/caregivers.

The devices is positions on the chest since the chest is least likely to move erratically therefore giving better reliability (of 98.9% - 99.2%). Another concern is also to make it wore so it could easily be concealed and therefore making it more acceptable for the user to wear. This chest strap like this project also uses more than an accelerometer it also constantly monitors vital signs; heart rate, temperature and orientation. Meaning besides letting the family/friend/caregiver and emergency personnel know that the user has fallen, it also delivers the current vital signs. This device is meant for senior citizens to maximize their independence, lower healthcare costs and allow them to remain in their home longer and offer peace of mind to both the users and their family/friends/caregivers, while the user maintaining a normal independent lifestyle and monitor in the most unobtrusive way possible.         




1.6 Project Requirements 

The wireless pulse oximeter shall measure the heart rate and percent oxygen saturation of the blood and then transmit data to its display unit. The pulse oximeter, the Transmitter Sensor Unit (TSU) and Receiving Data Unit (RDU), shall be able to operate together wirelessly at a minimum distance of 20 ft. The TSU will have an accuracy of ±2% SpO2 (70% -100% oxygen concentration) for the patients of ages of 13 and older. The TSU will have an accuracy of ±3 BPM for pulse. The TSU shall sample data at least once every 100ms and poll battery status at least once every 10 minutes. Data will be sent to the RDU at a minimum of once every second.

The fall detection shall detect the position of the patient, whether if it’s an intentional fall or not. It will either send a signal or not based on the position, angular velocity and acceleration of the patient. If the patient is in a position other than upright and thresholds are met, the accelerometers shall emit a signal via a TSU to the RDU indicating a fall. The accuracy of the fall detection tri-axial accelerometers shall monitor acceleration within a range of ±10g and angular velocity between ±300˚/s and ±500˚/s. The sampling rate shall be to at least 120Hz, a bandwidth exceeding the characteristic response of human movement.
 
The RDU will display the pulse oximetry data of the patient on normal operations and patient information upon activation of an emergency incident. A 3-digit number shall be able to be displayed on the RDU; one for heart rate and one for oxygen concentration. The RDU shall be able to indicate the status of the TSU battery, the RDU battery, and whether or not there is a signal from the TSUs. The RDU will update all status indicators and pulse oximetry data at a minimum rate of once every second. The RDU shall be able to operate on one charge battery cycle power for a minimum of twenty-four hours. The twenty-four hour period is considered one use cycle. The RDU shall have an alarm system comprising of lights, vibration and sound that alerts the operator that the pulse oximetry has reached dangerous levels. Upon reaching threshold limits, the RDU will send an emergency signal (911) via Bluetooth through the patient’s cellular phone. The receiving unit may use sound to alert the operator if battery status is low.

The Wireless Pulse Oximeter:
· Measure percent oxygen concentration of the blood and pulse rate.
· Additional display for pulse rate and SpO2.
· Have an integrated wireless transmitter for transmission of data to the RDU at a nominal distance.

The Fall Detector:
· Determine the patient’s position (sitting, standing or laying down).
· Measure angular velocity and acceleration of patient.
· Have a range of ±10g acceleration.
· Have an accuracy of angular velocity between ±300˚/s to ±500˚/s.
· Have a sampling rate of at least 120Hz.

The Transmitting Unit (TSU) shall:
· Send pulse oximetry data and battery life to the receiving unit wirelessly.
· Send data to the RDU at a minimum of once every second.
· Be able to operate for a minimum of twenty-four hours (one charge cycle).
· Sample oximetry measurements at a minimum of once every 100ms.
· Poll battery status at a minimum of every 10 minutes.
· Have an accuracy of ±2% for SpO2 and ±2 BPM for pulse.

Receiving Display Unit (RDU) shall:
· Display the pulse oximetry data of the patient.
· Be able to display a 3-digit number (one each; oxygen concentration, BPM).
· Be able to indicate the status of the sensor unit’s battery; the receiving and transmitting units.
· Update all status indicators and oximetry data at a minimum of once every second.
· Be able to use a battery if no alternating current is supplied.
· Be able to operate on battery for a minimum of twenty-four hours (one charge cycle).
· Have an alarm system that utilizes sound, vibration and lights to alert the patient that the vital signs have reached dangerous levels.
· Send a 911 signal via wireless means through a cellular phone.


Section 2. Research

2.1 Processing Units

2.1.1 Microcontroller

Microcontroller vs. Microprocessor – The Central Processing Unit (CPU) on personal computers and small workstations is housed in a single chip called a microprocessor. What is the difference between a microcontroller and a microprocessor? A microcontroller is usually designed to perform a small set of specific functions whereas a microprocessor tends to be for a wider set of general functions. Microcontrollers are used for example in cars where they perform a specific task like regulating the brakes on the wheels. A microprocessor is used in a PC. There is a microprocessor in the microcontroller. There can also be found an oscillator, A/D converter, RAM, and Program Memory. So a microprocessor would not be adequate for this project. 

Microcontroller vs. FPGA - FPGAs and microcontrollers (MCUs) were two possible options for the processing unit of this project. Both are capable of being programmed to perform the actions necessary for calculating Sp02 and pulse rate, running the LEDs, and transmitting and receiving data. The included abilities, programming language and size are what separate the two for this design. 

An FPGA contains many features. They are able to create any logic function and 
can be interfaced with other FPGAs to solve complex combinatorial mathematic 
problems. FPGAs are programmed using hardware description languages 
(HDLs) which program logic functions into an executable file that the FPGA can 
read. The HDL file is generally based off a higher-level program's mathematical 
model, such as those created in MATLAB. FPGAs are designed to be 
programmed by the patient in the field, making them extremely easy to debug. 
They can also be programmed to prevent any more modifications, making them 
desirable in marketable products. FPGAs are generally their own PCBs and may 
be large. 

MCUs contain some similar features to FPGAs but also offer other options. 
Rather than an HDL, MCUs can be programmed in assembly or a high-level 
programming language, such as C. These chips contain their own integrated 
timers, crystal osciIIators and many inputs and outputs. Generally, MCUs are implemented in automatically controlled applications that do not require, and may not even allow, for external user input. Other features found in MCUs may include internal analog-to-digital converters (ADCs) and digital-to analog converters (DACs) to allow for signal processing and control, timers, receivers or 
transmitter as well as many input and output ports (I/Os).


Since the goals of this project necessitate small size, FPGAs are not ideal for this 
design. Additionally, the design team is more familiar with programming 
languages allowed by an MCU. The math necessary to calculate SpO2 and 
pulse rate does not require the complex math functions achieved using an FPGA; 
the MCU is the best option for this project. Considering the amount of possible 
features found already integrated into MCUs, there are a variety· of options 
available. These options can be narrowed down by the necessities of this 
project. Since there are many LEDs that need to be controlled, the MCU for this 
project must have many I/O ports available for programming. The ideal MCU for 
this project would also have transmission and receiving capabilities built-in. The 
rest of the necessities are governed by the objectives of the project: low power 
consumption, small size and ease of use. The MCU that requires the least 
amount of external ICs will be preferable as well as those that run on extremely 
low power. 

MSP430F233 - The Texas Instruments M SP430F233 features ultra-low power consumption, with five low-power modes, and the ability to wake from standby mode in less than one microsecond. This chip has a 16-bit RISC CPU with 16-bit registers, two built-in 16- bit timers, a 12-bit A/D converter, a comparator, two universal serial communication interface modules, up to 48 I/O pins, 8KB Flash, 1 KB RAM, operates at 16 MHz, roughly 12mm x 12mm in size and is available as either a LQFP or QFN. The MSP430F233 has many alternative components to fit any need whether it be more or less RAM, Flash, or processing power. This chip was end equipment optimized for Wireless Communication applications. The MSP430F233 has 48 I/O pins, 12-bit ADC, free IDE for MSP430 chips and 51 Instructions. This chip has a larger size with fewer integrated features than other microcontrollers do.

Pros
· Samples available
· 48 I/O pins
· 12-bit ADC
· Free IDE for MSP430 chips
· 51 Instructions
· Wake from standby in less than one microsecond
· Low power consumption
· Five low power modes
· Two 16-bit timers
· 4 UCSI ports with support for I2C, synchronous SPI, UART, and IrDA
· Serial onboard programming
· Freely available sample code and user manuals

Cons
· The size is large for the TSU.
· No internal DAC 12-bits for control of the LEDs

MSP430F2616 - The Texas Instruments MSP430F2616 has many of the same features as the MSP430F233, and is included to show an example of the large variety of MSP430's that are available. This chip has 92kB of lash, 4kB of RAM and operates at 16MHz. The MSP430F2616 can be upgraded if more RAM or Flash is needed. The MSP430F2616 has end equipment optimized for RF/ZigBee applications. This chip comes in two sizes 12mm x 12mm and 14mm x 14mm with 48 and 64 I/O pins, respectively. The pin designation diagram, shown in Figure 1a and 1b, is an example of the 14mm x 14mm chip with 64 I/O pins. The MSP430F233 also uses 365µA when in active mode, this is compared to 0.5µA when in standby mode and 0.1µA when in off mode. This chip also features a 12-bit ADC, 12-bit DAC, DMA controller, and a supply voltage monitor. The DMA controller allows for certain hardware subsystems within the microcontroller to access system memory for reading and writing independently from the CPU. The supply voltage monitor is used to monitor the supply voltage or an external voltage. It can be configured to set a flag when the voltage being monitored drops below a user-selected threshold.

The TI MSP430F2616 is a great microcontroller for this project. The only thing that is not great about it is the size. At 12mm x 12mm, being the smallest available, there is limited amount of room on the PCB for other components. One of the pros of ordering parts from TI is that almost all of their products have samples available. This helps bring down the cost of producing this project. In addition, TI has their own IDE for developing software for the MSP430 chips. Another nice feature about this chip, the DAC could be used with the TSU for controlling the LEDs. This could lower the cost of the project as a whole, because no additional part would have to be purchased. The DMA controller can be used to write data to memory coming in from SPI communication, such as the packet coming in from the transceiver on the RDU. The voltage monitor can be used to monitor the battery life of the TSU.


[image: Description: C:\Users\BigPun\Pictures\MSP430F2616.jpg]    
Figure 1a – Microcontroller (14mm x 14mm)
Courtesy of Texas Instruments
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Fig. 1b – MSP430F2616 picture and pin designation.
Courtesy of Texas Instruments

Pros
· Samples Available
· 48 or 64 I/O Pins
· 12-bitADC
· 12-bit DAC
· Free IDE for MSP430 chips
· 51 Instructions
· Wake from standby in less than one microsecond
· Low power
· Five low power modes
· Two 16-bittimers
· 4 UCSI ports with support for I2C, synchronous SPI, UART, and IrDA
· Serial onboard programming
· Freely' available sample code and user manuals
· DMA controller
· Supply voltage monitor

Cons
· The sizes are large for the TSU
· More Power consumption than other MSP430s

2.1.2 Transceivers

CC1101 - The CC1101 is a low-cost sub 1GHz transceiver designed for very low-power wireless applications. The chip is mainly intended for the ISM and SRD frequency bands at 315, 433, 868, and 915M Hz, but can easily be programmed for operation at other frequencies in the 300-348MHz, 387-464MHz and 779-928MHz bands. The RF transceiver is integrated with a highly configurable baseband modem. The modem supports various modulation formats and has a configurable data rate up to 500kBaud. The CC1101 provides extensive hardware support for packet handling with a max packet error of 1%, data buffering, burst transmissions, clear channel assessment, link quality indication and wake-on-radio functionality for automatic low-power Rx polling and automatic CRC handling. Also 2-FSK, GFSK, MSK, OOK, and ASK are supported. The main operating parameters and the 64-byte transmit/receive FIFOs of CC1101can be controlled via an SPI interface. The CC1101 is available in a 4mm x 4mm QFN package with 20 pins as shown below in Figure 2a and 2b.
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Figure 2a and 2b – CC1101 picture and pin designation (4mm x 4mm)
Courtesy of Texas Instruments

The CC1101 would be great for the use of communication. It is highly flexible, 
and has great options for low power applications. This chip’s footprint is also very 
small 4mm x 4 mm. Since the TSU has very limited real estate, the parts that are 
used in the PCB need to be as small as possible. The CC1101 also has no need 
for many external components that most radio frequency transceivers require, such as a frequency synthesizer, external filters, or RF switches. Since the project is on a limited budget, it is good to have parts that do not require external components to function properly. The CC11 01 also supports asynchronous and 
synchronous serial receive and transmit modes. In addition, the CC1101 supports automatic frequency compensation that aligns the frequency synthesizer to the correct center frequency.

Pros
· Samples Available
· Maxi 1% packet error
· Low current consumption
· 2-FSK, GFSK, MSK, 00K, and ASK supported
· Temperature sensor
· Flexible support for packet oriented systems.
· Automatic CRC handling
· Wake on radio functionality for automatic low power Rx polling
· 64-byte Rx and Tx data
· 4mm x 4mm package with 20 pins
· Complete on-chip frequency synthesizer, no external filters or RF switch 
needed
· Automatic Frequency Compensation (AFC) is used to align the frequency 
synthesizer to the received center frequency
· Support for asynchronous and synchronous serial receive/transmit mode 
for backwards compatibility with existing radio communication protocols

Cons
• Needs external components in order to function

CC2520 – The CC2520 is a 2.4GHz transceiver that operates using the ZigBee standard (IEEE 802.15.4). It uses very low power for transmission. While receiving, the CC2520 uses 18.5mA. It has a programmable output up to +5dBm. While transmitting at +5dBm the CC2520 uses 33.5mA and uses only 25.8mA transmitting at 0dBm. This chip has an output data rate of 250kbps. The chip uses CSM A/CA to assess the clarity of a channel in order to avoid transmitting data in a noisy environment. The MCU automatically adds a CRC. This chip has only 768 bytes of RAM onboard. The CC2520 has a 4-wire SPI port to enable serial communication with other devices. Six GPIOs are included for any other functions that may need to be preformed. Also included in this chip are a random number generator and an interrupt generator. This chip does not have an internal ADC or DAC.

The CC2520 comes in a very small package. The chip is 5mm x 5mm and 
comes in a standard 28-pin QFN package, as shown below in Figure 3a and 3b. It has an extended operating temperature range of -40 to +125˚C. It can operate on a very low voltage power supply, ranging from 1.8V to 3.8V.
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Figure 3a and 3b – CC2520 picture and pin designation (5mm x 5mm)
Courtesy of Texas Instruments

Pros
· Very small
· Low power consumption
· Low operating voltage
· Good radio
· Automatic CRC
· Collision avoidance
· Fast data rate
· Small number of GPI Os and 1 SPI port

Cons
· Needs external MCU
· Uses 2.4GHz ZigBee

2.1.3 Microcontrollers with built-in Transceiver 

CC430F5137 - The Texas Instruments CC430 is a sub-1GHz wireless transceiver microcontroller module. It is a true system-on-chip design. It is a combination of two different TI parts - the MSP430 and the CC1101 - and contains features of both. The CC430 is designed for use in ultra-low-power designs and contains five low power modes to extend battery life. Typical, this MCU is used for portable sensor units, which is precisely the application of this project. The chip contains up to 32kB of flash memory, 4kB of RAM, two timers, an ADC, a clock module and 32 I/O pins, among other features. Figure 4a and 4b display the picture and pin designation for the CC430F5137.
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Figure 4a and 4b – CC430F5137 picture and pin designation (9mm x 9mm)
Courtesy of Texas Instruments



The most important part of this chip is that it contains both an MCU and a transceiver. This is ideal for the project because it will save space on the PCB, thus allowing a smaller board to be created and a smaller overall product. Since the CC430 can be programmed using familiar languages, having both parts in one will not only save time programming, but completely eliminates the need to learn a new programming language. The integrated real time clock is another plus. This clock will allow the transmission to be programmed easily. With these programmed on a real-time clock, coordinating the two units will be much easier.

Other aspects found on this chip include an on-board comparator, audio capabilities, which may help run the speaker on the RDU, sample-and-hold features and internal temperature and battery sensors. These features are all important to the design of this pulse-oximeter. Each of these features will save components and PCB space in the final design.

Pros
· Low-power consumption
· Integrated MCU and transceiver
· Wake-Up from standby in less than 5µA
· Small size of 9mm x 9mm
· 32 I/O pins
· Real-time clock
· 5 Low Power modes
· Familiar programming language

Cons
· Fewer ADCs than other options

JN5148 - The Jennic JN5148 is 2.4-GHz wireless transceiver microcontroller with a 32-bit RISC CPU – 32 MIPS and up to 21 Digital I/Os. It is an excellent single chip solution for wireless sensors. The integrated 2.4GHz transceiver has built-in cyclic redundancy check. The JN5148 has 128kB of ROM and 128kB of RAM, which provide plenty of memory to run both ZigBee protocols and an embedded application. An Internal 12-bit ADC and two 12-btt DACs provide excellent integration into many microcontroller circuit designs, reducing the number of external components needed. The JN5148's low power-consuming design enables the chip to be powered by a single coin cell battery, which is ideal for this project. This chip also has a four wire digital audio interface for interfacing directly to most audio codecs, a feature that would be useful for the RDU's alarm indicators. The JN5148 is available as a small 56-pin QF N of 8mm x 8mm. Its downfalls are that it transmits on the crowded 2.4G Hz frequency band and is a very high cost component at about $20 per chip with no free samples available.

Pros
· Low-power consumption
· Integrated MCU and transceiver
· 2.4G Hz wireless transceiver
· 32-bit RISC CPU
· 21 GPIOs
· Internal 12-bit ADC
· 2 internal 12-bit DACs
· 8 x 8mm QFN package
· Low Power consumption
· 4 Wire audio Interface
· 21 GPIOS

Cons
· No samples available
· High Cost Part
· On cluttered 2.4GHz Band
· Samples not available

2.1.4 Transceiver with Built-in Microcontroller

CC1110 - The Texas Instruments CC1110 is a low- power sub 1-G Hz system-an-chip solution designed for low-power wireless applications. This chip uses an enhanced 8051 M CU (8x the performance of a standard 8051) and has 32-kB of Flash and 4-kB of RAM. Like the CC430, the CC1110 has an integrated CC1101. The CC1110 features a 12-bit ADC, I2C interface, two USARTs, one 16-bit and three 8-bit timers and 21 GPIO pins. A major benefit is that this chip is a very small 6mm x 6mm 36 lead QFN package. The downside to this size is the reduced number of built-in features. A typical application circuit for the CC1110 is shown below, in Figure 5.

[image: ]
Figure 5 – CC1110 866/915 MHz application circuit.
Courtesy of Texas Instruments



2.1.5 Processing Unit Comparison

Ideally, the MCU that will be used needs to be relatively small, 12mm x 12mm or less. In addition, it will need to have a large number of 110 pins, 20 or more, to control the various circuits in both the TSU and RDU. As a bonus, the MCU should have built-in technology that could be used to reduce the size of the TSU, such as ADCs, DACs, or transceivers. Due to the projected budget for this design, it is also important that the MCU be low cost. Table 1 shows a summary of the possible MCUs.














	Part number
	Component size (mm2)
	Number of I/O pins
	Extra built-in features
	Cost
($) 

	JN5148
	8 x 8
	21
	2.4GHz transceiver, 12-bit ADC, 12-bitDAC, 4 wire audio interface
	20

	CC430
	9 x 9
	32 - 64
	Sub 1GHz transceiver, 12-bit ADC, CC1101
	5.00*

	MSP430F233
	12 X12
	48
	12-bit ADC
	2.50*

	MSP430F2616
	12 x 12 or 
14 x14
	48 or 64
	12-bit ADC, 12-bit DAC, DMA controller
	5.85*

	MSP430FG437
	14 x 14
	48
	12-bit ADC, 2x 12-bit DAC,3x Op Amps, Analog comparator, DMA, SVS, LCD driver 
	5.15*

	CC1110
	6 x 6
	21
	Sub 1GHz transceiver, 12-bit ADC
	4.85*


Table 1 – MCU Comparison
(*) designates that the samples are available for free or purchase

The Jennic JN5148 is a great MCU that could be used due to its small size, adequate number of I/O pins as well as its many useful built-in features, but its cost prevents it from being usable in this design. The next best choice is Texas Instrument CC430. This chip is ideal for the same reasons as the Jennic JN5148. What it lacks in built-in features it makes up for in number of I/O pins. In addition, the sub-1GHz transceiver is the preferred frequency for the design. The CC430 integrates a full sub-1GHz transceiver in one chip, smaller than a standard MSP430. This chip is a very useful and relatively new part to the market place, which might make obtaining the chip difficult. If it is unobtainable then a MSP430 and CC1101 will be used to take its place. Since the Texas Instruments parts are similar, the design can be changed later, if needed, without significant changes to the software. The PCB layout will, of course, change drastically if the CC430 is unavailable and a separate MCU and transceiver need to be used. Texas Instruments offers a single chip MSP430 pulse-oximetry design. This design cannot be reproduced exactly for this project, due to the need for wireless transmission and that an LCD will not be used. However, Texas Instruments design is a good reference for alternate methods and parts. In their design, the specific chip used is the MSP430FG437. Although the MSP430FG437 is a larger part, it is very useful because of all the built-in features: ADC, DACs, operational amplifiers, analog comparator, etc. Having these integrated reduces the number of external parts needed in the design. This saves on board space of the PCB, which more than compensates for the increased size of the Chip. The lower number of external parts also reduces the budget. Compared to the other chips that are available, although the CC1110 could be used, it does not match up in features or abilities for the same price. The CC1110 would also require controlling a large number of external devices, which would be a struggle due to its limited number of GPIOs. Throughout the research, the family of microcontrollers that will work best with the design of the system is the CC430 family.  These controllers also have a build in transceiver within the controller itself.  This works perfect with the system since the product is required to transmit signals and receive them for different purposes. The primary choice for this project is the Texas Instruments CC430 and the Texas Instruments MSP430FG437 with a CC1101 will be the backup MCU design.

2.2 Fall Detection

2.2.1 Chest Subsystem

Gyroscope vs. Accelerometer: The difference between gyroscope and accelerometer is that the former can sense rotation, the latter cannot. A 3 axis accelerometer has the ability to gauge the orientation of a stationary platform relative to the earth’s surface. If the platform happens to be in free fall, the acceleration will be shown to be zero. If it is only accelerating in a particular direction the acceleration will be indistinguishable from the acceleration being provided by the earth’s gravitational pull. So an accelerometer alone cannot be used to have an aircraft maintain a particular orientation.

A gyroscope on the other hand has the capability of measuring the rate of rotation around a particular axis. For instance if a gyroscope is used to gauge the rate of rotation around the roll axis of an aircraft, it will come up with a non zero roll value, so long as the aircraft continues to roll, but shows zero if the roll stops.
Another way of identifying the difference between a gyroscope and an accelerometer is by understanding that a gyroscope helps measure or maintains orientation, using the principles of angular momentum, whereas an accelerometer measures vibration. Another difference pertains to the fact that a gyroscope gives an indication of the angular rate, whereas an accelerometer measures linear acceleration.

