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Executive Summary
The American Academy of Pediatrics policy statement on infant death has changed its focus in recent years from just SIDS to providing a safe sleep environment to reduce all infant deaths [9]. The recommendations include supine positioning, use of a firm sleep surface, breastfeeding, room-sharing without bed-sharing, routine immunizations, consideration of using a pacifier, and avoidance of soft bedding, overheating, and exposure to tobacco smoke, alcohol and illicit drugs. Although no cause has been determined for SIDS or ”cause unknown” deaths, accidental suffocation and strangulation in bed is known and is somewhat able to be monitored. Furthermore while monitoring cannot be proved to prevent death from SIDS and cause unknown monitoring certainly will not harm the infant and may prevent the infant’s death. Knight’s Wireless Baby Monitor will help ensure some of the sleeping environment hazards are brought to the attention of the immediate caregiver through monitoring. 
The monitor will also protect the child by alerting a caregiver within seconds if the baby stops breathing. This new design will combine features offered by individual wireless baby monitors into one compact self-contained monitor located at the head of the baby’s crib. The monitor will incorporate video, audio, temperature and motion monitoring to combat accidental suffocation and strangulation in bed. Any significant deviation from a normal parameter will set off the alarm alerting the immediate caregiver and alert the parents by text messaging their smart phone, the latter being a feature not commonly available in today’s monitors. Video, audio and the temperature of the infant will be accessible through the smart phone. 
The smart phone application will also control the monitor remotely allowing the system to be turned on and off. The system will further allow constant surveillance of the infant through web-enabled smart phone technology regardless of the parents location. This device should bring peace of mind to any parent that uses it. This project includes research of baby’s sleeping habits, physical activity during sleep, and monitoring development specifically for the safety for infants. When the sensors detect problems and sends an alert the network will enable the parents to monitor sleep habits and changes in position of the infant.
 The motion sensor is to not only detect motion but to collect data and alert the image sensor to check for dangerous environments through comparisons of images. The monitoring will identify the safety level of the sleeping environment. It allows feedback to the parents as well as customized control of the unit.
Project Requirements and Specifications 
The ial requirement of a Senior Design course for electrical and computer engineering students was to satisfy the requirements for ABET. The Accreditation Board for Engineering and Technology wanted to have students exposed to real world experience in building and designing. 
While designing and building a project, there were a number of requirements and specifications that the Knight Wireless Baby  Monitor had to meet.. Some of those project requirements and specifications were set forth by the University of Central Florida electrical engineering 
A couple of things required by the EECS department’s Senior Design course had to be met in order to pass. Before beginning research and coming up with project details, the Knight Wirelss Baby Monitor had to have the project idea approved by the Senior Design instructor. In order to meet approval, the project had to have a certain level of complexity. This was to insure that there would be two semesters worth of work for a team of four members. The project idea also had to be relevant enough to the electrical engineering and computer engineering coursework taken by all four members in order to demonstrate the ability to apply the knowledge gained through the UCF EECS curriculum. The next requirement was to have an extensive amount of documentation of the process of designing and building the Knight Wireless Baby. This included the initial documentation, presentations, conference paper, and final documentation for Senior Design I and II. The final documentation for Senior Design I had to be thorough and number a minimum of one hundred and twenty pages. As for the project itself, Knight Wireless Baby Monitor to be fully functional while following core specifications
1 Description
1.1 Motivation
When most parents think of SIDS they do not realize that they are referring to two medically defined terms. One is Sudden Unexpected Infant Death (SUID) and the other is Sudden Infant Death Syndrome (SIDS). About 4,000 infants under one year old die each year from the two, about one half die from SIDS. Most frequently the causes of death are SIDS, cause unknown, accidental suffocation and strangulation in bed. In 2010 2063 deaths were from SIDS, nine hundred and eighteen as cause unknown, and six hundred and twenty-nine as accidental suffocation and strangulation in bed. SIDS is defined as the sudden death of an infant less than one year of age that cannot be explained after a thorough investigation and autopsy [9]. 
As about half of the deaths can be explained, The American Academy of Pediatrics policy is now to provide a safe sleep environment with recommendations to include supine positioning, use of a firm sleep surface, breastfeeding, room-sharing without bed sharing, routine immunizations, consideration of using a pacifier, and avoidance of soft bedding, overheating, and exposure to tobacco smoke, alcohol and illicit drugs. The emergence of new technology allows for a safer more secure world and yields solutions for problems heretofore intractable.
 The monitoring of infants with new innovative products is just one example, albeit an important example. This new technology will hopefully lead to new insight into SIDS,as technology advances these devices may one day provide not only for monitoring but also aid in the prevention of human SIDS h by providing not only monitoring but re-positioning or waking of the infant when alerted. We are thereby motivated by the desire to explore the limits of the new technology at the boundary of the human machine interface.

1.2 Goal and Objectives
The objective is to build a reliable baby monitor that can be used by parents to monitor their babies one year and under. The hope is that the monitor will allow parents to feel their children are safer. The monitor will sense motion and upon notice of certain motions an image sensor will compare a picture of the baby against know hazardous positions and alert the parents if needed. It will also monitor breathing and body heat then compare the outputs against thresholds. If the thresholds are exceeded and alarm will sound. The monitoring unit will be placed at the head of the crib with through hole sensors. 
There will be a temperature sensor, a motion sensors, an audio sensor all trained upon the infant comparing the outputs against  known parameters. The unit will be ready to sound the alarm upon any abnormality. Again the objective is to build a reliable infant monitor to hopefully prevent the infant from succumbing to SIDS or SUIDS. A modern sleek design will also incorporate a new feature not commonly available on other baby monitors, the ability to receive alerts and monitor the child through a web-enabled smart phone without the need of the parent to be in the same physical environment. The parent can be miles away and still receive notice something is amiss. This buys the parent peace of mind. The immediate caregiver will be alerted by Alarm units sitting on various furniture around the house.
Size and Portability - The size of both the monitoring unit and the alarm unit is of utmost importance. The monitoring unit must attach firmly to the head of the crib so it must be small but not necessary portable. While the alarm unit must have the ability to be lightweight, small and portable so it can be moved about the house if there is only one alarm unit.
 Integration - The device will be integrated with a smart phone but more importantly in the future other sensors may be needed for monitoring the infant. Therefore the design of the unit demands that integration of future sensors be taken into account. Also additional features such as communicating with home computers may become important. The design of the system shall insure enough processing power to handle these future possibilities  
Detection Method - There are many different ways to detect the infants position, body heat, sounds and movement and this system utilizes only four the temperature, audio, motion and video. Infrared detectors will be used for detecting movement and body heat, while a microphone and image sensor will be used to detect sounds and body position. 
Safety - Since this device is to be used in a crib safety is extremely important. The unit must be tested for all-around physical endurance and abuse by a curious infant. It must be tested for possible fire hazards and electrical short circuits which might shock the infant. 
 Reliability - Reliability is demanded as the parents are betting their infant’s life  upon this device. The system must be reliable in all conditions, likely to be found, in the average home. The goal is for the system to be one hundred percent reliable in all conditions the system will operate in, thereby earning the parents trust and devotion to this product. 
Power - The unit power unit must be reliable and safe even in the event of an outside power outage. Without power the reliability of the unit demands that a backup power unit be utilized to continue the monitoring of the infant and ensuring the infant’s safety.

Usability - All of the above is for naught if the system is not used one hundred percent 
of the time. The design must incorporate operational functionally that is easy to use. The sensors should sample for movement and body heat periodically so it can turn on automatically, overcoming the caregiver who may become distracted or just forgetful. 
Serviceable - If the device were to malfunction the parent must be able to easily repair the unit, or as is the case now days, purchase another piece of the system without incurring great expense. Individual pieces of the system must be available for purchase in enough nearby stores not to inconvenience the parent as such inconvenience might leave the infant unprotected and could result in its demise.

1.3 Overall Specifications
The overall specifications are designed to ensure the safety of the infant and are not to be taken lightly., apply to the system as a whole. The system is to alert the caregiver in the event that the baby stops breathing, its body temperature rises above or falls below a predetermine level, the baby’s motion raises above or falls below predetermined levels, or it the baby moved into a hazardous position. There may be one or more portable alarm units throughout the home which will alert the caregiver, defined as the person in the immediate physical area, of a problem with the infant. Also the system will use wireless technology to access the internet. This will allow the system to text message the parents of the child via email and to feed audio and video to the parents Android smart phone. The minimum broadcast range for acquiring internet access in a small home is approximately forty meters.
 The system shall be controlled by an Android smart phone application which will be able to turn the system on or shut it down, display a video feed, allow an audio feed to be heard, sound an alarm and to receive emails. The specifications are designed to help the caregivers and parents protect the infant from SUIDS and hopefully eliminate or reduce deaths from SIDS.
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Table 1.1: Overall Specifications
Before the system was built it was important to identify what modules the system will include, how they were going to be interacting with each other, how they were going to be powered and connected. For software development it was important to identify the user needs and a design flexible and easy to use custom user interface. The infants body heat, breathing, and motion will be monitored at least once per second.

 An alarm will be sent to at least one separate portable alarm unit, alerting the caretaker of any problems. An additional alarm signal will be sent to one or more Android smart phones via text message. Audio and video signals will be available for the transmission to one or more Android smart phones. The minimum broadcast range from the transmitter to the wireless receiver will be 40 meters. The system will incorporate wireless technology for communications. An Android smart phone application will be used to control the system.
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1.4 Alarm Unit Specifications
The alarm unit is envisioned as a portable unit the size of a thick picture frame. The specifications listed in Table 1.2, show the unit to be self-contained powered by an electrical outlet with battery backup. 

A audio and visual warning will commence upon receiving an alert from monitoring unit, a power failure or a communications failure. There shall be at least two different alarms alerting the caregiver of the seriousness of the infant’s condition. The system may have many alarm units sitting throughout the house although we will only build one as a proof of concept. The importance of the alarm unit cannot be overstated, this is the unit that alerts the caregiver to a problem thereby allowing the caregiver to rush to the baby’s room
and save its life.
Table 1.2: Alarm Unit Specifications
The unit will sit on a table, counter, stand or any other flat surface. Unit to be powered on at all times. Unit main power will be by electrical outlet. Unit auxiliary power will be a rechargeable battery which will last eight hours before recharging.
 The receiver, audio warning and warning light to be physically mounted into the unit. The alarm will sound upon a signal from the receiver mounted in the unit. The alarm shall have three different sounds to be assigned by the severity of the alert. The visual alert shall have three different flash rates to be assigned by the severity of the alert. 
1.5 Monitoring Unit Specifications
The Monitoring unit is envisioned as a self-contained unit shaped like a small book approximately one-half inch thick. The specifications are listed in Table 1.3. To use   the sensors they must be close to the infant therefore the unit will be mounted at the head of the crib. To conserve the batteries that will power the unit it will be able to power on and off while having the audio, temperature, and motion sensors monitor the crib environment at a predetermined interval to ensure that the infant has not been laid in the crib needing monitoring. The sensors will be mounted into the unit in a through hole matter to prevent the infant from physically abusing them. This is the unit where sensor input, digital signals and all communications will take place. In other words this is the heart of the system. 
Table 1.3: Monitoring Unit Specifications
The unit to be mounted at the head of the crib.
 The sensors to be physically mounted into the unit. The sensors all feed into the microprocessor in this Unit. The communications will be transmitted from this unit. Sensors shall intermittently power on checking the crib. Unit able to be powered on and off via smart phone. Unit able to be powered on and off automatically via sensors. The unit is to be powered by  chargeable batteries. The unit to be a permanently closed container for child proofing.

1.5.1 Temperature Sensor Specifications
An infrared sensor will monitor the baby’s body heat to insure that the infant is in the crib. An attempt will be made to estimate the infant’s temperature. The sensor must detect a small amount of heat as only the babies face will be exposed some of the time. An additional temperature sensor will be incorporated in the unit to monitor the ambient temperature of the room. The ambient temperature will be used to compare with any heat detected in the crib which will indicate that an infant is present. The specifications of the temperature sensor are shown in Table 1.4
Table 1.4: Temperature Sensor Specifications
The temperature sensor will detect a temperature range from 0 to 150 degrees Fahrenheit. The temperature sensor shall have an accuracy of 0.1 degree at 5 feet or less. The sensors to be physically mounted into the unit. The temperature measuring range shall be from 0.1 feet to 6 feet.

1.5.2 Audio Sensor Specifications
The audio sensor must be dependable, sensitive and cover the full audio range of the human ear. The system is attempting to hear the infants breathing and discern it from the background noise. It is to also monitor the background noise and detect changes in volume and amount of audio. The audio will detection will use the specifications shown in Table 1.5.
Table 1.5: Audio Sensor Specifications
The audio sensor shall detect minimal sounds of three decibels. The audio sensor shall use less than one micro amp of current in a sleep state. The audio sensor shall use less than ten milliamps when in use. 
The audio sensor shall have a failure rate of less than one tenth of one percent. The audio sensor shall have a frequency range from 20 hertz to 20,000hertz.
1.5.3 Motion Sensor Specifications
The motion sensor is used to detect the infant’s movement. The rate of movement  is what will trigger an alert. When the infant moves the image sensor will be triggered to take a picture of the infants final position and compare it to the hazardous position samples. The motion will detection will use the specifications shown in  Table 1.6.
Table 1.6: Motion Sensor Specifications
The motion will detect and identify the baby’s sounds. The motion will detect and identify background sounds. The motion will filter standard baby sounds from unusual sounds. The motion will filter standard background sounds from unusual sounds. The motion will identify selected sounds and sound the alarm. The motion will be available for monitoring on the cell phone.
1.5.4 Image Sensor Specifications
The image sensor shall be what is called an image SOC. SOC stands for system on a chip which is a lens, image sensor and microprocessor built together in one package. The SOC will automatically scan the image sensor and produce a digital output to be fed into the Knight’s baby monitor’s microprocessor for processing. The image sensor detection will use the specifications shown in Table 1.7.

Table 1.7: Image Sensor Specifications
The image sensor shall product a picture with a resolution of 256 pixels by 256  pixels. The image sensor shall be capable of producing color images. The image sensor shall be capable of producing 30 frames per second.  The use no more than one micro amp when not in use. The use no more than five milliamps when in use. The image sensor shall have a digital output signal ready for processing.

1.5.5 Microprocessor Specifications
The microprocessor must be reliable, fast and efficient to insure the infant’s safety. It also must use little power to operate overnight on one charge of the rechargeable battery. The microprocessor will process all the signals and will use the specifications shown in Table 1.8.

Table 1.8: Microprocessor Specifications
The microprocessor shall use less than 500 milliamps when in normal  operation. The microprocessor shall use less than five micro amps when at idle. The microprocessor shall have at least 45KB of memory .The microprocessor shall accept at least ten digital input signals. The microprocessor shall accept at least two analog input signals. The microprocessor analog signal shall have the able to be shared by changing input pins.

1.5.6 Software Specifications
Software requirements and specifications are at the heart of any software project. They determine the success or failure of the project. This project will use the ”Waterfall Project” model due to the simplicity of the program. The interaction between the program units is minimal as the sensors will be monitored in a round robin method and although we may need to re-evaluate the program as it progresses, the review of some of the requirements and specifications will not require a complete rewriting, only  additions or slight changes due to the modular approach we intend to use in our program. In the following dialog the requirements and specifications will be broken down into the software needed for each physical unit and each sensor.

The Monitoring Software will reside in the monitoring unit mounted at the head of the Crib. The monitoring specifications are listed in Table 1.9 will be powered on or off by the Android smart phone application. Analog sensor signals processed by this unit will be converted to digital by the ADC and then saved to memory. Incorporating wireless technology for communications the unit will transmit the digital signals to the alarm and a wireless internet modem for transfer to an Android smart phone. On the Android smart phone an application will reside that controls
the monitoring unit.

Table 1.9: Monitoring Unit Software Specifications
Unit to be powered on and off through smart phone application. All sensor signals saved to memory shall be available for viewing on the smart phone. The analog sensors are processed by the microprocessor ADC into digital signals. The Crib Unit will incorporate wireless technology for communications. An Android smart phone application will be used to control the system. The sensor parameters will also be set by the smart phone application. The sensor outputs will be visible to the Smart Phone at any time the monitoring unit is on. 
The Alarm unit software will only consist of controlling the receiver signals controlling
the alarm states of alarm level state and on/off when a signal is received from the Monitoring Unit. 

1.10 The Temperature Monitoring software specifications as listed in Table 1.10. The Temperature Monitoring program will attempt to first determent if an infant is in the crib by comparison with the ambient temperature and then attempt to determine the baby’s temperature with an infrared temperature sensor. The temperature levels will be low, regular, high and extremely high. Determining if the infant is in the crib depends upon the infant’s face being at least partially uncovered which is a reasonable assumption in that this is also a requirement to insure the baby will not suffocate. There are, in these specifications, a requirement that will need some experimentation to examine the possibility of accurately determining the infants body temperature. Even if the exact temperature of the infant is not determined the hope is that it can be determined accurately enough to alert the caregiver of a high temperature.
Therefore this portion of the specifications are at this point hopeful and may not be fully realized.
Table 1.10: Temperature Software Specifications
The temperature will have three parameters low, high, and extreme. The temperature will be saved to memory at five minute intervals and retained for the previous thirty minutes. Low, high and extreme temperatures will sound different alarm frequencies. The temperature level will be available to view on the cell phone.

 The Audio Monitoring software specifications as listed in Table 1.11. The Audio Monitoring program will monitor the sound levels and patterns of the baby and the room. The microphone mounted in the monitoring unit will gather the audio information for processing. After processing the program will separate the audio into background and infant sounds then the current decibel level and audio patterns of infant and background will be compared to the audio patterns of the last half hour and predetermined reference patterns to determine if the alarm subroutine should be called.
 The preset parameters and patterns will be residing in memory as will the previously stored samples from the audio history. This audio history will be used to compare the current audio and detect any changes. The programming will also be required to detect a minimum sound from the infant.
The Motion Monitoring specifications will allow the software to discriminate the rate of motion to determine if further processing is needed. The programming specifications listed in Table 1.12. The system will use the motion of the infant to initiate a variety of functions to insure the infants safety i.e. prolonged motion indicating the infant has changed position will initiate the image sensor to obtain a picture of the infants new position and compare it to the hazardous position samples stored in memory. The audio will also be sampled at a greater rate for changes
in audio.
1.6 Communications Specifications
The communication specifications are in Table 1.13.
Table 1.11: Audio Software Specifications
The audio shall detect and identify habitual infant sounds. The audio shall detect and identify habitual background sounds. The audio shall discriminate between habitual sounds and unusual sounds. The audio shall discriminate between habitual background sounds and unusual sounds. The audio shall identify selected sounds and sound the alarm. The audio will be available for monitoring on the cell phone.

 The audio parameters are infant minimum, infant regular, and infant extreme. Five seconds of audio will be saved to memory at five minute intervals and retained for the previous thirty minutes. Audio outside the parameters will call the alarm subroutine.
The temperature and its history will be available to view on the cell phone.
Table 1.12: Motion Monitoring Software Specifications
Three levels of motion regular, thrashing, or no motion are to be detected. The levels will be detected by the rate of motion as detected by the motion sensor. The levels of motion shall be capable of being adjusted. Movement signals after conversion to digital shall be saved to memory at predetermined intervals. No movement shall set off the alarm and start video processing. Thrashing level shall start video processing and transmit the signal to the Android smart phone. Motion shall be compared to the last saved motion signal at predetermined regular intervals.
Table 1.13: Communication Specifications
Communications shall be wireless. The wireless range shall be at least 40 meters. The bandwidth shall be wide enough to transmit video. Communications must have the ability to connect with the alarm and the internet. The transmitter must be low power to maintain a battery life of 8 hours. The transmitter must be low power to maintain a battery life of 8 hours.

1.7 Power Supply Specifications
The power supplies for the Alarm unit will be 110V power supplied by an electrical outlet. The 110V power will also be used to charge the monitoring unit while the  infant is not in the crib. Both units will also have rechargeable batteries, the monitoring unit as the main supply and the Alarm unit as backup power. Both power supplies shall meet specifications listed in Table 1.14.

Table 1.14: Power Supply Specifications
Monitoring unit will have power for at least eight hours. The Alarm unit will use a standard 120V electric outlet. 

1.8 Smart Phone Application Specifications
The Smart Phone Application is the control center of the system. This application will set the adjustable parameters of the sensor subprograms allowing for a more infant specific system. The programming meets specifications listed in Table 1.15.

Table 1.15: Smart Phone Application Software Specifications
The application shall reside on both parents smart phones. All parameters of the system shall be set from this application. All current sensor outputs shall be available for viewing on the smart phone. All sensor histories shall be available to be viewed on the smart phone. The email addresses needed for alerts shall be set form the smart phone. The system can be turned on or off form this application.

2 Research
2.1 Existing Projects and Products
2.1.1 AngelCare
Monitors are multitasking baby monitors that have mattress sensors to detect the  slightest infant movement. It has a quick response time and it can send an alarm if the baby has not moved in 20 seconds. Sensor pads are put under the infant mattress on firm surface instead of foam mattress, to prevent false alarms. Its good that we have existing products that we can try to model or improve from them. The problem with Angel care is that is expensive for poor women. A bay monitor should be standard in every home like a television. The problem with this product is that
temperature sensor is very temperamental and it gives wrong readings. The good thing about this product is that it goes off if there is no movement for 20 seconds which is pretty good. A lot of parents like this monitor because it multitasks which is an attractive feature unlike the competition. Parents like that the monitor has movement, audio monitor, nightlight and the controversial temperature reading. We would like to use Angel care as model for our project due to several cases where babies lives were saved when they stopped breathing. Portability is another unique and attractive feature for the product. Other than cost; another disadvantage for
this monitor is that there are cords protruding under the mattress into the baby monitor which is safety hazard.

2.1.2 Good Knight
Good Knight is another UCF senior design project similar to ours except it had wearable units for monitoring purposes. Good Knight is found to be a good guide at to how to design a senior project. It also is a good source of information for some technologies that will be common to both projects.

2.1.3 Detection of Breathing and Infant Sleep Apnea
This Senior Project by Brian Berg at California Polytechnic State University should yield some useful insight about detecting babies breathing. The project used audio sensors to detect the infants breathing patterns. It developed techniques to filter the signal to the proper frequency range which enhanced the ability to detect the breathing. This insightful project is at the heart of one of our pressing problems which is to detect the infant’s breathing patterns.

2.2 Monitoring Unit

2.2.1 Temperature sensor
Problem Definition: The general approach of the system will be to measure multiple vital signs a through sound, motion and the sensors will be meticulously tuned to capture the movement of breath. The system will capture all of this data and analyze it. If during the monitoring a is missing, then a stimulus will be activated to try and wake the baby, along with an alarm indication sent wireless to the parents In addition, the sensors will be meticulously tuned to capture the movement of breath.
The belief is that the repetition of motion should be consistent enough as to provide significant reliability in a GO/NO-GO response from the device In addition; the sensors. This system requires signal transduction, analysis, processing, and interpretation of the relevant stimuli [After interpretation of the sensor’s response, the system must also be able to alert the caregiver if need be with a probability of false alarm less than 0.02 per cent. In developing this system, a working knowledge of electronics, signals and systems, probability, microprocessors and computer programming would be required. In addition, we would have to acquire some knowledge of signal processing, biology, and biomedical instrumentation to determine whether an infant is in danger of SIDS. Our team believes in a design of a complete baby monitoring system that is completely noninvasive which can alert the caregivers and stimulate the infant to ensure a child’s well-being. The basic concept for the motion sensor on the system is that any motion is good motion. In addition, the sensors will be meticulously tuned to capture the movement of breath. be meticulously tuned to capture the movement of breath. See Table 2.1.

Table 2.1: Medical background on infant breathing
No breath is taken within a period of 15 seconds. Facts Adult breathing rate = 15 breaths/minute by breathing rate = 30-50 breaths/minute. Significance The baby has missed 12.5 breaths if SIDS occurs

Objectives: For each of the three vital signs, there will be some minimum threshold value against which the baby’s current heart rate, breathing rate, and movement will be gauged. This monitor will emit audible alarms when a baby’s breathing rate
goes too low, the heart rate falls to low, and also if the baby stops moving. Thus we will try to create a monitor that is both very reliable and very helpful [23]. Another important aspect is that this monitor should not be cumbersome or obstructive to the baby. Recall, goal is to sound an alarm if 15 seconds passes without a breath. See Table 2.1.

System Requirement - The most important feature of the device is accuracy, with extremely little chance of false negatives and few false positives while detecting SIDS occurrences. The device must be user friendly and easy to maintain and operate. The device must be harmless to the baby with no wires that can cause the baby to be tangled in it [23]. The device itself should be small in dimension not requiring large spaces and have few remote connections. The device should be powered from the wall with possible support for battery backup. To meet these
needs some form of embedded system is desired.
Overview: The overall design involves acquiring sound from a microphone, this sound is then processed to detect breathing and a timer counts how long between breaths. When a SIDS event take place longer than 20 seconds without breath, an alarm is sounded. 
Tolerance Analysis: For this SIDS monitor, the frequency of the clocks within the microcontroller is the most essential aspect. If the data is not checked at proper times there will be many false alarms and/or missed needed alarms and this can spell disaster for the parent. Suppose, for instance, the clock frequency is set to be half of what it should be, then the output of the clock will be that there is only a high output (indicating the rate is okay) only half of what it should be. This could be enough to set off the alarm if the threshold is set lower than half of the frequency. Essentially if our frequencies are not set correctly, the alarms will not operate properly, and thus render the monitor useless. As of the writing of this proposal, these frequencies have not been determined. The reason for that is, determining the range of frequencies requires a good deal of research and understanding of the breathing, heart, and movement rates in babies. Once this knowledge is acquired, frequencies and tolerances around


Table 2.2: Customer Benefits
Immediate notification, to a caretaker, of a potentially fatal problem that a baby may be having. Monitoring the baby’s vital signs inexpensively and reliably. Caretaker’s peace of mind concerning the safely of the baby while it is sleeping. Useful research data about the sleeping patterns of a baby, which may aid in the eventual eradication of SIDS. Features: Monitoring and data storage of a baby’s breathing rate with an audible alarm in case the rate goes too low. Monitoring and data storage of information about the heart rate of the baby, with an audible alarm if the rate is too low. Monitoring and data storage the baby’s position and movement in the crib, with an alarm if the movement is too little Easily retrievable data about all three of these conditions on the baby. The monitor is expected to operate based on the tolerances that we set. This means that it should only output alarms when the breathing rate, heart rate, and movement rate drop below a certain level. Thus, we want to ideally eliminate false alarms. This probably is not possible, so a very low level of false alarm will be tolerated. The reason for this tolerance is that it will allow for a greater degree of accuracy in the case that the alarm needs to go off.
There can be no tolerance for not sounding an alarm when one is needed. Future goals are to sound an alarm if 15 seconds passes without a breath Monitor both breathing and heart rate Breathing rate would be monitored using a microphone system Heart rate would be monitored using a wireless system Control of both systems using a microcontroller

Temperature Measurements:
The design system makes use of two types of temperature measurements for its overall  functionality. The first measurement is of the body temperature, these measurement displays information about the current state of the baby’s breathing cycle. The body temperature measurements help in the determination of transitions between different stages of sleep. The second type of measurement utilized by the system is ambient room temperature. The ambient room temperature provides context for the body temperature measurement. Changes in body temperature are understood relative to the current ambient temperature, so that the system does not falsely correlate a change in temperature to a transition in circadian rhythm. 
The room temperature measurements are better suited for the base unit of the system while body temperature measurements are obviously better suited for a wearable device. It might also be possible to measure body temperature from the base unit using thermal imaging or another more sophisticated method, but that exceeded the budget and practical limitations of this project.  The thermometer for body temperature should have low power requirements, have high accuracy, be relatively small, and be able to measure body temperature with as little ambient thermal interference as possible.
 The thermometer for ambient temperature should also be accurate but is not as restricted in terms of physical dimensions. Neither thermometer will require a wide range of measurement, with measurements expected to fall between 15-30 degrees Celsius.
 The two temperature measurements will be taken in a much different manners using two separate sensors. The following types of temperature sensing devices will be considered: infrared thermometers, thermocouples, resistance temperature detectors(RTD’s),and thermistor circuits. 
The thermistor and RTD’s both exploit the variability of resistance in materials with respect to temperature. The material used in resistance thermometers determines their temperature response. In general, the ceramic or polymer thermistors have a smaller temperature range but are faster and more sensitive within that range. RTD’s, made of a pure metal, are usable for a wider temperature range and  and sensitivity in the temperature range between 0 and 100 degrees Celsius. They are also a better choice for ambient measurements than infrared thermometers, which focus emitted radiation within a limited field of view. Sensor placement on the base unit was desirable, since the measurement is closer to the current room temperature than that measured on the wearable device close to a human body and often under warm blankets.
 For the measurement of body temperature, infrared thermometers were a good option for this project. Many infrared medical thermometers are commercially available for both professional and home use, where measurements are taken from the forehead or inside the ear to approximate internal temperature. An infrared thermometer can be affixed to a wearable device inward-facing to the user’s body. The body surface is the source of the emitted radiation that is measured, and the device is therefore less susceptible to continual ambient temperature fluctuations such as the person moving in and out of blankets or laying on top of the device. The surface reading is not the internal body temperature of the subject, but is expected to vary with core temperature anyway such that the exact core temperature is not important. Nonetheless, thoughtful placement of the sensor was an important consideration.
The Body Temperature Sensor primary requirements for the measurement of body temperature are sensitivity, low power usage, size, and ability to isolate the measurement to only the surface of the body. Cost was a less critical factor since a reliable and sensitive device is crucial to providing a key function of the overall system: determining circadian rhythm and sleep cycle transitions. All of the sensors considered were infrared thermometers, which should meet these requirements.
3.2.1.1.1: IR Temperature Sensor  Analysis 
The  temperature sensors chosen  to be implemented in our project has to be IR  non-contact. The infrared temperature sensor comes with a handful of other useful features that make it easier to integrate into our design from an electrical perspective.  For the Knights Wireless Baby Monitor, the temperature sensor needs to be a high performance and very accurate sensor, in fact, all of the sensors in the comparison table have a very good accuracy and satisfied the requirements. As seen from table above, all of those sensors have satisfactory specifications.  The cost is not an issue since we did not need many sensors for the project. The ease of  communication  between the  one to use as we continue with the research. We must consider characteristics such as sensor casing and time constants, both of which will be important since we are measuring a fragile temperature difference in a specified amount of time.  The major goal is get a sensor with a fast quick response to the temperature change accurately and repeat-ability. Due to the fact that an infant, newborn to 11 months, has a breath rate of 30-35 breaths/minute, we would need a sensor with a very quick time constant (2 seconds or less).





