The 2 axis accelerometer gives the direction of gravity on your balancing instrument by measuring the linear motion and gravity. The accelerometer detects and measures electrical current that derives from muscular action. The magnitude of the signal in the case of the accelerometer is biased by gravity. This is not the case for the gyroscope. Typically a gyroscope is used to measure angular position premised on the principle of rigidity of space of the gyroscope. Information pertains to bandwidth and frequency available to the extent of zero frequency. A gyroscope has many practical applications, but in this case it will be used to determine the angular velocity of the fall detection. The accelerometer on the other hand will be to determine the acceleration of the fall detection.

Falls are detrimental events for the aged population. Fall risk is also higher for people from special careers such as fire fighting. Hence, reliable fall detection is of great importance. Falls are a common issue, but they are difficult to define rigorously. Since falls are usually characterized by larger acceleration compared with activities of daily living (ADL), existing solutions mainly use accelerometers for detection. However, focusing only on large acceleration can result in many false positives from fall-like activities such as sitting down quickly and jumping. Some fall detection algorithms also assume that falls often end with a person lying prone horizontally on the floor. These kinds of systems use change of body orientation as an indicator for falls. But, they are less effective when a person is not lying horizontally, e.g. a fall may happen on stairs.

To improve activity recognition accuracy, large bodies of work uses complex inference techniques like hidden Markov models to analyze acceleration data, but they use excessive amounts of computational resources and do not always meet real-time constraints. Such methods are inappropriate for fall detection because fast response is essential. In addition, fall activity patterns are particularly difficult to obtain for training such systems. The solution divides human activities into two categories: static postures and dynamic transitions between these postures. We define falling as an unintentional transition to the lying posture. Using two tri-axial accelerometers at different body locations, the system can recognize four kinds of postures: standing, sitting, bending, and lying. This is more accurate than only using body orientation information.

To determine whether a transition is intentional, the system measures not only linear acceleration, but also angular velocity with gyroscopes. By using both accelerometer-derived posture information and gyroscopes, the fall detection algorithm is more accurate than existing methods. Moreover, the solution has low computational cost and fast response.

Existing fall detection solutions can be divided into two classes. The first class only analyzes acceleration to detect falls. Prado used a four-axis accelerometer located at the height of the sacrum to detect falls. Mathie used a single, waist-mounted, tri-axial accelerometer to detect falls. Lindemann integrated a tri-axial accelerometer into a hearing aid housing, and used thresholds for acceleration and velocity to decide if falls happen. Kangas studied acceleration of falls and ADL from the waist, wrist, and head, and showed that measurements from the waist and head were more useful for fall detection. Bourke placed two tri-axial accelerometers at the trunk and thigh, and derived four thresholds, upper and lower thresholds for both the trunk and thigh. Exceeding any of the four thresholds indicated a fall had occurred. The problem with this kind of method is that other ADL such as sitting down quickly and jumping also features large vertical acceleration. Therefore, only using acceleration for fall detection causes many false positives. 

Second classes of solutions utilize both acceleration and body orientation information to detect falls. Noury developed a fall detector consisting of three sensors: a tilt sensor to monitor body orientation, a piezoelectric accelerometer to monitor vertical acceleration shock, and a vibration sensor to monitor body movements. Noury developed a sensor with two orthogonally oriented accelerometers and used this sensor to monitor the inclination and inclination speed to detect falls. Chen looked at the change in body orientation during an impact to monitor falls. Body orientation can help improve the fall detection accuracy, but using one single device can only monitor the orientation of the trunk, more posture information cannot be collected using this kind of method. Bourke developed a threshold-based fall detection algorithm using a bi-axial gyroscope sensor. They put the gyroscope at the sternum, and measured angular velocity, angular acceleration, and change in trunk angle to detect falls. Besides the two main kinds of fall detection solutions outlined above, complex inference techniques are also utilized to improve activity recognition accuracy. Raghu et al. attached five accelerometers to a jacket, and performed activity recognition by using hidden Markov models to analyze acceleration data. Their method needs activity patterns and significant computation, so it is not appropriate for fall detection. Some commercial health monitoring products such as Philips’ Lifeline use a help button to issue medial alerts. However, when a really serious fall happens, people may not be able to push the button. Therefore, improving the accuracy of automatic fall detection is of great importance.

Data Acquisition – Since the design measures both acceleration and angular velocity to detect falls, we chose to use the TEMPO (Technology-Enabled Medical Precision Observation) 3.0 sensor nodes. The TEMPO 3.0 node includes a tri-axial accelerometer and a tri-axial gyroscope as shown in Fig. 6(a). The tri-axial accelerometer, an MMA7261QT made by Freescale Semiconductor, can monitor acceleration within a range of ±10g. The tri-axial gyroscope consists of an Invensense IDG-300 dual-axis gyroscope and an Analog Devices ADXRS300 z-axis gyroscope. The IDG-300 can monitor angular velocity between ±500˚/s. The ADXRS300 can monitor angular velocity between ±300˚/s. The sensors are controlled by a TI MSP430F1611 microcontroller. The sampling rate is set to 120Hz, a bandwidth exceeding the characteristic response of human movement.

Considering that most postures have different angles between the trunk and upper legs, the sensor nodes are attached on the chest (Node A) and thigh (Node B) as shown in Fig. 6(b). For the following experiments, three male subjects in their 20s engaged in a battery of tests designed to simulate ADL, falls, and fall-like activities. To conduct these tests, four continuous data sets were collected from each subject with approximately 5 seconds spent in each activity: ADL (walk on stairs, walk, sit, jump, lay down, run, run on stairs), fall-like motions (quickly sit-down upright, quickly sit-down reclined), flat surface falls (fall forward, fall backward, fall right, fall left), inclined falls (fall on stairs). All fall data was taken on hard surfaces. In addition, static posture data (standing, bending, sitting, and lying) was collected from a single subject to explore the accuracy of the proposed posture recognition algorithm. The following sections present some of the collected data and discuss the efficacy of the proposed fall detection solution.
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      Figure 6a				        Figure 6b	
							Used with permission from Microsoft.

The Fall Detection Algorithm – The fall detection solution can be divided into three steps: activity intensity analysis, posture analysis, and transition analysis. The data collected are segmented into one second intervals. If the change of sensor readings within an interval falls into the region specified in an algorithm, then it is classified as a static posture. Otherwise, a dynamic transition is assumed. For static segments, the accelerometer readings are used to determine specific postures, including standing, bending, sitting and lying. If the posture of a static segment is determined to be lying, we examine whether the transition to the lying posture was an intentional movement by examining the previous 5 seconds of data. If the transition was unintentional, it is flagged as a fall.

Dynamic Transitions vs. Static Postures: As shown in Fig. 6(b), two TEMPO 3.0 nodes, A and B, are attached on the trunk and right thigh, respectively. Using these two nodes we can get both the linear acceleration and rotational rate of the trunk and thigh:

			
			

Here, aA and aB are the trunk and thigh vector magnitude linear acceleration, respectively. ωA and ωB serve as measures of aggregate rotational rate as derived in. Figure 7 shows the linear acceleration and rotational rate readings from nodes A and B for typical standing, walking, sitting and running. From this figure we can see that the acceleration amplitude for stationary postures is smaller than 0.40g, and the rotational rate amplitude for stationary postures is smaller than 60˚/s. Using these thresholds, we can separate static postures from dynamic transitions quickly and accurately.
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Figure 7 - The linear acceleration and rotational rate of the trunk and thigh for standing, walking, sitting and running.

Posture Recognition: When a static posture is detected, it must be determined whether a person is lying prone. Since the posture is static, aA and aB in should always be near the gravitational constant: 1.0g. Then we can calculate the angle between the trunk and the gravitational vector, θA, and the angle between the thigh and the gravitational vector, θB:



Figure 8 shows θA and θB for four kinds of static postures: standing, bending, sitting, and lying. These postures are characterized by different inclination angles of the trunk and thigh. These angles are specified in Table 2.



	ΘA (deg)
	ΘB (deg)
	Posture

	< 35
	< 35
	Standing

	> 35
	< 35
	Bending

	< 35
	> 35
	Sitting

	> 35
	> 35
	Lying


Table 2: Postures are determined by different inclination angles of the trunk and thigh.
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Figure 8 – The inclination angles of the trunk and thigh for the four static postures: standing, bending, sitting and lying

Intentional vs. Unintentional: An unintentional transition to a lying posture is regarded as a fall, and it features large accelerometer and gyroscope readings. We differentiate intentional and unintentional transitions by applying thresholds to peak values of acceleration (a) and angular rate (ω) from two nodes, A and B.
The acceleration and rotational rate were compared over ADL and fall data sets to determine TaA, TaB, TωA and TωB. Figure 9 shows the linear acceleration and rotational rate of the chest and thigh for ADL. Activities include going upstairs, walking, sitting down deliberately, jumping, lying down deliberately, running, and going downstairs quickly. Figure 10 illustrates the acceleration and rotational rate of typical forward, backward, rightward, leftward, and vertical falls. Inspection of these figures reveals that falls and vigorous daily activities such as jumping, running, going upstairs/downstairs quickly are characterized by larger acceleration and rotational rate. Using TaA = 3.0g, TaB = 2.5g, TωA = 200˚/s and TωB = 340˚/s can distinguish these abrupt transitions from normal gentle activities. It should be noted, however, that such thresholds are influenced by a person’s profile (e.g. height, weight, age). More work is needed to find these relationships.
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Figure 9 – The linear acceleration and rotational rate of the trunk and thigh for ADL.
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Figure 10 – The linear acceleration and rotational rate of the trunk and thigh for falls.

Selecting a Unit – Although the TEMPO 3.0 provided a good reference point for study, the unit was prohibitively expensive, and difficult to find.  In general, those units that had the accelerometer and gyroscope already integrated cost somewhere in the range of $150 to $400, while the components, when purchased separately, cost between $30 and $40.  Since the project requires two of these units, this is a large difference in cost.  The integration of these parts for this project is not as difficult owing to the existence of microcontrollers already in the project.

The main required functionality of the accelerometers and gyroscopes is that they measure all three axes, as the chest and thigh systems may be in any relation to each other before a fall occurs.  The accelerometers must be able to measure a spike consistent with a fall event, and be sensitive enough to distinguish this event from other high-g events that are not consistent with falls, such as those shown in Figure 9 and 10 above.  This implies a full scale range of somewhere between ±6g and ±8g.  Power consideration is also a large concern owing to the fact that these will be located on the battery-operated RDUs.  If either or both of the sensors could incorporate a power-saving mode when not under load, combined with a quick wake-up time, this would be ideal.


The accelerometer chosen for the project is the Freescale MMA7361, Figure 11, a sensitive, low-voltage accelerometer with a sleep function and fast response, and an analog output.  Although this unit has a selectable range component of ±1.5g, this will not be used in the system; instead, the unit’s functional range will be ±6g.



Figure 11 – Freescale MMA7361

The gyroscope chosen for the project is the InvenSense ITG-3200, a three-axis gyroscope with each of its three axes pre-converted from analog to digital, so the outputs to the MCU are digital.  It uses the I2C transmission protocol.  Like the accelerometer, it also has a sleep mode available, coupled with a slightly less rapid, but still sufficient wake-up speed.  In addition, this unit also has a low power overhead when compared to many other gyroscopes.

2.2.2 Thigh Subsystem

Accelerometer and Gyroscope – Originally, this subsystem was located on the ankle.  The main purpose for this component is to help gather info for the fall detection aspect of the system.  In order for the fall detection sensor to be functional, it needs to contain an accelerometer and a gyroscope.  As mentioned in the chest subsystem, the same accelerometer and gyroscope that is used there will be used for the thigh subsystem as well.  Reference back to the 2.2.1 chest subsystem for the definition of the accelerometer and gyroscope; also listed are their functions and their role in this system.  

The reason that we switched the location of this subsystem from the ankle to the thigh is stability.  On existing systems, this subsystem is usually on the ankle.  A problem that arises from this solution is a stability issue. What the accelerometer and the gyroscope do is sense and measure the rate of rotation and give the direction of gravity.  If the subsystem is on the ankle and the patient falls, the distance from the ankle to the ground is very small.  Since the distance is short, the component will not have an accurate reading or even acknowledge the fall.  After brainstorming and doing some research, it is now known that having this component on the thigh is more accurate than locating it on the ankle.

Having the component on the thigh gives the system a wider range to gather information for the fall detection.  The distance from the thigh to the ground gives the system a more accurate reading than the distance from the ankle to the ground.  Also, from research, having this component on the opposite side of from the chest component gives the system a more accurate system.  If the chest and thigh components are on the same side of the patient when the patient falls, then the readings will not be as accurate if the components were on opposite sides of each other.  By doing that, the device a more accurate reading because of the different ranges and angles from being on opposite sides.

ZigBee – ZigBee is a specification for a suite of high-level communication protocols using small, low-power digital radios based on the IEEE 802.15.4-2003 standard for wireless personal area networks (WPANs).  For more information, refer to section 2.5.  The ZigBee is the most important part of this component.  It is responsible for sending out the signal to the RDU (receiving display unit).  More information about the RDU can be found in section 2.3.  

One of the types of information that the ZigBee will send out is the power consumption.  The thigh subsystem is powered by a battery.  The signal that will be sent out will transmit to the waist component to alert the patient if the battery is getting low. When that happens, the patient will be able to switch out the battery. The other information that the ZigBee will be sending out is from the fall detection sensor.  As mentioned earlier, the accelerometer and the gyroscope make up the fall detection sensor.  If a fall occurs, the ZigBee will gather that information from the fall detection sensor and send it to the RDU component in the waist.  From there, the RDU will determine if it is a fall and either send out a signal to the dispatcher or consider the alert a false alarm. 

2.3 Receiving Display Unit (RDU)

The RDU has a display and LEDs to show the pulse rate and percent 
oxygen saturation. It will contain a battery life indicator as well as alarms to alert 
the patient to certain threshold conditions. This is the base station and remote 
monitoring system. Most important to this system is its portability and ease of 
use. Thus, all components that need to be changed must be easy to reach and 
the unit must be lightweight and not have many wires.

The display will either show the pulse rate and Sp02 in an alternating manner or display both simultaneously in two different displays. This may be done either on a timed loop or on the press of a button. It will be able to show at least three digits. The measurement being displayed may be indicated by a reading on the display or a light nearby. There will also be indicators for the battery on the TSU, the backup battery on the RDU, two for indicating which measurement is being displayed and for the wireless connection between the two units.

There will be two forms of power. There will be an AC connection to the wall. 
This will allow the unit to work without battery consumption. There will also be a 
backup battery pack. This will allow the unit to switch from AC to DC power source without losing continuous monitoring, making the unit much safer for use in high risk cases. The RDU will have a battery indicator to show when the backup batteries need to be replaced. Additionally, it will be able to indicate when the TSU battery is low and needs to be charged.

When the measurements of pulse rate and Sp02 reach a certain threshold or a severe fall is detected or both, the RDU will sound an alarm and forward a signal for emergency services via cell phone. The alarm may have different sounds for each alert. This makes certain that no danger will be overlooked or go unnoticed. It also assures that if the sensor falls off or is not reading properly, the person watching the display will know and can rectify the situation. All of these alarms and indicators are safety features ensuring that the unit will always be working and monitoring properly.

2.3.1 Displays

There are many types of displays available. The goal of this research is to outline several types, list the pros and cons, compare among the types, and draw a conclusion of which type is appropriate for this project. This project requires the display of the pulse and blood oxygen saturation level to the patient, as well as high visibility for the warning signals.
 
The digits should be able to be read from across a medium sized room. This limits the options to character size of at least 0.4" x 0.4" per digit. Optionally, the display may show non-numerical information, such as the signal strength, battery life of the TSU, and battery life of the backup battery in the RDU. All of this information could be shown on the display but this is not a necessity. Section 4.1.3 of this document will cover research of other options to display this information. 

7-Segmented LED – The basic 7-segmented Light Emitting Diode (LED) is the display most commonly used in digital clocks, electronic meters, and any other electronic devices that only need to display numbers. This display requires very minimal effort to set up and can be interfaced with a MCU using 8 simple 16-1 multiplexers for each digit and use 4 bits of the MCU's GPIOs per digit. The Maxim part MAX6954 can drive the 7-segmented display utilizing fewer outputs from the MCU. The 7-segmented display is probably the most widely used and is time tested. Even though this is not a determining factor, it has low power consumption. The part LDT-A512RI from the manufacturer Lumex was considered for this selection. 

14-Segmented LED – The next basic display is the 14-segmented LED display. They are most commonly used in microwave ovens, car stereos, and VCRs. They are capable of displaying all letters of the alphabet and the numbers 0 - 9. This can also be implemented the same as the 7-segmented display, but would need to use 5bits of the MCU's GPIOs per digit. Two of the Maxim part MAX6954 could be used to drive the 14-segmented display utilizing fewer outputs from the MCU. Like the 7-segmented LED this technology has been widely used' and is a time tested solution to this problem. Even though this is not a determining factor, it has low power consumption. The part LDS-E5002RI from the manufacturer Lumex was considered for this selection. 

LCD – The liquid crystal display (LCD) is the next display considered for the display of the RDU. Digital watches and calculators commonly use LCD displays. There are a few different types of LCD displays. The two that displays considered here are the graphical and alphanumerical LCD displays. Graphical LCD displays contain a pixel area. Creation of graphics requires manipulation of the pixel area. A benefit of a graphical LCD display is that all of the LED status indicators can be 
displayed. A graphical LCD would have a graphic for signal strength, battery life 
of the TSU, and battery life of the backup battery in the RDU. These are also more expensive than the alternatives of the same height and width parameters. 
An alphanumerical LCD displays show most printed ASCII characters. 
Alphanumerical LCD displays are more inexpensive than the graphical LCD 
display, but do not show graphics. LCDs have the ability to display more 
information than the 7-segmented and the 14-segmented display. However, it 
cannot be interfaced with a multiplexer like the 7-segmented or 14-segmented 
display. LCD displays require a LCD driver IC when interfacing with a MCU and 
have very low power consumption.

The choice of LCD type becomes important, as it also comes in three main types: reflective, transmissive, and transflective.  The reflective LCD uses ambient light reflected off a rear mirror to create the contrast, or it can be supplied with a front light to create light to reflect from the mirror. The transmissive LCD uses a backlight of a fluorescent lamp or an LED to pass light through the LCD layer.  The transflective display combines both of these elements, with an illuminance sensor controlling a backlight when the ambient light is too low to create an effective contrast on the LCD layer.

The purely transmissive LCD has the trouble that it cannot be used in bright sunlight, as the display tends to wash out, and it can even be damaged by prolonged exposure to bright light. The purely reflective LCD has the problem that it can’t be used in dim or no light.  Therefore, the LCD type must be either a reflective display with a front light or a transflective display. The transflective LCD U010602DSF/DWH from Lumex was considered for this selection. 
The size of an LCD display must merely be sufficient to handle a limited number of situations. Power management must be balanced with readability in selecting the display size, which is usually measured in pixels. All 10 digits can easily be represented by a 3x5 array of pixels in a manner similar to the numeric LED. 18 of the 26 letters can also be represented clearly in a 3x5 array, whereas the other 8 letters require either 4x5 or 5x5. For readability, these arrays may be enlarged such that the height of each alphanumeric character is set close to the height of the display itself.

The main focus of the display requires at maximum seven characters- a pulse rate requires three numbers, a temperature requires four numbers and a decimal point, and a blood pressure requires six numbers and a space or a slash.  The secondary focus of the display is the indicator in the corner that indicates whether the numbers displayed on the screen are the heart rate, temperature, or blood pressure.  A heart shape is used to indicate a heart rate, which requires at minimum a 5x7 pixel array; the letters “BP” are used to indicate blood pressure, which requires a 5x7 pixel array.  These are in addition to other display mechanisms that tell the patient what the number on the screen represents.

OLED – The organic light emitting diode (OLED) displays are fairly new technology. This technology has many benefits over the other types of displays compared here.  It has extremely low power consumption. They are brighter, thinner, lighter, more flexible, and have large fields of view. However, the OLED has performance issues in very bright light, low longevity, burn-in trouble, and color fading over time, particularly when used extensively in an outdoor environment.  This technology is not as developed as the other display types, and due to the manufacturing process can be prohibitively expensive, and thus isn't cost effective for this project at this time. 

Comparison – Table 3 below summarizes the above descriptions. The LEDs are inexpensive and easy to interface whereas the LCDs are more expensive, come in much smaller character sizes, and require an LCD driver to interface. The typical LEDs 0.56" 7-segment displays cost about $2 and similarly a 0.56" 14-segment display cost about $5. The numerical LCD counterpart of the 0.56" LED start at about $20 and going upward based on the width of the LCD. The graphical LCD counter part of the 0.56" LED starts at about $25. The LCD's power consumption is better than the LED's, but with the RDU running on AC power it will not be an issue. Whereas, if it is running on battery, the life then power consumption must be minimal.







	
	7-segmented
	14-
segmented
	LCD
	OLED

	Power
	Low
	Low
	Very Low
	Xtreme Low

	Cost
	Low
	Low
	High
	High

	Flexibility
	Low
	Low
	High
	High

	Implementation
	Easy
	Easy
	Hard
	Hard

	Character Size
	up to .7 in
	up to .7 in
	Varies
	Varies


Table 3 – Comparison of the displays

Selecting a Display – For the purposes of this project, more information must be conveyed on the waist-mounted display than can be handled by a single 7, 14, or even 16 segment LED display, and so we must choose either an LCD or a series of LEDs.  The trouble with the LCD is that it requires the installation of a driver into the microcontroller.  For the purposes of simplicity in interfacing with the microcontroller, and for maximum performance in a wide variety of locations, we could choose to use multiple LEDs.  However, in order to display enough alphanumeric characters, we would have to purchase many LEDs, and this also requires significant real estate on the circuit board, as well as either using many pins, or forming a complex multiplexing scheme.

The saturation of oxygen in blood is a percentage displayed as a decimal. The pulse of a human being is at a maximum of a 3-digit number, and any of the statuses require no more than six letters.  However, adding more letters than this enables us to display extra information, such as the patient’s name.  The added benefit of using an LCD is the ability to have extra characters, and to have preprogrammed characters available, in exchange for slightly more up-front setup.

Chosen Displays – The Newhaven NHD-0216K1Z-FS_RGB_FBW is a LCD with a configurable LED backlight and gray text, requiring a 5V source with a maximum power dissipation of 90mW.  The LCD is arranged in two rows of 16 characters, with each character preprogrammed by the existing LCD controller into a 5x8 array of dots.  The LCD is controlled by 18 pins, 8 of which are addressing pins, 10 of which are control pins.  Please see section 3.3.1 for a more thorough display of the LCD display control.

2.3.2 Power Considerations

There are several options for powering the system. The most common type of power used in devices is batteries. The disposable batteries consist of one or more electrochemical cells that convert stored chemical energy into electrical energy. Another option is rechargeable batteries also called storage battery which also consists of a group of one or more electrochemical cells. They are also known because of their secondary cells because their electrochemical reactions are electrically reversible. 
There are several differences and pros and cons of each pick. Disposable batteries are said to be largely used for powering low voltage devices that are not used often.  Disposable batteries (primary batteries) also come with different chemical agents such as Carbon Zinc being one of the most common ones. Carbon Zinc works best in low energy depleting devices. Other chemical agents are Alkaline, Super Alkaline, Air Alkaline, Lithium, Silver Oxide and Zinc Air. One of the most popular batteries is the alkaline which come in all the standard sizes. The alkaline batteries include the flat round type that work well in often-used medium to high energy depleting items. There are also super alkaline batteries that last longer for high used devices which can include medical apparatus and photo equipment. In Table 4, we can see the comparisons of primary source batteries. 

	Batteries

	
	Carbon 
Zinc
	Alkaline
	Lithium
	Silver 
Oxide
	Zinc
 Air

	1. Cost
	$
	$
	$$$
	$$$
	$

	2. Voltage (V)
	1.5
	1.5
	1.75
	1.45
	1.35

	3. Toxic
	
	
	
	
	

	4. Memory Effect
	No
	No
	No
	No
	No

	5. Self-discharge (months)
	1%
	1%
	5-10%
	2-3%
	0.1%


Table 4 - Primary Source Batteries 

The other choice is rechargeable batteries (secondary batteries). Nickel Cadmium (Ni-Cads) is the most commonly purchased rechargeable battery. The con is that the disposal of these batteries is hazardous to the environment because of the toxic metals in them. There are also nickel metal hydrides (NiMH) that have good performance and are less toxic to the environment. Alkaline batteries can replace the disposable batteries normally used, are less costly than the Ni-Cad and hold a longer charge but have a shorter life span than NiMH. Below are five of the main types of rechargeable batteries which are Nickel-Cadmium, Nickel-Metal Hydride, Nickel-Zinc, Lithium Ion and Rechargeable Alkaline Batteries. Typical uses of the main types of rechargeable batteries include: NiCad is used for low-drain applications such as electronics (power tools), toys, cordless and wireless telephone and emergency lighting. NiMH batteries are used in electric vehicles, cordless wireless phones, digital cameras, remote controlled racing toys and others. NiZn is used in high drain applications such as flashlights, outdoor equipment and cameras. Li-ion batteries are easy to manufacture in different shapes and are used in laptops, cell phones, PDAs, camcorders, digital cameras among other devices. Rechargeable Alkaline batteries are used in low drain applications such as CD/MD/MP3 players, toys, electronic games, cameras, flash lights, remote controls. In Table 5, we can see the comparisons of rechargeable secondary source batteries. 

	Rechargeable Batteries

	
	NiCad
	NiMH
	NiZn
	Li-ion
	Alkaline

	1. Cost
	$
	$
	$$
	$$$
	$

	2. Cycles (#)
	1500
	500-1000


	100-500
	1200
	50-500

	3. Voltage (V)
	1.2
	1.2
	1.7
	3.6
	1.5

	4. Toxic
	
	
	
	
	

	5. Memory Effect
	Yes
	No
	No
	No
	No

	6. Self-discharge (months)
	20%
	30%
	8%
	5-10%
	1.25%


Table 5 - Rechargeable secondary source batteries

Below are what is best for this project explained which is highlighted on the table

1. For cost the cheapest on will of course be the ones to consider
2. For voltage, this depends on what the display will be so the one with the most voltage would be better just to have a wider range to pick from.
3. Poison, environmental issues and safety issues are always of concern therefore a battery without high toxicity would be preferred.
4. Memory effect refers to having damage when not discharge completely and charged completely. Then in high discharge rate with NO damage, meaning that the system can be discharged completely and have no damage to it, in this case there is no real preference, but recharging without complete drain damage for this project researching without complete drain damage would be what the patients would probably do since they would not want to have their system “dead” until they would have to charge it all over again.  
5. Not too sure if self-discharge is that important since the battery will need to be charged often.
6. For cycles, since this is medical equipment the one with the most amounts of cycles would be the one that would be most beneficial.

The advantages of using rechargeable batteries are many which include performance. Since rechargeable batteries as their name states can be recharged many times over, the total service life exceeds that of disposable batteries by a lot. Also because they are rechargeable it will save the consumer money allowing the patient to recharge the batteries many hundred times. It is very important to be environmentally conscious and since the life time of these batteries is so much longer than the disposable ones they reduce the amount of hazardous waste due to batteries. The rechargeable batteries with no hazardous can be disposed of in regular landfills and those with hazardous waste can be recycled.

2.3.3 Status Indicators and Alarms

Emergency Alert Overview – To maximize noticeability of an alert, the alarm system must integrate as many of the senses as possible to ensure that the patient, and those around the patient, is aware of the event, since certain emergencies (such as a heart attack) are not always immediately evident.  This includes visual elements (lights and indicators), auditory elements (the alarm), and tactile elements (the buzzer).  In the case of an emergency, all of these alerts will trigger.  In the case of a lesser status update, a select number of them will trigger, depending on the information to be conveyed to the wearer.

Vibration and Sound – The creation of a noticeable vibration requires the use of a buzzer unit strong and secure enough that it can buzz the entire waist mount.  In addition, many buzzers are incorporated with sound pulses.  The speaker must produce a sound that is within the range of human hearing and notice, but outside the range of normal conversation or ambient noise to maximize the chance that it will be heard.  This must also take into account the degradation of hearing that accompanies old age.  The maximum range of human hearing is between 20Hz and 20,000Hz under optimal conditions.  A conservative estimate of the mid-range for the hearing of an elderly person is between 200Hz and 10kHz.  In addition to frequency, the sound pressure should be at a level that does not contribute to hearing loss, but can still be heard over normal conversation.  The EPA-defined long-term maximum sound pressure to avoid damage to hearing is 70dB (above auditory threshold), whereas the average human conversation usually takes place between 40 and 60dB.  The buzzer must clearly be above the level of average human conversation to ensure that it is heard, but not so much that a single burst can damage hearing, which begins at approximately 115dB.

A buzzer can come in three major types-mechanical, piezoelectric, and electromagnetic. For this design, mechanical will not be considered.  Piezoelectric buzzers tend to be larger, louder, requiring of more voltage but less power consumption, and with a higher operating frequency than magnetic buzzers.  For the purposes of this project, size and power consumption are not as large of an issue, because the buzzer is on the much larger and more well-supplied waist unit.  Therefore, a cheap piezoelectric buzzer can be used.  The TDK PS1240P02BT outputs 70dB at 4kHz and only requires 3V to be run, and so it is the buzzer of choice for the unit.  It is marketed as a compact warning buzzer for home appliances, and this is in line with its intended use for this project.  In addition, this particular buzzer is driven by the alternating current itself, and does not require a separate oscillator circuit, as many piezoelectric buzzers do.  With proper mounting, this buzzer's vibration can also serve as the vibration element of the alarm system.  If a single buzzer is not enough for this function, multiple buzzers may be used, as individual units are quite cheap.

Light – When an alert of any sort is triggered, the unit must produce a light that is easily visible through a shirt or undershirt, but does not damage the vision when viewed directly for a short period of time.  For ease of reference, the alarm lights will be color-coded, with a red light indicating a reading is too high, a blue light indicating a reading is too low, and a green light indicating a fall.  In addition, in a full alert such as a heart attack, all of the lights should cycle in an extremely visible manner.  With the quantity of lights required by the design, each should be as cheap as possible without sacrificing longevity.

The small running lights on a cell phone are generally somewhere between 20 and 30 millicandelas in luminous intensity.  This is an appropriate brightness for the individual LEDs on the waist display, since they will also be used for warnings that do not require drawing attention, and the patient’s attention can also be drawn by the use of flashing or cycling lights.  For the red and green LEDs, the Rohm Semiconductors SLR-343VRT32 and SLR-343MCT32 will be used.  For the blue LED, the Vishay Semiconductors TLHB4400 will be used.  The red and green LEDs have an overall power dissipation of 60mW, and the blue a power dissipation of 100mW.  All three are between the 20 and 30 millicandelas specified previously.  Since the LEDs will only be on intermittently, and they are directly attached to the power source on the circuit board on the waist, power consumption is not as large an issue.  Another LED type, cycling among red, green, and yellow, will also be used in all four of the units to indicate power status.  Since these will not be run from the main power source, it is necessary to consider power dissipation.  For this purpose, the Bivar, Inc. SMP4-RGY will be used.

Indicator and Alarm Summary – Since the unit must attempt to communicate with its wearer in any way possible, the RDU must communicate through the use of light, sound, and vibration.  This must be done in an intuitive manner to prevent the patient’s having to memorize lines of codes- in an emergency, a patient must be able to respond and interact with the RDU quickly.  Available resources for the alarm and indicator codes include a 16x2 array of letters on the LCD, several piezoelectric buzzers, an array of red, green, and blue LEDs, and three buttons, all of which are mounted on the waist unit.

Vision is the prominent sense with which we associate responses, and thus the red, green, and blue LEDs are the major encoding of information.  A blue LED indicates some form of system error, requirement, or notification, since blue is the softest color and may blink or be left on overnight; a green LED indicates that the fall system has been engaged; and the red LED indicates that there has been a heart attack, patient panic, or other form of emergency, since these are typically associated with the color red.  To go with these color codes, the display will also share information about system or patient status, depending on the required action.  The buzzer is reserved for those events that require immediate attention.
Fall Detection System Indicators – In the event of the detection of a fall, the green LEDs will blink throughout the duration of the event, and the top line of the LCD will read “Fall Detected”.  When the system first reads a fall, it will give two short bursts from the buzzer, to get the attention of the patient that it has registered a fall.  The system will then give the patient five seconds to indicate their status:  if the patient presses the “reset” button during this time, the system will return to its standby mode; if the patient presses the “help” button during this time or does not respond, the system will immediately jump to emergency alert without pulsing the buzzer.  If the patient has not responded, the system will read “nonresponsive” on the bottom line as emergency protocol are initiated.  This will be replaced with “911 called” once a successful call has been initiated.
 
Emergency System Indicators – In the event of a detection of a heart attack, the red LED will begin to blink intermittently, along with two short bursts from the buzzer to get the patient’s attention.  Since a heart attack is not always immediately evident, the LCD will read “Heart Attack Warning”, and the patient’s pulse, in order to draw the patient’s attention to the possible emergency.  During this time, the patient still has the option to use the “reset” button to cancel the emergency and return the system to standby mode.  If, however, after the five second delay period, the patient has not responded, the system will begin to intermittently pulse the buzzer, along with blinking all the red lights.  After this point the system will jump to emergency behavior.

In the event that the patient presses the “help” button when the system has not detected a problem, the display will read “Panic”, the buzzer will pulse twice, and the red lights will come on as solid, to alert the patient to the fact that they have triggered an alert.  If the patient during this time presses the “reset” button, the system will return to standby mode.  If five seconds pass and the patient does not press the reset button, the buzzer will pulse twice to confirm the alert, the lights will begin to blink, and the system will jump to emergency behavior.  Once the system has triggered an emergency, it will not return to standby mode until powered off and on again.  The displays will read “911 Called”, and the patient’s name.  Red lights will continue to blink intermittently, and the buzzer will sound every ten seconds, in order to indicate the patient’s location to arriving emergency personnel. The Figure 12 is an overview of the alarm system protocol.

System Status Indicators – The blue LED is reserved for various system troubles.  If communication with the peripheral units fails for any reason, the blue lights will begin to blink, and all of the displays will read “0”.  If the RDU senses a low battery, the display will show “Battery Low”, and the blue lights will begin to blink intermittently.  When the unit has been successfully plugged in for charging, the display will read “Charging” for a brief time, and then turn off, while the blue light will come on and remain solid as long as the unit is plugged in.  Each of the four units also has a battery sensing circuit that tests the voltage output of the battery to determine how much charge it has remaining.  Attached to this is a low-output LED that can cycle among red, yellow, and green to indicate the health of the battery.



Figure 12 – Alarm Summary

2.4 Transmitting Sensor Unit (TSU or pulse oximeter)

2.4.1 Pulse Oximeter

Background – The principle of pulse oximetry is based on the red and infrared light absorption characteristics of oxygenated and deoxygenated hemoglobin. Oxygenated hemoglobin absorbs more infrared light and allows more red light to pass through. Deoxygenated (or reduced) hemoglobin absorbs more red light and allows more infrared light to pass through. Red light is in the 600-750 nm wavelength light band. Infrared light is in the 850-1000 nm wavelength light band.
Pulse oximetry uses a light emitter with red and infrared LEDs that shines through a reasonably translucent site with good blood flow. Typical adult and pediatric sites are the finger, toe, pinna (top) or lobe of the ear. Infant sites are the foot or palm of the hand and the big toe or thumb. Opposite the emitter is a photodetector that receives the light that passes through the measuring site.

There are two methods of sending light through the measuring site: transmission and reflectance. In the transmission method, as shown in the figure on the previous page, the emitter and photodetector are opposite of each other with the measuring site in-between. The light can then pass through the site. In the reflectance method, the emitter and photodetector are next to each other on top the measuring site. The light bounces from the emitter to the detector across the site. The transmission method is the most common type used and for this discussion the transmission method will be implied. After the transmitted red (R) and infrared (IR) signals pass through the measuring site and are received at the photodetector, the R/IR ratio is calculated. The R/IR is compared to “look-up” tables (made up of empirical formulas) that convert the ratio to a SpO2 value. Most manufacturers have their own look-up tables based on calibration curves derived from healthy subjects at various SpO2 levels. Typically an R/IR ratio of 0.5 equates to approximately 100% SpO2, a ratio of 1.0 to approximately 82% SpO2, while a ratio of 2.0 equates to 0% SpO2. The major change that occurred from the 8-wavelength oximeters of the '70s to the oximeters of today was the inclusion of arterial pulsation to differentiate the light absorption in the measuring site due to skin, tissue and venous blood from that of arterial blood.

At the measuring site there are constant light absorbers that are always present. They are skin, tissue, venous blood, and the arterial blood. However, with each heart beat the heart contracts and there is a surge of arterial blood, which momentarily increases arterial blood volume across the measuring site. This results in more light absorption during the surge. If light signals received at the photodetector are looked at 'as a waveform', there should be peaks with each heartbeat and channels between heartbeats. If the light absorption at the channel (which should include all the constant absorbers) is subtracted from the light absorption at the peak then, in theory, the resultants are the absorption characteristics due to added volume of blood only; which is arterial. Since peaks occur with each heartbeat or pulse, the term "pulse oximetry" was coined. This solved many problems inherent to oximetry measurements in the past and is the method used today in conventional pulse oximetry. 

Still, conventional pulse oximetry accuracy suffered greatly during motion and low perfusion and made it difficult to depend on when making medical decisions. Arterial blood gas tests have been and continue to be commonly used to supplement or validate pulse oximeter readings. The advent of "Next Generation" pulse oximetry technology has demonstrated significant improvement in the ability to read through motion and low perfusion; thus making pulse oximetry more dependable to base medical decisions on.

Now that we have a basic understanding, we can summarize that oxygen saturation is a relative measure of the quantity of dissolved or carried oxygen in a given medium. In medicine, oxygen saturation (SO2) is measured as percentage of hemoglobin binding sites occupied by oxygen in the bloodstream. At low partial pressures of oxygen, most hemoglobin is deoxygenated. The oxygen saturation level may be measured from different areas of the body and include:
· Arterial oxygen saturation (SaO2) to measure of the amount of oxygen bound to hemoglobin in the arterial system; commonly referred to Saturation of Peripheral Oxygen (SpO2) a when measured using oximetry
· Venous oxygen saturation (SvO2) to measure how much oxygen the body consumes
·  Tissue oxygen saturation (StO2) can be measured by near infrared spectroscopy to estimate tissue oxygenation in various conditions.

Pros of building one – When building one there will be knowledge of what is exactly there and there will to try and figure out a company’s design. An oximeter can be very expensive as mentioned previously; therefore building one will be cheaper.       

Pros of buying one – Since the time is limited it would be beneficial to purchase one since there are a lot of components that are already being built in the system. There are some devices in the out in the market that are extremely accurate, these devices use clean light source within the sensor allowing it to filter interferences like for example: motion, low signal; which skew results. The one bought will most likely come with a warranty and be more reliable. Within the members that are in this project there is no prior knowledge of any medical devices built, therefore there isn’t any knowledge of what problems might be encountered. Some oximeters are resistant to a variety of weather conditions. Even though there are more Pros to buying one than building one, the Pros of building one outweigh them. The knowledge gained by building one is greater than any Pro for buying one. In order to buy one or build one there were several things taken into considerations mentioned in the following paragraphs.

Wireless vs. Non-wireless capabilities – Wireless pulse oximeter adds many advantages to the traditional wired units. A wireless pulse oximeter capability allows data to be taken and sent anytime, anywhere, and it does not need to be reconnected each time that the patient is moved.  A wireless device, connected to a hospital network, is very helpful in emergency episodes, when data can be sent accurately to the EMR before the patient arrival, avoiding errors (misunderstandings) in phone calls.  Another advantage of wireless pulse oximeters is the continuous collection of accurate data to be sent to medical records.  Wired pulse oximeters are used only in hospitals and other health care facilities to provide doctors with a reading of a patient saturation of peripheral oxygen level and heart rate.  These are not “easy-to-use” devices that can be operated by common users, only by trained personnel. 

Pulse Oximetery vs. Arterial Blood Gas – The U.S. Medicare program considers pulse oximetry saturation readings to be acceptable substitutes for arterial oxygen pressure (tension) in selecting patients for long-term oxygen therapy. Pulse oximeters are reasonably accurate (plus or minus 4 or 5 percent of the co-oximetry value), but doctors are aware of potential problems with the readings, which may be inaccurate in some severe conditions like in patients with abnormal alkalinity of the blood (alkalemic), the indicated saturation may substantially overestimate arterial. Pulse oximetry cannot detect hypercapnia ( a condition where there is too much carbon dioxide (CO2) in the blood) or acidosis (an increased acidity in the blood). For these and other reasons, pulse oximetry should not be used in initial selection of patients for long-term oxygen therapy, as a substitute for arterial blood gas analysis in the evaluation of patients with undiagnosed respiratory disease, during formal cardiopulmonary exercise testing, or in the presence of an acute exacerbation. However, pulse oximetry is an important addition to medical armamentarium for measuring oxygenation in stable patients, in assessing patients for desaturation during exercise, for sleep studies, and for in-home monitoring.

Pulse oximeter (O2) and capnography (CO2) – There is another device that has been proven to be better than oximeter because of frequency, regularity of ventilation, and this device is a capnographer. Capnography provides a rapid and reliable method to detect life-threatening conditions such as not positioning the tracheal tubes correctly, and defective breathing circuit among others. Unlike the pulse oximeter the capnographer can overcome obstacles such as the need to arterialize the vascular bed being measured and account for differences in skin pigmentation and tissue thickness. A pulse oximeter monitors directly monitors the status of oxygenation of the patient, unlike the oximeter, capnography helps diagnosed low oxygen really fast before there is any brain damage. Pulse oximetry cannot determine the metabolism of oxygen, or the amount of oxygen being actually used by the patient, because of this it is also necessary to measure CO2 levels. Oximeters can have false reading, for example if the patient with anemia that carry less total oxygen in their blood, the oximeter could see the blood being 100% saturated but it cannot tell how much oxygen the blood is actually carrying.

Why a pulse oximeter?
· Pulse oximeters are widely used while treating patients in hospitals, during the treatment of sleep apnea among others.
·  Many people are being diagnosed with both cardiac and respiratory illnesses at an alarming rate.
· The most common devices used to monitor these illnesses from home are: blood pressure monitors, glucose monitors and now pulse oximeters. The amount of people using pulse oximeters has increase due to their reduction in size and has been able to maintain the accuracy level of the previous bulky ones.

Amplifier Circuit – A transimpedance amplifier (TIA) is needed to convert the current output of the photodiode to a voltage. Two types of TIA configurations work well to meet this requirement: a high speed TIA and a switched integrator TIA. The high speed TIA consists of only an operational amplifier while the switched integrator TIA has internal feedback capacitors and switches. The OPA2380 is the high speed TIA and the IVC102 is the switched integrator transimpedance amplifier.

OPA2380 – The OPA2380 is a high speed TIA. It requires external components to perform its functions. It has a high gain-bandwidth of 90MHz and a slew rate of 80V/µs. The open loop gain is 130d8. The power supply voltage range is from 2.7V to 5.5V and pulls a quiescent current of about 7.5mA. The OPA2380 comes in a small 3mm x 5mm MSOP-8 size. It has very low 1/f noise and has a very low drift voltage averaging at about 0.03µV/˚C. The OPA2380 was designed to be used in high speed photodiode applications such as measuring pulse-oximetry where many samples must be taken every second.

IVC102 – The IVC102 is a switched integrator transimpedance amplifier. It has 3 internal capacitors that can be connected to provide a capacitance that ranges from 10pF to 100pF. It also has 2 internal switches that are used to reset and integrate the output voltage. The internal capacitance creates an integrating operational amplifier that follows the equation:



The amount of time that Switch 1 (the integrating switch) is closed determines how long the circuit will integrate and as a result determines the voltage output of the amplifier. Switch 2 is the reset switch and should only be closed after the output voltage is read. These two switches must be controlled by a timing circuit or a microcontroller to maintain a consistent time for integration.  The IVC102 has a gain-bandwidth of 2MHz and a slew rate of 3V/µs. The power supply voltage is from +4.75V to +18V. The IVC102 comes in a 6mm x 8.7mm SO-14 package and pulls a quiescent current of 4.5mA. The drift voltage with reference to temperature for the IVC102 is 30µV/˚C.

2.4.2 Power Considerations

TSU Battery – The TSU requires a small amount of current at a low voltage for a long period and will need a small enough power source that the whole unit can be worn around the wrist without discomfort. The voltage range of the microcontroller is from 1.8V to 3.6V, so the system is going to be designed to run at roughly 3V or 3.3V. The TSU should draw less than 50mA for a length of approximately 8 hours, the average recommended time for an adult to sleep. This would require 400mAh per use. This battery will need to be rechargeable in order to maintain a daily usage and should be capable of multiple uses before needing to be recharged. To fit these requirements a battery is needed with a working voltage at about 3.3V or higher, 800mAh or higher and should be relatively small, about AA size or less.