Summary of Body Temperature Sensors Considered


	Device
	MLX90614DAA
	TMP006
	ZTP-115

	Manufacturer
	Melexis
	Texas Instruments
	General Electric

	Accuracy
	± 0.2°C
	± 1.5°C
	N/A

	Output
	10-bit Digital
	14-bit Digital
	Voltage

	Supply Current
	2 mA
	240 µA
	None

	Supply Voltage
Range
	
2.6 V to 3.6 V
	
2.2 V to 5.5 V
	
None

	Operating Temperature Range
	
+32°C to +42°C
	
-40°C to +125°C
	
-20°C to +100°C

	
Package
	
TO-39 (Metal Can
Through-hole)
	YZF Die-Size Ball Grid Array (Surface- Mount)
	
TO-5 (Metal Can
Through-hole)

	Dimensions
(lxwxh)
	
9.1 x 9.1 x 4.1 mm
	1.54 x 1.54 x 0.625 mm
	9.25 x 9.25 x 3.6 mm

	Price
	$14.31
	$3.78
	$3.37



Melexis MLX90614 was chosen for body temperature measurement. The sensor measures the temperature of an object in its field of view without contact required. The output is a digital signal over SMBus or PWM. All interfacing with the microcontroller is digital over SMBus, which is compatible with I2C in most cases [17]. 
However, certain calculations and checks were made to ensure compatibility.


 Those considerations were made while testing the hardware. 
We connected the SMBus is connected to the SDA and SCL I2C capable pins of the MSP430. The device is then powered with the +3.3 V regulator source. Note that the SDA and SCL lines of both SMBus and I2C require pull-up resistors.The device is designed for contactless measuring and monitoring temperature of objects. It is built on Melexis MLX90614 sensor and can measure temperatures in the range from -70°C to +380°C with 0.5°C accuracy and 0.01°C resolution. The period of measurements was set in the menu from 1 sec to 1 min in 10 sec increments. We were able to record the temp measurements and upload them to a computer via the serial interface through X1 and an external level converter.

The thermometer sensor selected for the measurement implementation is a medical grade the MLX90614f smart infrared temperature sensor. The Melexis MLX90614 infrared sensor contains an on-board microcontroller, the thermopile detector chip, RAM and EEPROM memory, and a signal condition circuit. The signal conditioning circuit contains an amplifier, a 17-bit analog to digital converter and a digital signaling processing unit. The MLX90614 is factory calibrated in wide temperature ranges: -40…125 °C for the ambient temperature and -70…382.19 °C for the object temperature and monitoring: The thermometer com-es factory calibrated with a digital PWM and SMBus (System Management Bus) output. and the MSP430 uses an I2C bus (Inter-Integrated Circuit, a single-ended serial data The  SMBus is a derivative of the I2C bus with some hardware commands on the MSP430 both units can be made to talk to each other wirelessly. Control and communication encompasses initiating/reading temperature measurements and transmitting them wirelessly to monitoring equipment. The Melexis has a low power mode so the wireless microcontroller’s first task is the wake the sensor. It reads and stores the temperature value in the RAM location of the sensor’s microcontroller unit after passing through the signal conditioning circuit.4 The wireless microcontroller reads the sensors memory by requesting the on-board microcontroller to send the data via the I2C bus. The sensor uses I2C to communicate with the wireless microcontroller as result more than one sensor can be connected to each stationary node. The wireless microcontroller then evaluates the temperature data. If the temperature exceeds the set point, 100.4ºF, the wireless microcontroller will send out an alarm signal on the wireless network alerting the operator. Once the values are read, the devices will return to sleep mode. Additionally, the sensor has a 5º field of view using a lens and the temperature measurement is accurate down to .01º C.4. This allows even greater economy of scale by using one wireless microcontroller at each entry point to control multiple sensors.


The Body Temperature Sensor primary requirements for the measurement of body temperature are sensitivity, low power usage, size, and ability to isolate the measurement to only the surface of the body. Cost was a less critical factor since a reliable and sensitive device is crucial to providing a key function of the overall system: determining circadian rhythm and sleep cycle transitions. All of the sensors considered were infrared thermometers, which should meet these requirements.

Infrared Thermal Sensor 
To measure a babay’s temperatures,theMelexis MLX90614 Infrared Thermal Sensor was incorporated in the overall system design. This IR sensor was implemented because it has the ability to measure a baby’s temperature without direct surface contact. By having a wide temperature sensing range between -70°C and 380°C.The body temperature MLX90614 is manufactured by Melexis utilizes sensors to measure the object without contact. The Melexis MLX90614 is an Infrared Thermometer that has an accuracy of + or - 0.5 degrees Celsius between 0 and 60 degrees Celsius, fully digital output over SMBus or PWM with a resolution of 0.degrees Celsius, and is offered in several application-specific variants. Of primary interest is the variant for medical applications, MLX90614DAA, which offers an accuracy of + or - 01.degrees Celsius between 36 and 39 degrees Celsius(human body temperature)and + or - 0.2 degrees Celsius between 32 and 42 degrees Celsius. The device also supports a sleep mode useful for low power consumption. 





A generalized schematic of this circuit made in CadSoft Eagle is shown below in
Figure 4.2.1.1.
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Figure 4.2.1.1 – Melexis MLX90614 interfaced with the MSP430.

The physical placement of the sensor is expected to be in the headband along
with a few other sensors. The MLX90614 will face downward from the PCB to the
forehead, either lightly contacting the head or slightly separated for comfort (full
contact is not required for the infrared temperature sensor).
FIELD OF VIEW
The most important component in the design is the temperature transducer, for it is directly
responsible for taking temperature measurements. Furthermore, the transducer is the most significant factor relating to the accuracy and range of the system. The accuracy of an infrared temperature sensor is strongly affected by its Field Of View (FOV), which is a description of a circular spot on the target’s surface. The FOV is given in degrees of the arc inscribed around the normal to the center of the spot. The temperature the sensor generates is the value averaged over the surface area seen by the sensor. In general, it can be said that the smaller the FOV, the better the accuracy of the temperature reading. The formula for the FOV is 

 FOV°= 2*tan-1(d/f),
Where (f) is the distance to the target, and (d) is the diameter of the spot.
Using the  Melexis MLX90614 whose FOV is 5º the circular spot from 23 inches away is 1 inch in diameter. Halving the distance divides the diameter in half.

. 
EVB90614 Evaluation Board 
Each IR Sensor was calibrated by using the EVB90614 evaluation board and software. The accompanying software allows all four IR Sensors to be configured with unique slave addresses between 0 and 127. In addition, the software could calibrate IR Sensor temperature readings from varying distances up to 3 ft.









EVB90614 Evaluation Board 
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Infrared Sensor Communication with MSP430

Communication between the MLX90614 IR Sensor and the MSP430 microcontroller utilizes SMBus, which is a strict form of I²C. Each IR Sensor PCB links to the main PCB, which is mounted with the MSP430 microcontroller. The IR Sensor PCBs and the Main PCB link together through the pins Vss, Vcc, Sda, and Scl for I²C communication. For installation and durability all IR Sensor PCBs are placed in a plastic housing.
Testing the MLX90614 IR Sensor 
The process of testing the IR sensors involved the evaluation board and software, a 3 ft. wooden stand, Aroma hot plate, an aluminum plate, and a Fluke thermometer. The wooden stand was built 3ft high, which would simulate the distance between the baby and IR sensor on an actual crib An IR Sensor inserted in the EVB90614 would be placed on the pinnacle of the wooden stand. Placed next to the base of the wooden stand, an aluminum plate resting on the Aroma single burner hot plate would be used to simulate the rising temperature of a baby.The Fluke’s thermal couple would be taped directly on the aluminum plate to measure surface temperature. To calibrate the sensing distance of the IR Sensor, the Aroma hot plate would be varied to its maximum setting in order to heat up the aluminum plate. When the Fluke thermal couple detects the aluminum hot plate surface temperature at least around 300°C, this value would be entered into the software to adjust the temperature sensing range and accuracy of the IR sensor. Following calibration, the IR sensor’s temperature sensing would be tested by heating the aluminum hotplate from room temperature to at least 300 degrees Celsius

Infrared Sensor Results 

The IR Sensor would measure temperature approximately with a 5°C difference versus the Fluke thermometer

.

	IR Sensor
Distance
	FLUKE Contact Sensor
Temperature ° C
	MLX90614 IR Sensor
Temperature ° C

	3 feet
	120.1°C
	125° C

	
	126.4°C
	131.6 ° C

	
	212.5°C
	216.9 ° C


– Infrared sensor data


In addition, IR Sensor temperature measurements appeared quite linear. The software accompanying the evaluation board  produced an excel sheet listing the real time temperature changes of the aluminum hotplate. The real time temperature reading followed a logarithmic scale, but is fairly linear in the higher temperature range where it is important for the care giver. After calibration, the MLX90614 IR Sensor becomes effective in detecting the freight wheel threshold temperature of 315°C without direct surface contact. The IR Sensor would read linear temperature readings with +/-5°C accuracy. By using the EV90614 Evaluation Board and software, the IR Sensor temperature reading range was easily be adjusted as well as its slave address. All these factors make the MLX90614 a suitable candidate for detecting  the baby’s temperature. The MLX90614 Infrared thermometer is a contact-less temperature measurement and a very affordable device. This device has an integration Infrared sensor and signal processing chip [4]. It comes in small package, fully calibrated thermometer and ready to be plugged in. Its features are in Table 2.4. Some applications examples are: High precision non-contact temperature measurements; Thermal Comfort sensor for Mobile Air Conditioning control system

 MLX90614 Infrared Thermometer Features

[image: ]

IR Temperature Sensor Pins  Spark fun No permission required
  

Pin Description of the  IR Melixis 90614

	Pin Name
	Description

	SCL / Vz
	Serial clock input for 2 wire communications protocol. 5.7V
zener is available at this pin for connection of external bipolar transistor  to  MLX90614Axx  to  supply  the   device  from external 8 …16V source.

	SDA / PWM
	Digital input / output. In normal mode the measured object
temperature is available at this pin Pulse Width Modulated. In SMBus compatible mode the pin is automatically configured as open drain NMOS.

	VDD
	External supply voltage.

	VSS
	Ground. The metal can is also connected to this pin.



Below is a table  of absolute maximum ratings of the MLX infrared temperature sensor. This table shows the voltage supply and current ratings, temperature at which the sensor operates etc. The table will come handy when testing the sensor
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MLX IR Sensor Maximum Ratings 









2.2.2 Audio sensor
 MICROPHONE 

This project uses a microphone to detect baby sounds. There are various microphone technologies but for this project technology is not critical because  any microphone can be used. For ease of placement, omnidirectional microphones are desirable. Various locations may be suitable, but the microphone is likely to be muffled under the covers if placed on the on a wristband. The frequency range of the microphone should be sufficient to capture the breathing . Breathing is expected to take place under 3 kHz, with a bandpass filter from  20 Hz to 3 kHz recommended. The microcontroller takes a reading every 5 seconds. Microphone-The microphone will be put near the mouth of the baby in order to record the sound of the baby’s breathing. Since the microphone will also detect ambient noise,a bandpass filter will be used to correct for this. Bandpass filter will be designed so it suppresses other sounds and allows the sound of breathing to go through the filter [18] There are so many microphones in the market that can be used for this design. The major requirements for the microphone are sensitivity and relatively low signal noise. The main goal for our systems it to make use of a microphone to detect breathing intervals., the microphone also records the general ambient noise levels. To detect breathing, the microphone itself did does not need to be of extraordinary quality. It needs to be able to detect the breathing itself, and signal processing on the sound could then be performed. 
There are various microphone technologies, including capacitive, condenser, piezoelectric, and even laser. The underlying technology was not critical to this particular task, but the majority of cheap, small, and readily available microphones are electret microphones.
Microphone: It is really difficult to settle on one particular microphone at this initial
stage and we have no idea what type of microphone we will use or build. The team has not resolved this issue whether will be buy a microphone or build one. In the future we will contact ht manufacturer to find out about exact specification for the microphones output. The website is very misleading. There are numerous microphones in the market. We want one that can be suitable for our project can pick up the slightest sound and is affordable.    
The omnidirectional microphones are extremely desirable for their accuracy and easy placement. Various locations may be suitable, but the microphone will likely to be muffled under blankets if placed for instance on a wristband. Breathing sounds are likely to reach the base station, although the forehead would also be an acceptable location [44]. So it is possible to place the sensor in a headband but the base station was the best solution for also capturing ambient sounds. The frequency range of the microphone needed to be sufficient to capture the the breathing sounds.
The normal breathing happens a to take place under 3 kHz, with a band pass filter from 20 Hz to 3 kHz recommended [2]. Note that if the signal were to be processed digitally, according to Nyquist-Shannon sampling theorem an ADC with a sampling rate of at least 6 kHz would be required. The majority of breathing occurs under 500 Hz [3]. Price, ease of use, directivity, and frequency response were the primary considerations in microphone selection for this project.
























Microphone comparisons:


	Device
	AOM-4544P-2-R
	TOM-1545P-R

	Manufacturer
	Projects Unlimited
	Projects Unlimited

	Directivity
	Omnidirectional
	Omnidirectional

	Supply Voltage Min
	1.5 VDC
	2.0 VDC

	Supply Voltage Max
	10 VDC
	10 VDC

	Frequency Response
Min
	
20 Hz
	
20 Hz

	Frequency Response
Max
	
20 kHz
	
19 kHz

	Sensitivity
	-44 ± 2 dB
	-45 ± 3 dB

	Current Consumption
(max)
	
0.5 mA
	
0.5 mA

	Impedance
	2.2 kΩ
	2.2 kΩ

	Signal-to-Noise Ratio
(min)
	
60 dB
	
60 dB

	Dimensions (diameter x height)
	
9.7 x 4.5 mm
	
4.0 x 1.5 mm

	Price
	$0.853
	$1.90



– Candidate Microphone Devices for Breathing

The AOM-4544P-2-R is an overall better microphone, with higher sensitivity, lower supply voltage requirements, wider frequency response, and lower price. he  AOM has 5 mm leads versus 2.8 mm leads on the TOM, which will make testing easier. he  microphone  will be put near the mouth of the baby in  order to record the sound of the baby’s sounds  The AOM-4544P-2-R was the chosen device for our project  due to its  higher sensitivity, lower supply voltage requirements, wider frequency response, and lower price. easier. The AOM-4544P- 2-R is the one that closely resembles the specifications for the project and  could use  to detect   to detect the breathing. The sensitivity, low voltage requirements, wider frequency response, and low price makes the AOM a better microphone for the design. The AOM-4544P-2-R has a range from 20 Hz - 20 KHz and it was chosen for low price sensitivity, and omnidirectional Features Omnidirectional Super clarity, distortion-free response Pin type mounting.
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 2.2.3 Motion sensor
Researchers at MIT were able to detect a person’s heart rate from a normal video footage. Piezolectric, They basically use the piezoelectric effect (mechanical forces having an electrical effect on some materials). They can be mounted on the floor in order to detect pressure and vibration. They’re vulnerable to Flying Nimbus attacks. Ultrasonic ,They work by emitting an ultrasonic ”beam”. They work the same way as a sonar. They can be defeated by wearing an anechoic suit.
The most important thing is the motion sensor, they determined how accuracy of the motion measurement. Other one of the project is PIR motion sensor. This is a sample motion sensor. After Power it up and wait 1-2 seconds for the sensor to get a snapshot of the still room. If anything moves after that period, the ’alarm’ pin will go low. Also, There are number of different motion sensor technologies out where including Active Infrared (AIRs), Passive Infrared (PIRs), Microwave motion
sensors and Ultrasonic motion sensors. AIR (Active Infrared), They mainly have two implementation. Proximity sensors, and motion sensors. In AIR-based motion sensors, an IR emitter sends a beam of IR which will be received by an IR receiver, when the beam is interrupted, a motion is detected. Due to the way they’re implemented (monitoring a specific scope) they’re less prone to false positives [23]. Their main disadvantage is detestability, they can be easily ”seen” using a regular
camera (your phone’s camera works) or any IR detection mechanism, after that they can be easily avoided. In some cases, they might be impossible to avoid (they’re monitoring the only door to a room), the adversary can detect the source of the beam and find the receiver, then emit a beam of their own. Some AIR-based motion sensors emit IR in a pattern of a certain frequency to make it difficult to replicate, but of course the adversary can learn that pattern and replay it to the receiver. Optic-based ,Basically a camera watches an area and it’s recording at a certain frame rate, each frame (or several frames) are analyzed by an algorithm that can detect the difference between the last frames. If something is different, a motion is detected. They can be overcome with utilizing shadows and exploiting backgrounds with a solid color. That, of course, can be solved with using thermal

In Table 2.6
.

Table 2.6: Sensors comparison
Sensor Body contact Purpose Sensitive
Active Infrared No Environment changed low
Passiv Infrared No Detect the motion but less low
Optic-based No camera high
Ultrasonic No Same as a sonar high
Pressure senser No directly Detector the change of pressure Low

The optic-based mostly use it in the camera, it hard to detector the baby’s motion’s
frequency. For example, the baby wriggle more or fewer. See Figure ??. Ultrasonic,
it work as sonar, as the user is baby, so we avoid the radial to close the baby,
and same reason as the optic-based sensor.

The optic-based mostly use it in the camera, it hard to detector the baby’s motion’s frequency. For example, the baby wriggle more or fewer. Ultrasonic, it work as sonar, as the user is baby, so we avoid the radial to close the baby, and same reason as the optic-based sensor. The system design was implemented in three units. Pad, pressure sensor, and wireless transceiver module. Put the pressure sensor between the boards, the pressure sensor connect with the wireless transceiver module. The wireless transceiver module will transmit the signal when the pressure changed. This system will monitor the motion of the baby. It interprets data to determine whether the parents should watch the baby via the cell phone. These motion sensors were designed to be safe and comfortable enough so that the baby can sleep as normal. We put the motion sensor under the baby’s mattress, and it should be assumed that the devices is able to function for duration of baby’s sleep. The data collection was critical when detecting the different pressure of baby, to verify that the data was accurate, the sensors were first checked and calibrated if necessary. When the sensors were verified to be accurate, the software were also examined and tested to achieve a high degree of accuracy. Try to make it simple
as we can. Before choose the force sensing resistors, we compare many different pressure sensors. There are three most common types of pressure sensors are metal thinfilm pressure sensor, ceramic thick-film pressure sensor, and piezo-resistive pressure sensors. [A6] these pressures have very significant differences in the types result from the different materials.
Metal thin-film pressure sensor is usually made of stainless steel. Mostly, the
pressure sensor is manufactured using automatic precision lathes and then grinding,
polishing, and lapping the diaphragm surface. The pressure sensor is made by
Insulating layers, strain gauges, compensating resistors, and conducting paths are
applied using a combination of chemical and physical vapor deposition processes
and photo-lithographically structured using chemical etch procedures. These processes
take place in specially designed manufacturing plants under clean room
conditions. Some production steps require a vacuum or an inert atmosphere to
support the production of high purity atomic structures. The resistors and electrical
conducting paths applied to the pressure sensor are significantly smaller than
a micrometer and are known as thin-film resistors. The metal thin-film pressure
sensor is extremely stable as a result of the materials made. The metal thin-film
pressure sensor is can work as the bad environment as: shock, vibration, and
dynamic pressure changes. When pressure sensor materials work on the high
temperatures, the pressure sensor is usually sealed measurement cell, that cause
the metal thin-film pressure sensor does not require any additional sealing materials.
The final product is a pressure sensor with a relatively low overpressure range
and a very high burst pressure. ceramic thick-film pressure sensor The ceramic
thick-film pressure sensor is made of a high-tech ceramic. As we know, Ceramic is
very stability materiel. There are Four strain gauges are burned into the ceramic at
high temperatures and then passivity by applying a protective coating. When manufacture
the ceramic thick-film pressure sensor, the clean room is very important
because impurities during the screen-printing and the burn-in process will dramatically
so the high cleanliness levels to avoid any cross-contamination and maintain
the required high process stability. As the ceramic thick-film pressure sensor is
very stability stuff, so the ceramic pressure sensor is hard, installation of the pressure
sensor into the pressure measuring instrument case need to seal the ceramic
thick-film pressure sensor very well, which will not be resistant to all possible media.
also, the ceramic ceramic thick-film pressure sensor is is lower in comparison
to a metal thin-film pressure sensor. piezo-resistive pressure sensor As we know,
A piezo-resistive pressure sensor has more complex structure than above two -
the metal thin-film or ceramic thick-film pressure sensor. Also, the pressure sensor
element is made of a silicon chip, which deflects under pressure and consists of
a diaphragm structured with piezo-resistive resistors. As the result, the chip has
a surface area of only a few square millimeters and is much smaller than the diaphragms
of metal thin-film or ceramic thick-film pressure sensors. When we know
the piezo chip is made by silicon chip, as the result, The piezo chip is sensitive to
environmental influences and, in most cases, must be seal totally. For this reason
the people in stall the piezo chip in a stainless-steel case that is sealed using a thin,
flat, stainless-steel diaphragm. The synthetic oil is filled in between the piezo chip
and the external diaphragm. As the result,the pressure medium is only in contact
with the external stainless-steel diaphragm, which transmits the pressure through
the oil to the internal chip. If people want to reduce the influence of thermal expansion
of the fill liquid on the pressure measurement, in this condition, A header is
normally used for mounting and electrical connection of pressure sensor chips. In
this product, weuse glass-to-metal seals for the electrical connection between the
inner and outer chambers and can be hermetically welded to the case.

2.2.4 Image Sensor
After we compare the different sensors, we can find the pix size is totally different, so the image quality will different too. The more pix size means clearer picture we will have, also the frames in per second decide the video’s quality. As we know, the old movie use the 24 frames per second, the frames per second must be more than 24 if we want a quality video. There are two prominent types of image sensors on the Webcam market[16]. This decision was between Charged Couple Device with
Complementary Metal Oxide Semiconductor cameras. CMOS and CCD devices both output a digital signal; however they have the feigner location of these parts.
Table 2.7: comparison of CMOS and CCD
CMOS CCD
price cheap Higher than CMOS
power Low power consumption Much higher than CMOS, like 100X.
noise Little noise Less than CMOS


CMOS As we know, the CMOS imaging sensors are type of active pixel sensor, and the CMOS image sensor using the semiconductor process. Also, mostly the people put some circuit around the image sensor to change the photons energy to voltage. Some of circuit added by people to change the voltage to digital data, this is the basic work theory. Mostly CMOS image sensors have components related to timing and video processing on the semiconductor itself. This design has both benefits and drawbacks[24]. For one CMOS sensors are more rugged than CCD cameras because their internal timing mechanisms are not dependent on the cameras circuit board. This advantage is very beneficial for this design because it will help the camera in two ways. The first advantage is that the device will be more reliable and have a longer life span. The second advantage is that video quality will degrade much slower over  
time, than if a CCD was selected. On board components also make CMOS cameras more power efficient than CCD cameras[?]. Since this camera system is reliant on solar power alone, energy consumption has a huge effect on both the battery life and reliability of the device. Because these sensors have less data through put they are more vulnerable to noise from camera movement. On a positive note this vulnerability to noise will not affect the performance of the camera in any way, since it will be stationary. The CMOS image sensors receive the electrons which from the photons, and convert the optical image to electronic signal. From the electronic signal we can find the pixel output as function of time. The three transistor means ”active pixel”, there are lot of advantages for it. Gain at pixel, standard CMOS technology, Good fill factor, Large storage element = high
dynamic range, Good anti-blooming and no image lag(lag-charge remaining in the
pixel after read/reset sequence). This is the reason the CMOS imaging sensors
are type of active pixel sensor.