Battery model numbers are usually the chemistry type followed by a 5-digit number. The first two digits are the diameter and the second two are the length (i.e. LiFeP04 18650 has Lithium Iron Phosphate chemistry, is 18mm in diameter and 65mm in length). As a reference, AA batteries are about 14mm in diameter and 50mm in length. Figure 13 shows the dimensioned drawing of a Saft LS14500 battery. This battery was not included in the research because it was not classified as rechargeable.
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Figure 13 – Saft LS14500 battery
Reprinted with permission pending by Saft

A relatively new type of battery chemistry available is the LiFeP04, Lithium Iron Phosphate. These batteries offer a large capacity, high life cycle and lower size. Their weight compared to the energy density and life cycle is lower than other chemistry types. The tradeoff for LiFePO4 batteries is that the cells have lower nominal voltages. LiFePO4 batteries can be less costly than standard lithium ion batteries, due to the abundance of their core materials. The LiFeP04 18500 with the specifications of 3.2V, 800mAh, and an 8A max discharge current is available from batteryspace.com for $3. However, this is just the bare battery and does not include the safety features that the battery needs to keep it from dying. There are battery packs available that have the included safety needs. A 3.2V 1500mAh LiFeP04 18650 battery pack with safety features including 3.8V peak, 3.2V working and 2.5V cut-off would cost $7.50. A COTS charger for a 3.2V LiFeP04 cell can charge at 0.5A and would cost about $15. As an alternative, standard Li-Ion packs with safety features are also available. A Li-Ion 14500 (AA size) battery pack with 4.2V peak, 3.7V working, 2.5V cut-off, 3A limited and 750mAh is would cost $10. This battery would be ideal for the design due to size, but the 750mAh is just slightly too low for the requirement to get multiple uses between charges. A Li-Ion 14650 with the same specifications, but with 940mAh costs $11. A Li-Ion 18500 with the same specifications, but with 1400mAh costs $15. A COTS charger for the 3.7V Li-Ion packs would cost about $12. In both cases the off the shelf charger would need to be modified so that battery would not need to be removed from the TSU to recharge. Although, the cost difference of the batteries is large, when the chargers are included in the price the differences in cost is greatly reduced.

The number of life cycles for the LiFeP04 18650 battery pack would be at 80% of initial capacity after greater than 2000 cycles. At 1500mAh, there would be three TSU uses plus some extra. This would give the battery life cycle more than 6000 uses of the TSU. If the TSU were used once daily, then the battery would still maintain 80% of its initial capacity after 16 years. The number of life cycle for a Li-Ion 18500 battery pack would be at 80% of initial capacity after 300 cycles. At 1400mAh, there would be three TSU uses plus some extra. This would give the battery life cycle more than 900 uses of the TSU. If the TSU were used once daily, then the battery would have lost 20% of its initial capacity after only 2.5 years. When comparing a LiFePO4 14500 with only 450mAh and a Li-Ion 14500 with 750mAh. The LiFePO4 14500 would have lost 20% of its capacity after 5.5 years, but would not be able to get a full use of the TSU by that point. The Li-Ion 14500 would have lost 20% of its capacity in less than a year, but would still be able to have one full use of the TSU at that point.

TSU Voltage Regulator - DC/DC Converter – The TSU will need a low-power switching converter to maintain the 3.3V VCC and 2.5V Vlogic that is desired. The Enpirion EP5312QI is a complete system on chip synchronous buck converter with integrated inductor, PWM controller and MOSFETs in a small 3mm x 3mm QFN package. This chip operates at a switching frequency of 4MHz, which makes it ideal for noise sensitive RF applications as well as area-constrained applications like the TSU. The EP5312QI can be powered by a 2.4V to 6.6V input and the output has a low ripple voltage of 4mV, peak-to-peak. The output voltage can be set via a 3-pin VID selector and there are seven programmed output voltages. The output voltage can also be set by connecting the selection pins to VIN and using an external voltage divider at VOUT and the provided equation: 



This device regularly outputs at 600mA, but can be set to output at 700mA if needed. The EP5312QI requires only two external capacitors for operation. The cost for this component is less than $2. Figure 14 is the diagram of the typical application circuit.
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Figure 14 – Enpirion EP5312QI Typical Application Circuit

Another option is to use the ON Semiconductor NCP1530 PWM/PFM step-down converter. Like the EP5312QI, this chip generates a supply current of 600mA and can be powered in a low voltage range, 2.8V to 5V for the NCP1530. The NCP1530 is specifically designed be used in systems that run on a single cell Li-Ion battery or multiple cell Alkaline, NiCd or NiMH chemistry battery. The step-down converter operates at 600kHz fixed frequency PWM mode normally, but if the synchronization pin is tied to ground the chip will automatically switch to a 
variable-frequency PFM mode at small output loads for power saving. The NCP1530 chip is a small 8-pin 3mm x 5mm Micro8 SOP. One drawback of the NCP1530 chip is that it requires the use of an inductor and a diode in the standard layout. The output voltage of this chip is set by the manufacturer requiring the purchase of the correct chip for the desired output voltage. Figure 15 displays the typical application of the NCP1530.
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Figure 15 – On Semiconductor NCP 1530 Typical Application Circuit


TSU Digital Noise Filtering – The TSU DC voltage will need to be filtered to create a RF voltage and an analog voltage. The reason it needs to be filtered is to keep the digital noise off of those power lines. This can be accomplished by using a simple LC low-pass filter. The circuits for the RF and analog can be identical. The voltage out of the regulator should pass into an inductor and then be tied to ground with a capacitor. If the inductor is chosen to be 1µH and the capacitor 10µF, then the transfer function can be estimated to be one. The alternate method is to use a filter bead to filter the power lines.

TSU Transient Suppression – Transient currents can cause devices and circuits to fail where they should be able to work without issues and are hard to detect when they occur. This problem could be a large hassle to debug, but fortunately, it is easy to include the solution to this problem in the beginning of a design. To compensate for current transients there should be a capacitor at each major power connection to account for transients in the power lines. This is accomplished by using a capacitor and connecting one side to the power connection and the other side to ground. A smaller capacitor could also be connected in parallel to the first. These capacitors have a stored charge that will be released if transient currents occur to keep them from interfering with the performance of the device.

TSU Battery Life Monitoring – The expected remaining battery life can be estimated by using an operational amplifier connected to an ADC and having the expected battery life recorded for comparison in the microcontroller. This can be accomplished by connecting the battery to a voltage divider connected to the positive terminal of a non-inverting unity gain operational amplifier. An example of this circuit is shown in Figure 16. The resistor values will need to be large, in the tens and hundred thousands, and be chosen such that the voltage will be divided by an amount that makes the output of the operation amplifier capable of being connected directly to the microcontroller on an analog input. This value can then be compared to values at 25% increments of the battery life. In order to obtain the 25% increments of battery life, the battery will need to be drained at the rate the system would dissipate the charge. As the battery is being drained, the voltages will need to be recorded as time progresses to give the battery life for this specific design.



Figure 16 – Battery Life Monitor Diagram


An alternative method would be to choose a chip that triggers when the battery reaches key voltages. An example of this type of chip would be the Texas Instruments TPS3808. The TSP3808s are a family of microprocessor supervisor chips that monitor system voltages and can generate a reset signal when the voltage drops below a preset voltage or if the manual reset pin is driven low. The reset will remain low until the adjustable delay time has occurred after the voltage returns above the threshold level. In order to use this type of circuitry a few different threshold TPS3808s would need to be used and arranged in parallel. Each of the reset pins would need to be connected to individual pins on the microcontroller. Whenever the voltage crossed the specific threshold the microcontroller would be able to recognize the change and transmit the new battery level. The TPS3808s are available in either a 2mm x 2mm S ON package or a 3mm x 3mm SOP. The cost is about $3 per chip. The drawback to using this circuitry is that is mainly intended to monitor one or more different voltages and trigger if any of the voltages drop below the threshold value so that the microcontroller can turn off before it runs out of power. Since this is the case and microcontrollers run at standard voltage ranges the number of available TPS3808s is limited. The available thresholds are 4.65V, 3.07V, 2.79V, 2.33V and further below this amount. The main problem is that only two of those voltages are within the specified range of the batteries that could be used, but since batteries do not drain linearly it would be difficult to extrapolate the battery life at any instant. Adjustable threshold voltage TPS3808s are available that could be tuned by external resistors are also available. Then the problem becomes excessive board space usage for battery monitoring. An example circuit of how the TSP3808 is used to monitor multiple voltages is shown in Figure 17.



Figure 17 – TPS3808 Typical Application Circuit

2.5 Wireless Applications

The United States government and other countries regulate what can be transmitted through the air. Whether it is radio waves or more generally microwaves, the US government separates the responsibility of allocation of the electromagnetic spectrum into two divisions first the Federal Communications Commission (FCC) and second the National Telecommunications and Information Administration (NTIA). The FCC regulates the allocation of the radio spectrum for non-federal use such as state, local government, commercial, private and personal use. The NTIA regulates the allocation for federal use such as the Army, the Federal Aviation Agency and the Federal Bureau of Investigation. Since this wireless application is for non-federal purposes, the FCC is the governing body allowing the project to transmit data with a radio wave. The FCC bands designated for personal, private and commercial applications are the Industrial, Scientific and Medical (ISM) bands. The research that follows looks into all of the different communication methods available for this project. They are Bluetooth, ZigBee, Wi-Fi and RF communication. While Bluetooth, ZigBee and Wi-Fi are forms of RF communication, this RF communication is a unique protocol designed specifically for this project. This research will also look into infrared as a possible communication method. Infrared has no stipulations as far as what range of frequencies communication applications need to be, but devices usually conform to standards set by the Infrared Data Association (IrDA).
Bluetooth – Bluetooth is an open wireless protocol for exchanging data over short distances from fixed and mobile devices, creating personal area networks (PANs).  It was originally conceived as a wireless alternative to RS232 data cables.  It can connect several devices, overcoming problems of synchronization. Bluetooth uses a radio technology called frequency-hopping spread spectrum, which chops up the data being sent and transmits chunks of it on up to 79 frequencies. In its basic mode, the modulation is Gaussian frequency-shift keying (GFSK).It can achieve a gross data rate of 1Mbps for Bluetooth 1.0, 1-3Mbps for Bluetooth 2.1 and 54Mbps for Bluetooth 3.0. Bluetooth provides a way to connect and exchange information through a secure, globally unlicensed Industrial, Scientific and Medical (ISM) 2.4GHz short-range radio frequency bandwidth. There are three classes of Bluetooth: Class 1 uses up to 100mW of power and can transmit approximately 100m, Class 2 uses up to 2.5mW of power and can transmit approximately 10m and Class 3 uses up to 1mW of power and can transmit approximately 1m.

For this project, Bluetooth transmission could be used. An external Class 2 
Bluetooth device could be interfaced with the processing device. Other house 
appliances, such as the wireless home telephone, ZigBee and Wi-Fi clutter the 
2.4 GHz ISM band. Therefore, this could be a problem when dealing with noise 
corrupting a packet that is being sent. The Bluetooth protocol has ways to deal with this type of interference. On the other hand, Bluetooth has a few problems 
with wall penetration, which could pose some problems. But this is no concern for this project, the Bluetooth serial interface could be used to transfer a packet containing the information that is needed to send. Unfortunately, the patient would have to initiate a pairing between the oximeter and the RDU.

Pros
· Does not require devices to be in straight Line-of-Sight position
· Low battery consumption
· Many robust profiles
Cons
· User must initiate pairing
· On the cluttered 2.4 GHz ISM band
· Low penetration qualities

Bluetooth has many appealing features, a robust stack of protocols, and good 
ways of dealing with interference. Many small electronic devices utilize the 
Bluetooth stack to communicate as an alternative to wires. All of these options 
make Bluetooth a good choice for the wireless communication between the oximeter and the RDU. The power utilization is low and since battery life of the TSU is a major concern. Most likely, the protocol that has the least power consumption will be chosen.

ZigBee – ZigBee is a specification for a suite of high-level communication protocols using small, low-power digital radios based on the IEEE 802.15.4-2003 standard for wireless personal area networks (WPANs). The technology defined by the ZigBee specification is intended to be simpler and less expensive than other WPANs, such as Bluetooth. ZigBee is targeted at radio-frequency applications that require a low data rate, long battery life and secure networking. The low cost allows the technology to be widely deployed in wireless control and 
monitoring applications, the low power-usage allows longer life with smaller 
batteries, and the mesh networking provides high reliability and larger range.
This communication method is another great option for this project. An external 
ZigBee device could be interfaced with the processing device. In addition, many 
microcontroller units come with ZigBee transceivers built-in. The space that 
could be saved would allow for a smaller PCB and in turn make the TSU less 
bulky. Other house appliances, such as the wireless home telephone and the 
microwave, Wi-Fi and Bluetooth share the 2.4 GHz ISM band. The noise that 
can be generated by these devices will have to be dealt with. ZigBee has low 
data rates but for this project the main concern is power. Since there is not much 
data that needs to be transmitted, it should not matter that much. ZigBee 
provides a very low power physical layer with the ability to transmit up to 75 meters. The fact that for an individual device to pass the ZigBee certification it 
must have a battery life of at least two years, shows how low power the ZigBee 
communication method is.

Pros
· Transmission range between 10 and 75 meters (33 and 246 feet) and up to 1500 meters for ZigBee pro
· Maximum output power of the radios is generally 0dBm (1mW)
· Easily implemented
· Flexible network structure
· Small physical footprint
· Individual devices must have a battery life of at least two years to pass 
ZigBee certification
· Many manufacturers are integrating MCUs with ZigBee transceivers.
Cons
· On cluttered 2.4 GHz I SM band
· Low data rates up to 720kbit/s

ZigBee has many appealing features, extremely low power and a good 
transmission range. These features make a ZigBee device very useful for a low 
power low data rate transmission devices like the TSU. The fact that many 
microcontrollers now integrate with ZigBee is another bonus. The ZigBee 
specification comes with some overhead costs. It must be determined whether 
the cost is worth having the good battery life and low power that comes with. 
After looking at all alternatives conclusions will be drawn and that will be the 
wireless technology used to transmit the data needed from the TSU and RDU for the fall detection.

Infrared – The frequencies of the Infrared light are from 300 GHz to 400 THz. The frequencies are higher than microwaves but less than visible light. Infrared 
transmission uses an infrared LED to create a signal by turning on and off the 
LED. It then beams this light signal through a focusing lens. A receiver uses a 
photodiode to read the beam and filters out ambient light. This method is 
commonly used in remote controlled devices, such as television and speakers. 
Near infrared, or commonly referred to as IR-A, is the frequency range from 120 
to 400THz. The IrDA defines its specifications in this range. The IrDA 
specifications are ideal for use in medical instruments, test and measurement 
equipment, laptop computers and cellular phones. Examples of the IrDA 
specifications are Infrared Physical Layer Specification, Infrared Link Access 
Layer Protocol, Infrared Link Management Protocol, and Infrared 
Communications Protocol each specification provides a service, with each 
specification lying on top of the others to create a model similar to the open 
System Interconnection model.

For this project, infrared is a viable solution for the communication method that 
could be used. This project will utilize each of the following specifications defined by the IrDA if chosen. The Infrared Physical Layer Specification (IrPHY) is the 
lowest level of the IrDA specifications. This layer is required for any form of 
infrared communication under the IrDA protocol. The next layer up is the Infrared 
Link Access Layer Protocol (IrLAP). It represents the Data Link layer of the OSI 
model. Communication devices are divided into a primary device and one or more secondary devices. Since the primary device controls the secondary 
device, the primary device is the oximeter or TSU and the RDU is a secondary device. The IrDA also requires the IrLAP. In addition, a required layer, the Infrared Link Management Protocol (IrLMP) provides for multiple logical channels and provides a list of services. The last specification is an optional one, but for this project, it is required. The Infrared Communications Protocol (lrCOMM) lets the infrared device act as a serial or parallel port.

Pros
· Immune to radio interference
· Low power consumption
· Receiver doesn't need to search for frequency
Cons
· Blocked by walls
· Daylight causes interference
· Requires direct line of sight

Although Bluetooth, ZigBee and other forms of personal area networks have 
surpassed infrared communications there still is a place for very short-range 
communication that has direct line of sight. Even though this form of communication could be used, the power consumption would be too 
much. Infrared has advantages that make it better than its competitors, such as 
immunity to radio interference. These advantages do not hold up when the range of the devices is only about 1m. 

Wi-Fi – Wi-Fi operates in the 2.4GHz or 5GHz radio bands. Wi-Fi is a networking 
solution to connect multiple computers. It operates according to specifications 
given by the Wi-Fi alliance. These specifications provide for well-established 
connections that compensate for congestion in the network as well as error 
correction. Wi-Fi also has support for ad-hoc networks that are point-to-point 
between computers. For simple point-to-point transmission of data for a wireless 
pulse oximeter, these protocols are unnecessary. All that is needed for the 
transmission of data between the TSU and RDU are simple unsecure broadcast 
signals.

Pros
· Availability of parts
· RF bands
· Reliable error correction
Cons
· Requires external components to establish a connection
· Common RF bands - interference
· More functionality than required
· Expensive overhead costs

Radio Frequency – Radio frequencies are a subset of the entire electromagnetic spectrum consisting of frequencies from 300Hz to 300GHz. The common radio frequency used an industrial, scientific and medical (ISM) applications are 915MHz, 2.45GHz and 5GHz.  These bands can be used without special licensing or ownership granted by the Federal Communications Commission (FCC).  For use in a wireless pulse oximeter, the 900 MHz band is sufficient.  Most modern wireless networking signals operate on the 2.45GHz and 5GHz bands.  This would cause a lot of interference.  Although the 900MHz band also has a lot of interference due to in its open availability it can be easily utilized and found in many transmitting integrated circuits.

For this project, is a general RF communication operating on the 900MHz band is most effective.  The main difference between RF communication of the 900MHz band and Bluetooth, Zigbee and Wi-Fi operating on their own specific bands is that there is no protocol associated with general RF.  This allows the project to create its own protocol.  Having a generic protocol that works for most situations like Bluetooth, Zigbee and Wi-Fi is great, but there are times when it is overkill.  In situations like these, a new protocol can be developed and used to transmit and receive data.  This protocol would only work with this project specifically and will only work for the project for which it is intended.

Pros
· Availability of the 900 MHz band
· Flexibility to create a protocol
· Manufacturers are integrating MCUs with RF transceivers
· Low power
· No overhead

Cons
· Unsecure
· Common RF bands – interference
· Loss generalization
· Loss of helpful protocols
· Loss of error-correcting protocols

Comparisons – The major contenders will become better in this section.  The result of this section will yield what method of communication that will be used for transmission of the data from the TSU to the RDU.  Wi-Fi and infrared will not be compared since it was determined, based on initial research, that these methods would not be used in this design.

Bluetooth vs. ZigBee – For the wireless needs of this project, Bluetooth does not make any sense to use.  Bluetooth is designed for connectivity between the laptops, phones, PDAs and personal computers as a general cable replacement. Bluetooth also uses more power, for the distance that it is traveling, than ZigBee. While Bluetooth has many rich profiles, none of them apply to this project without being overkill.  ZigBee, on the other hand, has a much further range for the power consumption. In addition, many manufacturers are integrating low power MCUs with ZigBee transceivers. ZigBee becomes a much more desirable option. ZigBee does not exceed the aim of the project, since there is no need to, send that much data. 720kbps is more than enough to get all of the data sent from the TSU to the RDU in under a second.

RF vs. ZigBee – ZigBee is a specific protocol that utilizes the 2.4GHz ISM band. The generic RF could utilize the 900MHz or 2.4GHz ISM band. For this project, the900MHz band is more appropriate than the 2.4GHz. The generic RF will have less power consumption than the ZigBee. Both the generic RF and ZigBee have 
microcontrollers with built-in RF radios and ZigBee protocols. ZigBee is secure 
whereas generic RF is not. ZigBee has a standard transfer protocol but the 
generic RF can transmit any size packet at any rate. ZigBee also has error 
correcting protocols and generic RF does not by default. The software and 
hardware would have to implement the ability to do this though. Both the ZigBee 
and generic RF have many parts that are available to be interfaced with a 
microcontroller. ZigBee has low data rates and generic RF the data rate can be 
determined by the bandwidth of the signal being sent. ZigBee uses a network 
structure. The network structure is not necessarily needed.

Conclusions – Generic RF has much less functionality when compared to ZigBee, Bluetooth or even Wi-Fi. Although this functionality is not required, it could be very useful.  The overhead for using ZigBee would strain the project's budget. The generic RF 900MHz band may be a little cluttered but it uses less power. Power consumption is the major concern of this project. Therefore, the generic RF 900MHz communication will be used for the communication method for this project.

FCC regulations – In order to transmit data from the TSU to the RDU a radio frequency transceiver is used. To do so Federal Communications Commission regulations must be considered. The transceiver on the microcontroller of the TSU transmits at a frequency of 915MHz, making it part of the Industrial, Scientific and Medical (ISM) band. The ISM bands allow for any amount of RF power generated within the specified tolerance of each ISM band. The 915MHz ISM band has a tolerance of ±13.0MHz.

Under section 15.23 paragraphs (a) and (b), equipment authorization is not 
required for devices that are not marketed, and not constructed from a kit, and 
are built-in quantities of five or less. Since the FCC recognizes that an individual 
builder may not have the means to perform measurements required to determine 
compliance with regulations, the builder is expected to design using good engineering practices to conform to regulation "to the greatest extent 
practicable." Provisions in section 15.5 of the FCC code still apply.

Under section 15.103 paragraph (c) an exemption from specific technical 
standards in part 15 is given to "a digital device used exclusively as industrial, 
commercial, or medical test equipment." As the wireless pulse-oximeter is to be 
used solely for the purpose of medical monitoring it qualifies as exempt from 
regulation, except as required under Sections 15.5 and 15.29.

Section 15.5 states "operation of an intentional, unintentional, or incidental 
radiator is subject to the conditions that no harmful interference is caused and 
that interference must be accepted that may be caused by the operation of an 
authorized radio station" or by any other radiator or ISM equipment. The TSU 
and RDU will comply with all such requirements. All transceiving parts within 
either system will be obtained through an electronic component distributor and 
will therefore comply with these requirements.

Section 15.29 sets forth the requirement that all certificates, registrations and 
technical data must be kept readily available for inspection by the FCC. Since 
under section 15.23 no registration or authorization is required (due to low 
quantity) the TSU and RDU are exempt from this requirement.

2.6 Manufacturing and Fabrication

Fabrication – There are two options that are being considered for this project in order to fabricate the circuit boards. One option is to utilize “self-fabrication”. Another option is to send the board to be fabricated. There are several pros and cons to choosing either one of these options; the following paragraphs explain the difference.

Self-Fabrication – The process of fabricating a board can become very tedious and challenging. It is challenging in that is something is hooked up wrong then the part that is being used can actually be damaged. Even though budgeting for this project is not crucial any parts that are damaged will of course need to be replaced. Besides raising the cost, the part might take days to get delivered and for the project not to be done in the time allotted. There are some tools that are available to perform the task of self-fabrication, some being: PCB Design and Fab, 4pcb, and ExpressPCB. Besides the software some material to be able to transfer the design, a drill to sized properly for the holes where the components are going to go on, then something to solder the components together. 

The first thing that would need to be done to create the PCB would be to have the designed with all the components drawn. Then were all the wires would be located in the PCB software, the wires are drawn, after this is completed the design is printed. This printed image would need to be able to adhere to the material being used for example a copper plated board. After the designed is adhered to the board, with a needle or another sharp object the points that need to be drilled would be marked. Then after the designed in transferred to the board (no longer on the paper, the lines are marker with a permanent marker. (The quality depends on the type on marker that is used and also it is recommended for the marker to be freshly painted). Then something to eat away at what is copper is needed (etchant), a chemical that does this is FeCl3. After a few minutes the cooper that is not on the painted dissolves. Then the board is cleaned with a solvent such as acetone or thinner. The final step is to drill the holes and attach the components. The total cost of doing this self-fabrication depends on the equipment that may be needed and the materials being used to actually make the board. 

Commercial Fabrication – This is where a business would make the desired board. This option would be easiest for the team since no real knowledge of fabricating a device like this is in the background of the team doing this project. Also if it is done at a business then the board would have a more professional look. Also there are some programs like Cadsoft EAGLE, that allows the user to make the board in the software and then, use options like optimize the lay out among others. The drawback of using this option is that usually it takes a long time to get this to a place such as PCB Design and Fab, to fabricate a board. Also once we send the device in and if there is an error on it, it would take even more time to get the problem fix, while if the team was building it then it would be and immediate fix.

2.7 Software

There are several programming languages that were considered for this project. A programming language is an artificial language that is designed in order for a computer or machine to understand. The top programming languages being used and cited are C, C++, C#, Java, JavaScript, Perl, PHP, Python, Ruby and SQL. Looking at microprocessors several of them have C and C++ compilers. Therefore C language will be the most prevalent language in or project thus far.
There are going to be several outputs going to the belt via wireless. The belt is where the microcontroller will figure out if the person’s vital signs are within the desired range. The range for a person’s vital signs vary because of the persons age, weight, height and what’s acceptable for them given that they have a chronic condition; because of this the code will adjustable. For the average healthy person the ranges for healthy vital signs that are being considered are placed in Table 6:

	Health Problems - that will be considered

	Vital Sign
	High
	Low

	Heart Rate
	Tachycardia
100 or higher
	Bradycardia
60 or lower

	Blood Oxygenation
	Hyperoxia
100 or higher
	Hypoxemia
95 or lower


Table 6

The vital signs that are being considered provide a significant amount of information to a caregiver and/or to an emergency service. These vital sign also were chosen because they can be gathered in a non-intrusive manner. They are two of the top four vital signs. Another vital sign that might be considered is temperature. The other top vital sign is blood pressure, but this vital sign is hard to acquire accurate non-intrusive results. The other vital signs that might or might not be considered are placed in Table 7:

	Health Problems – that might be considered

	Vital Sign
	High
	Low

	Temperature
	Hyperthermia
101 or higher
	Hypothermia
95 or lower

	Blood Pressure
	Hypertension
140 or higher –Systolic
90 or higher – Diastolic
	Hypotension
100 or lower –Systolic
60 or lower – Diastolic


Table 7

All the necessary information is going to be gathered in the belt. The other devices are going to continuously send information to the belt.  Devices such as the Nonin Onyx II Model 9560 Bluetooth Fingertip Oximeter located on a finger could send oxygenation percentage numbers, pulse rate and also time. 

Time – One option that is being considered is where the user can set the time either from the oximeter or for the belt. This required a 4 byte command to be sent and then 10 bytes inputted by the user gets send back. The format of this input is standard using years, months, day, hour, minutes, and seconds.

For the device to detect that a health problem has occurred several steps need to be taken, to provide accuracy. The steps are given below on Figure 18, in the activity diagram, which describes the interaction the user, the device and when a message for help of to let the family/caregiver and emergency services know that a potential life treating event has occurred. 


Figure 18 – Health activity detection diagram
Fall detection – Accelerometers are a very accurate way to detect a fall. if the fall is hard and the patient ends up in a completely horizontal position, this accelerometer is place in a part of the body that does not bend very much and that does not tend to move erratically; like the chest and additional one is place another part f the body, for comparison. To add more accuracy gyroscopes are placed along with the accelerometer to compare more data based on angles. Figure 19 illustrates how a fall will be detected, using accelerometers and gyroscopes.



Figure 19 – Fall flowchart
As mentioned before, the system will require the C programming language to program the various devices such as microcontrollers, the transceivers, the accelerometers, etc.  The device that will require the majority of coding is the main component on the waist.  The waist component will send out signals and also receive signals from the remaining devices of the system.  This part of the system will be dealing with several functions concerning the thigh, chest, and hand components.  The tables below show a list of each component of the system, the functions that correspond with that component, and the descriptions of those functions.

Wireless input – The following table consists of the Chest function, Table 8, which gathers data from the chest device and brings it into the main function. The main function consists of all the functions together.  

	Chest Component

	Functions
	Description

	
Chest(Chest_linear_acc, Chest_angular_acc)
	Chest_linear_acc – The measurements of linear acceleration

	
	Chest_angular_acc – The measurements of angular acceleration


Table 8 – Chest component functions and descriptions

Wireless input – The following table consists of the Thigh function, Table 9, which gathers data from the thigh device and brings it into the main function. The main function consists of all the functions together.  

	Thigh Component

	Functions
	Description

	
Thigh(Thigh_linear_acc, Thigh_angular_acc)
	Thigh_linear_acc –The measurements of linear acceleration

	
	Thigh_angular_acc –The measurements of angular acceleration


Table 9 – Thigh component functions and descriptions

Wireless input – The following table consists of the Oximeter function, Table 10, which gathers data from the oximeter and brings it into the main function. The main function consists of all the functions together. 

	
Oximeter

	Functions
	Description

	
Oximeter(pulse, oxygenation)
	Pulse – is the heart rate

	
	Oxygenation – Percentage of oxygen in the blood


Table 10 – Oximeter component function and description



The following table shows the function where the pulse is going to be checked. The Pseudo code for how the pulse is being check is in Table 11. 

	Waist Component – Check Pulse

	Functions
	Description

	
Check_pulse(pulse)

	Pulse is described in Table 10


Table 11 – Check Pulse function and description

The following table shows the function where the oxygenation is going to be checked. The Pseudo code for how the oxygenation percentage is going to be checked is in Table 12. 

	Waist Component – Check Oxygenation

	Functions
	Description

	
Check_oxygenation(oxygenation)

	Oxygenation is described in Table 10


Table 12 – Check Oxygenation function and description

The following table shows the function that will check whether a fall has occurred.  The Pseudo code for how a fall is classified in Table 13. 

	Waist Component – Check Fall

	Functions
	Description

	
Check_Fall(Chest_linear_acc, Chest_angular_acc, Thigh_linear_acc, Thigh_angular_acc)

	Chest_linear_acc and Chest_angular_acc are described in Table 8.

	
	Thigh_linear_acc and Thigh_angular_acc are described in Table 9.


Table 13 – Check Fall functions and descriptions

Wired output – The following table consists of the LED function, Table 14, which is called by the main function to output the correct color and turns on and/or flashes the LEDs that are needed.









	Waist Component - LEDs

	Functions
	Description

	
led(type_emergency)

	Type_emergency – a number that will correspond to what type of emergency it is; this will help to determine the output of the system. The LEDS will output the in order of most critical event occurring presently. A list of the events are given below:
1. Service
2. Pulse out of range
3. Oxygenation levels
4. Fall detection


Table 14 – LEDs function and descriptions

Wired output – The alarm like the LED Function will activate under certain conditions. The description of the conditions needed for the alarm to be activated is given in the following Table 15.

	Waist Component - Alarm

	Functions
	Description

	
alarm(type_emergency)

	Type_emergency – a number that will correspond to what type of emergency it is; this will help to determine the output of the system. The Alarm will only sound in the following types of emergencies.
1. Service
2. Pulse out of range
3. Oxygenation levels
4. Fall detected


Table 15 – Alarms function and descriptions

Wired output – The alarm like the LED Function will activate under certain conditions. The description of the conditions needed for the alarm to be activated is given in the following Table 16.

	Waist Component - Vibration

	Functions
	Description

	
vibrate(type_emergency)

	Type_emergency – a number that will correspond to what type of emergency it is; this will help to determine the output of the system. The vibration will only sound in the following types of emergencies.
1. Service
2. Pulse out of range
3. Oxygenation levels
4. Fall detected


Table 16 – Vibration function and descriptions
Wired output – The display like the LED Function will activate under certain conditions. The description of the conditions needed for the display to be activated is given in the following Table 17.

	Waist Component - Display

	Functions
	Description

	
display(type_emergency)

	Type_emergency – a number that will correspond to what type of emergency it is; this will help to determine the output of the system. The following will be displayed, when the condition below occur:
1. Service – SERVICE
2. Pulse out of range – HEART
3. Oxygenation levels - OXYGEN
4. Fall detected – FALL


Table 17 – Display function and descriptions

The main component at the waist contains information to input and output to the system.  Following the functions listed above, the main component of the system has several tasks to perform.  In Figure 20, the pseudo code shows how the main component operates.  The ‘Do While’ loop is the function that will work best with the requirements that need to be accomplished.  This code is responsible for calling out to the other functions to gather the information needed.  If there is an error, then the system will check for the different types of emergencies in order to alert the patient of the problem.





















//Main

All of the different types of emergencies are set to zero;
Do
	All of the parameters are equal to NULL;
	[pulse oxygenation] equal functions that correspond with the hand;
	[Linear Angular] equal functions that correspond with the chest;
	[Linear angular] equal functions that correspond with the thigh;
	The type of emergencies are equal to Checkservice(All paramaters);
		LED (types of emergencies);
		Alarm (types of emergencies);
	While (Type of emergencies are equal to 1)
Type of Emergencies equal to Check_pulse
	LED (types of emergencies);
	Alarm (types of emergencies);
Type of Emergencies equal to Check_oxygenation
LED (types of emergencies);
	Alarm (types of emergencies);
Type of Emergencies equal to Check_fall
LED (types of emergencies);
		Alarm (types of emergencies);























Figure 21: Pseudo code that explains the main component
Figure 20 – Pseudo code for the main function

The key factors are the processes that occur in the hand, chest, and the thigh.  First, the system is going to check the service of the system.  This means that the system will check all of the existing functions to make sure they are functioning correctly.  If the program returns a one, then there is an error.  If it returns a zero, then there is nothing wrong with the system.  In Figure 21, shown below, explains the way the system will be checked for service maintenance.
//Checkservice(All of the parameter functions)

If < any of the functions are equal to null >
	Return 1;
Else
	Return 0;










Figure 21 – Pseudo code to check the service of the system

The next most important part of the system besides the waist is the hand.  This component deals with pulse, oxygenation, and time.  Since we discovered that the heart problems are the most important emergency, the main component will check for the pulse first.  Listed below, in Figure 22, is the way that the system will be coded in order to perform this function.  If the system returns a 1, that means that there is a health problem occurring and a signal will be sent out.  If the system returns a zero, then the system remains in its calm state.

//Checkpulse(pulse) 

If < pulse is greater than or less than normal >
	Return 2;
Else
	Return 0;







Figure 22 – Pseudo Code for checking the pulse rate

In Figure 23, shown below, the code explains how the system operates when dealing with oxygenation.  The pulse oximeter will check the oxygenation levels to see if they are lower than normal.  If the system returns a one, then the oxygenation levels are not their normal state and the oximeter sends out an emergency signal.  If they system returns a zero, then nothing has happened and the system will remain at its regular state.

//Checkoxygenation(oxygenation)

If < levels are too low >
	Return 3;
Else
	Return 0;







Figure 23 – Pseudo Code for checking oxygenation levels

The next most important component in the system is the chest.  This part of the system will measure the information gathered from the patient if the patient takes a fall.  The factors that it will measure are the linear acceleration and the angular acceleration. Predicted by the accelerometer and the gyroscope, the information will be sent to the waist component if the action is considered a fall. If it returns a zero, then the system remains the same. The next component in the system that will require programming is the thigh component.  This component is similar to the chest component when it comes to internal design.  The device on the thigh is also a fall detection sensor as well as the chest component.  The accelerometer and the gyroscope will measure the linear and angular acceleration of the fall when it occurs.  In Figure 24 below, the pseudo code describes how the fall detection sensor works within the system.  If it is a one, then the device sends out a signal.  If it returns a zero, then the system remains the same.


//Checkfall(Chest_linear_acc, Chest_angular_acc, Thigh_linear_acc, Thigh_angular_acc)

//Check present and previous state of the patient
If < chest detects dramatic increase in data, then a dramatic 
      drop followed by a flat line >
If < thigh detects dramatic increase in data then dramatic drop followed by a flat line >
		Return 4;
	Else
		Return 0;
Else
	Return 0;
		















Figure 24 – Pseudo Code to check if a fall has occurred

Another part of the system that will require coding is the alarm and vibrations settings of the product.  This component of the device has a couple of actions concerning the system.  These actions include alarming the patient of a heart problem, low oxygenation level, a fall that has occurred, and that the system is undergoing a service maintenance situation. The vibration component works hand in hand with the alarm.  The vibration is there in case the patient is not able to hear the sound from the alarm.  It is used as an extra attention grabber.  Both of these components sound off and turn off together when an emergency is happening.  Explained in Figure 25 below, is how the alarm and the vibration correspond with each other.  If the program returns a one, then the alarm and the vibrating component turns on.  If the program returns a zero, then the alarm and the vibrating component is turned off.

//Alarm/Vibration

If < type_emergency equals to the numbers 1-4 >
	Alarm/vibrate
Else
	Don’t do anything







Figure 25 – Pseudo Code to check the battery life in the chest component

The last function that needs to be coded concerning the main component are the LED’s.  These lights are going to alert the patient of each type of emergency including service maintenance for the system, high pulse readings, a low oxygenation level, and fall detection.  As mentioned before, the tri-color LED lights that the system will be using are red, green, and blue.  The red will symbolize pulse and oxygenation readings, the green will symbolize fall detection, and the blue symbolizes service maintenance.  Below, in Figure 26, shows how each LED will function and how they will be coded.  If the type of emergency function returns a number from zero through four, the blue, red and green LED lights will blink.  

//LED light functions
If < the type of emergency equals 1> 
Blue LED will blink to alert user;

If < the type of emergency equals 2 or 3> 
Red LED will blink to alert user;

If < the type of emergency equals 4>
Green LED will blink to alert user;

If < the type of emergency equals 0>			
All of the lights are turned off















Figure 26 – Pseudo Code explaining the battery life.






Section 3. Design

3.1 Microcontroller/Transceiver

The CC430F5137 was initially chosen as the microcontroller to be used for this project. The fact that TI MSP430s are very well known for ultra low- power and are inexpensive, as well, was a major deciding factor. The CC1101 is also a well- known transceiver that is low power. This chip combines the great features of the MSP430 and the CC1101. This chip is a small 9mm x 9mm.  However, owing to hardware requirements as the project grew, the microcontrollers were changed.

The three peripheral units make use of the MSP430FG439, from the same low-power MSP430 family as the CC430, but without the integrated CC1101.  The MSP430FG439 has a much more robust on-board hardware package, which is necessary for the many calculations on the pulse oximeter.  In addition, much of the off-board circuitry for that application could be moved to software control.

The chip chosen for the RDU is the MSP430F2618, shown in Figure 27.  This is owing to the large number of configurable USART ports on the MSP430F2618, since the RDU needs to both accept incoming CC1101 transmissions and output through Bluetooth.  The extra pin count also makes it desirable for potential future expansion or inclusion of extra modules.

The JTAG interface is used for programming either of the chips. The JTAG interface provides a way to program the CC430 but also allows for debugging and emulation capabilities. In addition, JTAG provides the ability to test external connections. Tl's Code Composer Essentials tool is used to code the software and has built-in support for JTAG. For more information on the software, see section 2.7.

The Universal Serial Communication Interface (USCI) module on the FG439 and F2618 supports multiple serial communication modes. The FG439 has one module that has two independent communication channels supporting UART, IrDA, SPI, and I2C; and the F2618 has four configurable USCI modules as well as one additional USART. The SPI mode is used to interface with the CC1101 on all units, and the USART on the RDU’s F2618 is used to interface with the Bluetooth module.


[image: ]
Figure 27 – MSP430F2618 pin description
Courtesy of Texas Instruments

In order to use this MCU, like any other MCU, it needs to be powered and grounded. The RDU has two sources of power: an AC/DC supply source and a backup battery. An automatic power switch is used to switch between the power sources. The TSU has only one power source the battery so there is no for a switch for this component. On each MCU, the power needs to be controlled. Using a switch, the user can turn the power on and off to the whole device. Since there is nothing stored in volatile memory, the power can be completely shut off. Since there is a need for battery monitoring, one channel of the MCU’s ADC is used. The battery monitoring circuit will be connected to the MCU's internal ADC on pin 4, with a voltage splitter to regulate the battery voltage to a level that can be handled by the MSP430’s ADC input pins. The ADC converts the value to digital and the software updates the internal value of the battery life. For more information about the power and software, see sections 3.2.2, 3.3.2, and 2.7.

The MSP430 has six operating modes, active, LPM0, LPM1, LPM2, LPM3, and LPM4. The active mode has all of the features set up by the software active. Each of the low power modes disable certain features to allow for less battery usage, while leaving most of the output clocks active. The SCG1, SCGO, OSCOFF, and CPUOFF flags control the power modes. The active mode is when all of these flags are zero. All low power modes have the CPU disabled. The software does not consider the use of low power mode into the design, but if required for better battery life it could be incorporated in future versions.

The MCU makes extensive use of interrupts. Interrupts are triggered when certain conditions are met. The interrupt suspends the current process that the MCU is working on and executes some function that the interrupt is assigned to. After the interrupt function is finished the MCU returns to normal operating procedures and continues what it was doing before the interrupt happened. The watchdog timer, Timer A, USCI, ADC, and wake on radio features all have interrupts enabled and associated interrupt functions that may be called when the interrupts happen. On each of the MSP430s, all of the pins on ports 1 and 2 also have interrupt flags and registers associated with them.  In addition, a global interrupt flag needs to be set for any interrupts to occur.

The CC1101 has a built-in Cyclic Redundancy Check (CRC) module. This CRC module supports the checking of the data bits 0, 4, 11, 15. This equation is based on the CRC-CCITT-BR polynomial. Data needs to undergo the CRC can be written into the CRCDI register and read from the CRCINIRES register. A CRC checksum will be computed over the data field of the packet mat will be sent to the RDU then will be added to the end of the packet. When the RDU receives this packet, the CRC will be recomputed over the data field and compared against the CRC checksum field. A perfect match will call an interrupt that updates the variables of the RDU; all mismatches will be discarded. There is a need for an antenna to be used for reception and transmission. The 0915AT43A0026 from Johanson Technology is used. Refer to Figure 27 above for pin locations; this antenna is connected to the CC1101 on pins 29 RF_P and 30 RF_N. A balun/filter is used to interface the antenna. As a backup, the 0868AT43A0020E had been considered if the 0915AT43A0026 had been unavailable. For more information about RF, see section 3.5. 

The display is interfaced with the MSP430F2618 on the RDU with an external LED display driver. There are eight parallel data pins, three control pins, and three outputs from the MCU for the three colors of LED backlight.  For more information on the display interface, see section 3.3.1. 

The status indicators on the RDU are red LED, green LED, blue LED and a tri-colored green/yellow/red LED. The red LED on pin 14 will indicate an emergency signal. The green LED on pin 13 will indicate fall detection. The blue LED on pin 12 will indicate service required. The tri-colored green/yellow/red LED on pin 17, 18, 19 will be used to indicate the battery life of the RDU; green indicating good, yellow and red indicating low. The sensor will be interfaced with another CC430 on the TSU with the internal 12-bit ADC and an external 12-bit DAC. The SpO2 LED will be on pin 21 and the pulse on pin 20. The pulse oximeter data will be connected to the MCU on pin 3. This data will used to calculate the pulse and the Sp02 in software. The DAC will drive me voltage for the LEDs and photodiode. This voltage needs to be regulated for the LEDs and photodiode to work properly. Using the current voltage of the LEDs and photodiode along with a software stored reference voltage of 2V, an automatic gain control circuit can be created for regulating the voltage of the LED's and photodiode. The current voltage of the LEDs and photodiode will be connected to the MCU on pin 48. This incoming voltage will be converted to digital and compared to the reference voltage, which will then send an updated voltage with the help of the SPI interface to the external DAC. Refer to the figure above for pin locations; the pins 4 clock, 5 data into the DAC, and 9 chip select not will be used for the SPI interface. Also, the DAC requires an additional control line called frame select located on pin 18.
 
This pin has to go high before chip select goes low. When chip select goes low the frame select will need to go low as well. This is how the DAC knows that it’s receiving data. The DAC will then power the LEDs and photodiode and the cycle goes around again. The red and infrared diode also needs to alternate on when the other is off and off when the other is on. This will be accomplished with the help of an internal timer that will generate an interrupt. Refer to Figure 27 above for pin locations; this interrupt will call a function that will change the external value of pin 19. For more information on the sensor and software, see sections 3.2.1 and 2.7.
 
The buzzer on the RDU will create a sound and vibrate for each of the different conditions that are explained in section 3.3.3. In order to using a MCU, a PWM signal needs to be generated. This can be generated using one of Timer A's unused register and routing the output to pin 24. Refer to Figure 27 above for pin locations; pin 24 is connected to a buzzer drive circuit. This is connected to the buzzer. For more information about the software, see section 2.7. 

3.2 Transmitting Sensor Unit 

The TSU uses two flashing LEDs that operate at 660nm and 940nm in conjunction with a photodiode to determine the Sp02 and pulse rate. The TSU then sends that data to the RDU for display. The TSU is powered by a battery and uses a DC/DC converter to regulate the operating voltages at 3.3V. Following are block diagrams, Figure 28, and explanations of the different elements of the diagrams and their corresponding parts. 



Fig. 28 – Overall block diagram of TSU

A photo diode is used to measure the amount of light passing through the patient's finger. Photodiodes operate by creating a small current proportional to the amount of light incident upon it. The output of a photodiode is current and is often in the range of microamps. In order to accurately calculate purse-oximetry data this small current is converted to values recognized by a microcontroller, namely binary values. There are multiple steps required to convert the small current to binary values that can be used to correctly determine the percent oxygen saturation level of the hemoglobin and the pulse rate. First, the current is converted to a voltage. This is needed so that an analog to digital converter can be used. The analog to digital converter solves the problem of changing data to a binary format so the microcontroller can perform its calculations. Current is converted to a useful voltage by using a transimpedance amplifier. A transimpedance amplifier utilizes an operational amplifier to do the current to voltage conversion while amplifying it to a voltage that can be worked with easily. 

Second, according to the requirements established by the equations used to determine the attenuation of light caused by oxyhemoglobin, the DC component of the signal is removed. Removing the DC component of the signal is done through the use of a simple low pass filter and a differential amplifier. The low pass filter is used to strip away the AC value of the signal leaving only the DC component. The DC component is then subtracted from the original signal (DC & AC) using the differential amplifier so as to leave only the AC signal. The differential amplifier can be used to amplify the signal even more. This AC signal represents the ebbing and flowing of blood through the body, the pulse, and is therefore the most important component. It is an AC voltage directly proportional to the changing current from the output of the photodiode. Last, the AC signal is converted from an analog voltage to a binary number. An analog to digital converter is used to perform that task. Before doing so, however, the AC signal is sampled and held at a constant voltage to correctly convert to a binary form. This sample and hold function is performed by the input terminals of the ADC.