Table 2.8: General statistics
Configuration
VGA 640x480 pixels
Image rate 30F/sec
Pixel size 5.6x5.6m
Pixel array size 3.6x2.7mm
Dark current Tens of aA
Conversion factor 10 to 50 V/e-
Fill factor 20 to 40 without lens;60 to 80 with


There are some non ideal features of CMOS Sensors, mostly these problems caused by noise. Photon shot noise means large pixels, transistors obscure pixel means use microlenses, fixed pattern noise means compensate, reset noise means read twice and subtract dark current means leakage through pixel with no illumination. These noise come from variety ways, like light what photons are noisy, dark current of the pixel, thermal noise of transistors, reset noise of pixel, external noise sources. Also, these image noise depends on several factors: the photon shot noise come from at high light levels, the dark current from at high temperature, the other dark current and external reset from at low light levels, the reset from at low  temperature.
Image Processors SOC(a system on a chip) 
SOC is a system on a chip which integrates all components of computer in one chip, that’s means integrates all functions-digital, analog, signal, radio frequency...SOC is used to running more powerful processors and software. That is the reason we use it on the camera if we want to obtain the better pictures. The reason is the powerful function can manage everything from color saturation and white balance as we mentioned in CMOS and CCD image sensors. 
The system on a chip designed to work with sensor perfect, so the system on a chip’s signal processing has some advantages: compact, lower the cost of system, easy to integrate on one chip, one-chip solution most important for the system on a chip improve the picture quality greatly, and blast the blurry. We use this system on a chip on cellular phones, pc cameras and PDAs. For the mostly system on a chip system on a chip image sensor, they only require a power supply, lens, and clock source. The high performance solution that makes sure the lower consumption and maximum programmability of pictures for quality control. Also, there are some features for the system on chip image sensors, like motion-adaptive exposure mode, high definition array format, one time programmable memory, low-power consumption, flexible support for extra auto focus, optical zoom, programmable I/O slew rate, low cost. 
The sensor core is a progressive scan sensor that is a stream of pixel data at the rate. The diagram includes a active pixel array. The circuits of timing and control go through the rows of array [21]. In each turn of the row, the sequences reset and read the data. The pixels in the row flash while reset and read the row. Then data from the arrays is arranged to an analog signal chain. The pixels have two types of optical and dark, the dark one to use for black level control. 
This sensor core has a lot of control registers, so it can control many of the sensor exposure, frame size, and setting. Also, the firmware can control the register and can access the interface. Sometimes, it will be overwritten. From the figure of Pixel color pattern detail, we can find the output from the sensor core is rows from green and red pixels, so the pixel data will from the analog signal. Also, we have some readout options for the sensor core supports. These readout depends on the window of pixel array. The direction of the image will be flipped on array. The images is read out form the sensor one by one, one row once time, and it shows on the first pixel read out in the top of sequence. As we know, We sun the testing to check the stability, reliability, quality and mistakes. If we find the system on a chip work unexpectedly, we should consider the new chip, or change a different product, or we have some mistake in this design, then we can go back to check all the work to make sure how to fix this problem. First, to do a testing, as we worked in the labs before, we have to make sure we have suitable environment, the instruments[. Usually we will prepare wires, clip, oscilloscopes, power supply, multi-meters, function generators, breadboard, paper and pencil. Second, the hardware should be unit and tested to confirm the connection. In the infrared system, the most important thing is image sensor, so we should
find one fit on this project and work with other components well.
If we compare the different sensors, we can find the pix size is totally different, so
the image quality will different too. The more pix size means more clear picture we
will have, also the frames in per second decide the video’s quality. As we know,
the old movie use the 24 frames per second, the frames per second must be more
than 24 if we want a quality video. After we compare all of these image sensors, we
can pick one image sensor from CMOS image sensors OR CCD image sensors.
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Table 2.9: Specifications of an image SOC - permission applied for
System of a chip Parameter
Scan Mode Progressive
Array Format 2048H x 1536v
Frame Rates 15fps to 30fps
Windowing Programmable to any size
ADC 10-bit, on-chip
Output interface MIPI Single-lane
parallel 10-bit
Maximum pixel data output 48 megapixels per second
Maximum data rate 96MHZ
Responsively 0¿38dB
Signal to-Noise Programmable to any size
Dynamic Range ¿67.4dB
Supply voltage 1.74V to 3.1V


Table 2.10: Image sensors comparison
Image part number Pix size(mm) Frames/sec Voltage
OV14825-A16A 1.4x1.4 15 2.6v-3v
OVM7692-RAAA 1.75x1.75 30 2.6V-3v
OV07740-A32A74.2X4.2 60 3.3v
NOIL1SM0300A-QDC 9.9x9.9 250 2.5v-3.3v

2.2.5 Alarm Unit
Buzzer In our project, Knight baby monitor, we need a buzzer to act as an audible alarm. This buzzer will need to produce a sound that is capable of letting the parents know that the baby is at risk. Most of the buzzers available are capable of producing a wide range of frequencies. There are many different kinds of buzzer to choose from[12]. First, we need to know a few parameters, such as voltage, current, drive method, dimension, mounting type, and the most important thing to
know is how much SPL and frequency we want.
Operating voltage: Normally, the operating voltage for a magnetic buzzer is from 1.5V to 24V, for a piezo buzzer is from 3V to 220V. However, in order to get enough SPL, we suggest giving at least 9V to drive a piezo buzzer.
Consumption current: According to the different voltage, the consumption current of a magnetic buzzer is from dozens to hundreds of mill amperes. Oppositely, the piezo type saves much more electricity, only needs a few mill amperes, and consumes three times current when the buzzer starts to work.
Driving method: Both magnetic and piezo buzzer have self  drive type to choose. Because of the internal set drive circuit, the self drive buzzer can emit sound as long as connecting with the direct current. Due to the different work principle, the magnetic buzzer needs to be driven by 1/2 square waves, and the piezo buzzer need square waves to get better sound output. 
Dimension: The dimension of the buzzer affects its SPL and the frequency, the dimension of the magnetic buzzer is from 7 mm to 25 mm and the piezo buzzer is from 12 mm to 50 mm, or even bigger. SPL: Buzzer is usually tested with the SPL at the distance of 10 cm. If the distance doubles, the SPL will decay about 6 dB. Oppositely, the SPL will increase 6 dB when the distance is shortened by one time. The SPL of the magnetic buzzer can reach to around 85 dB/ 10 cm and the piezo buzzer can be designed to emit a very loud sound, for example, the common siren, are mostly made of piezo buzzer.
Magnetic Buzzer (Sounder) 
It is magnetic audible signal devices with built-in oscillating circuits. The construction combines an oscillation circuit unit with a detection coil, a drive coil and a magnetic transducer. Transistors, resistors, diodes and other small devices act as circuit devices for driving sound generators. With the application of voltage, current flows to the drive coil on the primary side and to the detection coil on the secondary side. The amplification circuit, including the transistor
and the feedback circuit, causes vibration. The oscillation current excites the coil and the unit generates an AC magnetic field corresponding to an oscillation frequency. This AC magnetic field magnetizes the yoke comprising the magnetic circuit. The oscillation from the intermittent magnetization prompts the vibration diaphragm to vibrate up and down, generating buzzer sounds through the resonator. 

The piezoelectric buzzer is superior in many ways to the electromechanical type. It does not have any mechanical devices that move, and this will extend the life of the buzzer since there is no mechanical wear on the device [23]. Furthermore, they are capable of operating in a much wider variety of environments. This type of buzzer draws very little current, making it suitable for a battery-powered application. Of the two types of buzzers, only the piezoelectric buzzer type will be considered when selecting parts. This is because of the electrical noise and the high power consumption of the magnetic type. An electromechanical design can draw up to ten times the current of the piezoelectric variety. Electrical noise will definitely make designing the alarm much more challenging since it will require greater attention to detail when considering how each part is impacted by the noise introduced. Alarms that use piezoelectric technology draw less current, are capable of louder sound levels, and do not generate magnetic fields. When creating the alarm sound, it will use pulsing tones. A pulsing tone is more easily distinguished compared to constant tones. When people hear a pulsing tone it will typically convey more urgency  to the parent compared to a constant tone. To be an effective audible alarm it should be at least 15 decibels louder than the ambient background noise. 

This is so it can be easily heard. It is possible to measure the actual ambient noise level of the room and the design will attempt to do this using the microphone. Most people can only distinguish a sound level change only when it increases or decreases by
3 decibels.
BUZZER, PIEZO, 115D by Multicomp. The MCKP1206R1-4720 is a small piezoelectric
buzzer that packs quite a punch. The buzzer supports a wide range of
frequencies that will allow for a variety of tones to be produced see Table 2.11
which shows the product information on the BUZZER, PIEZO, 115D.
Table 2.11: Product information on the BUZZER, PIEZO, 115D
Specifications Values
Rated voltage 12 VDC
Operating voltage 3-16 V
Rated current 30mA
Sound output 80 dB
Resonant frequency 4000 -+ 500 Hz
Operating temperature -20C to +70C
Weight 1 g
Price 0.65 USAD (for a quantity of 1)
KLS3-MWC by Kls Electronic. This buzzer has a built-in oscillating circuit, which
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will save us time in the development phase. The specification sheet indicates that it
has low power consumption. It also provides more detail than the first buzzer listed.
This buzzer has similar specifications to the ABI-001-RC except that this buzzer
produces continuous tones. It may be beneficial to have a continuous tone and
create a tune using a microcontroller, which is why this buzzer was also considered.
Table 2.12 shows product information for the KLS3-MWC.
Table 2.12: Product information for the KLS3-MWC
Specifications Values
Rated voltage 12 VDC
Operating voltage 3-16 V
Rated current 45mA
Sound output 100 dB
Resonant frequency 3200 -+ 500 Hz
Operating temperature -20C to +60C
Weight 21 g
Price 1.81 USAD (for a quantity of 1)
2.2.6 Transmitter/Receiver Network
Wireless transmitters are required for data flow within the system. Without reliable
transmitters, the system will not be able to propagate commands down the architecture
and it will not be able to report data back to the user. Therefore, without
proper wireless transmitters, the data is not guaranteed. Low power consumption
is again an important feature to be considered. Additionally, if power requirements
are low within a peripheral design, it grants the option of downsizing the size of the
design module and using cheaper, smaller batteries. Lastly, any wireless transmitter
that contains guaranteed data delivery will receive special consideration.
A Knight wireless baby monitor system without a reliable wireless network could
cause faults and malfunctioning of the main algorithm driving the product. Considering
these sought-after features in a wireless transmitter, there are a few eligible
modules that are examined [17]. Priority is given to essential specifications including
power consumption, range, module size, and operating temperatures. This
project will need a transmitter and receiver to receive commands from the microcontroller
to the transmitter to send them to the receiver. Once the signal from the
transmitter is picked up by the receiver, the receiver will then feed the signal to the
cell phone to alert the parent of an emergency. See Table 2.13.
Microphone/Camera- captures analog audio/video signal and sends to transmitter
Table 2.13: Project Parts
Microphone/Camera- captures analog audio/video signal and sends to transmitter. The Transmitter receives audio/video signal converts to modulated radio frequency signal and transmits to receiver
Receiver- picks up modulated radio frequency, converts it to original audio/ video signal
Trigger Circuit-Receives the amplified audio signal, has an output of a square wave which is added to the video and audio signals to be transmitted. This square wave is used to generate an alarm signal at the receiver. 
Monitor- device which allows parent to see baby. The Transmitter- receives audio/video signal converts to modulated radio frequency signal and transmits to receiver
Receiver- picks up modulated radio frequency, converts it to original audio/video signal
Trigger Circuit-Receives the amplified audio signal, has an output of a square  wave which is added to the video and audio signals to be transmitted. This square wave is used to generate an alarm signal at the receiver.

Monitor- device which allows parent to see child The transmitter/receiver network allows for one way interaction and audio communication. The system will allow parents to hear and view their child. The device will deliver sounds and vibrations to the user from a wireless monitor[3]. A motion sensor placed under the crib’s mattress and will detect motion. This sensor will be
accompanied by a second device that will detect sound. The trigger circuit is a comparator circuit. The resulting electric signal will trigger one of the comparator inputs. A reference voltage of 0.5V will be connected to the second input of the comparator. When the fixed signal is lower than 0.5V then we have a low output. When the rectified signal is higher than 0.5V then we have a high output. When the output of the comparator is high this will trigger the reset pin
at the TLC555 timing circuit generating a square wave output. The square wave is added to the video and audio signals to be transmitted. This square wave is used to generate an alarm signal at the receiver. 
2.7 Microcontrollers
 The microcontrollers  were researched for  our design we considered some of the application requirements, including power consumption, voltage requirements, cost, support for peripherals, and the number of external components required. The microcontroller will take input from the device that it is controlling and it will be sending signals constantly to different
components of the device so it performs the desired tasks. Moreover, we need to choose a chip that code in a language that is understandable and much less complicated overall. C programming is the language that the group desires to code in. It is much simpler to code in. C programming also helps the group in having easily implementable functions that work in the design of this project. C programming has a very simple looping scheme with several different types of loops Moreover, we need to choose a chip that code in a language that is understandable and much less complicated overall. Some of the most important featured of the microcontroller were are explained as follows 
Power consumption: power consumption varies between different  microcontrollers. For instance,8 or 16 bit microcontrollers have varied power consumption between 0.25 and 2.5 mA/MHz. Such a wide difference (over ten times) between low-power and standard microcontrollers determines the system performance significantly. It was extremely important to select a microcontroller that can manage the power consumption of the portable devices to meet the design requirements
Voltage requirements: CPU performance also depends on the operating voltage range
 Traditional microcontrollers operate between 2.7 and 3.3 V. New generations of low-power CPUs can even operate at 1.8 V. 
 CPU speed:  CPU needs to execute the wireless communication protocols and perform local data processing. These operations do not need a high speed CPU select a proper CPU speed, we need to know the amount of sensor data to be processed. The CPU must be able to finish the operations within delay deadlines. 
Dynamic CPU speed: Some  CPUs can dynamically change the operating frequency (i.e., CPU speed). CMOS power consumption obeys the equation P = CV2F. Therefore, higher CPU frequency brings more power consumption. But the CPU execution time is inversely proportional to frequency, that is, higher frequency makes a program run faster, which also saves energy. 
Peripheral Support   
We have discussed about CPUs (i.e., microcontrollers) and their internal design principle. A CPU has some pins to specifically interact with external devices. It has the following two types of pins.  Digital I/O pins: Standard digital I/O lines are included on all CPUs as the baseline interface mechanism. It interfaces with RF transceivers, memory units, and other components that output digital signals. Note: In these digital I/O pins, digital communication protocols are used  to read digital sensors. But some other peripheral chips connect to a CPU through serial communication protocols over a radio or an RS-232 transceiver. Overall, digital communication supports three standard communication protocols: UART (Universal Asynchronous Receiver Transmitter), I2C
(Inter-Integrated Circuit), and SPI (Serial Peripheral Interface). Both I2C and SPI use synchronous protocols with explicit clock signals. However, UART uses an asynchronous mechanism. 
 Analog I/O pins: A CPU also has analog I/O pins to interface directly with analog sensors. For these pins, the CPU has internal ADCs that allow for precise control of sample timing and easy access to sample results. If an internal converter is not present in a CPU, the mote designer should include an external converter


















Microcontrollers Comparison

	
	Atmega328
	TI MSP430G4618
	PIC16F720

	Max Frequency
	20 MHz
	16 MHz
	16 MHz

	Flash
	32 Kbytes
	16 Kbytes
	3.5 Kbytes

	Data Unit Size
	8 bits
	16 bits
	8 bit

	SRAM
	2 Kbytes
	512 Bytes
	128 Bytes

	ADC Channels
	8
	8
	12

	ADC Sample Rate
	15 ksps
	200 ksps
	n/a

	Temperature
	-40 – 85 ºc
	-40 – 85 ºc
	-40 – 125 ºc

	Active Power
Consumption
	
2v, 550µa
	
2.2v, 230µa
	
1.8v, 134µa

	Idle Power
Consumption
	
1.8v, 0.9µa
	
2.2v, 0.5µa
	
1.8v, 8µa



– Comparisons of the peripheral microcontrollers

MSP430FG4618 
The MSP430FG4618 is one of the options of microcontroller to choose from in the
Launchpad developer kit. The Launchpad kit is a board similar to the Arduino but uses an MSP430 and is manufactured by Texas Instruments. Since it is   manufactured by T.I. the suite of tools for programming their processors is   available to use, Code Composer Studio. Albeit the coding is more difficult in Code Composer Studio, it offers useful tools for debugging the software which includes a memory browser and disassembly viewer. It can pause the processor
at any time or at a predefined line of code and view the contents of memory addresses and registers. Although this software is expensive, there is a free license that allows up to 16kBytes to be written to the MSP430. Code Composer  Studio has macros defined for specific memory locations and bit masks for convenience. The MSP430FG4618 is a 16 bit  microcontroller with 16kBytes flash memory for programming, which is the code limit for the freeware version of CCS. It has an operating voltage of 1.8 to 3.3 V, up to 16 MHz operating frequency, and a max operating frequency of 185 Fahrenheit. It natively supports UART and PWM. The graph in figure 3.3.1 outlines the power profile of the MSP430 FG4618

[image: ]
:  MSP430G2553 power profile, Courtesy of T.I.

The MSP430G2553 has up to 24 I/O ports based on packaging and comes in surface mount and DIP options.



The specific MSP430FG4618   was initially because it supports SPI, I2C and UART support through it’ Universal Serial Communication Interface. The MCU by itself consumes 0.7 uA in standby mode nand 250 uA at 1Mhz and 2.2 V. The MCU also provides an abundance of peripherals, including 8 ADC Channels with a 10-bit resolution, 5 PWM outputs, 3 Timers and 24 GPIO.  In the design of the Knight Baby Monitor System, 26 of 28 pins were utilized. By maximizing the potential of the MSP430, and efficiently using the possible peripherals, a bigger packaged 64 pin MSP430 was unnecessary, which would have required an increase in operating power compared to the implemented package. The MSP430 was placed on the Main PCB, which also has the accelerometer. Wires were to connected the Main PCB to all other PCBs. We programmed  MSp430 to interface with the Melixis ML 90614 since they  both function on I2C the Slave address could not acknowledge the master . it was also difficult to get  library files  of these two device and community support was limited to. It was difficult to code.. After exhausting all possibilities we decided switch to  Atmeg328


ATmega328 with Arduino 

The ATmega328 is a 16 MHz, 8 bit, 2 KB memory processor by Atmel utilized by the Arduino Uno development board. The Arduino Uno is a popular development board due to its user friendly community support, power, and array of open source hardware available. There are a various additional hardware options for wireless connectivity for the Arduino Uno. Including Wi-Fi and Bluetooth options. It has 20 I/O available, 14 digital and 6 analog.ATmega328’sI/O count makes it a very strong candidate to fill the project requirements for Knight Brawlers. It’s I/O’s on the Arduino are configured so that they can easily be jumped to a breadboard while also being easily configured to support male pin hardware. 
These female header pin connections are a fantastic feature to add wireless hardware to the Arduino to test the ATmega328’s connectivity. Six of its I/O are available to provide PWM output which will benefit the motor operation of Knight Brawlers. Its pins are capable to produce a max current @40mA and they operate at 5 V. The Arduino uses the Integrated Development Environment software for programming via USB and can be linked via UART. It uses a subset of C for its programming language. 
The Arduino’s Integrated Development Environment software (IDE) comes with a lot of example programs and has a user friendly configuration to make programming the Arduino and its ATmega328 processor simple. The 32kB of Flash will easily hold all the code needed for Knight Brawlers. These features of the Arduino would’ve allowed for the project to completely test the processor requirements for the ATmega328 processor. The max operating temperature for the ATmega328 is 185 degrees Fahrenheit, which is high enough to be able to handle heat from the environment, from the motors and from the batteries. Due to its development board, its I/O count, wireless options, and ease of programming the ATmega328 was a strong processor candidate for Knight Wireless Babay Monitor.
Arduino is a popular microcontroller platform for hobbyists and developers because it is easy to use and powerful. The Arduino board comes standard with an ATmega328. However, used with the Arduino environment, the chip will run Arduino  bootloaderss and not be programmable with the AVR Studio software from Atmel. The chip would instead have to use the Arduino IDE which is not as intuitive as a full fledge software suite from a manufacturer, although it is free of cost. C programming can be used to program the ATmega328 and Arduino bootloaders offer significantly easier programming, where functions are used to replace much of the work that goes into configuring ports and other hardware supported features. 
ATmega offers operating voltages of -40 to 85 degrees Celsius which equates to a max operating temperature of 185 Fahrenheit which will be sufficient enough for using in the sun. Other aspects include 8 bit processing and up to 20 MHz operating frequency, a 1.8 to 5.5V operating voltage, and 32kBytes of flash programmable memory. The ATmega328 natively supports UART as well as PWM. The power usage profile of the device is as
follows:
This became our choice for the final design because of the availability of community support and that we could program it. This microcontroller uses it utilizes the  most power and offers,  the most memory  its CPU is faster than the other microcontrollers. This is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC architecture. By executing powerful instructions in a single clock cycle, the Atmeg328 achieves through puts approaching 1 MIPS per MHz allowing the system designed to optimize power consumption versus processing speed.   
  The AVR core combines a rich instruction set with 32 general purpose working registers. All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent registers to be accessed in one single instruction executed in one clock cycle. The resulting architecture is more code efficient while achieving throughputs up to ten times faster than conventional CISC microcontrollers. 
In- The Idle mode stops the CPU while allowing the SRAM, Timer/Counters, USART, 2-wire Serial Interface, SPI port, and interrupt system to continue functioning. The Power down  Atmel’s high density non-volatile memory technology. The On-chip ISP Flash allows the program memory to be reprogrammed In-System through an SPI serial interface, by a conventional non-volatile memory programmer, or by an On-chip Boot program running on the AVR core. The Boot program can use any interface to download the application program in the Application Flash memory. Software in the Boot Flash section will continue to run while the Application Flash section is updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip, the Atmel Atmeg 328P is a powerful microcontroller that provides a highly flexible and cost effective solution to many embedded control applications. The ATmega328P AVR is supported with a full suite of program and system development tools including: C Compilers, Macro Assemblers, Program Debugger/Simulators, In-Circuit Emulators, and Evaluation kits. The SPM instruction can execute from the entire Flash




	Active Mode
	CPU and all clocks
active
	200 uA

	Powersave
	Most clocks off
	.75 uA

	Power down
	All clocks off
	.1 uA


:  ATmega328 power profile

There are up to 23 available I/O ports and is available in PDIP or surface mount options.


























	
	Atmega
328
	MSP430
G4618
	STM32F407V
GT6
	ARM1176
JZF-S
	AM3359

	Speed
	16 MHz
	16 MHz
	168  MHz
	700 MHz
	1 GHz

	Memory
	2 KB
	512 B
	192 KB
	512 MB
	512 MB

	Flash memory
	32 KB
	16 KB
	1 MB
	Memory Card Expansion
	2 GB

	GPIO
	20
	24
	82
	26
	65

	Develop
ment board cost
	$35.00
Arduino
Uno
	$9.99
Launchpad
	$14.25
Discovery Kit
	$35
Raspberry
Pi
	$45
BeagleBo ne
Black

	Progra
mming Langua ge
	C
with Arduino functions Assembly
	C, Assembly
	C, Assembly
	Python,
HTML5, JavaScript
, Java, C, C++,   and many
other languages
	C#,      C,
C++, Javascrip t, Bonescri pt, Python,
Xml   and many more language s

	PWM
Outputs
	6
	2
	2
	1
	8

	Wireles
s Connect ivity
	Bluetooth
and   Wi-Fi available
	Bluetooth
and       Wi-Fi available
	Bluetooth  and
Wi-Fi available
	Bluetooth
available, Ethernet on board
	Onboard
Ethernet, Bluetooth
, Wi-Fi

	Max
Operati ng Temper ature
	185 F
	185 F
	221 F
	185 F
	194-221

	UART
	1
	1
	2
	1
	6

	


Table 4.2.2 Processor Comparison
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– Pinout for the Atmel Atmega328. Reprinted with permission from Atmel.
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 Pinout of the TI MSP430Fg4618  Reproduced  without alteration as allowed by
Texas Instruments.

Power and JTAG


The microcontroller is powered by 3.3V. A .1 uF capacitor is used to decouple the device from the power supply. The Eagle schematic below shows how this will be set up.



.
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Figure 4.3.2: Power schematic, Eagle

The MSP430 was prototyped on the Launchpad which has onboard emulator support.   When the device is built onto a board, it no longer has the onboard emulator  to  program  and  debug.    This  is now  done  via  JTAG  interface.    It requires  only  three  connections  to  the  MSP430  to  allow  programming,  and powers the device while it is connected.  The following image from the T.I. wiki shows how this is connected on the board.  The image is licensed under Creative Commons that allows for reprinting for any reason with a cite to the original source.

[image: ]
JTAG connection schematic, T.I. Wiki ( no permission needed)

From the image, connection J2 is used that will provide power to the device while it is connected to JTAG.



 


UART

The FG4618 variant comes with hardware UART support which is a major factor in the decision for using it.  The device must be configured through several address registers for UART to work properly.  Configurations that are considered are the baud rate, number of bits, parity, and the number of stop bits.  These can all be configured by simply writing a value to a specific address.  UART support comes in the form of the Universal Serial Communication Interface (USCI).  There are two USCI modules, only one supports UART which is called module A0.  When configured properly, the RX and TX pins on the device will be set to ports P1.1 and P1.2, respectively. UART is set up with the following configuration:  9600 baud rate, 8 bit data, no parity bit, and 1 stop bit. The following process sets up the UART with the projects configuration: Set the DCO clock to 1 MHZ.  The device has a max clock speed of 16 MHz, but using a lower clock speed will give an added benefit of reducing power consumption. Select alternate function for P1.1 and P1.2.  This is done by setting P1SEL and P1SEL2 to 0x06.  P1.1 and P1.2 are hardwired to have UART RX and TX as alternate functions. Set UCA0CTL0 to 0.   This is the address register that determines the UART configuration.  Setting it to 0 assures it will be set to no parity bit, 8 biit data length, 1 stop bit, and UART mode.  The following is an outline of this register:

	UCA0CTL0

	7
	6
	5
	4
	3
	2            1
	0

	Parity disable
	Parity
	LSB First
	Length
	Stop Bits
	USCI Mode
	Async


UCACTL0 register

Software
The Microprocessor will perform the monitoring of the sensors which appear at this time to be an infrared motion sensor, an infrared temperature sensor, a microphone and a video camera. There signals are to feed into a microprocessor. The signal will be compared to a parameter to identify problems or the signal may pass on to the smart phone for viewing. Only open source operating systems will be considered for this project due to the cost. At this time it is unknown what microprocessor will be used therefore we will compare different Integrated Development
Environments (IDE) that use C and assembly languages. NetBeans is an open source IDE for java, C, C++, PHP and HTML. It is quite popular and has a large following, but is geared more for web applications and therefore will not be considered for our project. Eclipse is an open source IDE by the not-for-profit Eclipse Foundation and is supported by a community that wishes to collaborate on open development platform. It was originally created by IBM in 2001 [29]. Eclipse can be used for various programming languages such as C, C++ and Java. Also, Eclipse integrates plugin solutions for various specialty tools and alternate programming platforms. Eclipse is widely used at UCF for Java programming so our computer engineering is familiar with it. Solutions for problems will be widely available due to the widespread use of Eclipse. The IDE is available without cost. Eclipse works with Windows 7, which is used on most UCF computers available for the teams use.
Also the team’s computer engineer has a home multi-core Windows 7 computer.
Code Composer Studio ® is an open source Eclipse based IDE available from Texas Instruments for embedded programming of the MSP430 Texas Instruments low power microprocessors. This was used in the UCF embedded systems class so the team is well versed in its use.

Therefore if Texas Instruments microprocessors are used this is the IDE we intend to use for microprocessor programming. OpenCV was initially an Intel Research initiative and the first version was released
in 2000. In 2012 OpenCV support was taken over by OpenCV.org. OpenCV is a free open source API designed for multi-core processing, real-time applications and computational efficiency [24]. Video process programing in the android environment can be accomplished by using OpenCV which has a plug-in for Eclipse. Eclipse has an Android environment for testing applications without loading to an Android device. It has APIs for Windows and Android. Eclipse is the IDE we will
be using for writing this software.


The application will take the raw video from the camera and store it in memory as per the specifications. If an extreme amount of motion is detected by the motion detector it will pass the video through to the cell phone which will process the video to detect hazardous sleep positions.


The new smart phones have multi-core processing and three or more gigabytes of memory. They are as powerful as portable computers from a few years ago. The Android has some capable Audio and video playback API that may be used in lieu of the OpenCV API. This will be decided as the project progresses and the computer engineering student researches the programming needs. 


Android Video processing on the new smart phones which have multi-core processing and three or more gigabytes of memory. They are as powerful as portable computers from a few years ago. The Android has some capable Audio and video playback APIs that may be used in lieu of the OpenCV API especially for playback. This will be decided as the project progresses and the computer engineering student researches the programming needs.
ZIgBEE
ZigBee is a wireless technology developed for applications that need low cost and  low  power  wireless  mesh  networks.  The  ZigBee  is  based  on  an  IEEE
802.15.4 standard for wireless personal area networks (WPANs). It also operates in  unlicensed  bands  such  as  868  MHz,  900  MHz,  and  2.4  GHz.  For  non-
commercial use the ZigBee specification is free to the general public. The ZigBee
Alliance provides membership, which gives access to unpublished specifications and permission to create products for market use. But the membership in the
ZigBee Alliance can cause problems for open source developers because there
is an annual fee that conflicts with the GNU General Public License.

ZigBee is mostly used for periodic data transfer or single transmission from a sensor or device. The raw data rate is 250 kbps per channel in the 2.4 GHz band, 40 kbps per channel in the 915 MHz band, and 20 kbps per channel in the
868 MHz band. The data rates are shown below in Table 3.3.5.1.

	
Bands
	
Data Rate for each Band

	
868 MHz
	
20 kbps

	
915 MHz
	
40 kbps

	
2.4 GHz
	
250 kbps



Table 3.3.5.1 – Data rate for each frequency band

Depending on the environment, the transmission range for the ZigBee is between
33 and 246 feet (10 and 75 meters). The maximum output power of the radio is around 1 milliwatt (mW). Below is a list of pros and cons for the ZigBee:

Pros:
•  Transmission range is between 10 and 75 meters (33 and 246 feet).
•  Maximum output power of the radios is around 1 mW.
•  Supports a flexible network structure.
•  Many manufacturers are integrating MCUs with ZigBee transceivers.


•  Poor interoperability

3.3.6 Infrared (IR)
Infrared  technology  allows  devices  to  communicate  via  short  range  wir signals. Infrared allows digital data to be transferred bi-directionally. Inf communication uses infrared light to transfer data. There are three co infrared standards. All three types differ in performance. IrDa-SIR has a dat of 115 kbps, IrDa-MIR has a data rate of 1.15 Mbps, and IrDa-FIR has a rate of 4 Mbps. Table 3.3.6.1 summarizes the data rates for the different typ infrared.

	
Infrared Type
	
Data Rate for each type

	
IrDA-SIR (slow speed)
	
115 kbit/s

	
IrDA-MIR (medium speed)
	
1.15 Mbit/s

	
IrDA-FIR (fast speed)
	
4 Mbit/s



Table 3.3.6.1 – Data rate for each Infrared type

Infrared  communication  is  great  for  short-range  transmission,  but  is obstructed. For infrared to work there must be a direct line of sight between transmitter and receiver. Below are the pros and cons of infrared communication

Pros:
•  No need for receiver to search for frequencies
•  No radio interference
•  Low power consumption

Cons:
•  Vulnerable to interference like walls and daylight
•  Infrared requires a direct line of sight
•  Short range

3.3.7 Comparisons between Communication Technolog  is very important for this project. There will be accessories need  to  communicate  to  a  docking  station.  The  preferred  technology standard of communication needs to be selected before device exploration possible.  The most suitable technology  should  possess  most of  the  d features for transmitting data in this project, offer good performance for the and be compatible with other components of the sleep management system.

Wired and infrared communication will not be compared in this section. Fo project, wired and infrared communication will not be considered or used. E wired connections are limited to the peripheral devices on the person, it in
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comfort and limits the modularity and scalability compared to wireless. Inf communication would not be a good candidate for this project either, beca needs a direct line of sight from the transmitter to the receiver. If the p wearing the sensor (transmitter) happened to sleep on top of the sens covered  the  sensor  as  is  expected  with  blankets,  it  would  not  be   communicate with the base station (receiver).



	
	Bluetooth
	Wi-Fi
	ZigBee
	RF

	System
Resources
	
250 KB +
	
1 MB+
	
4 KB – 32 KB
	
N/A

	Battery Life
(days)
	
1-7
	
1-5
	
100
	
1-7

	Bandwidth
(kbps)
	
720
	
11,000+
	
20-250
	
64-128

	Range
(meters)
	
1-100
	
1-100
	
1-75
	
1000

	
Feature
	Cost, Convenience
	
Speed
	Low Power, Cost Effective
	
No Overhead



1 – Comparison of Communication  Technology Specifications




2.3 Communications
In creating our project, Knight wireless baby monitor, many requirements were
taken into consideration. A requirement of our project is to be able to transmit data wirelessly. A second requirement is comfort. A wired connection from the wearable sensors to the base station would violate this comfort requirement. While it may be possible to perform the required wireless baby monitoring and alarm functions with a single wearable device, this would not provide the user with convenient access to their information and would not allow the system to be scalable or modular[3]. The decision to create a wireless non-wearable device would allow the base station to
be conveniently placed on any nearby piece of furniture. Other desirable features are low power requirements for the peripheral devices, low interference, reliability, ease of use, and possibly security. Moreover, there are several advantages to using a wireless network: convenience, mobility, and productivity.
Wi-Fi is the most prominent wireless connectivity technology. Wi-Fi is a method of communication that uses higher frequencies to communicate as radio frequencies. Wi-Fi adapters convert digital code to radio waves to communicate and the opposite method to interpret the information sent. It is based on the IEEE 802.11 standards, which detail how to communicate in the 2.4 and 5 GHz radio bands. There are three different types of Wi-Fi connections classified by the IEEE as 802.11a, 802.11b and 802.11g, and 802.11n, the newest connection available. The advantages of using Wi-Fi for the project are that Wi-Fi does not require wire connection. Wi-Fi can connect more than one device to the same network to send and receive information.  However, Wi-Fi has several disadvantages as well. Wi-Fi devices required more power for operation, draining more battery life. Moreover, the security of Wi-Fi can be compromised when security encryption is not configured properly and it may cause more problems when trying to successfully secure the network connection being sent to cell phone. They have a history of being decrypted using various methods. However, a number of encryption protocols exist such as WEP, WPA and WPA2. One of the concerns regarding monitoring the sleeping habits of the user is that someone could use that potentially sensitive information without the consent of the user. Wi-Fi is a good option for the transmitter communication    mode of the project and provides the possibility of allowing the Knight wireless baby monitor to be controlled through a web-enabled smartphone. Based on our security concern, any Wi-Fi modules considered will support the most up-to-date encryption protocols available. See Table 2.22 for the pros and cons of Wi-Fi.
Bluetooth devices use radio waves similar to radio frequency and Wi-Fi technologies to communicate between transmitter and receiver. The radio wave technology used by Bluetooth is known as frequency-hopping spread spectrum. This technology chops chunks of data being sent and randomly changes the frequency being used to send the data 1600 times every second to avoid interfering by other electronics using the same range of frequency band. Bluetooth technology can use up to 79 different frequencies when randomly changes. This technology is implemented on Bluetooth since Bluetooth uses a frequency band range of between 2.402 GHz and 2.480GHz. These band ranges are common frequencies other wireless devices use to communicate. Since Bluetooth usage is very common nowadays, it will be a good thing to implement it on knight wireless baby monitor
[10]. As mentioned previously, all technology has benefits and drawbacks when
being used to send or receive data. The advantages of using Bluetooth for the

Table 2.22: Pro and Cons for Wi-Fi
Pros
Global set of standards for connecting computers, mobile phones, and other
devices together.
Reliable error correction
High throughput.
Readily available in most locations
Cons
Power consumption is higher compared to other communication standards. Properly configured encryption standards can be breakable Access points on the same channel can prevent right-of-entry to other access points. In high density areas like apartment buildings this can be a problem.
External components for connection purposes. Knight wireless baby monitor are that this kind of technology is widely used. The simplicity of using Bluetooth is a plus and the connection of the remote with the Bluetooth receiver on baby monitor is similar to the connection already used for
other electronics. Many Bluetooth devices have low power consumption, which is beneficial for the battery life. Due to the way the technology operates, changing frequencies 1600 times per second, it gives the freedom of interference. 
Other advantages are that the technology does not require synced devices to have a clear line of sight between each other. This allows the devices to communicate with each other while in separate rooms and the technology is free to use and does not require charges to be paid to a service provider. Bluetooth is also available on all major smartphones. This technology seems very promising. The range of operation of Bluetooth depends on the power being utilize which is also allowed by the IEEE, for example when transmitting at 100mW the range proximity is of about 100 meters, 2,5mW of 22 meters and 1mW of 6 meters. 
The 1mW is more commonly used. Nonetheless, Bluetooth does have some disadvantages[10]. It has less capacity of data transmission than other wireless options out there. Also, the security of Bluetooth can sometimes be cracked since it does not require a line of sight to connect to other Bluetooth devices and also due to its large range. Bluetooth technology can only connect two devices at a time and only allows short range communication between the devices. While transfer speeds are relatively fast, other technologies can offer faster speeds. Yet, Bluetooth is still a good method of wirelessly connecting devices and it is taken into consideration as an option for Knight Wireless baby
Monitor. For the pros and cons of Bluetooth see Table 2.23.
Table 2.23: Pros and Cons of Bluetooth
Pros
Bluetooth technology is cheap. Endless options for short range wireless Endless options for short range wireless Bluetooth is not a line of sight technology. This provides some immunity from objects potentially blocking the communication path, and it comes with ranges of up to 100 meters (for Class 1 devices). Bluetooth uses low-powered 2.4 GHZ band for radio communication. Since v1.2, Bluetooth avoids interference from other wireless devices  adaptively. Simple and easy to use: setting up Bluetooth connectivity is automatic. Bluetooth can connect up to a maximum of 7 devices within a range of up to 10 meters.
Cons
When the range and radio frequency of Bluetooth increases it can be prone to security risks. Short distance Interference due to the 2.4 GHz ISM band Some Bluetooth only has up to 2.1 MBps data transfer rate. When using Bluetooth technology, the connection can sometimes run very slowly or drop periodically. 
ZigBee is a wireless technology developed for applications that need low cost and low power wireless mesh networks. The ZigBee is based on an IEEE 802.15.4 standard for wireless personal area networks (WPANs). ZigBee is mostly used for periodic data transfer or single transmission from a sensor or device. It operates in unlicensed bands such as 868 MHz, 900 MHz, and 2.4 GHz. For non-commercial use, the ZigBee specification is free to the general public. The ZigBee Alliance provides membership, which gives access to unpublished specifications and permission to create products for market use. But the membership in the ZigBee Alliance can cause problems for open source developers because there is an annual fee that conflicts with the GNU General Public License. ZigBee also has several other advantages and disadvantages. Among them are given in Table 2.24.  Infrared (IR) technology allows devices to communicate via short range wireless signals. Infrared allows digital data to be transferred bi-directionally. This communication uses infrared light to transfer data. There are three common 29 infrared 51 
Table 2.24: Pros and Cons of ZigBee
Pros
Large network capacity
Transmission range is between 10 and 75 meters
Reliability
Security
Many manufacturers are integrating MCUs with ZigBee transceivers
Maximum output power of the radios is around 1 mW.

Cons
Short range
low data speed
Low data rates
Poor interoperability standards. All three types differ in performance. IrDa-SIR has a data rate of 115
kbps, IrDa-MIR has a data rate of 1.15 Mbps, and IrDa-FIR has a data rate of 4 Mbps. Infrared communication is great for short-range transmission, but is easily obstructed. For infrared to work there must be a direct line of sight between the transmitter and receiver. Other advantages and disadvantages are shown in 2.25. Table 2.25: Pros and Cons of Infrared
Pros:
IR is not affected by radio transmission. Low power consumption The system is secure because there is no signal spillover. No radio interference 
Cons: Infrared requires a direct line of sight Data transmission speed is lower than wired transmission. Short range Several choices of infrared remote controllers are available. We have the option to build our own IR remote control or to buy an IR remote control transmitter with its 52 respective IR LED reader. If we were to build an IR remote, the time in finishing the project would be increased. The knight wireless baby monitor will communicate when the IR LED sends the infrared light at 38.5 KHz for short periods of time sending binary codes that will be taken by the IR detector and later interpreted by the microcontroller. 
Radio frequency (RF) is a portion of the electromagnetic spectrum that ranges from 300 kHz to 300 GHz. Radio frequency works by creating electromagnetic waves at a source and being able to pick up the wave at a certain destination. These waves travel through the air at near the speed of light. Many frequency bands are reserved for military, industrial, scientific and medical (ISM) applications such as the common radio the frequencies are 915MHz, 2.45GHz, 1GHz, and5GHz. In order to be allowed to use these frequencies absolutely no licensing or ownership needs to be granted by the Federal Communications Commission(FCC). Industrial, scientific, and medical use are otherwise owned and require licensing. For transferring of two or three digit numbers to a display the 1GHz band is sufficient. However, RF is not without flaws. There is a possibility for noise issues, however, with the availability of this type of frequency it can be easily utilized and found in many transmitting integrated circuits. In order to use RF securely, we would require the creation of a custom networking protocol for this project. Therefore, the ease of use may be low. Bluetooth and Wi-Fi are examples of an existing standard using RF that is readily available. Below is Table 2.26 showing the pros and cons of radio frequency.Table 2.26: Pros and Cons of InfraredPros:
1GHz frequency available
Low Power
Easy to find transceivers
Custom protocol
Cons:
Interference
Not secure
No help with protocols
Bluetooth vs. Wi-Fi is Based on the specifications listed above for Bluetooth, it
really does not do us justice to utilize Bluetooth in the project. Bluetooth for the
most part is used only as a general cable replacement, for things like computers
and phones. Low power is also an important goal for this project, since Bluetooth
 uses more power for the distance that it will be traveling it would not be ideal to use
it. Wi-Fi can be more complex to use, seeing as it requires a wireless adaptor on
all the devices of the network, a wireless router and/or wireless access points[10].
It also requires configuration of hardware and software. It is used primarily for laptops,
desktops and servers. However, it does have a substantial range. Compared
to Bluetooth at 10 meters, Wi-Fi has a range of about 100 meters. When it comes to security, Wi-Fi could be considered less secure in some cases since all it takes is for someone to access one part of a secured network in order to get access to everything. Since Bluetooth can cover shorter distances and has a 2 level password protection, it is considered to be more secure. The cost of Bluetooth compared to Wi-Fi is considered to be substantially low for Bluetooth and pretty high for Wi-Fi. They both, for the most part, operate in the same frequency domain, the 2.4 GHz frequency domain and operate in different bandwidths. Bluetooth operates at a low bandwidth (800 Kbps) while Wi-Fi operates at a high bandwidth (11 Mbps).
RF vs. Wi-Fi when using generic RF, the amount of actual functionality drops substantially when compared to Bluetooth and Wi-Fi. However, all this extra functionality is really unnecessary when it comes to this project. Seeing how expensive Wi-Fi is compared to generic RF, it does not make sense to drain the budget just to be able to use Wi-Fi. The project will be using the generic RF 1.0 GHz band which may cause some trouble since it’s so cluttered. However since it was decided to use the least amount of power possible, this is the best route to use.

 ZigBee versus Wi-Fi From the initial research in the ZigBee section, the ZigBee has a maximum output power of 1 mW. Wi-Fi on the other hand has a higher maximum output power. For this project to work, the wireless accessories need to able to stay powered for at least 8 hours. Wi-Fi has a high data rate, but the ZigBee has a data rate of 20-250 kbps. Wi-Fi would be able to send and receive much more data in a short period of time than the ZigBee. Yet, both are able to transmit data from a long range.

 Bluetooth For our project, Bluetooth can be a great candidate for communication. Bluetooth is designed to connect with mobile phones, laptops, and other devices. In our project, connecting to mobile devices that have Android, iOStype, or Windows 8 is a desirable feature. Many mobile devices have Bluetooth integrated. ZigBee on the other hand is supported by very few mobile devices. However, many manufacturers are integrating ZigBee into their microcontrollers. Both Bluetooth and the ZigBee are low powered. Bluetooth power can range from 1 mW to 100 mW depending on the type. Moreover, Bluetooth can send and receive more data than the ZigBee.  Bluetooth is the best candidate for this project. It is low powered, is able to transmit and receive a sufficient amount of data, and low cost. 

While ZigBee shares  many  of  the  same  desirable  characteristics,  Bluetooth  enjoys  nearly universal device support and interoperability, being integrated in the majority of mobile phones and tablets. It therefore also offers the best ease of use and performance  to  cost.  Wi-Fi  is  also  nearly  universally  supported,  but  is  both resource  and  power  intensive.  The  project  must  ensure  that  the  wearable
devices can last through a  night’s sleep. Additionally, some  Bluetooth chips available offer Bluetooth Low Energy and ANT/ANT+, both of which are low
power, reliable, and designed for personal wireless sensor networks.

Bluetooth was the chosen form of wireless communication because all Blue tooth  the chosen form of chips must adhere to a set of standards, which made developing with it easier. Another benefit is that Bluetooth is considered low-power. Low power devices were preferable, because they help to increase battery life and reduce the likelihood of overheating. Bluetooth technology uses short wavelength radio transmissions in the unlicensed industrial, scientific, and medical (ISM) band in order to create very secure personal area networks. The ISM band exists at the 2.4 GHz to 2.485 GHz frequency spectrum. This eliminated any concerns over interference from other devices. It also eliminated any concerns over network loss due to third party devices, such as Wi-Fi loss due to a failing router.
Bluetooth uses a technique called spread-spectrum frequency hopping to transmit signals. Spread-spectrum frequency hopping works by using 79 randomly chosen frequencies within a prescribed range. Bluetooth specifically switches between those frequencies 1600 times per second. As a result, it is very unlikely that two devices will be transmitting the same frequency simultaneously. The personal area networks created using Bluetooth can be as large as 50   meters (164 feet). While 50 meters may not seem very large, it is more than enough for the purposes of the design, as the course must be visible to the user at all times. Realistically, communication may not reach the complete 50 meter range due to several factors. Such factors include the Bluetooth iteration used (1.0, 2.0, etc.) and the capabilities of the Android devices sending the remote control signals.
Adding to the list of Bluetooth benefits was that communication between paired devices (the remote control and the assigned vehicle) was automatic. A sort of network is formed between the vehicle and its paired remote control. This network is called a personal-area network (PAN) or more specifically a piconet.  Bluetooth is also low power, which is desirable in the system. Each transmission signal from the remote control to the vehicles consumes approximately 1 milliwatt of power, making Bluetooth’s short term effect on the system power virtually negligible. Bluetooth operates at special standards providing a uniform environment for all Bluetooth enabled devices.

 The standards originate from the 802.11 networking standard. One part of the standard governs the maximum transfer speed of the devices. Bluetooth 1.0 has a maximum transfer speed of 1 Mbps, Bluetooth 2.0 has a maximum of 3 Mbps, Bluetooth 3.0 has 24 Mbps maximum, and Bluetooth
4.0 has 25 Mbps maximum. All Bluetooth iterations are designed to be backwards compatible to previous versions, meaning Bluetooth 3.0 will work on Bluetooth 2.0 and so forth.

 The device chosen for its low power and ability to run the Bluetooth stack is the Roving Networks HC-06. Since the microcontroller used is going to be low power, it will not be powerful enough to run the Bluetooth stack. The HC-06 also has built in UART support and acts as an RX/TX pipe, where a byte it receives wirelessly from Bluetooth is automatically pushed to its UART transfer pin.
UART (Universal Asynchronous Receiver/Transmitter) is a system for pushing a byte of data from one device to the other, so long as both have UART implemented.

 One important aspect that makes UART unique is the fact that both systems do not need to be on the same clock cycle, which minimizes the amount of wiring needed between each device. This is where the title asynchronous comes from. UART works by taking a byte of data and transmitting it serially, bit by bit to another device. 
The secondary device has a receiver which rebuilds the bits back into a complete byte. During this process the byte is converted from a parallel form, to serial, and back to parallel. the two devices are on different clock signals it is important for both devices to be configured the same. These configurations include: Baud rate (symbol Bd) which is a measurement for pulses per second. A common baud rate is 9600Bd, which means it supports 9600 pulses per second. It is important that the baud rate is high since one device can send the signal at any time, since they are not synchronized the other device needs to pick up the signal immediately. 
Another configuration is start bit, a signal that the byte has been completed. Data bits, which is the amount of bits that will be sent and received from each device, typically 5-8. UART works by holding the transmit and receive lines high, then once data is ready to be transmitted a start bit is sent, which is where the line is brought low for a cycle, the data and start bits are to follow.
This means it will be important for the selected microcontroller to also have UARTsupport.

Power consumption and range of different Bluetooth classes






	Class
	Power Consumption (mW)
	Range (m)

	Class 1
	100
	100 (approx. 328 feet)

	Class 2
	2.5
	10 (approx. 32.8 feet)

	Class 3
	1
	1 (approx. 3.28 feet)







From the table above, Class 2 Bluetooth seems like a possible communication
candidate for this project. Class 2 only uses 2.5 milliwatts of power and it can
connect to another Bluetooth device within 10 meters. Class 1 Bluetooth’s power
consumption is 40 times more than Class 2 and the range exceeds that required
for this project.


Pros:
Bluetooth technology is cheap.





ZigBee versus Radio Frequency (RF), power consumption is an important factor
to consider for this project. Radio Frequency has less power consumption than
the ZigBee. However, radio frequency is not secure. ZigBee is secure. Both radio
frequency and ZigBee can use the 2.4 GHz band. Radio Frequency would be
superior to ZigBee, but is more susceptible to interference and will not offer the
same performance versus the cost. Moreover, radio frequency has less ease of
use when the protocol is designed from scratch. Interference and designing the
protocol from scratch translates to poor reliability for RF. ZigBee uses a network
structure and it has an error correcting protocol where the generic radio frequencies
do not. ZigBee is also designed for personal area networks,

Communication Technology Selection initial summary, yielded  Wi-Fi was  the best candidate
for our project. It is low powered, is able to transmit and receive a sufficient
amount of data, and is low cost. Meanwhile, Bluetooth enjoys nearly universal device
support and inter-operability and is integrated in the majority of mobile phones
and tablets. ZigBee shares many of the same desirable characteristics. It therefore
also offers the best ease of use and performance for the cost of Bluetooth. It
is also nearly universally supported, but is both resource and power intensive. The
project must ensure that the wearable devices can last through a baby’s sleep.
There were some similar projects that were found in past UCF Senior Design
classes and on the web. It is a really good advantage to have past student projects
and commercial projects as research tools to gain insight into trouble areas that
past projects have encountered and to explore features of commercial projects.
Power
Every device needs to be powered in some way. The power source chosen for
the project needs to be efficient and stable. There are many ways to achieve this
and several possibilities are mentioned below.
AC Power is the easiest and probably most straight forward way to power a device
is AC power from a wall receptacle. Most devices and household appliances are
powered this way. The power received from a wall socket is stable and constant
[22]. Moreover, AC power is very cost effective and most homes are equipped
for AC power. The best power supply would be a combination of the two options
mentioned. By combining AC power and batteries, the user can be assured that
the device will not fail regardless of any interruptions to the power supply such as
a power outage. Moreover, the base station for our device will need to be powered
from a standard outlet. It will most likely require a AC to DC power supply that can
deliver 5 volts and 1 amp. It is possible to either purchase a device from a retailer
or design a device to perform this function.
DC Power will be the power supply for the devices will be a DC to AC power supply with a battery as the source. To power the device for an extended period of time, the battery that will be selected needs to have a significant amount of charge. A lithium-ion battery is an ideal source for this power supply. Lithium-ion batteries are used in devices such as cell phones, which demonstrate how long a single charge can last. Because the portable device will be designed to operate with low power
it should extend the time the device can function on a single charge. Each lithium ion battery comes equipped with circuitry that prevents it from being drained completely. This circuitry is designed to protect the user from discharging the battery too fast, which can cause it to explode. It is important when buying the battery to consider that the value listed for total mill ampere-hours (mAh) is not the amount that is actually usable. It is important to properly care for the battery to reduce the risk of a fire or explosion. One important way to do this is to never drain the battery lower than 80 percent, these batteries are not designed to drain completely. Selecting a battery to meet the design requirements of the project is not a simple task. The battery should have a small overall size that conforms to the small shape of the portable device. Furthermore, limiting the size of the battery will limit the amount of mAh that are available, so a good ratio will have to be reached to meet
the demands of our design.

3.4 User Interface
In many embedded applications, user interface designs could be carried out with simple LCDs capable of just printing text in one standard color. However, due to the complexity and amount of data that must be presented intuitively to the user, a simple LCD is not a valid approach for the display. Instead, the user interface needs to portray a seamless, pleasant, and intuitive experience to the user in order to control the system. Currently, the electronics market addresses this feature with touch enabled, multicolored LCD displays.







Some displays have innovative technologies like capacitive touchscreens infused with touch-oriented operating systems that exploit the user’s experience with captivating  graphical  user  controls  and  excellent  information  presentation methods. In this project, the focus is largely centered on informing the user about his or her sleeping habits and the associated health effects. As a result, the user interface will be imperative to a successful interaction between the system and the   user   to   provide   large   amounts   of   information   in   an   intuitive   and straightforward manner.


Ideally,  information  should  be  collected,  processed,  and  sent  to  the  user interface’s host. The host, i.e. a standalone device or a subcomponent of the main processing unit, will present the information to the user including:
•  The state of the system
•  Previous user settings
•  Data previously collected
•  Data currently being collected
•  Recommendations for a better sleep
•  Progress in user’s sleep over time

In practice, the user interface should be accessible to a broad range of users. For instance, a user interface hosted by a large device that the user has to physically acquire, such a device resembling an alarm clock, would provide inconveniences by  adding  to  the  inventory  of  the  user’s  possessions.  However,  if  the  user interface was implemented with a device that the user already physically owned, such  as  a  smart  phone,  the  user  would  find  it  convenient  to  download  an application onto his platform. Of course, in this case, the user’s platform would have  to interact with the hardware  portion of the project bringing about  the problem of compatibility.

In essence, creating a user interface will be as simple as creating an application that sends commands from the smart device to the add-on through a Bluetooth or USB connection. This method allows for modularity in the architecture since the  user  interface  can  be  redesigned  at  any  time  without  changing  the functionality  from  the  embedded  system.  This  approach  also  creates  many exciting choices in the development for the user interface and provides portability to other environments (e.g. Android, iOS, Windows 8). Portability is an extremely important trait because it would mean that the user could use any device that he wished in order to host the application, as long the application was available in the device’s environment.

3.4.1 Application Environments - Mobile Operating Systems
Mobile operating systems have grown in popularity ever since more computing power  began  residing  in  smaller  chipsets.  The  market  conceived  numerous operating  systems  that  host  a  plethora  of  embedded  devices  ranging  from phones, tablets, TVs, netbooks, industrial consoles, and cars. Below is a brief examination  for  each  embedded  operating  system  with  emphasis  on  the candidacy for GoodKnight’s User Interface (UI) application.

Battery Technologies are one of the most common ways to power a device in our project knights wireless baby monitor the batteries. Batteries are easily replaced and allow the device to function even during a power outage. There are many different   battery options available in rechargeable and non-rechargeable form. Batteries may not be the most efficient option for a power supply but they are still a  valid choice, especially as a back-up. Electronic portability is perhaps the most important aspect of everyday life. In our technologically advanced society, the word portability has no value without the existence of batteries.  
The industry today offers two types of batteries, primary and secondary cell, better known as non-rechargeable and rechargeable batteries, respectively. These two battery cell technologies are manufactured chemistry specific in either a dry or liquid electrolytic cell.  
The major distinction between the two batteries is that the secondary cell has reversible electrochemical properties, while the primary cell does not   The reactive elements in a primary cell can only be exhausted once to produce energy and the energy cannot be restored to the cell by electrical means. These cells are known as disposable or non-rechargeable batteries and are commonly manufactured using zinc-carbon and alkaline chemistries. The chemical reactions that occur in a secondary cell can be reversed electrically allowing the cell to restore its chemical composition. This means that the cell is capable of charging, discharging, and recharging many times over, hence the more common name ”rechargeable
battery”. Although it may seem that primary cells are obsolete in comparison to
secondary cells, they are still widely used in portable devices that are used intermittently
such as calculators, flashlights, remote devices, and many electronic outdoor tools. The reason for this is due to the fact that primary cells maintain high energy density with extremely low self-discharging rates. Self-discharging is the discharging process that occurs when a battery is sitting idle with no connection to its terminals. This is really convenient when it comes to the use of a flashlight that runs on primary cell technology. One might use the flashlight two times out of an entire year and it would still have maintained nearly the same charge in its battery as the first use. On the other hand, a flashlight powered by a secondary cell could completely deplete its charge within a week or possibly a few days of no use. There are also many additional differences between the two battery technologies that are worthy of mentioning such as environmental impact and cost, but it is mainly the low self-discharging of primary cells and electrical reversibility of secondary cells that divides the two technologies. Generally, primary cell technology is used with devices that are intended for occasional/less frequent use and secondary cell technology is used with devices that are intended for daily/frequent use. Laptops, cell phones, media players, portable gaming devices, and industrial tools are prime examples of devices that commonly use secondary cell technology. Battery chemistry is another important aspect that will need to be decided on so that the optimum charging capabilities are upheld if secondary cell technology is to be used. Battery engineers focus on testing different chemistry configurations in hopes to compensate for the standard flaws that are associated with secondary cells.
 The most common choices of rechargeable battery chemistries are lead-acid (SLA), nickel-metal hydride (Ni-MH), nickel cadmium (Ni-Cd), and lithium-ion (Li- Ion). In order to power the project, it will require the need to choose a battery that will meet all power requirements. The battery will need to be able to run three 6 volt 1.6 amp DC.
 It must also power the microcontroller and all necessary divers and modules. Let’s investigate the types of rechargeable batteries and weight out the pros and cons to see which will be ideal for our project [7]. The first concern for any mobile, autonomous unit is power storage. The baby monitor addresses these concerns with a thorough analysis of available battery solutions, focusing on
advantages and applicability. Plugging the baby monitor into a wall outlet is not a practical solution for the purposes of the project, especially if the rover portion is required to move around to accomplish its goals. This is why a portable source of power is obligatory. With recent technological advancement in portable electronics, battery innovation has dramatically increased within the last two decades.  Batteries will be considered on the basis of their size, output voltage, capacity, relative
safety, and longevity.
LEAD-ACID battery technology has been discovered around since the 19th century and remains the technology of choice for automotive applications because of their robustness and low cost. They are the oldest type of rechargeable battery and were mainly intended to serve as ignition starters for automobiles. They have the lowest specific energy density among all the battery chemistries making them physically large in size. Lead-acid batteries also have practically no self-discharge, which allows them to be stored away for long periods of time and still maintain their original charge. Lead-acid batteries are composed of a lead-dioxide cathode, a sponge metallic lead anode and a sulfuric acid solution as the electrolyte. Due to the heavy metal elements in these batteries, it makes them the heaviest of all batteries and improper disposal can be hazardous to the environment. Lead acid
batteries charge by the lead sulfate and water are electro-chemically converted to lead, lead oxide and sulfuric acid by an external charging source. During discharge  the positive plate and negative plate react with the electrolyte of sulfuric acid to create lead sulfate, water and energy. Along with its low cost and robustness, the lead acid battery can deliver very high currents, is tolerant to overcharging, low internal impedance, and can be left on float charge for prolonged periods of time. For the
project, a prolong float charge is necessary for charging from a solar panel.
Lithium polymer (Li-Po) The Lithium Ion battery is a rechargeable battery where the electrodes are made up of lithium and carbon. The cathode is made up of lithium cobalt oxide and the batteries are found in many electronic devices, such as tablets and laptops.  When the battery charges up, the lithium based positive electrode releases some of its lithium ions which travels through the negative electrode and remains there. Energy built up and stored during this process. When no more ions flow the battery is fully charged. When the battery discharges, lithium ions move back to the positive electrode giving the power the battery needs. When all the ions have move back the battery is fully  discharged and needs to be charged up again. The lithium ion battery is much lighter than other types because of its size. Lithium is a highly reactive element meaning that a lot of energy can be stored. Lithium batteries are very popular and are found in your everyday electronics such as Laptops, I-pods, cell phones and etc.