In order to correctly utilize the pulse-oximetry equation that does not factor in the DC component, the DC value of both wavelengths of light are controlled at a constant level. An automatic gain control circuit is used for this purpose. The principle of automatic gain control is that a circuit will alter output based on input so that the output is a constant value. To do so an AGC circuit takes the form of a negative feedback loop. In this circuit the output of the AGC is used to power the LEDs while the feedback comes from the DC component of the output of the transimpedance amplifier. The microcontroller simulates the AGC circuitry by comparing the feedback Voltage with the desired voltage. The input to the ADC is the feedback value and the output of the DAC, which is used to power the LEDs, as the output of the feedback loop. Careful consideration is given to the maximum output of the AGC to not damage the LEDs. A maximum output must be determined so that the absolute maximum ratings of the LEDs are not exceeded. The value of the feedback resistor in the transimpedance amplifier should be determined, so as to correctly compensate for the attenuation of light as it passes through the body. The AGC output is used only to provide a stable output and is not for amplification. The following equations describe the change in the intensity or light as it passes through an artery of length:

At wavelength 
At wavelength 

Where 
· Co is the concentration of oxyhemoglobin (Hb02) 
· Cr is the concentration of reduced hemoglobin (Hb)
· is the absorption coefficient of Hb02 at wavelength  
· is the absorption coefficient of Hb at wavelength  

If the two equations are combined so that  and the percentage of oxygenated hemoglobin (Hb02) is: 
	 
If it is then assumed that the only changes in the attenuation of light while measuring pulse-oximetry are due to the flow of arterial blood then the following equation can be obtained if the steady state component of the attenuation of light is maintained at the same level:
 


R' is then substituted into the Sp02 equation in place of R. Solving for Sp02 yields the percent oxygen saturation of blood. 

3.2.1 Pulse-Oximeter 

The TSU uses two flashing LEDs that operate at 660nm and 940nm in conjunction with a photodiode to determine the Sp02 and pulse rate. Figure 29 shows the block diagram of the sensor and how it interfaces with the MCU. The following is a full explanation of what each part does and how they all work.



Fig. 29 – Oximeter Block Diagram

Transimpedance Amplifier - The versatility of the IVC102 is very useful but it requires an external clock to determine when integration will occur and for how long. The OPA2380, however, gives a continuous reading of the photodiode and requires only passive external components. The power supply range of the OPA2380 is compatible with the TSU, which will be operating on a 3.3V power supply whereas the IVC102 would require an additional DC/DC converter. Also, the OPA2380 has better performance than the IVC102. For use in a pulse-oximeter an operational amplifier must be very fast and precise. The slew rate of the OPA2380 is very fast whereas the IVC102 is not. The output of the transimpedance circuit will be used in many different parts of the TSU. It will be used to calculate the pulse- oximetry data as well as drive the automatic gain control. The automatic gain control needs to be very fast so as to render correct DC voltages for the pulse- oximetry equations to be precise. The AGC must also be able to do so with exact voltages so as not to supply too much power to the LEDs. For this application the OPA2380 will be used due to its compatibility with the power supply of the TSU as well as its very fast and precise operation.
The OPA2380 is implemented with a feedback resistance of 800kΩ connected 
to the inverting input to produce approximately 2V on the output of the amplifier. 
This output will be sent from to the MCU inside the TSU housing. The photodiode has a typical output of 2.5µA and when passed through a resistor of 800kΩ in the feedback loop of the amplifier the voltage output of tile amplifier is 2V. This is shown in the Figure 30.



Figure 30 – Transimpedance Op-Amp

Low Pass Filter - A passive low pass filter is used in the TSU to separate the DC component from the output of the transimpedance amplifier. A 10kΩ resistor and a 3.3µF capacitor to make a filter with a 3dB level at 0.5Hz. The 3dB level of 0.5Hz was chosen since the AC component represents the beating of a human heart. The heart normally beats at rates between 1Hz and 2.5Hz. The AC component of any signal above 0.5Hz will be very small. 

DAC - The TLV5616 is a 12-bit DAC and was chosen to be used in the TSU because of its compatibility with the design constraints of the power supply and the MCU. The operating voltage range of the TLV5616 is 2.7V to 5.5V and can deliver an output from 0V (GND) to VDD-1.5V. The SPI clock operates at a frequency of 20kHz allowing for very fast operation of the DAC. The maximum output of the DAC, is constrained by software, is 1.5V. The package that this chip comes in is a 3mm x 3mm 8-pin MSOP package. The TLV5616 fits perfectly within the constraints and operating voltages of the TSU. The output from the DAC goes to the LED switch, STG3155. This part of the circuit is shown in Figure 31. 



Figure 31 – DAC diagram

LED Select - The LED function is implemented using the STG3155. This Chip is a SPDT switch that has an operating voltage range of 1.65V to 4.3V. The switch takes only 1.5ns to switch back and forth between the two input terminals. The STG3155 is very small with dimensions of 1.45mm x 1 mm. This chip pulls a current of up to 50µA. The small size, combined with the lower power consumption and very fast switching speed, is the reasons this chip is used 
in implementing the LED select function. This part of the circuit is shown in 
Figure 32. 



Figure 32 – LED select diagram



3.2.2 Power 

The TSU's power system requirements are a rechargeable battery that is 
capable of powering the unit for more than one use between charges. The 
battery needs to be monitored by the system so that the patient can be notified 
when the battery is in need or charging. There is of course an on/off switch, so the unit can be turned off when it is not in use. The voltage from the 
battery is regulated by a DC/DC converter to convert the steadily 
draining battery to the exact 3.3V that is needed by the system.  Lastly, the 3.3V 
that is supplied for the system is split and put through a filter, which 
keeps the digital noise off of the RF and Analog power lines. The block 
diagram for the TSU Power subsystem is shown in Figure 33 below. Not shown 
in the block diagram is the method used for transient suppression.



Figure 33 – TSU power block diagram

TSU Battery - The main power for the Transmitting Sensor Unit is the two Li-Ion CR2032 battery pack. The choice of the Li-Ion CR2032 is due to voltage and current capabilities at its recorded 940mAh charge capacity. This two Li-Ion battery pack is assembled using a BHX2-2032-SM-ND battery holder. The reason to use the preassembled battery back as opposed to the single cell is because the assembled battery back has included safety features for the battery: protection from over voltage and under voltage with threshold cutoffs at 4.2V and 2.5V, a current limit of 3A and protection from short circuit. The dimensions of the Li-Ion CR2032 battery pack are 20mm (0.79") in diameter also known as a coin battery. Its weight is only 9.9g (0.35 oz.) which is roughly the weight or 4 pennies.

Battery Monitoring - The expected remaining battery life will be monitored try connecting the battery to a resistor divider connected to ground with the dividing point connected to the positive terminal of a non-inverting unity gain operational amplifier. The configuration for the operational amplifier is shown in Figure 34 using a built-in op-amp within the MSP430. The max voltage of the battery is 6.6V, which is over the max voltage that can be applied to the pins of the CC430. The values or the resistors are chosen such that the voltage will be reduced by half so that tile output of the operation amplifier is capable of being connected directly to the microcontroller on an ADC input. This value can then be compared to values at the 25% increments of the battery life reduced by the same amount in the software. 



Figure 34 – Battery life monitoring schematic

Power Switch - The TSU will use a TL2285EE pushbutton switch from E-switch to turn the system on and off. This switch will be configured with the first pin connected to the battery voltage and the second pin connected to the voltage in the DC/DC converter. The third pin will be left floating. This way if the switch is in the one-two position the system will be on and when the switch is in the two-three position the system will be off.

DC/DC Conversion - The Enpirion EN5312QI is used for voltage regulation of the TSU. The EN5312QI is a complete system on chip synchronous buck converter with integrated inductor, PWM controller, MOSFETS, and Compensation in a small 3mm x 3mm QFN package. This chip is ideal for noise sensitive RF as well as area constrained applications like that of the TSU. The EN5312QI can be powered by the Li-Ion battery pack. The output voltage will be set with the 3-pin VID selector so the output voltage will be 3.3V by connecting all three of the voltage select lines to ground. The EN5312QI requires only two external capacitors for operation, but four are used. The 4.7uF 0603 capacitor is required at the VIN by the system. Two 10µF 1206 capacitors are used at the VOUT pins to improve ripple performance. A single 0.01µF 0603 capacitor will be connected in parallel to the 10µF capacitors at tile output to improve transient suppression. The cost for this component is less than $2. Figure 35 shows how the EN5312QI will be configured in the TSU. BATT is the power from the battery and +3.3V is tile output power for the system to use. 



Figure 35 – DC/DC Buck converter schematic


Transient Suppression - A pair of capacitors will be placed at each major power connection to account for transients in the lines. To do this a 10uF capacitor will connected between the power connection and ground. A 0.01µF (10000pF) capacitor will also be connected in parallel to the first. These will give a path to ground for any transient currents to keep them from interfering with the performance of the device. The transient suppression is shown in Figure 36 where the power signals connect to the MSP430. 



Figure 36 – Configuration of Transient Suppression for MSP430FG439


3.3 Receiving Display Unit 

The main components of the RDU are the antenna circuit, the MCU, the display, 
the alarm status and indication, and the power. Figure 37 is the Block diagram for the RDU. For more information about the MCU, the alarm status and indication, the display, power, and antenna, see sections 3.1, 3.3.1, 3.3.2, 3.3.3, and 3.4.



Figure 37 – Block Diagram of the Waist-mounted RDU



3.3.1 Display 

The Newhaven NHD-0216K1Z-FS_RGB_FBW is a transflective LCD display with a controllable back light.  It has 32 characters available in 2 rows of 16, addressable by 8 bits.  On the MSP430, bits 26-33 are chosen to interface with DB0-DB7.  The LCD panel is 16 pixels tall by 80 pixels wide, which allows for a one-pixel gap between each character.  These pixels are not addressable using the existing LCD display driver, but the drivers can be customized to allow for their use.  For the purposes of this project, that is not necessary, as 32 characters are more than enough for the limited indicators required. See the Figure 38 for exact pin diagram.  For more information about the status indicators, see section 3.3.3. 



Fig. 38 – LCD pin configuration


The main waist unit also contains a number of alert protocols, including a piezoelectric buzzer and more LEDs to indicate various forms of alarm.  The backlights of the NHD-0216K1Z-FS_RGB_FBW are used for the LED alarms.  The buzzer is the TDK PS1240P02BT.  See section 2.3.1 for a discussion on the alarm system, which consists of LEDs and a buzzer, and the behavior of the system in the case of an emergency or other alert such as those specified in section 2.7.

3.3.2 Power 

The RDU is configured to be as identical as possible to the TSU. This is 
done to minimize the number of designs and reduce the required number of 
different parts to purchase. The RDU's power system requirements are a 
primary constant power source, an AC/DC Converting Supply, and a secondary 
backup battery power source. The backup battery source does not need to be 
rechargeable, so only COTS standard alkaline batteries were considered. The 
backup battery needs to be capable of powering the unit for more than one 
use before being depleted. This gives the patient at least that one use if the 
primary power goes out and the patient is already asleep. The battery needs to be monitored by the system so that the patient can be notified when the battery has been depleted and needs to be replaced. The major difference for the RDU is that it uses a battery only as a backup source if its AC/DC adapter is disconnected. In order to have the circuit switch to the backup source the Intersil ICL7673 automatic battery back-up switch is used. There is also an on/off switch, so the unit can be turned off when it is not in use. The voltage that is passed from the automatic power switching circuit is regulated by a DC/DC converter to convert the larger voltage AC/DC converting supply or smaller voltage battery to the exact 3.3V that is required by the system. Lastly, the 3.3V that is supplied for the system is split and put through a filter to keep the digital noise off of the RF and Analog power lines. The block diagram for the RDU Power Subsystem is shown below, in Figure 39. The method used for transient suppression is not shown in the block diagram. 


Figure 39 – RDU power block diagram

RDU Power Source - The device is powered by an AC/DC adapter as the primary source and three 1.5V COTS alkaline batteries configured in series as the secondary source. The AC/DC adapter that is used is the TOL-08269 5V· adapter that is FCC/CE certified and rated at 1A. This adapter is the "wall wart" style requiring no extra power cables. The DC output is a center positive 5.5mm x 2.1mm barrel connector. The TOL-08269 is available from sparkfun.com for $6. The choice of a 5V supply when the microcontroller only requires 3.3V is to specifically satisfy the nature of the automatic switch so that the ICL7673 will always chose the AC/DC as the primary source. Currently the batteries being considered are AA cells. Three AA cells give the secondary power source 4.5V and 8100mAh. If it is determined that larger capacity batteries need to be used then the system will be converted to use those, which would require a change of the RDU case. Power management of the system is provided through the use of batteries.  These batteries are replaceable for the three ancillary units, and rechargeable for the main waist unit.

Battery Monitoring - The expected remaining battery life is monitored by connecting the battery to a resistor divider connected to ground with the dividing point connected to the positive terminal of a non-inverting unity gain operational amplifier. The configuration for the operational amplifier is shown below in Figure 40. The max voltage of the battery is 4.5V, which is well over the max voltage of 4.1V that can be applied to the pins of the CC430. The values of the resistors are chosen such that the voltage will be reduced by half so that the output of the operation amplifier is capable of being connected directly to the microcontroller on an ADC input. This value can then be compared to known values of the battery and determine the good/bad status. 



Figure 40 – Battery life monitoring schematic

Automatic Backup Switch - The ICL7673 works by automatically connecting its output to the greater of either of its supply voltages. In this case the primary supply will be the constant 5V AC/DC adapter and the secondary will be the three COTS 1.5V AA alkaline batteries. As previously stated the AC/DC adapter was chosen at 5V, so it would always be considered as the primary source by the ICL7673. If the AC/DC adapter is disconnected the ICL7673 switches to battery power, until the AC/DC adapter is reconnected in. If the battery is fully depleted the system will shut off. The configuration of the ICL7673 is shown below. 

Power Switch - The RDU will use a TL2285EE pushbutton switch from E-switch to turn the system on and off. This switch will be configured with the first pin connected to the battery voltage and the second pin connected to the voltage in the DC/DC converter. The third pin will be left floating. This way if the switch is in the one-two position the system will be on and when the switch is in the two-three position the system will be off. 

DC/DC Conversion - The Enpirion EN5312QI is used for voltage regulation of the TSU. The EN5312QI is a complete system on chip synchronous buck converter with integrated inductor, PWM controller, MOSFETS, and compensation in a small 3mm x 3mm QFN package. This chip is ideal for noise sensitive RF as well as area constrained applications like that of the TSU. The EN5312QI can be powered by the Li-Ion battery pack. The output voltage is set with the 3-pin VID selector so the output voltage is 3.3V by connecting all three of the voltage select lines to ground. The 4.7µF 1206 capacitor is required at the VIN by the system. Two 10µF 1206 capacitors are used at the VOUT pins to improve ripple performance. A single 0.01µF 0603 capacitor will be connected in parallel to the 10µF capacitors at the output to improve transient suppression. The cost for this component is less than $2. Figure 41 below is a diagram showing how the EN5312QI is configured in the TSU. Vsw is the power from the On/Off switch and +3.3V is the output power for the system to use. 



Figure 41 – DC/DC Buck converter schematic

Transient Suppression - A pair of capacitors are placed at each major power connection to account for transients in the lines. To do this a 10µF capacitor will connected between the power connection and ground. A 0.01µF (10000pF) capacitor will also be connected in parallel to the first. These will give a path to ground for any transient currents to keep them from interfering with the performance of the device. The transient suppression is shown in Figure 42 where the power signals connect to the MSP430. 



Fig. 42 – Configuration of Transient Suppression for MSP430F2618

3.3.3 Status Indicators 

The RDU will have several types of information, besides the patient's vital 
readings, to communicate to the patient; as such, there will tie multiple forms of 
status indicators. Three forms of indicators are used; a piezoelectric buzzer for audible and tactile warnings and numerous LEDs for visual status. The piezoelectric buzzer gives alerts for dangerous medical conditions, as well as loss of signal. Many different panel mount LEDs are used to display status and indicate the information being display. Other LEDs display the battery status of the RDU and the battery life of TSU. One is used to indicate if there is a good signal and another to show that the primary power source is connected. 

Piezoelectric Buzzer – The system needs a buzzer to give audible and tactile alert for dangerous conditions, as well as other warnings such as loss of signal and very low power. The dangerous conditions audible buzzer is a constant that continues until the condition changes or the TSU is powered off and back on again. The loss of signal alert is triggered whenever the RDU has failed to receive new information from the patient after a 5 second time limit this would sound and vibrate. The low power alert, given when the TSU has less than 30 minutes of operation, is a continuous blink of the blue service LED. The TDK PS1240P02BT outputs 70 decibels at 4 kHz and only requires 3 volts to be run, and so it is the buzzer of choice for the unit. The cost of this piezoelectric buzzer is about $0.50 each. The buzzer is controlled by generating a PWM from the signal at pin 24. This circuit is shown below in Figure 43.  

LEDs - LEDs are used to give visual indications for the various statuses that need to be reported to the patient. The LEDs are configured with their anode tied to the microcontroller at one of its GPIOs and the cathode will be tied to ground. The signal indicator is a single blue LED, the Vishay Semiconductors TLHB4400 that is controlled for the following parameters: the LED is off  for good signal and the LED turns on and blink when there is a loss of signal. This blue LED is tied to pin 14. The cost of this blue LED is $0.86. The Bivar SMP4-RGY is used to display the status of the RDU battery. Green indicates that the battery status is good; yellow indicates the battery status is low and red indicates that the battery needs to be changed. This is a tri-colored panel mount LED with three leads; they are connected in parallel, but in opposite directions. The red anode is connected to pin 17, the yellow anode is connected to pin 18, and green anode is connected to pin 19. The cost of this tri-colored LED is $1.08. Figure 43 is an image showing where the MCU controlled status indicators are connected. The resistors are in place to limit current into the LEDs if needed, or for debugging purposes.  The output between pin 24 and the piezoelectric buzzer is a square wave driver for the buzzer- this is explicitly required for the buzzer to function, and in this case is driven by an internally-altered version of the system clock.




Figure 43 – Status Indicators and Alarms






3.4 Accelerometer/Gyroscope

The chest and thigh units consist of an accelerometer and gyroscope interfaced with the MCU, which takes data from both, converts it if necessary, and sends it to the RDU for decision-making functions.  The power for these systems is provided by two Li-Ion CR2032 battery pack, in the same manner as the oximeter TSU.  See Section 3.2.2 for the design and discussion of the power requirements, voltage regulation, and battery testing, as the setup is identical except for the required output voltages to the sensors.  Further along a description of the setup, behavior, and interfacing of the accelerometer and gyroscope with the multicontroller will be emphasis more in detail.

Accelerometer – The Accelerometer of choice for this project is the Freescale MMA7631L, shown in Figure 44, is a three-axis analog output accelerometer, with a required voltage input that varies between 2.2V and 3.6V.  Sensitivity of the unit scales as voltage increases- this means that the device’s sensitivity can be programmed by its input voltage dependent on required sensitivity.  At the input voltage of 3.3V, the sensitivity of its output is 206 mV/g.  Its current consumption is 400uA while in operation, and 3uA when in sleep mode, and the device can wake up in 5 ms when sleep mode is toggled off.  The cost for this component is $19.99 per unit, and one is required for both the chest and thigh.
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Figure 44 – MMA7631L
Reprint with the permission from Sparkfun.com

The three primary outputs of the accelerometer are the X, Y, and Z axes, which are routed through channels of the microcontroller’s on-board analog to digital converter.  Each of the outputs are grounded through a capacitor (3.3nF recommended by manufacturer) to minimize clock noise from the internal circuit of the accelerometer.  Sleep mode is toggled using a digital input to the accelerometer, and are engaged whenever the Y axes of the accelerometers are stable for more than two minutes.  This toggle period is specific to the design, and not a function of the accelerometer itself.  The accelerometer also contains two self-test modes, one of which is a simple digital input from the MCU to cause the Accelerometer, when physically inverted, to register small outputs from all three of the axes.  The second self-test mode is a 0-g freefall detection.  Although this is interfaced with the MCU for testing purposes, it is unlikely the device will ever need to read this pin.  The power inputs of the device are grounded through a capacitor (0.1µF recommended by manufacturer) to decouple the power supply from the rest of the circuit.

Gyroscope – The gyroscope of choice for this project is the InvenSense ITG-3200, as shown in Figure 45, a three-axis unit with a required voltage input that varies between 2.1V and 3.6V. Like the accelerometer, the sensitivity of the gyroscope scales with input voltage.  At an input voltage of 2.5V with VLOGIC set at 1.71V, the sensitivity of its output is 14.375 LSBs per degree. Its current consumption is 6.5mA in active mode and 5uA in standby mode.  The system takes on average 50ms to wake up from standby mode when it senses an acceleration. The cost for this component is $49.95 per unit, and one will be required for both the chest and thigh.

[image: Description: gyro 09801-04_i_ma.jpg]
Figure 45 – ITG3200
Reprint with the permission from Sparkfun.com


The gyroscope’s sample rate can be programmed through its clock input to either sample at 1kHz or 8kHz depending on project requirements.  For the purposes of this project, 1kHz is enough, and this is the default mode so that pin will be left unconnected except for testing purposes.  It has three primary connections using the I2C standard- SDA provides the digital data stream, SCL is the input clock from the processor, and AD0 is the slave address bus, which is in this case already tied to ground on the breakout board.  Pin 12 on the gyroscope is an interrupt to indicate data is ready.  Both VDD and VLOGIC are grounded through a capacitor (10nF and 0.1uF recommended by manufacturer) to decouple them from the rest of the unit.  The charge pump is also grounded via the capacitor at pin 20 (2.2nF recommended by manufacturer). The following Figure 46 gives an overall illustration of how the accelerometer and gyroscope is configured with the MSP430FG439.




Figure 46 – Setup and Interfacing of Accelerometer and Gyroscope

3.5 Wireless 

The wireless communication method as determined by the research section is a 
generic RF communication utilizing the 433MHz band. For more information on 
the wireless, see section 2.5. The CC1101 uses a radio core that supports 
transmission on the 433MHz band with a center frequency at 427MHz. This 
section will describe the specifications required to use the radio core in the MCU, the antenna that is needed for a better signal, and the transmission details. 

Antenna - An antenna must be used for reception and transmission. The 0427AT43A0026 from Johanson Technology is used.  These chip antenna options are great because they enable the design to be even more condensed. There is a document available from Texas Instruments community forum that specifically uses the 0433AT43AT0020E with the CC1101. In their guide they go through the process of describing how to change the traces of the 0433* to produce a 427MHz signal instead of the 433MHz that it is designed for. The negative is that chip antennas all require a blank space on the PCB to mount. Any other trace or plane could severely dampen the signal. Some chip antennas only require a blank space on the board, but the Johanson Technology antennas require a smaller blank space with a special trace on the board that acts a PCB antenna. The 0427AT43A0026 requires a space on the board equivalent to 9.5mm by 20mm. The chip and its special trace are included inside this space on the board.