Some of the many advantages of the Lithium Ion battery include:

•    Charge. A lithium-ion battery pack can lose only about five percent of its charge per month, compared to a 20 percent loss per month for  NiMH batteries.

•    Lithium-ion batteries do not a memory effect, you do not have to completely discharge them before recharging, as with some other battery chemistries

    •    Lithium-ion batteries can handle hundreds of charge/discharge cycles. The      Lithium Ion Battery is not without its disadvantages:
•    They start degrading as soon as they leave the factory. They will only last two or three years from the date of manufacture whether you use them or not.

•    They are extremely sensitive to high temperatures. Heat causes lithiumion battery packs to degrade much faster than they normally would.

    •    If you completely discharge a lithium-ion battery, it is ruined.

•    A lithium-ion battery pack must have an on-board computer to manage the battery. This makes them even more expensive than they already are.

Lithium Ion Polymer (LiPo)

Lithium polymers batteries are another form of rechargeable batteries (LiPo).They are composed  of  several  identical  cells  in  parallel  addition  which  increases discharge current. A difference between Lithium polymer and lithium ion is that lithium polymer battery does not use a liquid electrolyte and instead uses a dry electrolyte polymer that resembles a thin plastic film. 
The film is smashed in between the anode and the cathode. Lithium polymer is considered to be an upgraded version of the lithium ion battery.  Nevertheless, over the past years, lithium batteries have migrated to the hobby trade, and are now used widely in RC helicopters, and more [7]. Because of their light weight and high battery capacity, they are perfect for RC helicopters and airplanes. 
They deliver a much lengthier flight time than the outdated Ni-MH and Ni-Cd complements and may have perfect applicability when it comes to our baby monitor. Lithium polymer batteries present several advantages in their implementation. 
The simplicity of their manufacture and compacting processes affords the lithium polymer platform with incredibly thin profiles and lighter overall battery weights. These specifications
are paramount in the design of the baby monitor, as weight considerations determine
many component choices and implementations. Along with the advantageous
weight, lithium polymer batteries come in many size options, allowing them
to be fit to the baby monitor system’s requirements. Due to the compartmentalization
of the various subsystems, space may become limited and a flexible battery
will prove to be very advantageous. 
Lithium polymer batteries are finally very safe systems to implement, presenting decreased chances of electrolyte leakage and a heft resistance to overcharging. Because baby monitor is specified to work baby room areas, safety of its use remains a primary concern among the various parts
and components. The disadvantages present in the lithium polymer battery solution stem mostly from the physical impacts of the chemical processes by which it functions and the resulting impacts on necessary performance as required by the specifications of the project.  Compared to lithium-ion systems, lithium polymer batteries have noticeably lower energy density and decreased cycle counts [11].
Energy density is tied to the weight of implementation and remains a careful concern.
Lithium polymer batteries are also relatively expensive to acquire, due to their
elemental constitution and expensive manufacturing process. Li-Po has a unique,
near flat, discharge characteristic. The voltage of the pack will remain fairly linear
up until it starts reaching its critical voltage point. Due to this characteristic, it is
possible to detect when the battery is running low. When the cell voltage drops to
around 3.0 volts per cell, the load should be remove from the batteries to prevent
damage. Over discharging the battery will shorten the lifespan of Li-Po batteries.
Commercial batteries such as those found in laptop computers have protection circuits
that prevent this problem. However, raw battery packs, such as those used in
the radio control industry do not have any protective circuits built into them, implying
that their use will require significant design considerations to be made. Some
radio control components such as speed controllers will have some limited pro-
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tection, meaning that its use in baby monitor platform will require some forms of
these protections. It is important to properly monitor these batteries especially if
they are powering critical systems .Li-Po batteries must be charged carefully. The
basic procedure is to charge at constant current until each cell reaches about 4.2
V; the charger must then gradually reduce the charge current while holding the cell
voltage at 4.2 V until the charge current has dropped to a small percentage of the
initial charge rate, at which point the battery is considered one hundred percent
charged. Some manufacturers specify 2per cent; others 3 per cent, nevertheless
other values are also possible. The difference in achieved capacity is within minutes.
These design characteristics will be important should any custom charging
stations be eventually realized Lithium polymer batteries represent a challenge in
implementation so far as standards are concerns, due to the lack of standardized
sizes and capacity configurations, a specification stemming from the discussed
the custom, high volume consumer applications that lithium polymer batteries are
commonly used in. Compared again to lithium-ion battery systems, lithium polymer
batteries fundamentally represent a higher cost-to-energy ratio, stemming from a
combination of their other disadvantages. The most appropriate battery found was
a Tenergy 14.8V 5500 mAh lithium-polymer battery pack. This greatly simplifies
the entire power management system in both physical components and code for
the master processor.
Nickel cadmium (Ni-Cd) batteries were developed not long after the lead-acid
battery and were considered quite an advancement in rechargeable battery technology.
They were an improvement in terms of specific energy density which made
them smaller in size and allowed them to be implemented in many of the first
portable industrial tools. It uses a nickel oxide in the positive electrode or the cathode,
a cadmium compound as the negative electrode or anode, and potassium
hydroxide solution as the electrolyte. Like most rechargeable batteries it converts
chemical energy into electrical energy upon discharging and converts electrical
energy into chemical energy during charging. The Nickel Cadmium battery is compiled
of rolled up layers of nickel with cadmium between the layers. The most common
battery sizes go range from AAA to D. One of the advantages of using Nickel
Cadmium batteries is it can be recharged several times. It is also very robust and it
performs well in cold temperatures and is very resistant to overcharging. However,
there is a problem with Nickel Cadmium batteries called the ”memory effect” [18].
The ”memory effect” is when your battery ”thinks” that it is fully charged but isn’t.
This can happen if you continuously recharge your battery when it is not fully discharged.
To prevent this from happening, you would have to discharge the battery
completely and then charge it back up to its full capacity. Another disadvantage of
the Nickel Cadmium battery is that they are very toxic to the environment. Ni-Cd
batteries are made up of two chemical elements, Nickel, in the form of Nickelic
Hydroxide. A third element is used as an electrolyte and is typically a solution of
Potassium Hydroxide (KOH). Battery manufacturers recommend that new batteries
be charged slowly for 16 to 24 hours before use. The reason is that charging
the battery slowly brings all cells in a battery pack to an equal level of charge. This
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is very important because each cell within the nickel-cadmium battery may self discharge
at its own rate which weakens the overall charge, an important design
concern. Additionally, during long storage the electrolyte tends to gravitate to the
bottom of the cell and the initial trickle charge helps redistribute the electrolyte to
remove dry spots on the separator. Nickel cadmium batteries present several advantages
in their implementation. Due to their construction and methods of energy
conversion, nickel cadmium batteries are capable of very long life cycles, allowing
them to be part of a feasible long term power solution for an envisioned the
baby monitor revolution. Their ability to function at very cold temperatures is an
advantage for winter conditions when heating elements can lead to accidents involving
unmonitored fires the perfect implementation of the baby monitor platform.
The chemical composition of its electrodes and electrolyte afford the nickel cadmium
battery solution a lower overall self-discharge level relative to other battery
solutions, allowing for longer use on individual charges and increased time tables
for performance. Another very important advantage of nickel cadmium batteries is
their uniform voltage supply over changing discharge levels. This implies a very
useful steady voltage level source for the MSP430 microcontrollers, important due
to mandatory resets and the watchdog timer requirements. The disadvantages
present in the nickel cadmium battery solution stem mostly from the physical impacts
of the chemical processes by which it functions and the resulting impacts
on necessary performance as required by the specifications of the project. Nickel
cadmium batteries are first and foremost incredibly heavy per storage capacity unit
when compared to other considered battery solutions. This disadvantage heavily
impacts many areas of the baby monitor design, including motor requirements,
stepper motor performance, chassis and tread design, and other unforeseen impacts
of the increased weight. Nickel cadmium batteries also require increased
maintenance when compared to other batteries because of their susceptibility to
the memory effect and the false bottom effect. These disadvantages result from
incomplete discharging, a condition that the baby monitor rover will commonly encounter
as it will not be allowed to cease operations when not near a charging
station.
LITHIUM-ION (Li-Ion) batteries are used to power many electronic devices today
and for powering electric cars. This is because lithium is the lightest of all metals,
has the greatest electrochemical potential and provides the largest energy density
for weight. Because of safety problems, due to the instability of lithium when
it is charged, a non-metallic lithium-ion is used. This allows for safe recharge of
the battery. The energy density of lithium-ion is typically twice that of the standard
nickel-cadmium. It also has the highest cell voltage of 3.6 volts. Lithium-ion is a low
maintenance battery, an advantage that most other chemistries do not have. There
is no memory and no scheduled cycling is required to prolong the battery’s life In
addition, the self-discharge is less than half compared to nickel-cadmium. This
makes lithium-ion well suited for modern fuel gauge applications. Lithium-ion cells
cause little harm to the environment when disposed of.Despite all of the advan-
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tages, lithium-ion has its drawbacks. It is fragile and requires protection circuit to
maintain safe operation. This circuit is built into the battery pack and limits the peak
voltage or each cell during charge preventing the cell voltage from dropping to low
on discharge. The biggest disadvantage of lithium-ion batteries is aging. Lithiumion
batteries will lose their charge density after many charge and discharges. Li-
Ion batteries are probably the most desirable battery chemistry of today because
they offer the highest specific energy density than any other commercially available
battery. This density improvement using lithium ion technology allows for the
manufacturing of very small package sizes that maintain the batteries internal and
terminal characteristics. Li-ion batteries also have very fast-charge time and long
cycle life making them even more desirable for consumers. Fast-charge time is the time it takes to fully charge a battery and cycle life is defined by how many times a battery can be fully charged and then fully discharged before the battery life begins to degrade.
 Due to these features, lithium-ion batteries will probably be the best candidate among the other battery chemistries for powering the components of the baby monitor project. Circuit protection is mandatory for Lithium-Ion batteries therefore it will be beneficial to include the use of either protected lithium ion batteries that have built-in protection or unprotected Lithium-Ion batteries with an external protector. Protected Lithium-Ion batteries have a small built-in circuit that shuts them off in the event of over-charging, over-discharging, overheating, and short circuit faults.

 The unprotected batteries will need an external IC such as those manufactured by Texas Instrument (BQ series) which offer monitoring and protection of overvoltage for each cell. Another option may be to just use a charge management controller to provide the protection along with the added feature of acting as a smart grid, allowing it to charge the battery, sense and measure battery temperature, and power external components simultaneously. The common round shaped batteries offered by Tenergy and the flat JST connector battery by Sparkfun
would supply more than enough current and for a long period of time, though they would require much more space resulting in less proper cooling. Lithium-ion is a part of the rechargeable battery types in which lithium ions move from the negative electrode to the positive electrode during discharge, and back when charging.

 A Li-Ion battery uses an added lithium compound as the electrode material, compared to the metallic lithium used in the non-rechargeable lithium battery, leading to safety concerns for the baby monitor project. Lithium-ion batteries are relatively common in consumer electronic devices, representing a widely available source of batteries and a familiarity with conventions that aids in their implementation.

They are one of the most popular types of rechargeable battery for everyday electronics because they have the best energy densities, no memory effect, and a slow loss of charge when not in use. Charging lithium ion batteries involves applying a current until the voltage limit per cell is achieved. The charging current is then reduced to enter a mode of balance where the state of charge of the individual cells is balancing by an electronic circuit until the battery is full balanced. Due to its
internal resistance, a voltage of 4.2 volts needs to be applied in order to correctly charge a 3.7V battery. 

These specifications limit the applicability of designing custom charging stations for the baby monitor requiring adherence to commercially  available charging units. Lithium ion batteries prove to be sensitive to high temperatures; heat causes them to degrade at a higher rate than usual. This specification represents a significant prototype concern, as the battery should be located away
from potential sources of heat. Being a fire-fighting rover, the baby monitor system will be forced to accommodate the heat concerns of the lithium ion battery should it be implemented. If a lithium ion battery is completely discharged it becomes ruined, representing a significant design consideration if the chosen battery does not include an auto shutoff capability. In theory the life span of a lithium ion battery should be forever but due to cycling and temperatures performance, the life span
is affected. Manufacturers consider environmental conditions and because of that
the average battery lifetime is between 300-500 discharge/charge cycles. Similar
to the properties of a mechanical device, life span decreases with the increase of
use, an important consideration due to the fact that baby monitor is intended to
be a passive, constant fire protection system. Exposure to high temperatures and
high charge voltage has also proven to be quite harmful to the cycle life of lithium
ion batteries. Lithium ion batteries present several advantages to their implementation.
Because of their concerted design, lithium ion batteries are capable of very
high energy densities, limiting their structural impact on the rover system and allowing
greater flexibility where time tables are concerned. Implementation of the
lithium ion battery system is enhanced due to the lack of priming requirement in
their first use. The lifetime per charge of the lithium-ion battery system is enhanced
by their ability to prevent self-discharge, representing longer run times. Because
of the simplicity inherent to their construction, and the relative stability of the platform,
as discussed above, the lithium ion battery system requires significantly less
maintenance than other battery systems. Should the need arise, lithium on batteries
can also provide high current to the rover. This may be a useful characteristic
where the navigational motors are concerned.
The disadvantages present in the lithium ion battery solution stem mostly from the
chemical processes by which it functions and the resulting impacts on necessary
performance as required by the specifications of the project. Mentioned earlier
was the fact that lithium ion batteries are irreparably damaged should they be allowed
to reach empty charge. Thus, the lithium ion battery itself much provide a  protection circuit in order to maintain safe voltage and current limits if the design does not directly address them. In terms of long term feasibility, lithium ion batteries eventually become subject to an aging effect if they are not stored in proper conditions at the various discharge cycles. Regarding budgetary concerns, lithium
ion batteries are often more expensive to acquire, as they experience significantly increased manufacturing costs.

Nickel Metal Hydride (NiMH) batteries are alkaline storage batteries which uses potassium hydroxide as the electrolyte. Like the Nickel Cadmium battery, the positive electrode of the Nickel Metal Hydride is nickel hydroxide, but instead of using Cadmium as the negative electrode it uses a hydrogen-absorbing alloy instead. Because Cadmium is the reason for the ”memory effect” the Nickel Metal Hydride  battery will not suffer from this effect. 


The Nickel Metal Hydride battery have about three times more capacity than that of a Nickel Cadmium battery, they also have a higher energy density then Nickel Cadmium which means it can power for longer periods of time. Some other advantages of this battery is a wide range of temperature that it could operate, it has a flat discharge characteristic, and rapid charge. Because there is no Cadmium in this battery, it is a much safer battery to dispose of.

 One of the disadvantages of Nickel Metal Hydride battery is that it outputs lower current then a Cadmium battery would. It also has a high self-discharge rate, which means it cannot be stored for long periods of time. Although they did surpass the Ni-Cd batteries in terms of specific energy density, they lacked in other areas such as overcharging tolerances and self-discharge rates. Most battery manufacturers highly recommend using Ni-MH batteries in applications that call for long duration with low current loading. Nickel metal hydride batteries are analogous to Ni-Cd batteries. 

The minimal voltage of Nickel Metal Hydride is similar to nickel cadmium batteries, which is about 1.2 volts. There is an internal resistance that exists within the Nickel Metal Hydride batteries that produces high current surges, a specification that will require adaptive design to address.

 The positive electrode contains nickel, but unlike Ni-Cd batteries the negative terminal doesn’t have cadmium, instead it uses a hydrogen-absorbing alloy, making NiMH a cleaner option with regards to implementation into the baby monitor on a larger scale. NiMH batteries are best for applications such as camera flashes and power tools, indicating that the longevity required for our project is a concern.This is an important safety consideration regarding implementation into the baby monitor
system, requiring a specific charging apparatus and methodology. A fully charged cell supplies an average 1.25 V/cell during discharge.

 A complete discharge of a cell to the point where it goes into polarity reversal can cause permanent damage to the cell, indicating that any NiMH battery considered for the baby monitor must have auto-shutoff functionality if no design concessions are made to accommodate this fact. This condition can occur in the arrangement of 4 AA cells in series, where one cell will be completely discharged before the others cells due to small differences in capacity among the cells. When this occurs, the good cells will start to drive the discharged cell in reverse, which can cause permanent damage to that cell. The Ni-MH battery system presents several advantages in its implementation.

  The specific method of construction negates the memory effect seen in traditional battery design, allowing for increased flexibility regarding recharging schedules and facilitating repeated testing of the power system and other systems as a whole. Ni-MH batteries represent an economically feasible solution for longterm implementation, as they have relatively longer life than comparable batteries. This lessening of budget concerns is significant if the baby monitor is to be widely adopted. Ni-MH batteries also present an eco-friendly power solution, having few if any toxic emissions. Compared to other batteries, Ni-MH requires only nickel and eschews heavy metal pollution sources.

 The disadvantages present in the Ni- MH battery solution stem mostly from the chemical processes by which it functions and the resulting impacts on necessary performance as required by the specifications of the project. Ni-MH represent significant difficulty in obtaining full-charge detection, leading to potentially hazardous situations of over charge and requiring significant monitoring infrastructure to be invested into the project paradigms. Ni- MH batteries also do not respond well to frequency charge and discharge cycles, preferring 500 cycles for optimal performance.
 An ironic consideration, Ni-MH batteries produce significant levels of heat while charging, representing fire hazards in the type of envisioned autonomous charging scenarios that baby monitor maybe subjected to. Finally the Ni-MH battery solution suffers from a 30per cent loss in initial charge if it used for a month, representing a significant limitation in testing and design.

2.5 Smart Phone Application
. SMART PHONE APPLICATION
This will be a standard Android application using the Android API. Some OpenCV APIs may be used if the Android API cannot perform the required operations. Eclipse with the Android plug-in will be used as the development environment for building this application. Also the Eclipse IDE has a large following of users that can be accessed over the internet in case of roadblocks to development. The smart phone application will act as the controller of the monitoring system. It will set the system parameters, process the video and audio, display the sensors output both current and history, allow monitoring of the video and audio, and turn the monitor on and off. 


The Parameter class will allow setting of all the system parameters within the ranges specified for each parameter. The smart phone interface must be easy to use and the menu depth should not be more than two keystrokes to get to any input screen. This is one of the major failings of today’s software. The only menu that takes two keystrokes to the input screen is the set parameters which after pressing will have a list of parameters that can be set. Pressing one of these parameters will display the input screen. The input screens will have three buttons one to set the parameter, one to cancel and one reset button. 

The input screen will also display the existing parameter and any parameter. SMAhis will be a standard Android application using the Android API. Some OpenCV APIs may be used if the Android API cannot perform the required operations. Eclipse with the Android plug-in will be used as the development environment for building this application. Also the Eclipse IDE has a large following of users that can be accessed over the internet in case of roadblocks to  development. 

The smart phone application will act as the controller of the monitoring system. It will set the system parameters, process the video and audio, display the sensors output both current and history, allow monitoring of the video and audio, and turn the monitor on and off. The Parameter class will allow setting of all the system parameters within the ranges specified for each parameter. The smart phone interface must be easy to use and the menu depth should not be more than two keystrokes to get to any input screen. This is one of the major failings of today’s software. The only menu that takes two keystrokes to the input screen is the set parameters which after pressing will have a list of parameters that can be set. Pressing one of these parameters will display the input screen. The input screens will have three buttons one to set the parameter, one to cancel and one reset button. The input screen will also display the existing parameter and any parameter


Android Operating System
This is far and away the dominant worldwide smart phone operating system with 75.3 percent of the 2013 Market Share according to [5]. Although its status is expect to decline and the market matures and competition increases its share will remain high. It is expected to be 68.3 percent in 2017 according to [5]. In the United States smartphone subscriber market share Android also stands out, it is ranked as the top smartphone platform in July 2013 with a 51.8 percent share. Android is also open source not proprietary which makes development cost less expensive. 

Eclipse IDE, another open source, software, can be downloaded free and an Android plug-in is available. Eclipse also has an Android simulation module for testing of Android applications within the IDE. Due to widespread use of Android and its low application development cost a large online support base insures overcoming any problems encountered. Android phones have the ability to download and install the latest version of the Android operating system which always supports previous versions. This will allow an Android user to install the platform the application is developed on to insure proper operation of the Knight wireless SIDS monitor.

IOS Operating System The iOS operating system is a popular proprietary system for Apple’s line of iPhones and is the second most subscribed to operating system in use at 40.4 percent in July 2013 [18]. Apple is famous for its solid operating system. It is also known for it top of the line pricing. Development of iOS applications requires developers to purchase licenses, permissions and Apple devices which can consume huge amounts of money [19]. It would also require our Computer Engineer to learn the operating system and development IDE which would require a huge investment in time which is in short supply. 

BlackBerry Operating System has the least worldwide operating system market share with only 2.7 percent and dropping [17]. The United States smartphone subscriber market share is at a paltry 4.3 percent in July 2013. This operating system would also require learning a new platform and development IDE. The learning curve and dropping low market share would make BlackBerry a poor choice for the development platform. 

Windows Operating System has the third worldwide operating system market for smart phones share at 3.9 percent [17]. The United States smartphone subscriber market share is 3.9 percent in July 2013 but is expected to grow to 10.2 percent in 2017. For new development Windows 8 mobile operating would be used rather than the current mobile operating system which would again require a considerable expense to purchase Windows 8 and considerable time to learn a new operating
system. If Windows 8 does succeed to gain market share rewriting the program in
C sharp could easily be accomplished through use of outside programmers.
Project Hardware and Software Design
Overview
The three components in the diagram of the overall system is shown in Figure 3.1. The main unit will be the Monitoring Unit in which the various sensors, the microprocessor, the communications chip and the batteries will be mounted. The monitoring unit will then be mounted at the head of the crib allowing the sensors clear access to the infant. This unit will meet the specifications spelled out in
Section 1.5 and 1.6. The microprocessor will have an assembly language or C program internally to control the flow of the signals and the memory. The alarm unit will be a portable self-contained unit that plugs into an electrical outlet but also has a battery backup in case of power failure [2]. An audio alarm will sound along with a flashing visible led light. A reset button will be available on the unit to shut the alarm off. 

The system will be able to signal many alarms throughout the house although only one will be built as proof of concept. The smart phone is a ready available as over the counter merchandise. An application will be written which will control the monitoring unit externally. The application will be able to change internal system parameters of the system and view the temperature, and motion of the infant. Finally, the audio and video will be available the hone for monitoring
on the screen and speaker
3.2 Alarm Unit Design
The alarm unit will be built as a separate unit which will be able to be set on an end table, dresser or other flat surface near an electrical outlet. The alarms block diagram is shown in Figure 3.2. It will have an external switch to stop the alarm. When the communications chips receives an alert from the monitoring unit the alarm unit will flash a warning light and sound an audio alarm [17]. An LED light
will flash and a audio alert will attract the attention of a caregiver in the immediate area to assist the infant. Upon reaching the Monitoring unit a button on the rear of the monitoring unit will shut the alarm units off.
 Alarm Unit Block Diagram
The Alarm Unit software is trivial it has only two classes as displayed in Figure 3.3. One class to turn the audio on and off and another to do the same for the visual alarm. Figure 3.3: Alarm Unit Class Diagram The unit is to have both an audible and visual alarm would best suit practical device
usage. If the parent was sleeping or generally not looking at the Alarm unit, we needed for them to be able to hear if an emergency is present .If the parent is listening to music or wearing headphones, etc, we needed the parent to be able to receive a visual signal. 

The unit will use a two-terminal buzzer or a three-terminal buzzer. Since we would be utilizing the buzzer to simply sense a voltage, only a two-terminal buzzer would be necessary. However, we have two different options of two-terminal buzzers. One operates off of a 6V supply and the other off of a 12V supply. Since we were building the rest of our circuit around +5V, a 6V buzzer would be more appropriate with our circuit specifications. 

The buzzer that we are using for our project is the MB726 buzzer manufactured by Leeds. Incorporating the following features: 6V voltage rating, 30mA current, 85dB at 25cm sound output, 2.3 +-0.5 KHz frequency, offers long life and maximum efficiency with minimum current dissipation.

3.3 Monitor Unit Design

The Monitoring Unit is the heart of the system. It is best described by a tour through its block diagram in Figure 3.5 showing the various components. First the unit will be battery powered, therefore requiring all components to be low power. 

The software must be designed to turn the microprocessor off when not in use. We will be using the Texas Instruments MSP 430 chip which is a low power microprocessor that has several different software options for power savings. It also awakens from sleep quickly upon an interrupt from a sensor. The sensors feed their signals into the microprocessor which will process the digital signals directly or the microprocessor will convert the analog signals to digital. 

Digital signals will then be compared to other known signals and parameters. If the comparison falls
outside the saved parameters then an alert will sound the alarm. It will also pass the signals through to the transmitting unit to the smart phone for processing and monitoring, also according to section 1.5.6. After processing the processed audio and video will be returned to the microprocessor for committing to memory also as per specifications in section. The transmitter will facilitate the connection with the Alarm unit and the house Wi-Fi which will give it internet access so the parents
are able to receive an email when the alarm is sounded.

The infrared temperature and the motion sensors will monitor the infant and comparing their signals to high and low parameters set by the parents within a narrow range. Upon a signal exceeding a temperature or motion parameter. The alarm interface will alert the immediate caregiver and relay an email to the parents cellphone. Upon receiving any motion change the image sensor will process a current image with several previously staged hazardous position images to verify that the infant is in a safe position if not the alarm interface will broadcast the alarm as described above. Audio is monitored by a microphone which allows the unit to compare current decibel levels to high and low decibel parameters.

3.3.1 Temperature Sensor
The system to be designed will be a microprocessor controlled baby monitoring unit that can ease the parents fears while the baby sleeps. By designing this systems parents can monitor babies and act quickly in case the baby suffers from SIDS. The future goal is to have system have the capability of monitoring babies when they are sleeping on their stomachs and those who are overheating. The primary requirements for the body temperature sensor are sensitivity, low power usage, size, and the ability to isolate the measurement to the surface of the body only. The cost is not a major concern due to the fact that the system functionality depends on reliability and sensitivity. All of the sensors considered were infrared thermometers, which should meet these requirements. The MTS102 is a body temperature measurement that use sensors to measure the object without contact required.
The MTS102 Infrared Thermometer has an accuracy of +- 0.5C between 0 and 60.degrees Celcius fully digital output over SMBus or PWM with a resolution of 0.02 degree Celcius and is offered in several application-specific variants. Of primary interest is the variant for medical applications, MLX90614DAA, which offers an accuracy of +- 0.1C between 36 and 39C (human body temperature) and +- 0.2C between 32 and 42C. The device also supports a sleep mode useful for low power  consumption.
The Texas Instruments TMP006 is a small surface-mount infrared the mopile sensor. It is primarily intended for measuring the case temperature of portable electronics or other objects without physical contact. The TMP006 has digital output over an I2C bus, with several readable registers including a 16-bit object voltage thermopile register with resolution of 156.25 nV and a 14-bit local temperature
register with a resolution of 0.03125 degree celicius. 

The TMP006’s low power consumption made it an attractive choice for the wearable device and it also has a configuration register for setting shutdown, reset, and continuous conversion options. While offering very fine temperature resolution, the typical object temperature error is a little high at +- 1 to 3 degree celicius. The temperature sensor from General Electric ZTP115 is another infrared thermopile sensor. It is completely analog device with no compensation or signal conditioning. The sensor also includes an integrated thermistor for compensation of the thermopile signal. It is inexpensive for a sensor of this kind, but has extremely poor documentation to the point of being unusable for this project. There is no guaranteed measurement accuracy[12]. However, because the device consists of only a thermopile and thermistor, the power requirements could be very low if the
accompanying circuitry was well-designed. This sensor will be used in experimental prototyping, but not the final design, due to its low cost and flexibility. The body temperature sensor devices considered are summarized .


The MTS102 temperature sensor is a Bipolar Junction Transistor (BJT) that is sensitive to changes in the temperature of the air that surrounds it. The voltage difference between the base and emitter terminals changes linearly with a change of temperature. The Appendix for Temperature Sensor Output is displayed on page 20 and it shows the shape of the output curve. The output voltage is represented as the maximum value that the curve.


The operational amplifier circuit resistor values will determined by the equation R1/R3)*(Voltage difference);Note: R2=R1 and R4=R3 In order to decide on the values above, Kirchhoff’s Voltage Law will be used: According to the data sheet, therefore R1=44kOhms. For room temperature, the output value of the temperature sensor circuit is approximately 590mV, and that value increases with decreasing temperature and decreases with increasing temperature.
Table 3.1: Summary of Temperature Sensors
Device MTS102 TMP006 ZTP-115
Manufacturer Tixas Ins Texas Ins GeneralElt
Accuracy +- 0C 1.5C NA
Output 10bit digital 14bit Digital Voltage
Supply Current 2mA 240A None
Supply Voltage
Range 2.6 V to 3.6 V 2.2 V to 5.5 V None
Operating +-32C to -40 C to -20 C to
Temperature +42 C 125 C +100 C
Package TO-39 YZF Die-size TO-5
Price 14.31(USAD) 3.78(USAD) 3.37(USAD)









3.3.2 Audio Sensor
The Microphone/Camera will capture the analog audio/video signal and send it to transmitter. The transmitter then receives audio/video signal which is converted to a modulated radio frequency signal and then transmitted to a receiver. The Receiver accepts the modulated radio frequency and converts it to original audio/ video signal. Since the microphone will also detect ambient noise, a band pass filter will be used to correct for this. The band pass filter will be designed to suppress noise and allow breathing sound to go through. The simplest way to imagine the microphone’s operation is to view it as a resistor whose value varies when a sound wave hits it. If a bias current flows through this varying  resistance, it will create a small voltage that must be amplified for useable purposes.


During the research several versions of microphones were discovered however the AOM4544P2R is compartible to the project. There are several microphones in the market that can be used for this design but the above mentioned has specifications that relate to the project. The major requirements for the microphone are sensitivity and relatively low signal noise. The goal is for the microphone
to detect breathing intervals, and record the general ambient noise levels. There are various microphone technologies, including capacitive, condenser, piezoelectric, and even laser. The underlying technology was not critical to this particular task, but the majority of cheap, small, and readily available microphones are electret microphones. An electret microphone is a relatively new type of condenser  microphone, which eliminates the need for a high-voltage bias supply by using a
permanently-charged material.
 An electret MIC is the best value for money omnidirectional microphone you can buy. Electret microphone can be very sensitive, very durable, extremely compact in size and has low power requirements. Electret microphones are used in many applications where small and inexpensive microphones with good performance characteristics are used. 


Most of the consumer video camera microphones and microphones used with computer soundcards are electret microphones. Electret capsule microphones are very popular due to their decent performance and low price.When considering the ease of placement, omnidirectional microphones are desirable for ambient sounds. The frequency range of the microphone must be sufficient
enough to capture the breathing sounds. 

The normal breathing happens a to take
place under 3 kHz and a band pass filter from 20 Hz to 3 kHz is recommended.
Note that if the signal were to be processed digitally, according to Nyquist-Shannon
sampling theorem an ADC with a sampling rate of at least 6 kHz would be required.
The majority of breathing occurs under 500 Hz.  For the project the compatibility,


	Device
	AOM-4544P-2-R
	TOM-1545P-R

	Manufacturer
	Projects Unlimited
	Projects Unlimited

	Directivity
	Omnidirectional
	Omnidirectional

	Supply Voltage Min
	1.5 VDC
	2.0 VDC

	Supply Voltage Max
	10 VDC
	10 VDC

	Frequency Response
Min
	
20 Hz
	
20 Hz

	Frequency Response
Max
	
20 kHz
	
19 kHz

	Sensitivity
	-44 ± 2 dB
	-45 ± 3 dB

	Current Consumption
(max)
	
0.5 mA
	
0.5 mA

	Impedance
	2.2 kΩ
	2.2 kΩ

	Signal-to-Noise Ratio
(min)
	
60 dB
	
60 dB

	Dimensions (diameter x height)
	
9.7 x 4.5 mm
	
4.0 x 1.5 mm

	Price
	$0.853
	$1.90



Candidate Microphone Devices for Breathing

The AOM-4544P-2-R was an overall better microphone based  with higher sensitivity, lower
supply voltage requirements, wider frequency response, and lower price. The AOM-4544P-2-R is an overall better microphone, with higher sensitivity, lower supply voltage  requirements, wider frequency response, and lower price. The tradeoff is a slightly larger size, although still very small and readily incorporated into a headband or the base station. Additionally, the AOM has 5 mm leads versus 2.8 mm leads on the TOM, which will make testing easier. The AOM-4544P-2-R will be used in this project.The tradeoff was a slightly larger size, although the AOM has 5 mm leads versus 2.8 mm leads on the TOM, which made testing easier.

 The AOM-4544P-2-R  closely resembles the specifications for the project and it can be used to detect the breathing. The sensitivity, low voltage requirements, wider frequency response, and low price  made it a better microphone for the design.. The AOM-4544P-2-R has a range from 20 Hz - 20 KHz and it was chosen for low price allowing the AC signal to pass to the amplifier. The Bode plot shows that the low-pass filter for this design has a cutoff frequency of 300 Hz.
 
The third order low-pass filter that was designed allows the magnitude to reach zero exactly one decade after the cutoff frequency. In researching the design a filter is needed to detect breathing and reduce the influence of external noise. A band pass filter for the 300 to 800hz range, is required to accurately detect breathing and reduce the external noise. The VHDL filter also provides the envelope of the signal rather than just a filtered waveform. This allows for simple peak detection to be done with software.
Researching (motion sensor)
3.3.3 Motion Sensor
This system will monitor the motion of the baby. It interprets data to determine whether the parents should watch the baby via the cell phone. These motion sensors were designed to be safe and comfortable enough so that the baby can sleep as normal. We put the motion sensor under the baby’s mattress, and it should be assumed that the device is able to function for duration of baby’s sleep.The data collection was critical when detecting the different pressure of baby, to verify that the data was accurate, the sensors were first checked and calibrated if necessary. When the sensors were verified to be accurate, the software were also examined and tested to achieve a high degree of accuracy.  Try to make it simple as we can.
This project includes research of baby’s sleep, physical activity habits, especially the safety for infants. When the sensors detector the changes, the network will help the parents to monitor those changes. The motion sensor was developed to analyze data, and identify the safety level. It give the feedback to the parents as well as customized control, such as monitor features and the possibility for next action. to improve parents’ sleep quality.The parents usually put the new baby in their bedroom, not a separate room because they think the baby’s own bedroom is too far for the new life. In this issue, both of the parents wake up three or four times at the night time when the baby cry or someone of them to take care baby. 
Even the baby not cry, the parents still need to wake up to check those several times to make sure everything ok. have you had experiences when you were on tenterhooks, struggling to deal with the unknown? How have you sleep very well? Also, the parents need to work next day, we can image they will be exhaust. So we put the movement sensor under the baby mattress, the sensor will detector the baby’s “unmorally” movement and sent the alarm to the parents’ cell phone. As a result, the parents do not need to keep the baby in same room, and still can keeping eyes on baby. They will have a better sleeping, and they can take care baby better! This system will give the baby a safe environment, and the parents can get better sleep. At least, one of parents will go to work to earn the money to rise the baby and family. This motion sensor is very important future development and use of this device. We would like to see this device to save the parents from 24 hours gingerliness. Another objective would be integrate the motion sensor with an analysis software application and offer it as a system. Not only can monitor the baby, also can decide to send the alarm to parents.

 The parents can “watch” the baby whenever they want, even they don't have to move the baby when they are in the bed.We need to find a motion sensor good for a baby, so we have to compare the sensors different and figure out what is baby’s character.  One of the projects developed by a university of Central Florida senior design group in the 2012, they called “a system to monitor and aid the quality of sleep”, they design the motion sensor as an accelerometer. It is for the detector the adults sleep quality.
 Accelerometers are sensors that measure only acceleration. This measurement does not necessarily indicate movement, however, since everything on the planet constantly experiences gravitational acceleration. Due to that fact, though, accelerometers are very useful in determining orientation with respect to the constant gravity.
 Accelerometers are available that measure acceleration in one, two, or three directions. The price of the accelerometer is directly correlated with the number of axes measured. The presence of triple axis accelerometers in nearly every new phone and tablet being manufactured has fortunately led to both lower prices and higher quality for triple axis accelerometers.
   The most important thing is the motion sensor, they determined how accuracy of the motion measurement.  Other one of the project is motion sensor. After plug it and turn on the power 1-2 seconds for the sensor to get a picture of the still room. If anything moves later, the 'alarm' will decrease. Also, there are number of different motion sensor to use, like Active Infrared, Passive Infrared, Microwave motion sensors and Ultrasonic motion sensors. [A5] They mainly have two implementation. Proximity sensors, and motion sensors. In motion sensors, an IR emitter sends a beam of IR which will be received by an IR receiver, when the beam is interrupted, a motion is detected. Due to the way they're implemented (monitoring a specific scope) they're less prone to false positives. 
Their main disadvantage is detestability, they can be easily "seen" using a regular camera (your phone's camera works) or any IR detection mechanism, after that they can be easily avoided. In some cases, they might be impossible to avoid (they're monitoring the only door to a room), the adversary can detect the source of the beam and find the receiver, then emit a beam of their own. 


The system design was implemented in three units. Pad, pressure sensor, and wireless transceiver module. Put the pressure sensor between the boards, the pressure sensor connect with the wireless transceiver module. The wireless transceiver module will  transmit the signal when the pressure changed. This system will monitor the motion of the baby. It interprets data to determine whether the parents should watch the baby via the cell phone. These motion sensors were designed to be safe and comfortable enough so that the baby can sleep as normal. We put the motion sensor under the baby’s mattress, and it should be assumed that the devices is able to function for duration of baby’s sleep. The data collection was critical when detecting the different pressure of baby, to verify that the data was accurate, the sensors were first checked and calibrated if necessary. When the sensors were verified to be accurate, the software were also examined and tested to achieve a high degree of accuracy.  Try to make it simple as we can.

3.1 pad (where the motion sensor located)
We put the pressure sensor between in two pads, on each corner and the middle.
  In this project, we chose the Triton Products Tempered Wood Pegboard, it is 24 in. W x 48 in. H x ¼ in.                   
a) Good permeability
b) The coefficient of friction the baby mattress is not easily slide) 
c) Easy to store, can hanging on the wall Before choose the force sensing resistors, we compare many different pressure sensors. There are three most common types of pressure sensors are metal thin-film pressure sensor, ceramic thick-film pressure sensor, and piezo-resistive pressure sensors. [A6] these pressures have very significant differences in the types result from the different materials.
We choose the most suitable pressure sensor for this project, the most important reason is the material. The  It is not just the pressure sensor technology , but also the good try in a complete pressure . the force sensing resistors as the pressure sensor. this device which exhibits a decrease in resistance with an increase in the force applied to the active surface.  Its force sensitivity is optimized for use in human touch control of electronic services. FSRs are not a load cell or strain gauge, though they have similar properties. Though they have similar properties-can measure the pressure. We choose the force sensing resistors because the pressure sensor must be a easy clean, soft, safe and light weight. Other important reason is we compare other pressure sensors; the force sensing resistors is portable.
    As the pressure sensor. It is a polymer thick film (PTF) device which exhibits a decrease in resistance with an increase in the force applied to the active surface.  Its force sensitivity is optimized for use in human touch control of electronic services. FSRs are not a load cell or strain gauge, though they have similar properties. FSRs are not suitable for precision measurement[A1]
1. Safe, the force sensing resistors (FSP) use the 9v power supply, it is safe to baby. And the force sensing resistors (FSP) out between the pad, it is not touching the baby directly!
2. Accuracy, we know the baby is tiny, only a few pounds or a little more, so we need the force sensing resistors (FSP) can measure the change of pressure exactly!
3. Adjustable, when the baby grow up, the more activity, and more weight, we have to readjust the force sensing resistors (FSP) to suit the change.

As the force sensing resistors’ characteristic, the force increase, the resistance decrease. So the current increase when resistance decrease. Also, it is “linear” of the relation between the resistances with the force from 20g to 10kg. So this range is good for new baby, because we plan to put 4-8 the force sensing resistors in the pad. At least, the measure range is from 80g-40kg.
From the table, we can figure out the Part No 402 is better for our project. Because the Part No 402 has a bigger diameter, and thicker, if we use 4-6 pressure sensor. All living creature needs to sleep, it is the special activitity of the brain during early development. for adults, the sleep-wake cycle, are regulated by light and dark and these rhythms take time to develop. However, the newborns have the irregular sleep schedules. And the rhythms begin to develop at about six weeks. Until age of two, the children have spent more time asleep than awake and overall, they spend more than 40 percent of their childhood asleep. when parents put the infants on the mattress, they are not quiet, even they are fall in sleep. Baby always keep moving all the time. Sometimes , they cry because they need something. Other hand, they should have body movement in several seconds. When they cry or keep quiet too long time, the sensors will detector and sent the alarm to parents immediately

This is pressure sensor is implemented in three parts. 
1. Flexible substrate with printed semi-conductor
2. Spacer adhesive
3. Flexible substrate with printed interchangeable electrodes
As the force sensing resistors’ characteristic, the force increase, the resistance decrease. So the current increase when resistance decrease. Also, it is “linear” of the relation between the resistances with the force from 20g to 10kg. So this range is good for new baby, because we plan to put 4-8 the force sensing resistors in the pad. At least, the measure range is from 80g-40kg.
We will put it between the two pads, four corners and middle of two long sides of pad. The legs (two long connecters) will use a clamp-style connector like alligator clips, or female feeder. 
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As we mentioned about the baby’s movement, they will move or wriggle if they feel hungry, lonely so we set up the data of the movement, when the sensor detector the movement is out of the normal range, the transceiver will receive the signal and sent to the cell phone. The power will provide from0-5V dc, if the pressure changed, the current will changed. Then the signal will creative , and the transceiver will receive and transmitter the signal as other signals of temperature, audio and camera.

Force sensitive resistor
As we descript before, The 0.5" force sensitive resistor is a quick way to measure accuracy pressure, and is very easy to setup up with other parts. The FSR varies its resistance depending on how much weight put on the sensing area. The greater the force, the lower the resistance. When measured with a millimeter, the sensor has a resistance of greater than 1MΩ when no pressure is applied. If  we'll measure the force on the resistor using an Arduino Uno and a simple voltage divider circuit. , if the pressure changed, the current will changed. Then the signal will creative , and the transceiver will receive and transmitter the signal as other signals of temperature, audio and camera. As we mentioned about the baby’s movement, they will move or wriggle if they feel hungry, lonely….so we set up the data of the movement, when the sensor detector the movement is out of the normal range, the transceiver will receive the signal and sent to the cell phone. The Force sensitive resistor will work when the pressure changed


For example, as the figure above. if we choose the value of 27KΩ as the greatest “sweep” from0-5V, and assuming the sensor range is from 0-100KΩ. Us this circuit, we can read the Analog 0 as input, and the Arduino will return a value somewhere between 0 and 1023, with 1023 representing maximum value5V. The value decreases when pressure is applied to the sensor, so the Arduino value will decrease. This proves that the circuit is working; We can find this using the equation for a voltage divider:
The Force Sensitive Resistor changes its resistance when force changed, so the resistance’s ranges from near infinite when not being touched, to under 300ohms when pressed really hard. So we can measure that change using one of the Adriano’s analog inputs. However, we to do that we need a fixed resistor (not changing) that we can use for that comparison (We are using a 10K resistor). This is called a voltage divider and divides the 5v between the FSR and the resistor. 
.
Alarm setting as Forcing change 
	Baby’s sleep moving frequency
	status
	alarm

	Keep moving
	Cry or uncomfortable
	off

	Move in every five seconds
	sleeping
	on

	Don't move over 15 seconds
	Maybe in dangerous or sickness
	on


       
The pressure sensor changes its resistance when force changed. It ranges from near infinite at the beginning, to under 300ohms when pressure increase. So we can measure that change of currents using one of the analog inputs. But to do that we need a fixed resistor (not changing) that we can use for that comparison (We are using a 10K resistor). This is called a voltage divider and divides the 5v between the pressure and the resistor. 
As the force sensing resistors’ characteristic, the force increase, the resistance decrease. So the current increase when resistance decrease. Also, it is “linear” of the relation between the resistances with the force from 20g to 10kg. So this range is good for new baby, because we plan to put 4-8 the force sensing resistors in the pad. At least, the measure range is from 80g-40kg.We will put it between the two pads, four corners and middle of two long sides of pad. The legs (two long connecters) will use a clamp-style connector like alligator clips, or female feeder.

	
	Part No 400
	Part No 402

	Active area
	0.2inch
	0.5"

	Nominal thickness
	0.012"
	0.018"

	Semi conductive layer
	0.004"
	0.005"

	Spacer adhesive
	0.002
	0.006

	Conductive layer
	0.004
	0.005

	Rear adhesive
	0.002
	0.002

	Connector options
	AMP Female connector
	AMP Female connector



the Part No 402 has a bigger diameter, and thicker, if we use 4-6 pressure sensor. All living creature needs to sleep, it is the special activity of the brain during early development. for adults, the sleep-wake cycle, are regulated by light and dark and these rhythms take time to develop. However, the newborns have the irregular sleep schedules. And the rhythms begin to develop at about six weeks. Until age of two, the children have spent more time asleep than awake and overall, they spend more than 40 percent of their childhood asleep. when parents put the infants on the mattress, they are not quiet, even they are fall in sleep. Baby always keep moving all the time. Sometimes , they cry because they need something. Other hand, they should have body movement in several seconds. When they cry or keep quiet too long time, the sensors will detector and sent the alarm to parents immediately.   The ability to measure body movement is a primary requirement of this project. It is an extremely helpful indicator when evaluating sleep. Commercial autography devices such as Fitbit accomplish a great deal using only an accelerometer and a wireless connection: step counting, all-day activity monitoring, and sleep monitoring. Because autography alone can provide a high degree of agreement with polysomnograms, the accelerometer or inertial measurement unit is a critical component of the sleep monitoring system. It is expected to greatly enhance the overall quality of the sleep evaluation data when used in conjunction with other body sensors. There are many types’ different motion sensors: microwave motion sensor, infrared motion sensor, accelerometers motion sensor, pressure motion sensor…
Microwave motion sensor
This product can be widely used in a similar automatic door control switched, security systems, automatic recording control system of ATM cash dispenser, the train automatically signal machines and other auto-sensing control places. This is a standard microwave detector, this detection method compared with other detection methods have the following advantages:
● Non-contact detection
● Independent of temperature, humidity, noise, airflow, dust, light, etc.
● Suitable for harsh environments; against radio frequency interference ability;
● The output power is only 5mW, the human body did not constitute harm;
● Long-distance: detection range up to 15 meters
The Microwave motion sensor sent the wave hits an object during travelling, the waves will be reflected, the reflected wave frequency will be changed with the movement state of the encountered objects while. If the radio wave is encountered in the position of the object is fixed, then the frequency and the frequency of the transmission wave of the reflected wave should be equal. If the object is moved, the direction of the emitted waves reflected back is compressed, that the frequency of the reflected wave will increase; conversely; when an object moving toward the direction away from the emitted, reflected back wave frequency will follow decrease. This phenomenon is often encountered in everyday life, such as a whistle by police car at high speed from your side, the frequency of the sound you hear is the change: when the police car high speed when close to you, voice transmission time is shortened, the frequency increases. When the police car away from you, the lengthen the time of the transmission of sound, the frequency decrease. 
















Microwave sensor work theory diagram 
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Accelerometers work theory 
[image: Andy15]Acceleration



Accelerometers are sensors that measure only acceleration. This measurement does not necessarily indicate movement, however, since everything on the planet constantly experiences gravitational acceleration. Common accelerometer technologies include a piezoelectric and capacitive variety. Unlike temperature measurement, where the underlying technology was a major consideration, the sensitivity and cost versus performance are the primary criteria for detecting body movement in this project. The other factors for consideration are power requirements, size, and packages available for testing and prototyping. The body movement sensor may be by itself in a wristband with no other sensors, so analog or digital output will both be considered without worrying about taking up ADC or digital pins. In addition to accelerometers, gyroscopes are another option for measuring motion. Gyroscopes measure angular velocity and are therefore unaffected by gravity. Gyroscopes also come in one to three axis varieties, measuring roll, pitch, and yaw, although three axis gyroscopes are expensive. By themselves, gyroscopes do not offer any particular advantage over accelerometers for this project.  Inertial measurement units (IMUs) consist of an accelerometer, a gyroscope, and optionally a magnetometer. By combining the one to three axes of both the accelerometer and gyroscope, IMUs provide from two to six degrees of freedom with magnetometers adding up to three more. Six or more degrees of freedom in an IMU with appropriate sensitivity would provide the most detail on body motion for this project. The downside is the price of IMUs versus simple gyroscopes and accelerometers. The size and battery consumption may also be slightly larger, but power consumption is less of a concern if the IMU is separated from the other body sensors.

	Motion sensors
	Series
	Sensing distance
	output
	Voltage-supply

	EKMC1601112
	PaPIRs
	5m
	Digital
	3V-6V

	AMN21111
	NaPiOn™
	5m
	Analog
	4.5V-5.5V

	AMN34112
	NaPiOn™
	10m
	Digital
	3V-6V

	AMN12111
	NaPiOn™
	2m
	Digital
	3V-6V

	255-1818-ND
	NaPiOn™
	10m
	Analog
	4.5V-5.5V


Hardware 
Common accelerometer technologies include a piezoelectric and capacitive variety. Unlike temperature measurement, the safety is most important part of consideration, the sensitivity; cost and performance are the major components for detecting body movement in this project. Also we think the power requirements, size, and packages available for testing. The motion sensor may be detector the motion in the different way.

We make all  accelerometer, a gyroscope, and optionally a magnetometer to work together. By combining the one to three axes of both the accelerometer and gyroscope, motion sensors provide the different degrees of freedom with magnetometers adding up to more. Also, more degrees of freedom in correct sensitivity would provide the most detail on body motion for this project. The downside is the price of versus simple gyroscopes and accelerometers. The current consumption may also be larger, but power consumption is less of a concern if the separated from the other body sensors. 

Motion sensor EKMC1601112
	Sensing distance
	5m

	Output type
	digital

	Voltage-supply
	3V~6V

	Features
	internal


		
		

Testing
We do testing of motion sensor for providing passing hardware and drivers and to make sure the motion sense work with other parts correctly in this system. The testing can make sure the motion senor can work as we desired. 
First, we should have some test equipment. These equipments can test a slate from the factor, and some software will debug test failures.
● Wireless mouse
● GPS or Compass
● Sensor measurement tool
● Software
● clamp and tape
Second, the testing for the motion sensor localization, for example, the 3D accelerometer, we need to double check some details.
● make sure the screen autorotation works correctly
● setting stationary, then make sure no new data events.  
Third, The testing’s goal is to help the hardware has correctly orientated in the system and they reach the accuracy requirements. We will test the accelerometer, gyroscope, compass, inclinometer and fusion sensors. After we test these components, we will know these basic components will work correctly with test data. 
Motion Sensor Testing
	Sensor
	 Goal 
	Dependencies

	Accelerometer
	Verify Sensor localization
	n/a

	Compass
	Verify Sensor localization
	Accelerometer

	Inclinometer
	Verify Sensor localization
	Accelerometer

	Gyroscope
	Gyroscope Sensor Test
	n/a

	Fusion sensor
	Verify Advanced localization
	Accelerometer








CAMERA 


Researching 

This design features the Point-to-point Security Wifi Camera with Infrared Night Vision for IPhone  and Android Mobile Phone as the surveillance camera. This camera was selected because it offered and its durability. The goal was to pick a camera that would not limit any performance aspects throughout the entire project design and build 
    When the alarm sent to the parents’ phone, or the parents need to check the baby, they can use the camera with infrared night vision which is connect to the Iphone android mobile phone. It is use the regular power supply (9V).  This camera will 24 hours take video for the baby, and sent to the phone. 

 Camera Requirements (System) 
this camera has two basic of system requirements. One is for basic video quality, this produce 4 Mega Pixel video quality. This product design will meet both sets of requirements. other requirements are detailed for a standard operating system, not a system specifically designed for this camera. It is not only support streaming video, also, it supports the video streaming at high pixels. In addition, it provides a single frame capture feature.


Camera configuration
The benefits of this camera is flexibility of both system requirements and video sending. Meaning there are multiple built in recording modes which vary resolution, focus and color contrast to provide the best possible video quality. That is why this camera has a CMOS image sensor,LED and lens was selected. This is why chosen as the camera of this project.
· It is WIFI camera
· Easy to carry and installation 
· Support Iphone /Android Phone
· First WIFI point-to-point technology
· Iphone/Android smart phone WIFI direct monitoring
· 24 hours circulation video and synchronous support remote monitoring
· Visit and equipment: Support PC, laptop computer, apple series and android mobile phone series( android above 2.3 version)
· It is great for using in your gardens, terraces, parking, store, home, office or anywhere else you need security surveillance





This infrared camera should have four component: [A2]
	Component
	function

	Infrared LEDs
	Emit infrared light not visible to the naked eye. t is a type of electronic device, work like regular LED

	Auto LED ON/OFF sensor
	Optional light sensor turns light on automatically when ambient light is detected

	Super HAD video camera
	Provide the high image quality and low power consumption required in digital video camera.

	lens
	To protect CCD and improve the image quality



3.2.1Infrared LED
An infrared LED is, like all LEDs, a type of diode as we learn in the class. As we know, the Diodes allowed the electric current can only flow in one direction. As the current flows, electrons fall from one part of the diode into holes on another part. In order to fall into these holes, the electrons must shed energy in the form of photons, which produce light. There are many different diodes. However, the Infrared LEDs use material that produces light in the infrared part of the spectrum, that is, just below what the human eye can see. Different infrared LEDs may produce infrared light of differing wavelengths, just like different LEDs produce light of different colors.

3.2.2 Auto LED ON/OFF sensor
The Auto LED ON/OFF sensor, they do not need wires or special installation required, when the Auto LED ON/OFF sensor detector the “dark” coming, they will switch to on, to turn on the Infrared LED. Mostly, people use it to control the small light they are basically a resistor on a board when the light shines on the material is conducts  electricity, in turn is used as the signal for a switching to operate the bulb. Itch the more light the more allowed across the resistor ..so it gets brighter and dimmer as you cover the photo-electric-eye. As we know, Photocells are sensors that allow you to detect light and sent the signal to the switching. These photocells are small, inexpensive, low-power, easy to use. For that reason they often used in toys, gadgets and appliances. These photocells are often called to a cells, or photo resistors. Photocells are kind of  a resistor that changes its resistive value (in ohms) depending on how much light go through the  surface. We can expect to only be able to determine basic light changes For most light-sensitive components like "is it light or dark out", "is there something that would block light in front of the sensor .


Basic configuration
	Input voltage
	DC/AC 10-14V

	Max Load Current
	10A

	Operating Illumination
	Turn-on less 30LUX
Trun-off less 150 LUx

	Power consumption
	<2W

	Delay Time
	<3 minutes

	Dimensions
	45x42x35mm

	Ambient temperature
	-20°~ +50°



3.2.3 Super HAD video camera
Proviede the high image quality and low power consumption required in digital video camera.
The digital video camera has two new CCDs, one is ¼-inch CCD technology for the high image quality promised by digital recording, other one full size CCD is for support electronic zoom and electronic vibration stabilizer.
      Support for the DV in super HAD video camera. These CCDs use as optimal for miniature digital video cameras, also use to contribute a signal processing system simplification.
      High image quality and low power consumption in super HAD video camera. If people improve the sensor characteristics, they have to increase the optical effect by minimizing the ineffective areas on the CCD. As a result these increasing the amount of charge handled per unit area in the vertical registers. The people can lower the voltage used to read out images to the vertical register and thus achieve operation from power supply. Also, in the nonvolatile analog memory circuit, we able to make the substrate voltage and reset gate bias free from external adjustment.
      