Radio core - The receiver part of the CC1101’s RADIO core is a low intermediate frequency (IF) receiver. This means that the radio frequency received is transformed using a low-noise amplifier and down converted in quadrature to IF. The IF is then digitized by the analog to digital converter (AOC). The digital signals are then demodulated and sent to the MCU. The transmitter of the CC1101's uses direct synthesis to create the radio frequency. This method creates the points of a waveform and stores them digitally in memory. The stored points are then recalled to generate the waveform. The rate at which the synthesizer creates one waveform translates to the frequency. The features of the CC1101’s radio core include a programmable radio frequency, a programmable data rate, high sensitivity, programmable output power, support for packet-oriented systems, support for clear channel assessment systems, and a digital received signal strength indicator. The data rate is programmable and ranges from 0.8 to 500kBaud. The frequency bands that can be used to send data are 300MHz to 348MHz, 389MHz to 464MHz, and 779MHz to 928MHz. The data will be sent out on the 427MHz band.

The radio core is controlled using instructions written into the RF1AINSTRxW or 
RF1AINSTRxB registers. Status of the radio core can be read from the 
RF1ASTATxB or RF1ASTATxW registers. Using interrupts, the radio core can 
automatically tell the MCU that it has received data or has transferred data. The 
interrupts available on the radio core are GDO0, GD01, and GD02. For each of 
the above interrupts there are an interrupt flag RFIFGx, an interrupt enable 
RFIEx, an edge select RFIESx, and an input bit RFINx. The input bit gives the 
actual status of a signal, the edge select can be positive (0) or negative (1), and 
the enable allows the flag to trigger an interrupt. Utilizing the wake on radio 
feature, power can be saved. The radio goes into a sleep state that periodically 
wakes to listen for a packet. The radio core can then send an interrupt to the 
MCU notifying it that a packet has been received. This is accomplished using the 
SWOR strobe after setting WORCTRL.ALCK_PD = O. The timeout is set by 
using MCSM2.RX_TIME. The termination condition is set by MCSM2.RX_TIME_QUAL = O. The 0 condition is tells the radio core to continue 
receive if sync word has been found. If a sync word is not found within the set 
MCSM2.RX_ TIME the radio core goes back into a sleep mode. 

Software – Detecting Human Motion: Introducing Step, Fall and ADL Algorithms by Dries Vermeiren, Maarten Weyn, and Geert De Ron is where the information was found to detect a fall. In the paper data from the sensor attached to the torso was used to detect falls. By the experiments and research a fall is an event that is characterize by a larger acceleration peak in one or more directions which is followed by a horizontal position. They characterized a typical fall even by a large acceleration peak in one or more directions which is then followed by a horizontal position. For the detection of a large acceleration the used the magnitude vector of x, y, and z and if it passed a certain threshold and after a certain amount of time when the signal stabilizes and the patient is horizontal then it is a fall. The patient being horizontal is categorized by the Y axis being around 0. 

3.6 Possible Architecture and Related Diagrams

This project is focusing a lot on the patients comfort level. One way that comfort is achieved is by making all the components wireless; since wires would make it uncomfortable, and also a hassle to detangle. To achieve the components being wireless Zigbee and Bluetooth are used. On the following diagram, Figure 47, the main components are shown. Shown in red and blue is how each of the components communicates wirelessly. The arrow are all going into and out of the devices, one reason is to measure battery life and have it displayed on the main display, located on the waist. 

There are several architectures that were considered, and all of the parts are mentioned in the figure below. Also an explanation for each device and why it was added to the project in presented. 
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1. Strap for a blood pressure monitor.
2. Wrist to small finger device for blood pressure. Watch as display for all output.
3. Vest fall detection sensors.
4. Chest fall detection sensors.
5. Belt for RDU, signal transmitter and display. 		
6. Oximeter device for finger.
7. Thigh fall detection sensor.
8. Ankle fall sensor
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							Figure 47 – System Modifications
						         Used with permission from Microsoft


The continuous blood pressure device was removed; numbers 1 and 2. It is very difficult to get accurate continuous reading from a nonintrusive device. Having an arm band that would inflate and deflate, as common blood pressure machines do, would not only be bothersome but also would not be as continuous as needed and because of the constant movement would not be accurate. There was another possible alternative and it was having the device on the wrist and small finger, which would not need to be continuously inflating and deflating providing comfort to the patient. This device is not well known and is not tested extensively for accuracy; therefore this device was also discarded. 

Having a vest, number 3, to store sensors and have the display on it was another option that was looked at. This option was discarded due to many factors such as: other options were more comfortable to the patient; also the vest is not really needed for the project that is being done.  Also finding the right vest to house the sensors and have it not move with the rest of the torso might be hard and cause some reading that would not be very accurate.

Beside the vest a chest strap was also considered; number 4. This chest strap is found in several models of health monitoring systems in the market. On the chest strap fell detection sensors will be places. The chest strap provides a place where the accelerometer and gyroscope can have the minimum amount of movement, for example if instead of placing the sensors here they were place on the wrist. People move their hands so often that the sensors would never have time to collect data and figure out if is normal. The output of the sensors will look very erratic. 

One of the systems that have been present throughout the projects stages has been the belt; number 5. Originally though the intent was to make everything be able to be access through a smaller device such as a watch. If this project ever progress further the intent is still to make the display unit smaller. For the first version now being created a bigger device is made so that it can easily be attached to a belt. Another idea that was discarded, as many other ideas were because of accuracy, was having sensors on the waist for fall detection. Having the fall detection sensors on the waist has close to the same problems as having the device on the wrist. Even though the waist is more stable than the wrist, the waist bends making it have not so accurate readings. Another sensor that was considered was the temperature sensor. This would let the patient and caregivers know if the patient is suffering from hyperthermia or hypothermia. Some drugs can cause hyperthermia; therefore this information can be transmitted in real time to the physician’s office and in later generations of this device the drug the patient is taking can also be displayed on the screen. Besides hyperthermia, controlled hyperthermia also known as a fever can be detected, a fever is causes by the body’s immune system responding to a bacterial or viral infection. 



Besides the accelerometer and gyroscope that are located on the chest, number 4, another accelerometer and gyroscope are located on the thigh of the patient, number 7. This additional sensor is located here also because the thigh is sturdy and provides a good place to compare the other sensor on the chest in order to detect a fall.

More information about the system that is currently being implemented is located in the rest of the paper the sections in where to find the information and a picture of what was kept and how the system might look like on a person is given in the following picture in red, Figure 48.
	[image: Description: C:\Users\Giselle\Desktop\womanrun.jpg]4.2 Chest


   
      
               
4.1 Waist


   
      
               
4.4 Thigh


   
      
               
4.3 Hand


   
      
               

Figure 48 – Goal placement for design
Used with permission from Microsoft

There is another important part of the architecture that was not built, but still incorporated into the system and is when the system calls if there is an emergency how is this going to be handled.  This is illustrated in the figure below.  When there is an emergency, the system does two things: Calls the emergency telephone number (911 for the North American Numbering Plan -NANP) and the other one send a message to their caregiver.  As seen in the first diagram in this section everything is being sent to the waist, therefore it is the waist part that will need to have the algorithm that will discern whether the person is well or in need of assistance. Once the algorithm sees that the person has fallen or his/her vital signs are not within the safe range, the waist will sound off an alarm, vibrate and the LEDs will flash. If the patient does not press the Stop button, then the device after a short time sends a signal to the mobile device that the patient should have with him/her at all times. The signal calls emergency services and texts a caregiver as illustrated on Figure 49.



Figure 49 – Wireless design

Strap material being used – As mentioned before, comfort is one of the main objectives of this project. Some of these devices such as the chest strap, thigh strap and the display with all the components use straps to hold these systems in place. One material that was considered was neoprene or polychloroprem of clorophere. Neoprene has some good characteristics like it provides good stability, it maintains flexibility and it is good for over a wide temperature range. It also stretches making it be able to stretch for comfort, which is able to be made in a variety of shapes. Also it is cushioned and it absorbs the impact, therefore it will be good to but the sensors because it will keep them from getting damaged. It is low friction therefore it will be easy to have the component slide in and out and have the strap cleaned. It is weather-resistance; it has the ability to shed water, making it a good outdoor material. Besides it being good in water it is also good in other times of conditions; snow, sand and dust. If the neoprene material had not been available for any reason there was also other option of having it made of plastic which could easily be cleaned of and with the help of a latch it could be adjusted. There are also some other materials that are also comparable to neoprene; they are discussed in the following paragraphs.

Nitrile Vs. Neoprene – Both Nitrile and neoprene are types of synthetic rubber that have different chemical structures. They both are resistant to heat abrasion, flame, petroleum, or whether about other substances. Nitrile rubber is commonly used to make seals, like the ones in cars, since it is resistant to petroleum products unlike neoprene. The question of which material is better between, Nitrile and neoprene, have more to do with gloves than with straps that are project requires. They are classified as alternatives to latex. 

Drytex vs. Neoprene – Neoprene provided support and uniform compression over the whole, making a very comfortable material. One of the drawbacks of using neoprene is that is retains sweat because is not a breathable material, therefore the material can acquire a strong odor that is difficult to tolerate. Another drawback and health risk to consider is that some people are allergic to neoprene and can develop skin rashes that cause blistering, itching, and even more severe allergic reactions. Drytex is a material that has a Nylon core and Polyester Lycra fabric that retains the qualities of a neoprene but is also breathable and non-allergic. They claim to be more comfortable to wear and there is no foul odor associated with them. 

Hazards of Neoprene – Neoprene does have great qualities as mentioned in the paragraphs above; the qualities being comfortable and whether proof among others. It also has some drawback like is a very heavy material. Besides all the pros and cons mentioned, neoprene can be a hazardous material. Neoprene itself is not hazardous, but the production and some adhesives that neoprene contains, may cause skin irritations. Neoprene can also come with ships that may have gotten attached during shipping that is these chips are burn may causes bronchial necrosis, cornea cloudiness and dental discoloration among others. Also inhaling these chips can cause lung disease and it contains carcinogens.   

Why Neoprene? – Even though neoprene appears as is a very hazardous material, if all the right steps are taken to prevent any burning of the chips and if properly clean and not inhales, this material is a good way to have for the straps in these devices. Neoprene is not difficult to clean, the process of cleaning it involves, putting it in a sink/tub/bucket and adding a small amount of dish soap, then scrubbing it with a soft scrub brush, after that, washing it and hanging out to dry. The soap part, besides cleaning it, also helps get rid of odor; for a quick clean, it can be rinsed out with just water. Because of the cleaning process and so the patient doesn’t have to deal with this two neoprene traps of each size needed are purchased. The device on the waist could be modified to able to be put both on the neoprene belt and on a belt depending on the desired comfort level.   

3.7 Mechanical Design
 
3.7.1 Sensor 

The mechanical design of the sensor clip is the most flexible part of the design. 
There were many options that are viable to house the LEDs and photodiode. 
These options are shown in section 2.6. The final sensor clip design was 
limited by time and budget at the end of assembly and testing. The best option ended up being to use a sensor clip that is manufactured for use in hospitals. This requires having a sensor Clip which can be obtained from a hospital for free if the LEDs or photodiode have stopped working. The components installed will be removed and new parts were placed in the clip. These parts were already a part of the budget and hospitals have no use for broken sensors so they will not be difficult to obtain. Additionally, this saved a lot of time on design and placement testing. Since parts already had been in the clip, the new parts just needed to replace the broken ones. This was the least expensive and quickest way to make a sensor clip. 

If limited by time, a fabric sensor holder was considered as the best option. This would have been adjustable for different finger sizes. The most difficult part of this design was assuring the LEDs and photodiode remain parallel. This can be attached with elastic to stretch over a finger, or the fabric can attach on either side so the placement is completely variable. This may not be the best idea for a marketable product, as many will not know how to place the LEDs and photodiode to assure that an accurate reading is obtained. In this case, more than one size of finger cuff can be created. This assures that the LEDs and photodiode will remain in the proper place. 

If neither the budget nor time had been limited, a soft case could have been used. By molding the clip in silicon or alginate, a variable size cuff can be created. This will not require multiple sizes since the material is so moldable that a shape can be created which will allow stretching in only one direction and keep the components in their proper orientation in relation to each other. This option is not expensive, but is slightly pricier than the previous two options. The sensor design was not finalized until the end of the project. This is not because of unknown variables in the schematic designs, but because they were three extremely useful options. It was unnecessary to finalize it without first testing which design will work best with the resources the project allows. This means that the sensor clip design was left to the end of the project without causing a major upset in any part of the design.  In the end, the project used the discarded hospital sensor clip, both for the reliability and wearability.

3.7.2 Transmitting Unit

The TSU's main PCB has dimensions of approximately 3.94" x 3.15" and the battery which is housed with the TSU has a size of 20mm diameter. The outer dimensions of the casing of the JB-35 Pare 5.00" x 3.80" x 1.50" and the inner dimensions are 4.53" x 3.65" measuring from the center of the screw posts. The length of the battery in inches is 0.79". The width of the battery is 0.79" and the width of the PCB is 1.5". A minimum width of 1.25" is needed to house both components; however both parts will be placed opposite each other in the TSU housing. Both the battery and the PCB will be securely placed inside the housing. 

The housing is held in place on the wrist by a Velcro strap that is fed through 
two slots in the bottom of the TSU. Each slot will have dimensions of 1" x 0.25" 
and will be 2.00" from each other. Two sides of the TSU will have holes of 
diameter 0.25". The hole on the 2.470" side is used as a port for charging 
the battery inside the housing. The power cord of the battery's charger is 
plugged into a panel mount plug on the unit, and removed upon completion of the 
charging cycle. The hole on the 3.295" side of the TSU serves as the 
connection point between the finger unit and the TSU PCB. The cable coming 
from the finger unit, with the LEDs and photodiode, connects to the TSU main 
PCB. The housing should be arranged on the wrist so that the connector to the 
finger unit is pointed in the direction of the hand. This is done so that the finger 
unit can be connected to the TSU housing easily. Figure 50 better demonstrates the structure of the casing for the sensors.
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Figure 50 – TSU casing 
Reprint with the permission from Polycase

3.7.3 Receiving Display Unit 

The RDU is the base station of the wireless pulse-oximeter and the fall detection. It contains the display, LED indicators, alarms and its own power source. The unit is to be positioned in front of the waist, having an AC power adapter as well as the ability to be unplugged charge directly into an AC power outlet. It is housed in a standard case purchased online and modified to fit the design's needs.

The unit needed to have several different holes drilled into the face and the 
back. The display and battery life LED array both show through rectangular 
holes cut into the face. Each LED has a separate circular cut out. They 
also have panel mount LED holders to keep them in place. Small circular holes 
are cut out of the housing over the piezoelectric buzzer. This allows more sound to escape the unit instead of being muffled or distorted. Additional cutouts are made for the AC plug, the switch and the batteries. The AC plug has a small round hole large enough to fit the AC plug without having any open space 
to the inside of the unit. The switch has a small rectangular slot that 
allows at least the actuator of the switch to be outside the unit and be long enough to move it between positions. The batteries have a larger cutout. The battery holder is mounted inside the unit and a cover is created to allow the batteries to be changed without allowing access to the PCBs or other circuitry.
 
Polycase has a large selection of differently sized cases that can be utilized for 
this design. Since the PCB, display and batteries will determine the inside dimensions of the unit, the selection is narrowed down substantially. The PCB measures 5.15" x 4" and a battery holder for three M batteries is approximately 2.50 "x 2.50". This means the case has to be at least 5" wide and 4" long and 1.5” thick based on the orientation of the board and battery holder. 

The tallest part on the PCB is the LCD at 10.60mm (approximately 0.42"). For this unit, the display should be flush with the face of the case and the LED array should be raised slightly above it. Since they have such a variety", two cases are 
considered. If the dimensions had change, then there were alternatives. The first was the LP-55FMB and the second the DC-34P. Both cases have mounting holes to allow screw to be passed through the PCB or the battery holder. Each unit has a cover that can be removable or permanently attached by using a glue, epoxy or Loctite. This allows the units to be completed and tested with the components still accessible, but keeps the user from upsetting the internal circuitry. 

The LP-55FMB has dimensions of 5.00" x 3.50" x 1.50” (127.00mm x 88.90mm x 38.10mm). This is slightly larger than what is necessary, but accounts for variations in wall thickness that will make the internal dimensions smaller. Figure 51 shows the dimensions of the box and how the external components show on the face of the RDU, as well as the internal structure of this case. 

[image: ]
Figure 51 – RDU casing 
Reprint with the permission from Polycase
130

Section 4. Test Plans

4.1 Hardware 

The main function of hardware testing is to ensure that the hardware follows expected characteristics prior to integrating the part with the main design.  The first step in this is physically putting the hardware through similar physical conditions as what it is expected to handle, which may include such things as position, temperature, or proper voltage.  After it is determined that the part functions, then it must be determined that the part works correctly.  The hardware's output characteristics based on its inputs must be tested against a reliable outside source.  Even after the hardware has been connected, it must be tested by connecting it to the software and ensuring that the hardware outputs to the software as expected.

Sensor Testing
· Each sensor was tested individually to see that it works; i.e. whether it turns on and off when supplied power.
· The accelerometer was placed horizontally with the thigh accelerometer to ensure that it can measure height equality, and then exposed to a downward acceleration, to ensure that it can measure the motion.  The accelerometers were placed into various physical arrangements to ensure that they could determine which direction was down.
· The gyroscope was first tested by turning it upside-down and activating its built-in self-test, to ensure that the unit functions.  It was then connected and exposed to a twist in each of its three dimensions to ensure that it functioned correctly.
· The hand pulse oximeter was attached to an actual hand and its LEDS individually powered to ensure that it could obtain a reading for the pulse.  Later, after the circuit was installed, the pulse oximeter was run as normal, and this was compared to a traditional pulse cuff to ensure accuracy, and measured with an oscilloscope to ensure that the input and output waveforms were precise and constant.

Display and Output Testing
· Each light element was tested to ensure that the lights function properly when supplied with the proper voltage.
· The piezoelectric buzzer was tested to ensure that it provides a steady output given the proper peak to peak voltage and driving wave.
· The LCD display backlights were tested thoroughly prior to installation by application of a voltage- however, due to the setup of the LCD controller; it could not be tested thoroughly until after it had been attached to the multicontroller.  After it had been attached to the multicontroller and the baud rate debugged, the LCD was tested by writing letters to every CGRAM address to make sure the memory was functional.


Power Testing
· The buck converters were continuously tested throughout the project.  Multimeter leads were consistently applied to the input and output terminals to make sure that the voltages were accurate and regulated.
· After all elements were installed, power was supplied to all of the individual elements from the power management system to ensure that power requirements have been met.  This also includes testing that there was sufficient voltage to all elements so that they behave as expected.  LEDs and the LCD had to be lit with proper luminance, and the vibration buzzer must produce a sound at the proper sound intensity.
· A secondary category of this testing was to ensure that the battery elements in the peripheral wearables provided enough power to the units such that their output characteristics remain within the provided margin of error.
· The main RDU power management system was tested through the installation of a nearly-dead battery, to see that the system recognized it as nearly dead.  The battery was then charged, and the system had to indicate a successful charge, as well as actually charging the battery.

Wireless Module Testing
· After the multicontrollers had been configured, the wireless modules were tested using test signals sent by the sensors.  Accuracy of sent bytes was initially tested through the use of LEDs on a breadboard, and later tested by the examination of transmit and receive buffers.

4.2 Software

Software Testing – One of the main purposes of software testing is to see if there are any failures or defects of the system that can be detected and corrected.  This determines if the software that is being developed or used works under the conditions that we specified for this project.  One of the functions of this testing is the examination of the code.  From this part of the testing, we observe any and all errors and corrected them.  Usually, designers have a software team that performs these types of test, but for the purposes of this project, the testing is being done by the computer engineers.  These types of tests were conducted throughout the build until it was completed.

Another type of testing that is being conducted are the functional and the non-functional testing.  Functional testing is primarily to determine whether the user can conduct a certain action.  These are questions like ‘Can the user do this?’ or ‘does this work?’  Non-functional testing is more for actions that may not be directly related to software.  Actions such as performance, security, or behavior under certain constraints will be considered.

Like mentioned earlier, there are several ways to test the software.  Every little error can cause a failure or a defect.  Defects are not only caused by coding errors, but from errors in the initial design of the project.  Things such as requirements, user ability, security, performance behavior and other factors can result into an actual defect.

Failures happens more in a sequence where as defects happen from a single error which results into a failure.  For example, a programmer can make a mistake, which results in a defect in the code.  From there, the program does not function correctly and in turn results into a failure.  Again, a way we plan prevent these errors from happening is testing the code several times throughout the testing phase of the project.
Some of the types of testing we plan to conduct as a team is as follows:

· Dynamic Testing – Testing where cases are developed.  This method tests the system from the beginning to the end of the project
· Static Testing – Testing where the system undergoes a series of walkthroughs, reviews, and inspection of the code
· Unit Testing – Also known as component testing.  This is testing where specific functions of the code are observed to make sure they are functioning correctly
· System Testing – Testing where it assures the coder that it meets the core requirements
· Integration Testing – Testing where it seeks to verify the interface between components against the software design
· Stability Testing – This is considered to be more like a testing of endurance.  The software will be challenged to see if it can perform continuously.
· Usability Testing – This is a branch of stability testing.  From this testing, we will be able to determine to see if the user interface is easy to work and understand

Another tool to describe what we used and how we tested the software are software development life cycle models.  These models are structured models that help explain the development of a software product.  Some of the activities that are included in this model are planning, implementation, testing, verification, requirements, and maintenance.  There are several models that work for certain development processes.  The model that we feel will work best with the product is the V-Model.  The V-Model, which is a branch from the waterfall model, shows the relationships between the different steps in a v-shaped form.

Starting from the upper left corner of the model describes the processes that are taken into consideration for the system design of the product.  Starting from the upper right corner of the model, it explains the process that will be conducted considering the system integration of the product.  There arrows displaying from right to left are representing the validation phase.  This is where the team can go back and fix errors in certain steps if needed.  Each phase is explained below in more detail.

· Requirements – Analyzing the needs of the user.  This establishes how the system is supposed to perform but not how it is built.  Requirements such as the LED screens, sensors, waist, hip, and thigh bands, oximeters, and data are discussed here.
· General Design Specification – The overall design and performance of the entire product explains this block of the diagram
· Detailed Design Specification – Interface relationships, data tables, algorithms, and diagrams describe this block of the model
· Source Code – This is the actual code that will be used for the product.  The languages that we may be using for the product as of now is C and ASSEMBLY language.
· Unit Testing – Individual components/functions of the source code are to be tested
· Integrated Testing – This is to test and expose the defects and errors within the interfaces.
· Accepted Testing – To determine if the user is satisfied with the system.  Also to test the system in the real world with the targeted audience.