3.2.4Lens
As we know, infrared Camera lens are made of plastic or glass. mostly CMOS cameras contain a plastic lens, but CCD cameras usually use a glass lens. The Point-to-point Security Wifi Camera with Infrared Night Vision for IPhone  and Android Mobile Phone has a glass lens. It has an auto-focusing feature for video quality. The focusing technique is fluid crystal design that auto-adjusts fps and color intensity. If we use this camera as a infrared camera for baby monitor. It will be a benefit as a surveillance camera; Ideally this focusing feature will help the camera to focus on project. 
As we know, the human eye can only see between wavelengths of 400 and 700 nanometers. These wavelengths are people can perceive. Infrared light is past 700 nanometers on the spectrum, human eye can not see this lights.[A4] Camera lenses are designed to let light at wavelengths of between 400 and 700 nanometers pass through in order to capture colors the way the average human eye sees them. An infrared lens to absorb all of this visible light, allowing only light at the infrared end of the spectrum to pass through the lens and hit the film or image sensor, depending on whether the camera is film or digital.

3.5.4.1 Plastic 
Mostly, This camera  which has plastic lens is being designed to set up in an outdoor environment. So to overcome this, the camera will be mounted behind a protective window on the units housing. 

3.5.4.2 Glass 
Point-to-point Security Wifi Camera with Infrared Night Vision for IPhone  and Android Mobile Phone use the Glass lenses to offer clear image and protection. However nearly all glass lens cameras utilize a charged coupled device image sensor. CCD image sensors are good for this design because the camera unit will be stationary.  We set the Point-to-point Security Wifi Camera with Infrared Night Vision for IPhone  and Android Mobile Phone in  The glass  lens type would be ideal, is based upon which type of image sensor is desired. 

3.5.5 Image Sensor (73)
After we compare the different sensors, we can find the pix size is totally different, so the image quality will different too. The more pix size means clearer picture we will have, also the frames in per second decide the video’s quality. As we know, the old movie use the 24 frames per second, the frames per second must be more than 24 if we want a quality video. 
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There are two prominent types of image sensors on the Webcam market. This decision was between Charged Couple Device with Complementary Metal Oxide Semiconductor cameras’. CMOS and CCD devices both output a digital signal; however they have the feigner location of these parts. The table is a comparison of CMOS and CCD. [A8]

	
	CMOS
	CCD

	Price
	cheap
	Higher than CMOS

	power
	Low power consumption
	Much higher than CMOS, like 100X.

	Noise
	Little noise
	Less than CMOS

	maturity
	It is still not mature as CCD even it will be better and better
	Long production span



		
3.5.5.1 CMOS (73)
As we know, the CMOS imaging sensors are type of active pixel sensor, and the CMOS image sensor using the semiconductor process. Also, mostly the people put some circuit around the image sensor to change the photons energy to voltage. Some of circuit added by people to change the voltage to digital data, this is the basic work theory. Mostly CMOS image sensors have components related to timing and video processing on the semiconductor itself. This design has both benefits and drawbacks. For one CMOS sensors are more rugged than CCD cameras because their internal timing mechanisms are not dependent on the cameras circuit board. This advantage is very beneficial for this design because it will help the camera in two ways.  
The first advantage is that the device will be more reliable and have a longer life span. The second advantage is that video quality will degrade much slower over time, than if a CCD was selected. On board components also make CMOS cameras more power efficient than CCD cameras.  
Since this camera system is reliant on solar power alone, energy consumption has a huge effect on both the battery life and reliability of the device. Because these sensors have less data through put they are more vulnerable to noise from camera movement. On a positive note this vulnerability to noise will not affect the performance of the camera in any way, since it will be stationary. 

CMOS work diagram
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the CMOS image sensors receive the electrons which from the photons, and convert the optical image to electronic signal.                         
 we can find the pixel output as function of time. The three transistors means “active pixel”, there are lot of advantages for it. Gain at pixel, standard CMOS technology, Good fill factor, Large storage element = high dynamic range, Good anti-blooming and no image lag(lag-charge remaining in the pixel after read/reset sequence). This is the reason the CMOS imaging sensors are type of active pixel sensor. 

General statistics
	
	Configuration

	VGA
	640x480 pixels

	Image rate
	30F/sec

	Pixel size
	5.6x5.6µm

	Pixel array size
	3.6x2.7mm

	Dark current
	Tens of aA

	Conversion factor
	10 to 50 µV/e-

	Fill factor
	20% to 40% without µlens;
60% to 80% with


		


There are some non ideal features of CMOS Sensors, [A8]mostly these problems caused by noise.  Photon shot noise means large pixels, transistors obscure pixel means use microlenses, fixed pattern noise means compensate, reset noise means read twice and subtract dark current means leakage through pixel with no illumination. These noise come from variety ways, like light what photons are noisy, dark current of the pixel, thermal noise of transistors, reset noise of pixel, external noise sources. Also, these image noise depends on several factors: the photon shot noise come from at high light levels, the dark current from at high temperature, the other dark current and external reset from at low light levels, the reset from at low temperature.


Image Processors SOC(a system on a chip)

SOC is a system on a chip which integrates all components of computer in one chip, that's means integrates all functions-digital, analog, signal, radio frequency...SOC is used to running more powerful processors and software. That is the reason we use it on the camera if we want to obtain the better pictures. The reason is the powerful function can manage everything from color saturation and white balance as we mentioned in CMOS and CCD image sensors. The system on a chip designed to work with sensor perfect, so the system on a chip’s signal processing has some advantages: compact, lower the cost of system, easy to integrate on one chip, one-chip solution…most important for the system on a chip improve the picture quality greatly, and blast the blurry. We use this system on a chip on cellular phones, pc cameras and PDAs. A system on a chip.

  
System on chip image sensor flow processor

[image: Andy14]
                              
In this table… the system on chip image sensor show how to flow processor that performs a handle the image correcting and enhancing functions what the people need.
For the mostly system on a chip image sensor, they only require a power supply, lens, and clock source. The high performance solution that makes sure the lower consumption and maximum programmability of pictures for quality control. Also, there are some features for the system on chip image sensors, like motion-adaptive exposure mode, high definition array format, one time programmable memory, low-power consumption, flexible support for extra auto focus, optical zoom, programmable I/O slew rate, low cost. 



Sensor Core Block Diagram

3.4.1.3 Embedded Linux
Embedded Linux is found every day in many industrial and enterprise systems. It allows for more hardware support and reliability since the operating system is highly customizable. Developers have direct access to the Kernel to write drivers to support their hardware.

This OS comes in many distributions such as Angstrom, Ubuntu, Embedded Debian, and others. Many companies use Embedded Linux to manage their custom in-house infrastructure systems, implement distributed control systems, and application specific purposes. In contrast, commercial operating systems do not allow support for these features.

As  a  result,  Embedded  Linux  could  be  a  potential  candidate  for  a  sleep management system that is built for extra reliability and more functionality. If GoodKnight was an industrial control application used for high-precision and reliability, it could be used in facilities such as hospitals, clinics, and research centers. Therefore, there is little practicality for the end user but it would serve the purpose of presenting the information well.

Pros:
•  Main programming languages are C and C++.
•  Allows for reliable hardware/software interactions.
•  Developing costs are extremely low.

Cons:
•  Hardware/software interfacing relies on device drivers.
•  Development environment has limitations.
•  Learning curve is high.
•  Unpopular with the average user.

3.4.1.4 iOS
Since Apple Incorporated introduced the iPhone in 2007, iOS has been an all- time favorite among consumers seeking a powerful and well-designed embedded device. The operating system offers seamless interaction with its hardware and allows  excellent  interfacing  between  an  embedded  system  and  an  iOS application. This environment is a strong candidate for an application seeking to interact with an embedded device.

Unfortunately,  development  costs  are  high  given  the  project  budget.  Apple requires developers to purchase development licenses, permissions, and other Apple devices to develop an iOS application. Moreover, for a developer not familiar with iOS or other Apple products, there is considerable overhead in developing with the new environment.

Pros:
•  Mature platform offers a lot of support.
•  An excellent development environment is offered.
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•  Extreme popularity means access to a large user base.

Cons:
•  The main programming language is Objective – C.
•  Development costs are high.
•  Learning curve is high.

3.4.1.5 WebOS
The successor to PalmOS, WebOS, is another environment capable of hosting a GoodKnight application. The operating system is supported by Hewlett-Packard (HP) and runs on many HP devices. However, this mobile operating system is a poor choice because of its decline in support and popularity. On July 1st, 2011,
HP released a tablet known as the HP Touchpad. Forty-nine days later, HP announced that the touchpad would be discontinued due to its dismal sales record [39].

Pros:
•  Main programming language is C++

Cons:
•  Highly unpopular
•  Commercially discontinued; open-source project

3.4.1.6 Windows 8
Perhaps  the most recent addition  to the  mobile  operating  system market  is Windows 8. The operating system promises to offer better portability than its competitors. It is to be supported in phones, tablets, and Personal Computers (PCs) alike. Windows 8 not only promises to be fast, user-friendly, and powerful, but it also commits to being a welcoming environment program development.

Windows 8 accomplishes this portability by adding a layer, called the Metro User Interface (UI), to Windows’ standard operating system architecture. The Metro UI layer  is  a  touch-friendly  interface  that  employs  a  series  of  tiles  to  launch applications. This Metro UI will also be running natively on tablets, phones, and other embedded devices as the primary user interface. It is this layer that will be the bridge between the different architectures implemented on PCs, tablets, and phones. This layer is so powerful that it prioritizes Windows 8 as a top choice for a development environment.

Pros:
•  C# is the main programming language.
•  C# is similar to Java; back-end could be ported to Java with  minimal efforts.
•  .NET framework is extremely sophisticated.
•  Arguably uses one of the best IDEs available, i.e. Visual Studio.
•  Learning curve is decent.
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Cons:
•  Platform is not yet mature.
•  Development costs are moderate.
•  User base not yet well-established.

3.4.1.7 Choosing the Environment
With  the  exception  of  Embedded  Linux  and  WebOS,  all  the  development environments are a fair choice for mobile development. Embedded Linux offers a poor tradeoff between performance and development effort since it would take a considerable  amount  of  time  trying  to  develop  an  efficient  system  that  has seamless  hardware  and  software. Android  is  derived  from  the  Linux  kernel; hence,  it  implements  many  features  and  advantages  that  Embedded  Linux provides.

Concerning the resources available to this project, Android would be a great choice because the development costs are low, the learning curve is decent, and Java is a familiar language. In addition, because of the popularity of the platform, a variety of Android devices are readily available. Physical possession of these devices is essential to addressing development issues.

Windows 8 would be a great choice also. Because of its support for PCs, tablets, and phones, it would be a great development investment. In addition, having reasonable development costs and extremely powerful tools (e.g. Visual Studio, C#, .NET framework) shortens time of development and debugging. Balancing the  popularity  of  Android  versus  the  exceptional  Integrated  Development Environment  (IDE)  available  Windows  8,  both  are  contenders  and  a  sound choice for hosting a GoodKnight application.

Lastly, iOS is also a good choice to host the application. iOS is an elegant and mature platform with rich development tools and reliable hardware APIs. This closed-source platform eliminates many anomalies that hardware and software interactions bring about. However, the high costs and closed nature of iOS make it a less appealing choice compared to Windows 8 and Android within the budget of this project.

If the project could be implemented with the same codebase for all the top environments (i.e. Android, Windows 8, and iOS), it would lessen a great amount of overhead in trying to port the application from one mobile environment to the other. It would also remove some of the obstacle of learning new environments and it would consolidate support by focusing the development to one codebase. Thankfully,  this  issue  is  addressed  by  a  company  called  Xamarin  providing “Mono for Android” and “Monotouch.”

3.4.1.8 Mono for Android and MonoTouch
Xamarin, a pioneer in porting the Microsoft .NET framework to non-Microsoft platforms, has created a family of products that allows developers to develop using  Microsoft  technologies  including  the  C#  programming  language,  .NET
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framework, XAML, and Visual Studio IDE. Their method includes linking Mono, an  open-source  implementation  of  C#  for  non-Windows  based  systems,  to Android’s Java APIs. For example, it allows for the interpretation of Visual Studio compilations to Android Application Package Files (APKs).

Xamarin’s approach is very appealing to many developers because of the use of Microsoft technologies. In addition, Xamarin’s family of Mono-based products extends the aptitude of the .NET framework by allowing developers to port their applications to iOS and Android platforms from the same code base.

According to Xamarin [40], their product delivers:
•  Cross-platform development
•  Reusability of existing code
•  Visual Studio IDE integration
•  Code auto-completion
•  Easy installation
•  Android/iOS full features

Pros:
•  Reuse code base to port Windows application to Android or iOS.
•  Allows use of Visual Studio IDE.
•  Allows use of the Android SDKs and the iOS SDKs.
•  Allows developers to use the virtual machines provided by Android  and iOS to run tests.
•  Utilizes the .NET framework.
•  Does not provide overhead to the application size and speed.
•  Relatively inexpensive.

Cons:
•  Mono is not always up to date with C#’s features.

3.4.1.9 Summary
Following the current trend of embedded devices, a GoodKnight system resting bed-side with the user could be implemented using a smart device that the user already possesses. Therefore, the interaction between the system and the user could be carried out with an application hosted by the user’s device. Several mobile operating systems were examined to determine which platform would benefit the implementation of GoodKnight’s user interface.

Android, Windows 8, and iOS are the strongest candidates. Unfortunately, due to the  limited  budget  this  project  possesses,  an  iOS  application  cannot  be financially supported. Moreover, with the introduction of the “Mono for Android” framework, a GoodKnight application can be developed for both Android and Windows 8 with minimal costs and overhead. Hereby, an application using this product would be highly advantageous because it make use of the two platforms’ key features.
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3.4.2 Aesthetics
According to the Merriam-Webster dictionary [41], something that is “aesthetic” is said to be “pleasing in appearance.” Within context, a user-interface with good aesthetics is said to be  visually  appealing  and easy-to-use. In fact, a  user- interface that portrays good aesthetics could inherently exude a sense of quality to the end-user. For instance, by the same method that a luxury car portrays quality with its glamorous designed body, the same could be said about an application with a captivating and seamless user-interface.

In an essay titled “Interface Realisms: The Interface as Aesthetic Form” by Soren Pold [42], Pold discusses how the user interface is “now a central aesthetic form conveying digital information of all kinds.” Further in the writing [42], Pold defines the purpose of the user interface “to represent the data, the dataflow, and data structures of the computer to the human senses, while simultaneously setting up a frame for human input and interaction and translating this input back into the machine.” Therefore, according to Pold, the user interface with respect to this project  should  be  representing  the  data  obtained  from  sensor  inputs  while remaining attentive to interaction from the user. Moreover, not only should this user interface be a median between the user and the machine, but it should also be the destination for all sorts of digital information related to the project. For example, this project’s user interface should portray the machine states, data collected, and current commands received from the user; in addition, it could also implement related data to a healthy sleep routine by presenting data obtained from sources outside of the system including:
•  Time of Sunrise
•  Current Ambient Temperature
•  Current Date
•  Current Time
•  Share Recent Results via Social Networks
•  Longest Continuous Sleep
•  Shortest Continuous Sleep
•  Coldest Night
•  Hottest Night

With respect to Graphical User Interface (GUI) design, perhaps the most obvious way to deliver good aesthetics is through the application’s user controls (e.g. buttons, labels, scrollbars), animations, color scheme, and information layout. The problem with achieving great aesthetics is that it requires iterative testing to confirm constancy in the design. However, this problem is addressed in many development environments for popular mobile operating systems like Android and Windows 8. For Windows 8, there exist third-party APIs that facilitate the process  of  creating  consistent  visually  appealing  interfaces  with  minimal overhead and development time. In fact, many of these APIs are available in the IDEs to facilitate the GUI development.

[image: C:\Users\maomao\Desktop\Andy18.jpg]
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From the table of Sensor Core Block Diagram, the sensor core is a progressive scan sensor that is a stream of pixel data at the rate. The diagram includes a active pixel array. The circuits of timing and control go through the rows of array. In each turn of the row, the sequences reset and read the data. The pixels in the row flash while reset and read the row. Then data from the arrays is arranged to an analog signal chain. The pixels have two types of optical and dark, the dark one to use for black level control. This sensor core has a lot of control registers, so it can control many of the sensor exposure, frame size, and setting. Also, the firmware can control the register and can access the interface. Sometimes, it will be overwritten. 







Specifications of system of a chip

	System of a chip
	Parameter

	Scan Mode
	Progressive

	Array Format
	2048H x 1536v

	Frame Rates
	15fps to 30fps

	Windowing 
	Programmable to any size

	ADC
	10-bit, on-chip

	Output interface MIPI
	Single-lane 

	parallel
	10-bit

	Maximum pixel data output
	48 megapixels per second

	Maximum data rate
	96MHZ

	Responsively
	0.44V/Lux-sec

	Signal –to-Noise
	>38dB

	Dynamic Range
	>67.4dB

	Supply voltage
	1.74V to 3.1V


		

As we know, We sun the testing to check the stability, reliability, quality and mistakes. If we find the system on a chip work unexpectedly, we should consider the new chip, or change a different product, or we have some mistake in this design, then we can go back to check all the work to make sure how to fix this problem.First, to do a testing, as we worked in the labs before, we have to make sure we have suitable environment, the instruments. Usually we will prepare wires, clip, oscilloscopes, power supply, multi-meters, function generators, breadboard, paper and pencil.  
Second, the hardware should be unit and tested to confirm the connection, 

CMOS Image sensor receiver
[image: ]



Figure 4.6.3 Programming Flow between Sensors and States

4.7 Digital Video Cameras

4.7.0 Introduction and Purpose


To be covered in this section are: the purposes of the digital video camera on the car, desired outcome from implementing the digital video camera technology on the remote controlled car, the various types and specifications of digital video cameras available for us to choose from, our desired specifications, the likely required specifications due to various limitations, any complications that might arise from including this technology, and any constraints that including a digital
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video camera on the remote controlled car might put on other design components. How a digital video camera works will not be discussed in this document but the different  technologies  that  are  available  to  the  market  for  consumers  and developers will be.

The purpose of the digital video camera for our project will be to transmit a first person view (fpv) of the player’s car to his or her Android cell phone. The user will be able to be away from the playing arena with others who are also away from the playing arena, and compete by only being able to see through the fpv camera on the car. This will add a unique game play variation, making the game more challenging and interactive. The team would also like to include the digital video camera to obtain practical experience with embedded hardware design such as: input configuration, data manipulation, encoding and decoding a video stream real- time, and transmission of a video stream wirelessly.

4.7.1 The Internet Protocol Camera

The internet protocol (IP) camera, in its simplest form, is a digital camera that sends and receives data digitally via the wide area network (WAN) we know as the internet, or a local area network (LAN), which might be an individual’s home network. The typical application for an IP camera is for security surveillance (both in the home and small scale commercial properties) and baby monitors. The vast majority of IP cameras available are not intended for a hobbyist or development platforms so one can find many IP cameras that are completely encapsulated bundles of technology wrapped up in an attractive shell. It is common for an IP camera to contain all of: digital video camera with infrared lens, infrared LEDs for night vision coupled with the infrared lens, microphone, Ethernet port to transmit data, Wi-Fi module for wireless connectivity, MPEG, MJPEG, or h.264 encoding, and bundled software to interface all the options; likely with both Android and iOS options. Some IP cameras are so sophisticated that they include all of the options previously mentioned in the above paragraph and can even stream a video feed to a specified internet protocol (IP) address without the assistance from any external hardware like a computer or directly to a smartphone.

4.7.1.0 Wireless Transmission Technologies

IP cameras transmit their data exclusively through a WAN or LAN so either the internet or a local router must be involved in viewing or recording the video. The video stream from an IP camera can also be transmitted wirelessly through an onboard Wi-Fi radio transmitter -assuming one is included.  Because most of the IP cameras are designed for a consumer with very low technical skills in mind, the manufacturers like to keep the details of their devices very general. However, IP camera manufacturers with Wi-Fi connectivity commonly advertise the 802.11b/g and sometimes “n” specifications.
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	Model
	WVC80N-NP
	CWD-TB-11489

	Brand
	Linksys
	CWD

	Connection Type
	RJ45
	

	Wireless Standard
	IEEE 802.3u, 802.11g,
802.11b, draft 802.11n
	IEEE 802.11 b/g

	Networking Protocol
	TCP/IP
SMTP HTTP DHCP FTP
	Unknown

	MAX Resolution
	VGA 640 x 480
	VGA 640 x 480

	Encoding
	MPEG-4, MJPEG, H.264
	MJPEG

	Frame Rate
	Up to 30 fps
	Up to 30 fps

	Security
	WEP, WPA, Wi-Fi
Protected Access 2 (WPA2)
Security Key Bits: Up to
128-bit encryption
	WEP, WPA, WPA2

	Audio
	built-in microphone
	NO Audio

	Operating          Systems
Supported
	Apple MacOS X 10.4 or
later, Microsoft Windows
Vista / XP
	Windows 7

	Power over Ethernet
	Yes
	No

	Power
	5V, 1A
	3V, 320mA

	Approximate
Dimensions
	3.5” x 1.5” x 4.7”
	30mm x 27mm x
27mm

	Approximate Weight
	4.6 oz
	100g


Table 4.7.1 IP Camera Specs


Above in table 4.7.1 are the specifications for two IP cameras that are under consideration: the Linksys WVC80N-NP and the CWD-TB-11489. These two cameras are good representatives of the feature sets that one can find on any
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given IP camera, depending on its size and cost. The Linksys WVC80N camera has the ability to operate as a stand-alone unit; in other-words, it can send its video stream via RTSP protocol so that mobile devices like a smart phone can access the feed. Also, the software to configure the device (which does require a PC to setup) is robust enough to allow manual configuration of all: IP Address, subnet mask, gateway, primary DNS, secondary DNS, RTSP port, RTP data port, RTP data packet and more through a graphical user interface.

4.7.1.1 Encryption Technologies

Many IP cameras offer various encryption technologies. For the unit above, WEP, WPA, and WPA2 with 128 bit encryption are available; these options appear to representative for the majority of the IP cameras in the market.

4.7.1.2 Form Factor of the IP Cameras

Form factor for every element of the car’s design is very important. Initially, the design has been limited to: width of 5.5”, height of 6.0”, length 10.0”. These dimensions were chosen because the designers plan on building onto an existing platform with a body and frame which cannot be changed.

The options available for IP camera form factors are quite vast. They range from tiny modules about the size of a medicine bottle like the one pictured below, to cameras with housing the size of a woman’s shoe box. Below are two pictures demonstrating a size comparison to a person’s hand.

The first picture is of a Linksys WVC080NA IP camera which has already been discussed. It does not even fit in the man’s hand in this picture so it would look ridiculous strapped to a remote controlled car with a width of 5.5”. The next picture is the CWD-TB-11489, a tiny IP camera that features MJPEG encoding via Wi-Fi. This is a much more modest size to incorporate into the Knight Brawler’s project.

The CWD-TB-11489’s dimensions are: 30mm in diameter, 35mm in length and
100grams. This model does not have as diverse of a feature set like the Linksys model does. For instance, it only supports MJPEG encoding which does not have a significant degree of compression like what will likely be required for smooth reproduction of fast moving objects. This compromise needs to be tested before deciding and developing on a particular platform.

Other  factors  that  seem  to  be  a  consequence  of  form  factor  are  power consumption. The Linksys model is not designed for portable use, as such it consumes 5V, 1A typically while the CWD-TB-11489 uses 3V and 320mA typically. The  power  consumption  of  the  Linksys  combined  with  its  large  form  factor disqualifies it from the design for the Knight Brawlers project.

Can we use an IP camera?  If, we were to purchase an IP camera no work would have to be done except setting the configuration tools to match our requirements.
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This is not going to be allowed on our project because it is one of the key components in the complexity of the Knight Brawlers design. Most IP cameras are designed for the low-tech consumer in mind which simply does not suit our needs.

4.7.1.3 IP Camera as a Reference Design

Many  manufacturers  offer  reference  designs  with  accompanying  software development kits (SDK) for the developer. These designs are intended to shorten the time to market by other companies who are using them for things like image analytics.  A  typical  reference  design  for  an  IP  camera  might  include:  lens, enclosure, JTAG debug board, power adapter, ribbon cable, RS-232 cable, audio cable, tripod, source code, SDK, and Gerber files are often available as well. This is very attractive to the Knight Brawlers designers. These reference designs often show case their ability to do h.264 encoding at 30fps as the first item in a list of specifications. The quote below from Texas Instruments summarizes the intention of most reference design manufacturers.

“Texas  Instruments  offers  multiple  highly  optimized  reference designs    based    on    the    DM38x,    DM812x,    DM3xx    and DMVAxDaVinci™ video processors for the IP camera market to enable developers to speed through the design process as well as reducing overall bill of materials costs. These reference designs: reduce development time by 90%, deliver higher quality video, up to
10  megapixel  at  reduced  frame  rate,  optimize  electronic  bill  of
materials,  and  empower  customers  to  design  sub  $100  HD  IP cameras.” (http://www.ti.com/apps/docs/mrktgenpage.tsp?contentId=41246&a ppId=79)

The IP camera as a reference design is one of the most encapsulated solutions and total reference designs for the Knight Brawlers project. All that would be left to design is the H-bridge for power control and integrate a Wi-Fi module. The other components could be controlled by the onboard ARM9 processor that runs at 432
MHZ.

One reference design under consideration is the Stretch S6106 which has very robust image analytics and encoding capabilities that the Knight Brawlers wish to integrate into their own design. The main board of the S6106 is 32mm x 72mm with most of the space being taken up in the picture below by the large lens designed  to  capture  high  quality  high  resolution  images  for  surveillance applications.

IP Camera as a Reference Design Summary: After careful consideration the designers have decided that this subset of IP camera solutions will not be included in any of the design of the Knight Brawlers project. The processors on board are too complex for the desired application and budget of the project. The reference
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designs often include some image processing tools in their toolset which is also not desired in the Knight Brawlers project.

4.7.2 Camera Module on PCB Introduction and Purpose

This section of documentation will introduce the digital camera module on PCB as it will be referred to. The purpose of including this component in its available forms are for several reasons: (1) small foot print allows for easy integration into existing remote controlled car frame that will be used, (2) simple nature of its design allows for flexibility of integration, (3) several options from several manufacturers to choose from.

The simplest of these cameras consist of a CMOS light sensor and lens on a PCB board. Some of the cameras reviewed have circuitry that converts the captured frames to JPEG images, MJPEG video, or NTSC/PAL video.


		
This general System Diagram is about SN65LVDS324 what a 1080p60 CMOS Image sensor receiver is. As the diagram show to us,  the SN65LVDS324 recovers words, detects syncs code and multiply clock. Also, the output CMOS 1.8V data on the clock edge, this connect the interface between Video image sensors and processor. For this product, most important is integrated the resistance differential input termination and configurable output convention. That means has a configurable the special frequency range.

Hardware
After we take look the CMOS and CCD sensors, we should compare the CMOS and CCD sensors advantages and disadvantages. 
 
The advantages of CMOS Vs CCD Sensors

		CMOS 
	CCD

	Lower power consumption
		Lower dark current 

	Good image lag/smear/blooming perform
	

	Standard technology
	

	Good transistors
	

	System integration
	

	Standard logic interface
	

	Flexible architecture
	

	Lower cost
	


		
Also, there are some disadvantages here!

The disadvantages of CMOS Vs CCD Sensors
		CMOS 
	CCD

	Higher dark current
	Higher power consumption

	Reduced fill-factor
	Difficult to drive

	
	Poor transistors

	
	Inflexible readout

	
	Image smear/lag



If we want to pick one sensors, we should consider many functions, and these functions not only decide the sensors price, also can specifics what we need. There is list what we usually consider the functions of sensors: size cost, power, integration, resolution, image quality, Imaging function, manufacturability..









As we know, We sun the testing to check the stability, reliability, quality and mistakes. If we find the system on a chip work unexpectedly, we should consider the new chip, or change a different product, or we have some mistake in this design, then we can go back to check all the work to make sure how to fix this problem.

First, to do a testing, as we worked in the labs before, we have to make sure we have suitable environment, the instruments. Usually we will prepare wires, clip, oscilloscopes, power supply, multi-meters, function generators, breadboard, paper and pencil.  
Second, the hardware should be unit and tested to confirm the connection, each important part need to test. There are some basic test standards after we plug in the power.
∙suitable DB – no loud or unexpected noise
∙stability – no shake, no movement
∙damage – no smoky, no burn
 Also, some test requirements for the system on ship.
	Goal
	Part

	Hardware description level
	DFT/BIST

	Cores and SOC test developers
	Integration 

	Core/test reuse
	Plug-and play mechanism

	Hierarchical core reuse
	Hierarchical test management

	IP protection 
	Core test standard








3.4.2.1 Third Party Windows 8 User Controls
Unlike Android, Windows 8 supports and encourages the use of custom built XAML-based user controls for improved aesthetics within an application. This feature is known as Rapid Application Development (RAD). RAD leverages the capabilities  of  an  application’s  user  interface  by  allowing  modularity  and customization of user controls. In this project, because the user interface would rely heavily on data visualization, i.e. how large amounts of collected data is presented to the user, there are numerous third-party Windows 8 user control APIs that provide captivating data visualization.