Below in Figure 52 is an example of the V-model that the system will follow when it comes to the software testing of the product:



Figure 52 – The V Model

One of the components that will require the most testing is the microcontroller.  As mentioned previously, the product uses the MSP430 family of Microcontrollers provided by Texas Instruments. There are a total of 4 microcontrollers in the system: one in the chest, waist, hand, and the thigh. The compiler that is required for the system that is being used is the C and/or C++ compilers.  Also we used assembly language to help program and test this microcontroller.  We tested this component manually; making sure that the input and output ports are stable. The coding aspect of the microcontroller was tested manually by the coders using one of the software testing methods mentioned above.

Another component that was tested using the software testing methods are the transceivers.  A transceiver is a device that contains both a transmitter and a receiver to send out and receive a signal.  The transceivers are placed on the components of the chest, waist and thigh.  The reason being is for it to send signals to each component and to also send out a signal to the paramedics once a ‘panic’ situation has occurred.  Software testing was used for this to confirm that the signal was actually functional and that it sent out a signal to the different components.  The microcontroller that we are using contains a transceiver within it so the coders will be able to test the transmitter and the receiver part of it together.

The accelerometer is another one of the components that will partake in the software testing process.  This part of the system measures the acceleration of the device.  It is used, along with the gyroscope, to determine the fall detection.  Therefore, checking to make sure that the measurements of the accelerations are accurate are being done in order to comply with the requirements.  Also, the requirements needs confirmation that this device is functional and that the signal is being sent out correctly.

The biggest component that is a part of the system is the waist block that attaches to a belt for the patient to wear.  The reason why it’s the biggest component is because it is the component that contains the most devices inside it.  The ones that will be tested for software purposes are the display, the alarm, the vibration, the memory, the microcontroller, and the buttons.

· LED Display – The display inform the patient of specific information that they need to be aware of.  The software testing of this device includes making sure the display works and that all of the inputs and outputs corresponds with the different pins needed to make sure the display works.
· Alarm – This is the sound device that is used for this component.  The coders will need to test it and make sure that the alarm is functional.  Secondly, they will test to make sure it corresponds with the pulse oximeter and the fall detection components.  Also, we confirmed that the alarm signals off when needed.  The three uses for this component are when a fall occurs, when the oxygen in the blood is too low, and if the heart rate is too low or too high.
· Vibration – This is an important feature because it is an extra alert signal in case the sound from the alarm is not heard.  The system vibrates at the same time that the alarm goes off.  Software testing was needed to make sure that it works and that it goes off when it is supposed to.
· Memory and Microcontroller – The memory and the microcontroller go hand in hand with each other when dealing with this component of the system. These two devices serve as the brain to the entire system.  Programming is needed to store memory in order for the components to work.  Also, the coders will have to program the microcontroller to control everything from the alarm to the wireless signal.  This component will have to be checked thoroughly because it is considered to be the motherboard of the project.
· Buttons – On the waist display, there are 3 navigational buttons for the system.  These buttons are stop, help, and the power button.  Code exists to program these buttons and make sure that they correspond to the command given to them.  The software testing methods tested the buttons by reviewing the code and doing several runs with the system.
· Bluetooth – This is one of the most important components of the system.  The Bluetooth sends out the signal to the dispatcher.  In the case for this system, the signal from the waist band sends a call/alert to the dispatcher.  From there, the dispatcher will send out a signal/call 911 when the patient appears to be in a dangerous condition.  The software testing methods check to make sure that the signal is strong and make sure it gets sent out to the right place and from the right device.

The pulse oximeter that is being used for the product is located on the finger.  This device did not have to be coded internally because it is already a functional device; what we are doing is adding on a feature to the device.  Using Bluetooth, the device will have to be called in order for the waist component to retrieve information.  The part that required software testing was the signal.

The last component that the product uses dealing with the different methods of software testing is the battery life.  Without batteries, the system will not work at all.  First, we made sure that the battery is valid and that it can support the system.  Next, we checked and made sure the coding is correct and that the right inputs are matched with the right outputs.  Also, we can check how durable the system is with the battery that we choose to use.  In turn, we the checking out the endurance/performance of the system based off the battery. Below is a Table 18 of each component that will be tested:


	Components
	Number of Devices
	Location

	Microcontroller
	4
	Waist, Chest, Thigh, Finger

	Transceiver
	4
	Waist, Chest, Thigh, Finger

	Accelerometer
	2
	Chest, Thigh

	Gyroscope
	2
	Chest, Thigh

	LED Display
	1
	Waist

	Alarm
	1
	Waist

	Vibration
	1
	Waist

	Buttons
	3
	Waist

	Bluetooth
	1
	Waist

	Pulse Oximeter
	1
	Finger

	Battery
	4
	Waist, Chest, Thigh, Finger


Table 18 – Components to be tested.

4.3 Interface

Once the unit was assembled and programmed, it was tested thoroughly as a whole to ensure that it performed the required functions set out in sections 1.3.1 and 1.6.  These included accurate reading, encoding, transmission, and display of pulse, blood oxygen content, and fall detection.

The first function that was tested was that the unit RDU can receive and display numbers properly from the TSU.  To ensure that blood pressure was being monitored accurately, the pulse oximeter was worn on one finger, while a traditional blood pressure cuff or similar is worn on the other arm, and the outputs of pulse were compared.  The reading from the pulse oximeter must be accurate, and also output properly to the display on the RDU.  The MCU was temporarily coded to display the outputs from the gyroscopes and accelerometers to the display, to further ensure the display was behaving accurately.

The second major function to test was whether the RDU can make decisions and implement its indicators properly.  A test routine was created and run to make sure that all of the LEDs and the buzzer were correctly functioning.  Then, a temporary routine was implemented to input conditions to the multicontroller that would normally indicate an emergency.  Indicator issues to be tested included: low battery, unit charging, heart attack conditions, detection of a fall, user panic input, emergency services notification, and communication failure.  For each of these, actual alert behavior had to match intended alert behavior, in terms of which LEDs come on and for how long, whether the buzzer sounds and for how long, and whether the LCD screen produces the correct message.

Final testing of the unit included having a person actually wear the unit as designed, and putting it through the different possible scenarios, within the limitations of a person’s ability.  To test fall detection, a person lay down at a normal rate first to ensure that the system does not produce a false positive.  They then bumped into a wall but remain upright, to ensure the system did not produce a false positive.  They then simulated a fall on relatively hard ground, to make sure the system alerts.  This was done twice- once with pressing the ‘reset’ button to make sure the system accepts this input, and once with no response, to ensure that the system then moved to emergency procedures.  Simulating a heart attack can be difficult, but the system was tested to ensure proper heart rate monitoring by setting the LCD to display heart rate and then engaging in a variety of activities that are known to alter the heart rate, including running or meditation.  The user’s name must be encoded into the device, followed by a software-simulated heart attack, to ensure that the system outputs the user’s name, heart rate, and appropriate emergency information, along with sending a signal to the user’s cell phone.  To avoid actually contacting emergency services for a test, the number 888 was sent to the cell phone as proof.  The system was then be powered off and back on, to make sure that it returns to normal standby behavior again.

























Section 5. Administrative Content

5.1 Budget and Financial Discussion

The budget consists of all the parts required for this project to make the TSU, RDU, and fall detection units. The generic budget for one of each of the main components is fully expandable up to as many as needed. The cost of each subsystem is in the following tables.

	Waist Subsystem

	Description
	Part Number
	Quantity
	Cost per unit

	display
	NHD-0216K1Z-FS_RGB_FBW
	1
	14.50

	alarm vibrate
	PS1240P02BT
	2
	0.39

	microcontroller
	MSP430F2618
	1
	0.00

	LED
	SMP4-RGY
	1
	1.08

	LED light pipe
	749-VLP-550-F
	1
	0.30

	RF antenna
	CC1101
	1
	49.50

	4.7µF capacitor
	445-1594-1-ND
	2
	0.32

	10µF capacitor
	445-1593-1-ND
	3
	0.30

	100µF capacitor
	445-1310-1-ND
	1
	0.08

	10µF capacitor
	587-1300-1-ND
	1
	0.28

	12pF capacitor
	445-1270-1-ND
	2
	0.09

	27pF capacitor
	445-1274-1-ND
	1
	0.09

	NPN transistors
	MMBT2222LT1GOSCT-ND
	1
	0.39

	10kΩ potentiometer
	sample
	1
	0.99

	47kΩ resistor
	P47KGCT-ND
	1
	0.02

	200kΩ resistor
	P200KHCT-ND
	1
	0.04

	10kΩ resistor
	P10KGCT-ND
	1
	0.02

	1kΩ resistor
	P1.0KGCT-ND
	4
	0.02

	33kΩ resistor
	P33KGCT-ND
	1
	0.02

	27kΩ resistor
	P27KGCT-ND
	2
	0.02

	2kΩ resistor
	P2.0KGCT-ND
	1
	0.02

	switch on/off
	TL2285EE
	1
	0.84

	Switch off/mom. on
	TL2285OA
	2
	0.90

	pushbutton cap
	sample
	3
	0.00

	32K crystal osc.
	sample
	1
	0.00

	bluetooth
	BlueSmirf RN42
	1
	39.95

	DC/DC buck con.
	EN5312QI
	2
	2.70

	battery
	CR2032
	2
	1.00

	battery holder
	BHX2-2032-SM-ND
	1
	0.49

	case
	LP-55FMB
	1
	4.16

	JTAG socket
	sample
	1
	0.00

	PCB
	4PCB
	1
	33.00

	
	
	
	

	Total
	156.69





	Hand Subsystem

	Description
	Part Number
	Quantity
	Cost per unit

	RS232 connector
	Skycraft
	1
	1.00

	microcontroller
	MSP430HG439
	1
	24.95

	LED
	SMP4-RGY
	1
	1.08

	LED light pipe
	749-VLP-550-F
	1
	0.30

	RF antenna
	CC1101
	1
	49.50

	47pF capacitor
	445-1277-1-ND
	1
	0.08

	10µF capacitor
	445-1593-1-ND
	2
	0.30

	.10µF capacitor
	445-1316-1-ND
	2
	0.07

	10µF capacitor
	587-1300-1-ND
	1
	0.28

	3pF capacitor
	445-5023-1-ND
	1
	0.09

	NPN transistors
	MMBT2222LT1GOSCT-ND
	2
	0.39

	PNP transistors
	BC856A-FDICT-ND
	2
	0.46

	5.1kΩ resistor
	P5.1KHCT-ND
	3
	0.04

	150kΩ resistor
	P150KGCT-ND
	1
	0.02

	20Ω resistor
	P20GCT-ND
	2
	0.02

	10kΩ resistor
	P10KGCT-ND
	2
	0.02

	1kΩ resistor
	P1.0KGCT-ND
	1
	0.02

	33kΩ resistor
	P33KGCT-ND
	1
	0.02

	27kΩ resistor
	P27KGCT-ND
	1
	0.02

	2kΩ resistor
	P2.0KGCT-ND
	1
	0.02

	499kΩ resistor
	P499KHCT
	1
	0.04

	100kΩ resistor
	P100KGCT-ND
	1
	0.02

	15kΩ resistor
	P15KGCT-ND
	1
	0.02

	switch on/off
	TL2285EE
	1
	0.84

	pushbutton cap
	sample
	1
	0.00

	DC/DC buck con.
	EN5312QI
	1
	2.70

	battery
	CR2032
	2
	1.00

	battery holder
	BHX2-2032-SM-ND
	1
	0.49

	case
	JB-35
	1
	7.54

	PCB
	4PCB
	1
	33.00

	
	
	
	

	Total
	126.67














	Chest & Thigh Subsystem

	Description
	Part Number
	Quantity
	Cost per unit

	microcontroller
	MSP430HG439
	1
	24.95

	accelerometer
	MMA7361L
	1
	19.95

	gyroscope
	ITG-3200
	1
	49.95

	LED
	SMP4-RGY
	1
	1.08

	LED light pipe
	749-VLP-550-F
	1
	0.30

	RF antenna
	CC1101
	1
	49.50

	4.7µF capacitor
	445-1594-1-ND
	2
	0.32

	10µF capacitor
	445-1593-1-ND
	2
	0.30

	switch on/off
	TL2285EE
	1
	0.84

	DC/DC buck con.
	EN5312QI
	2
	2.70

	battery
	CR2032
	2
	1.00

	battery holder
	BHX2-2032-SM-ND
	1
	0.49

	case
	JB-35
	1
	7.54

	1kΩ resistor
	P1.0KGCT-ND
	1
	0.02

	33kΩ resistor
	P33KGCT-ND
	1
	0.02

	27kΩ resistor
	P27KGCT-ND
	1
	0.02

	2kΩ resistor
	P2.0KGCT-ND
	1
	0.02

	2.2kΩ resistor
	P2.2KGCT-ND
	2
	0.02

	PCB
	4PCB
	1
	33.00

	
	
	
	

	subtotal
	196.36

	Total
	392.72



The total cost of the four subsystems is given below, even though it might increase due to other expenses such as wires. The cost of the additional expenses should not increase dramatically.

	All Subsystems

	Subsystem
	Cost

	Waist Subsystem
	156.69

	Chest Subsystem
	196.36

	Hand Subsystem
	126.67

	Thigh Subsystem
	196.36

	Total
	676.08



Some of the units might be obtained as samples so the total cost might actually be less than the one given. The cost of the system will be less than the ones that are out in the market with more attractive features. Financial funding has been provided by the Department of Veterans Affairs through one of the project members.




5.2 Milestone Discussion

Current Milestones encountered – The first milestone encountered was figuring out what has been done and how can it be improved. Finding out what had been done required researching what is out in the market and looking at previous projects. 

Future Milestones to be encountered – There are some milestones that will be encountered; some may appear as problems, which will be avoided if possible. One being wires that could get overly confusing, this will be avoided by having wireless. Even though having no wires will avoid one problem, it may create another because of interference. Interference in wireless devices is common, since various devices such as cordless phones, home networks and baby monitors all share 2.4-gigaherts radio frequency bands. The integration of the sensors can also be troublesome, integrating and knowing that they are compatible early on will be essential. Also to avoid any possible mishaps and have time to fix them if they do occur, a strict schedule will be followed and adjusted only is absolutely needed. Cases where this might be absolutely needed would be if the parts do not arrive on time or if there is something very wrong with a part. A very rough weekly schedule is provided in the table below.

	Week
	Software
	Hardware

	May 2nd
	Download software and write pseudocode
	Order parts

	May 9th 
	Code
	Test parts

	May 16th 
	Code
	Test parts

	May 23rd 
	Code
	Put parts together

	May 30th 
	Test code
	Put parts together

	June 6th
	Put parts together with code
	Put parts together with code

	June 13th
	Put parts together with code
	Put parts together with code

	June 20th
	Put parts together with code
	Put parts together with code

	June 27th
	Test and fix 
	Test and fix

	July 4th
	Test, fix and write paper
	Test, fix and write paper

	July 11th
	Test, fix and write paper
	Test, fix and write paper

	July 18th
	Test 
	Test 

	July 25th
	Last minute testing
	Last minute testing

	August 2nd
	Finish
	Finish


  

5.3 Project Summary and Conclusions

Pulse-oximetry – The TSU measures the percent oxygen concentration of blood and heart rate and then transmits the data to the RDU to be displayed.  This is accomplished by measuring the attenuation of light as it passes through the body.  Oxygenated hemoglobin and reduced hemoglobin, the red substance and blood, are measured to determine the oxygenation of blood.  These two forms of hemoglobin attenuate different wavelengths of light than other tissues in body. Therefore, red and infrared LEDs are shown to a finger or other peripheral body part.  The attenuation of these two wavelengths of light is measure through the use of a photodiode.

MCU/Antenna – A combination microcontroller – transceiver chip will be use to control all of the circuitry and the three systems: pulse oximetry sensing, battery monitoring, data transmission, information display and status indication.  The transceiver part of the MCU will be connected to a chip antenna to transmit the pulse oximeter data, alarm status and battery status between the systems.

Transmitting Sensor Unit – The photodiode used to measure the red and infrared lights has a current output in the order of microamps.  In order to calculate the pulse oximetry data and then transmit these values wirelessly to the RDU, this current must be converted to a binary number, values understood by the microcontroller. This is done through the use of an operational amplifier configure to be use as a transimpedance amplifier, or a current to voltage converter, a low-pass filter, a differential amplifier and an ADC.  The transimpedance amplifier is connected to the output of the photodiode and changes the current output to a voltage while amplifying it to a value on the order of volts.  Due to the fact that there is always blood in the arteries and that it ebbs and flows according to the beating of the heart pulse oximetry data is measured using the AC component of the measured light.  The DC component represents the amount of arterial and venous blood that is always present, while the AC component represents the change in volume of blood.  Therefore, the DC component must be subtracted from the signal.  The differential amplifier some tracks the DC component of the signal, which was obtained through the use of a low-pass filter, and outputs only the AC component of the signal. This AC component of the signal is then passed to one of the ADC inputs on the microcontroller.  In order to correctly, calculate pulse oximetry after subtracting the DC component of the output signal, the DC component must be kept as the same value.  This is achieved by controlling the amount of voltage that powers the red and infrared LEDs.  The DC component is measured by the ADC of the microcontroller and then compared with the desired value to be maintained.  The output of the microcontroller to the LEDs changes based on the difference between this measure DC value and the desired DC value.  This output is converted to an analog voltage through the use of a DAC.  The microcontroller samples of pulse oximetry data and transmits it wirelessly to the RDU.

Fall Detection Unit – The fall detection unit is comprised of two separate units: the chest unit and the thigh unit.  Each unit contains an accelerometer and a gyroscope.  The accelerometer measures linear acceleration and the gyroscope measures angular acceleration.  The data obtained from these two units will determine the patient’s previous and post position, and be forward it to the RDU via a microcontroller transceiver wirelessly.  The RDU will have pre-programmed thresholds, which allows the RDU two make a comparison with the data received from chest and thigh units to the thresholds.  If the thresholds are exceeded, then the alert will be initiated and given the patient 5 seconds to cancel the alert.  If the alert is not canceled then the alarm signal will be activated and sent to emergency services.

Power System – The power for the RDU and TSU will be very similar since the two will be sister units, but with a slight difference due to the LCD upgrade.  The TSU will run on a rechargeable battery pack with built-in safety features; that is capable of being recharge within the system while the power off.  The RDU will run on COTS batteries and AC/DC adapter with a backup battery. The TSU batteries and the RDU AC/DC adapter will both connect to the same style panel mount barrel connector of their respective systems.  Since they will have a backup battery, they will have a circuitry to automatically switch to the backup when the AC/DC adapter is connected or unplugged.  They will switch back to the AC/DC adapter when it is reconnected because it is a higher voltage source then the COTS batteries.  This system will be capable of running on the COTS batteries solely for multiple uses before the batteries are drained to the point that they need to be replace or recharged.  Both the batteries of the RDU and that of the TSU will be monitored using a voltage divider connected to a unity gain non-inverting operational amplifier.  The output of the operational amplifier will be connected to one of the MCUs analog to digital converter inputs.  The reported value will be compared to a table of values, obtained in the testing process, to indicate the battery status.  The power source of the RDU and TSU will be connected to a DC/DC buck converter to generate the steady voltage that the system will run on.  The converted output will be filtered by a ferrite chip to create digital noise free RF and analog lines.  The analog lines will be used to power the analog features and components.  The RF line will be used solely by the MCU for its transceiver.  Capacitors that can handle any minor fluctuations in the power lines will be used for transient suppression is at a major connection points.

Displays – to display unit consists of a 16 x 2 dots LCD display.  The pulse and the SpO2 will be displayed continuously and small phrases will be displayed upon an alert being initiated.  The display of assembly comes with its own LCD driver and an SPI communication will be used to update the display unit.

Status Indicators – Two forms of status indication will be use on the RDU.  A small piezoelectric buzzer will be used to give audible and tactile alarms and alerts for the following conditions: critical medical status, loss of signal and low battery voltage.  Various panel mount LEDs will be used to indicate the status of the following aspects of the system; red for emergency services alert, green for fall detection alert, blue for service required and a red/yellow/green LED for battery status.

Sensor Mechanical Design – The sensor mechanical design is one of the least critical aspects of the project.  There are many of viable option for the casing of the sensor and the final product may incorporate any one of them.  The final design will be based on the budget and the amount of time left to work on the mechanical design.  Leaving this to the atom will not cause any disruption to the flow of the project, as it is not a critical component of testing.  The final design should incorporate the goals of the sensor – that it is small and comfortable – and based on the budget and time remaining.

TSU Mechanical Design – The TSU will be housed along with its battery in the case that is attached to the wrist.  The TSU housing will be made of plastic material to provide strength as well as good insulation.  The case has a Velcro strap that is used to hold itself to the wrist.  The wrist strap is connected to the case through two slots on the bottom.  There are two holes on the side of the TSU housing, one on the side and the other on the side with the hand.  The whole closest to the hand is use as a connection point to connect the TSU with its finger unit.  The other hole, on the side of the TSU, is to connect the battery with this charger.

RDU mechanical design – The RDU will be housed in a unit that will fit the PCB and batteries.  It must be sturdy enough to protect these two parts by a thin enough that it can be drilled through.  The RDU is the base station and must be strapped around the waist, as well as be visible from many different angles.  The parts mounted on the case include the LCD display, four indicator LEDs, the “help” button and the reset button.  The housing will be made of ABS plastic.  It will be hollow with mounting screw holes pre-drilled on the inside.  They will also be a battery copper created so that the backup batteries may be replace without giving the patient access to the internal circuitry.  Thus, the RDU will be sturdy, visible from afar, self-contained and allow easy access to changeable parts.

Software – The software required by the project is broken up into three parts the RDU, TSU and fall detectors.  The RDU is the receiver of the information from the TSU and fall detectors and its main job is to display the information and alert the patient to the status of the TSU.  The TSU and fall detectors are the originator that collects the data to be transmitted to the RDU.  The software will be coded in C, since the CC430 has a built-in C compiler.  In general, the RDUs functions are used to update the display, sound the alarms, receive data from the TSU and fall detectors, and update the battery life.  These functions meet with the specifications of the design found in section 3.  The functions are tested in section 5.3. In general, the TSUs functions are used to update the battery life, regulate the voltage of the sensor, calculate pulse and SpO2, control the sensor, and send data to the RDU.  In general, the fall detectors are used to determine pre and post position and send to the RDU.  These functions meet with the specifications of the design found in section 3.  The functions are tested in section 5.3.

Conclusions – This project involves the choice of proper components to meet the design requirements.  A successful schematic design will completely document the three required systems.  State PCB layout that can be used to generate the necessary files so that the PCBs fabricated will only have to be purchase one time.  The PCBs for the three systems will need to be populated and tested by the design team so that the design of this health monitoring system will at its very least accomplish a remote non-invasive pulse, blood oxygenation level and fall detection readings.  It will successfully do this by using and fingertip mounted sensor that is connected to an electronic device fastened at the patient’s wrist, and two mounted devices on the chest and the thigh which will perform the necessary calculations from the sensor and then transmit the information via a custom RF protocol to the base station of the waist.  The pulse oximetry data will be displayed on the base station along with other visual indicators and audible alarms.
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Appendix C. Schematics
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Eagle schematic for chest and thigh units
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Eagle schematic for pulse oximeter
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[bookmark: _GoBack]Eagle schematic for receiving display unit
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