Graphs are going to be heavily used in the data visualization portion of the project. These graphs might be superimposed to further analyze and compare results from previous system runs. Therefore, it is imperative to compare a few commercial  products  to  facilitate  and  leverage  the  development  of  data presentation within this project.

Telerik: RadControls for Windows 8
Telerik released a user control package shortly after Visual Studio 2012 and Windows 8 beta were released. The controls they have designed are appealing and easy to integrate. Telerik published a demo application on the Windows Store  for  developers  to  examine  the  performance  of  the  controls  and  their capabilities. Figure 3.4.2.1.1 shows a screenshot of how a RadControl chart


















Comparison - We choose the most suitable pressure sensor for this project, the most important reason is the material. The It is not just the pressure sensor technology , but also the good try in a complete pressure . the force sensing resistors the pressure sensor. this device which exhibits a decrease in resistance with an increase in the force applied to the active surface. Its force sensitivity is optimized for use in human touch control of electronic services. FSRs are not a load cell or strain gauge, though they have similar properties.
Table 3.3: Pressure sensors comparing
Absolute High Material
pressure pressure
Metal thin-film pressure sensor Yes Hard

The ceramic thick-film pressure sensor Yes Hard

A piezo-resistive pressure sensor Yes Hard

the force sensing resistors Yes Soft

Though they have similar properties-can measure the pressure. We choose the 73 force sensing resistors because the pressure sensor must be a easy clean, soft, safe and light weight. Other important reason is we compare other pressure sensors; the force sensing resistors is portable. As the pressure sensor. It is a polymer thick film (PTF) device which exhibits a decrease in resistance with an increase in the force applied to the active surface. Its force sensitivity is optimized for use in human touch control of electronic services. FSRs are not a load cell or strain gauge, though they have similar properties. FSRs are not suitable for precision measurement Safe, the force sensing resistors (FSP) use the 9v power supply, it is safe to baby. And the force sensing resistors (FSP) out between the pad, it is not touching the baby directly! Accuracy, we know the baby is tiny, only a few pounds or a little more, so we need the force sensing resistors (FSP) can measure the change of pressure exactly! Adjustable, when the baby grow up, the more activity, and more weight, we have to readjust the force sensing resistors (FSP) to suit the change. 
From the table, we can figure out the Part No 402 is better for our project. Because the Part No 402 has a bigger diameter, and thicker, if we use 4-6 pressure sensor.  All living creature needs to sleep, it is the special activity of the brain during early development. for adults, the sleep-wake cycle, are regulated by light and dark and these rhythms take time to develop. However, the newborns have the irregular sleep schedules. And the rhythms begin to develop at about six weeks. Until age of two, the children have spent more time asleep than awake and overall, they spend more than 40 percent of their childhood asleep. when parents put the infants on the mattress, they are not quiet, even they are fall in sleep. Baby always
keep moving all the time. Sometimes , they cry because they need something. Other hand, they should have body movement in several seconds.
 When they cry or keep quiet too long time, the sensors will detector and sent the alarm to parents immediately. This is pressure sensor is implemented in three parts: Flexible substrate with printed semi-conductor, Spacer adhesive, and Flexible substrate with printed interdigitating electrodes. As the force sensing resistors’ characteristic, the force increase, the resistance decrease. So the current increase when resistance decrease. Also, it is ”linear” of the relation between the resistances with the force from 20g to 10kg. So this range is good for new baby, because we plan to put 4-8 the force sensing resistors in the pad. At least, the measure range is from 80g-40kg. We will put it between the two pads, four corners and middle of two long sides of pad. The legs (two long connecters) will use a clamp-style connector like alligator clips, or female feeder. For example, as the figure above. if we choose the value of 27 K as the greatest ”sweep” from 0 to 5 V, and assuming the sensor range is from 0 to 100 K. Us this circuit, we can read the Analog 0 as input, and the Arduino will return a value somewhere between 0 and 1023, with 1023 representing maximum value 5 V. The
value decreases when pressure is applied to the sensor, so the Arduino value will
decrease. This proves that the circuit is working. From the table Multi Channel FSR to Digital Interface , the micron roller control the channel, and drop the channel when the force low, when the capacitor threshold, the discharge while the counter off. A FSR is just what it sounds like a resistor that changes its resistance with force. So if you press, sit, or punch it, its resistance changes. The part will be when people want it to measure force with any time. It’s really not good for that, so if you need something sense even approximate weight or quantitative force; this is not your guy. But if you need something that will let you know if someone is sitting in a chair, or hugging a stuffed animal, this is it! The Force Sensitive Resistor changes its resistance when force changed, so the resistance’s ranges from near infinite when not being touched, to under 300ohms when pressed really hard. So we can measure that change using one of the Adriano’s
analog inputs. However, we to do that we need a fixed resistor (not changing) that we can use for that comparison (We are using a 10K resistor). This is called a voltage divider and divides the 5v between the FSR and the resistor. This adjustable buffer, the output gain as the ratio of R2 and R1, so the initial current will not be zero because use R3 gives the bias currents. Also, we can add additional resistors with R2 to make gain of ratio easily.
SENSOR CHOSEN FOR DESIGN
We use the HC-SR501 IR Infrared IR PIR Motion Sensor Detector Module. There is a control circuit board with the infrared sensor, the PIR sensor is very sensitive and can adjustable holding ti










HC-SR501 Specification
	Detection distance
	adjustable 3-7M

	Detection range
	<140°

	Delay time
	adjustable 5-200S

	Blocking time
	2.5 S (default)

	Trigger
	L: Non-repeatable trigger
H:Repeat Trigger(default)

	Working Voltage Range
	DC 4.5V- 20V

	Current drain
	<60uA

	Voltage Output
	3.3V TTL output

	working Temperature
	-20-+80°C

	Dimension
	3.2cm x 2.4cm x 1.8cm (approx)



HC-SR501 PIR is a automatic sensor, people can set the delay off high, and output low in this sensor output. This sensor can work during day and night time after adjust the sensitive level. However, in the summer, the detection range will reduce, even not much. Also, the trigger can set as two trigger mode, one is cannot repeat trigger, when the sensor detected the movement, the output voltage will be low after the delay time is over. Other one is repeatable trigger, the output voltage remind high after the delay time, even the object in the detect range. This delay time is adjustable from5-200s; we can set the delay time to fit the different requirements. The induction blocking time is 2.5s; the blocking time means the motion sensor does not accept any sensor signal. The blocking time right after the delay time, so the interval between the two detection times is from high to low. The working voltage range is DC4.5V-20V, can meet with mostly micro-controller boards output voltage (5V), so it is easy to connect with the msp430. The micro-power consumption is 50microamps, and it is for using battery-powered control system. or this motion sensor, it is very easy to connect to the micro-controller, and it is easy to adjust the sensitive and delay time. There are three nodes to connect-input, output and ground.  


Motion Sensor system
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In this testing system, the output is varying. When we connect the HC-SR501 motion sensor directly, the output voltage is from jumped 0.34V to the 3.3V. When we adjust the yellow knobs, we have the different detect range and the delay time. When we connect a LED between the HC-SR501 PIR motion sensors with the Microcontroller, the LED will light up when the HC-SR501 PIR motion sensor detect any movement, and the LED will be dark after the delay time.  However, the output voltage is jumped from 0.34V to 1.8V after the LED connects with HC-SR501 motion sensor.
This system will monitor the motion of the baby. It interprets data to determine whether the parents should watch the baby via the cell phone. These motion sensors were designed to be safe and comfortable enough so that the baby can sleep as normal. We put the motion sensor under the baby’s mattress, and it should be assumed that the device is able to function for duration of baby’s sleep.
   The data collection was critical when detecting the different pressure of baby, to verify that the data was accurate, the sensors were first checked and calibrated if necessary. When the sensors were verified to be accurate, the software were also examined and tested to achieve a high degree of accuracy.  Try to make it simple as we can. This project includes research of baby’s sleep, physical activity habits, especially the safety for infants. When the sensors detector the changes, the network will help the parents to monitor those changes. The motion sensor was developed to analyze data, and identify the safety level. It give the feedback to the parents as well as customized control, such as monitor features and the possibility for next action. to improve parents’ sleep quality





Table 3.6: The disadvantages of CMOS Vs CCD Sensors
CMOS CCD
Higher dark current Higher power consumption
Reduced fill-factor Difficult to drive
Poor transistors
If we want to pick one sensors, we should consider many functions, and these functions
not only decide the sensors price, also can specifics what we need. There is list what we usually consider the functions of sensors: size cost, power, integration, resolution, image quality, Imaging function, manufacturability.
Image Sensor Used in the Final Design.
Wireless IP camera
The Raspberry Pi- camera module was our first choice for our design however after  numerous failed attempts to interface it with the MSP430 we chose an IP camera module. The problem was that the MSP was not able to  support raspberry Pi camera module, and our group was not able to write  a code that would interface the MSP430FG4618 and Raspberry Pi camera module module with MSP430.We decide to change the camera module to SEN-10061 camera module with PL2303HX Chipset Based USB to make an IP camera. 
This Wireless IP camera’s features the Point-to-point Security Wi-Fi Camera with Infrared Night Vision for Android Mobile Phone as the surveillance camera. We choose the JPEG color camera SEN-10061. This camera was selected because it offered and its durability. The goal was to pick a camera that would not limit any performance aspects throughout the entire project design and build 
Camera Features
	 Resolution
	VGA/QVGA/160*120

	Serial port
	38400

	Power supply
	DC3.3V-5V

	Size 
	32mm X 32mm

	Current consumption
	80-100mA


 The JPEG color camera SEN-10061 has four interfaces. First one for the power is 5V; second one is the ground; third one is TXD (OUT), for RS232 level connected to MCU or PC RXD; fourth one is RXD (IN), for RS232 level connected to MCU or PC TXD. When the alarm sent to the parents’ phone, or the parents need to check the baby, they can use the camera vision which is connect to the android mobile phone. It is use the regular power supply. The JPEG color camera SEN-10061 will 24 hours take video for the baby, and sent to the phone.
 This camera has two basic of system requirements. One is for basic video quality, this produce 2 Mega Pixel video qualities. The JPEG color camera SEN-10061 design will meet both sets of requirements. Other requirements are detailed for a standard operating system, not a system specifically designed for this camera.
 It is not only support streaming video; also, it supports the video streaming at high pixels. In addition, it provides a single frame capture feature. The benefits of The JPEG color camera SEN-10061 is flexibility of both system requirements and video sending. Meaning there are multiple built in recording modes which vary resolution, focus and color contrast to provide the best possible video quality. That is why The JPEG color camera SEN-10061 was selected. This is why chosen as the camera of this project.
We connected The JPEG color camera SEN-10061 with Blue tooth, we have to set the high destination address and low destination address. As the Jpeg color camera SEN-10061’s specification, the serial port is 38400, the Blue tooth have to have the same baud rate.  The Jpeg color camera SEN-10061 connect to XBee shield on I/O port1, 2,9,10 as RXD (IN) ，TXD (OUT), GND, Power supply+5V.
Flow Diagram
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The wireless IP camera is convenient and easy to use, and save the SD card for regular Wireless camera which connect with the Microcontroller. 
We use the software “IP Camera Viewer” as the application of android cell phone, the IP Camera Viewer can work with many different IP camera model, like Canon, Axis, Sony...etc. we can adjust the video properties about resolution and frame rate, also we can adjust the brightness, contrast and saturation. Even the IP camera cannot change the zoom, we can use the IP Camera Viewer to adjust zoom (It provide two types zoom function, digital and optical). 
Before we used the wireless IP camera, we had to test the network connection where we place the camera. We found the easy way is put the laptop there, then we know the Wi-Fi strong enough or not. Next step we need to configure the wireless network camera. Wireless IP camera needs to find the local IP address before use; we use the App-“IP webcam” to figure out the IP address for wireless IP camera. Then we type the camera brand, model, IP address, port number, we can find the Wireless IP camera which we use. 
Wireless IP Camera Application Interface
[image: Description: Screenshot_2014-04-03-01-23-35]






3.3.5 Microprocessor Design
After doing an extensive research of the different types of microcontrollers that are
available, we have decided to use the MSP430. This microcontroller was designed
and developed by Texas Instruments and it is able to receive, process, and transmit
data successfully. Overall, the MSP430 meets all of the specific requirements of
76 the baby monitor project. It requires little power to operate, has the ability to suspend
into sleep mode and quickly awake itself, is highly portable and secure, easily
connects and controls stepper motors for various tasks, and has the capability of
wireless communication and alert purposes. Depending on the overall process
power required of baby monitor and the amount of I/O pins needed. There are several
different types of MSP430 experimental boards, and below, is a summary of
the characteristics of the four different MCUs that would best suit our necessities
to design and develop the infant monitor[3].
MSP430FG4618:Ultralow power microcontroller that features a 16-bit RIS CPU,
16-bit registers and a digitally controlled oscillator (DCO) that allows a wake-up
from low-power modes to active mode in less than 6 _ s. Table 3.7 shows some of
the parameters of the MSP430FG4618
3.3.6 Monitoring Unit Software Design
The ”Waterfall Project” model will be used to design this software although some
redesign issues may appear the software is straight forward and revising or adding
new features should not cause problems. The software will be design in a RISC architecture
environment using a Texas Instruments MSP430FG479 microprocessor with a 16 bit CPU and 60KB flash memory. The overall Monitoring Unit software design class definitions are shown in Figure 3.5. The four sensor classes are Temperature, Motion, Audio, and Video. The auxiliary classes are the Alert and 
Communications.
The Monitoring Unit software is responsible for processing the four sensor inputs,
comparing the inputs to preset parameters and to the recent sensor history stored
in memory. This is the software that will make the decision to call or not to call the
alert subroutine. This software will control the sampling rate of the different sensors,
the sleep mode of the microprocessor and the type of alert to sent to the Alert
class. There are three operational modes, normal, monitoring and alert. In normal
operational mode the temperature, motion and audio sensors will be monitored in
a round robin method with the image sensor being read only when it is time to
save an image, see sequence diagram in Figure 3.6. In the monitoring mode the
image and audio sensors dominate as they will be sending streaming video and/or
audio to the smart phone. In the alert mode one of two separate alert modes will
be used, one for the standard alert and one for an immediate emergency. The
Communications class which will feed a Wi-Fi card located in the monitoring unit.
The Wi-Fi will connect to the Alarm unit and to the house Wi-Fi internet connection
which will facilitate communications to one or more smart phones. To recap the
software design uses a standard waterfall design process, a RISC architecture the
monitoring software controls the microprocessor and its operation using the low
power MSP430 microprocessor class.
Temperature class accepts the temperature signal and calls its compare() methods
where the current temperature is compared against the preset parameters.
First the low temperature is compared and then the high. If the high temperature
parameter is exceeded the compare() method is called again to compare the current
temperature to the extreme parameter. Exceeding the extreme parameter will
immediately call the soundAlarm() method indicating an immediate emergency. If
the current temperature does not exceed the extreme parameter, the compareHistory()
method is called and current temperature will be compared to the last three
saved temperatures and if the difference is outside the ”temperature difference”
parameter the soundAlarm() method is called. The last check indicates that the
previous stored temperatures were high and that the caregiver is aware the infant
has a fever and will not call soundAlarm(). In other words the soundAlarm() method
is only called the first time the temperature is high in the previous half-hour. The
sensor counter will track the time since the last temperature sampling and the last
saved temperature sample. If the processor is busy an interrupt will notify the processor
a temperature signal is awaiting processing. See Table 3.8 for the interrupt priority.

Table 3.8: Interrupt Priority
Alert
Video
Audio
Temperature
Motion

The Audio class operation is similar to the temperature class in the compare()
method is used. But before a comparison can take place the current digital output
of the audio sensor is saved by the save() method. A quarter second sample
shall be saved. Then the decibel level is compared using the compare() method
against the low decibel and the high decibel parameters or if possible by using the
capture compare registers in the MSP430 microprocessor [6]. If the sound Alarm()
method is not called then the current sample is compared against the last two
histories to calculate the decibel difference which is compared to the decibel difference
parameter. Finally the current sample is encoded using audio CODEC and
compared against all the sound samples and the last two history samples again
using the compare() method. Drastic changes from history or a match with selected
samples will cause the program to call the sound Alarm() method and start
recording the audio using the record() method.

The Motion class takes the motion sensor signal and reviews the frequency of the
motion to determine if the infant is restless. At a predetermined movement rate an
alert will be sent and the video will start streaming to the smart phone application
and the alarm unit will sound.
The Video class will start recording video and send an alert upon excessive movement.
It will have the ability to extract a single low resolution picture for comparasion
against hazardous positions. If a match with a hazardous position is determined
to exist then an alert will be sent to the alarm units and to the smart phone.
The video will also live stream to the smart phone application for viewing.

The Alert class processes the soundAlarm() methods of the various classes. This
class determines the cause of the alert and then ensures the proper alert is sent
to the Alarm unit. The Alert Class will also alert the parents by sending an email to
their smart phones. The Alert class shall also be responsible for calling other the
getPic() method and the getAudio() method of the Audio class. These methods will
start collecting, recording and transmitting the necessary sensor signals. Finally,
the Alert class will have the capacity to turn the Alarm Units off. Recapping the
Alert Class is responsible to property dispatch the alarm signals throughout the
system.
The Communications class conducts all the transmissions between the Monitor
unit, the smart phones and the Alarm units. When a class calls its soundAlarm()
method the Alert class processes the alert and sends the signal to the Communications
class which uses the Wi-Fi unit for transmission. The Communications
class also receives requests from the smart phone application, processes the request
and calls the proper method to accomplish the application’s desired mission.
3.4 Communications
Wi-Fi Technology is a wireless communication standard that uses radio frequencies  to establish connections. Wi-Fi has had the main purpose of connecting devices to the internet. Since the smartphone has Wi-Fi capabilities, this would be a prospective connection to use to communicate with the vehicle’s microcontroller. Using Wi-Fi would limit the connectivity to the Wi-Fi connection strength and signal depending on the testing environment in which the system is not only tested, but presented as well. Although Wi-Fi allows for longer ranges of interfacing between systems or devices, ranges such as 300 feet from the networking node, this is not really a pro with this particular system. The user in this system will not be any farther from this system than a probable 100 feet, making this Wi-Fi advantage over Bluetooth a light one. Wi-Fi connectivity can be seen as more secure network with numerous securities. Yet again for this system, this is not a heavy advantage since the system’s focus is not on security, but communication and interfacing between a remote controller and a wireless enabled micro controlling hardware. the 802.11 family protocol. Under each subheading range, bandwidth, costs, availability, and difficulty to develop will also be covered. At the end of the Wi-Fi discussion will be a summary of the Wi-Fi technology and an estimate of likely use in the Knight
Brawlers project. 802.11/a-is the 802.11 a protocol. This protocol operates on the 5.75 GHz frequency which has a few advantages and disadvantages. The 2.4 GHz frequency
is so commonly used that interference with other tech devices is common -like microwaves
and cordless phones. Operation at the 5.75GHz range alleviates this problem and 802.11a further contributes by enabling 23 channels in the United States, twice that of the 802.11 b/g. Having such a high number of channels and a relatively clear frequency range is desirable because it helps to ensure reliable data transfer from point to point. 802.11 a can transmit data at a rate of 54 Mbps (54*106 bits per second). During initial precursory research on transmitting a video
signal, the bandwidth necessary will likely be around 25 Mbps. If that is true then
this protocol can handle the video transmission with room to spare. The available 802.11 a modules are not any more or less expensive. It appears many of the modules are capable of a, b, g, and n protocols all on the same chip. This is great for the designers as it will not set drastic limitations on the design if during testing,80 our chosen protocol fails significant benchmarks. The availability of a Wi-Fi module with the ”a” designation is not a problem. Many manufacturers offer a range of specifications. However, on many smartphones with Wi-Fi, the ”a” designation is not available. This will be a significantly impactful con on the choice of this protocol. Range is limited at the high 5.75 GHz range because the higher frequencies get dissipated through solid objects like walls. Operating the remote car in another room could pose problems is the users decided to do that. 802.11 b/g-Wi-Fi connectivity commonly advertises the 802.11b/g specification. The 802.11 b/g transmission specifications are subsets of the 802.11 physical layer specifications but exclusively operate on the 2.4GHz frequency [22]. 802.11 b can
transmit and receive data at a max of 11 Mbps while 802.11 g can transmit and receive at a max of 54Mbps. More is better! These two protocols are so common and widely used in today’s Wi-Fi enabled consumer devices that one can almost always assume that b/g is automatically compatible.
 The 802.11 b/g protocol is well developed with many low power options available. One is from TI, the CC3000 BoosterPack and evaluation board, which can operate the ”g” designation at 190/207 mA (typical/max) and 3.6 volts. This component has been designed for the use on battery powered devices so it fits our low power requirement well. 802.11/n-is One protocol that is also commonly used is the 802.11/n. From the same family as the previously mentioned protocols, the ”n” designation means that a device featuring this technology can operate on either 2.4 or 5 GHz. The ”n” amendment enables this dual frequency output by implementing multiple-input multiple-output antennas (MIMO). The ”n” protocol also allows for up to 700 Mbps
of raw data, according to IEEE but support for that bandwidth is unknown. As far as
availability is concerned, there are many manufactures that support this protocol.
Many smartphones also support this protocol so availability should not be a concern.
Because the 802.11 n does support much greater bandwidths than the a/b/g
specs, the pricing range can be two-four times as much. The MIMO technology
is likely the major contributor to the increased costs. One 802.11 b/g/n evaluation
board the designers came across is the WizFi630 which can operate at a max of
150 Mbps but requires 3.3 volts and 600mA typical (1A max) to operate. This is
a huge detriment when choosing the n protocol. To get a greater bandwidth it is
apparently necessary to sacrifice the low power requirements.
Summary of Wi-Fi 802.11 Specifications - The common members of the 802.11
family have been reviewed including the a,b, g, and n protocols. A summary of
available configuration are shown in table 3.9. As you can from the table below,b/g
protocols offer a nice midway point between price, and bandwidth. While none
have been clearly shown to be the obvious winner there are two key players the
802.11/g and n protocols.The g protocol offers low power options (even more so
than the b) and a sufficiently low cost/low power option. The Knight baby monitor
project will likely go with the 802.11 b/g Wi-Fi module from TI because of the
above mentioned pros - unless bandwidth takes a much larger priority than initially
calculated.


3.5 Power
When designing the power supply for this project, it will not only need to meet the functional  specifications,  but  will  need  to  meet  certain  safety  standards.  All commercial  power  supplies  that  can  be  purchased  will  already  meet  safety standards, which will be an advantage when considering supplies to consider for the final design.

The power supplies for the portable devices will especially need to conform to safety standards since the power supply for that device will be designed. It will not be  possible  to purchase  an  off-the-shelf power  solution  for  the  portable device  because  of  the  size  limitations.  Knowing  which  safety  hazards  are common among power supplies would reduce the chance of overlooking them when designing each power supply.

Electric shock is an extremely deadly hazard that has a strong possibility of occurring if precautions are not taken. Electric shock can occur when the electric current finds a passage through the human body. This can have a wide range of effects on the body, ranging from an involuntary movement all the way to death. It is an extreme hazard that will not be taken lightly or overlooked.

Energy hazards may not be that much of an issue with the power supplies that are designed for this project. Generally energy hazards typically occur when the voltage potential is 240 volts or more, in this design the voltage potential will be significantly less but the hazard can still exist. It is still possible to occur at low voltages, which would cause a shock or a burn when metallic objects are worn on the body.
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Fire  can  occur  in  the  power  supply  design  by  overloading  a  component, abnormal operating conditions, or simply from a fault in one of the components. Fire is definitely a possibility when it is designed by someone with a lack of power supply design experience. It will be very challenging to prevent a fire without years of power supply design experience. To account for any possible chance of fire, the power supply will be designed so that the components will be spaced far enough apart to limit the spread of fire between each of the components. The power supplies will be designed using low cost components to reduce the impact of losing a power supply to fire. Paying careful attention to the amount of heat that each component is producing will be necessary in the earlier designs to determine potential trouble areas.

The physical design of the power supply could potentially be a hazard to the user. A poorly designed enclosure for the power supply can cause physical injury. Since a person will be wearing the device, it will need to prevent them from  getting  injured  by  moving  parts  and  sharp  edges  or  corners.  This  is especially important for this project were they will be wearing it during sleep.

All of these safety hazards will be thoroughly researched before implementing the completed power supply design. It will be necessary to test the power supply using industry testing procedures so that no injury will occur to anyone using the device. The designs for the AC and DC power supplies will be subject to change depending on how they perform during the tests, which will identify any issues that need to be improved in the designs.

When laying out a power supply design on a printed circuit board, there are many issues to consider. It will be important to use techniques that minimize the impact of parasitic inductance and capacitance of components. The resistance from the actual traces can also have an impact on power supply regulation and current capacity. To reduce the impact of these factors, it is important to understand how to measure and understand exactly what type of impact they will have.

The resistance of components and of the traces can degrade efficiency, create cooling problems, and may impact regulation. During the design of the power supply, the resistance of the traces will be calculated. Equation 3.5.0.1 shows how the resistance of a conductor can be easily calculated from its resistivity and physical dimensions. The equation states that the longer the path, the more resistance; or that the greater the cross section, the lower the resistance.


𝜌𝑙
𝑅 =  𝐴
Equation 3.5.0.1 – Trace resistance calculation

Parasitic elements are not only in the form of resistance, they can also add inductors, capacitors, and transformers. Any parasitic element can destroy the performance of a component even before it is mounted. The traces on a printed circuit board add inductance; the inductance for these traces can be calculated
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with Equation 3.5.0.2. A rule of thumb that is used when short on time is 6 nH/mm or 15 nH/in.



2×𝐿
𝐼𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒 = 0.0002×𝐿  ln 𝑊 + 𝐻 + 0.2235



𝑊 + 𝐻
𝐿      + 0.5   µμ𝐻/𝑚𝑚

Equation  3.5.0.2 – Trace inductance,  W is the trace width, L is the trace length, and H is the thickness of the trace

Because of the importance of the power supply, it is important to minimize the effects  of  parasitic  elements.  Taking  into  account  how  the  power  supply  is affected by these elements will have a role in selecting a location on the printed circuit board. Selecting a location at an early stage of design is important and should be done before adding the other elements. The other elements of the design such as sensors will be built up around the power supply components when  designing  the  printed  circuit  board.  Reducing  distance  from  the  main elements will significantly reduce the impact of any parasitic elements and allow the system to operate as designed.

3.5.1 Power Supply Topology

All power supplies have the same basic components to them. Figure 3.5.1.1 is a simple  block  diagram  illustrating  these  components.  The  first  section  is  the transformer, which can either step up or step down the input line voltage; it also isolates the power supply from the power line. The rectifier section converts the alternating  current  input  signal  into  a  pulsating  direct  current.  Because  the pulsating direct current signal is not desirable, a filter section is used to convert the pulsating direct current to a purer and more desirable form for direct current voltage. The final section is the regulator, which maintains the output of the power supply at a constant level in in spite of large changes in load current or input line voltages.














[image: ]
Figure 3.5.1.1 – Basic power supply block diagram




Power  supplies  have  many  different  types  of  configurations  that  can  create different voltage and current waveforms. Selecting the correct topology for the power supply will be important for creating an efficient design. It is still possible to achieve results using a topology that is not used for a specific design, but it requires more work to get it to function according to specifications.

The AC to DC power supply will be designed using the flyback topology. This topology was selected because it is an isolated design. All isolated designs have the  advantage  of  being  safe,  because  the  circuits  are  connected  with  a transformer that uses a magnetic field. An isolated design can also step down the voltage level using the transformer.
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The DC to DC power supply will be designed using the boost topology. This topology was selected because the input voltage is lower than the output so it will need to be increased to meet the specifications. It may also be advantageous to have an isolated design for safety reasons since this device will be connected to a person. When designing the boost circuitry, adding in a transformer to provide isolation will be considered even if it increases the cost since safety is a higher priority.

Both designs will need to focus on a small footprint, low cost, and efficiency. The DC to DC power supply will have efficiency and a small footprint as the main priority, with cost being less of a concern. This is because the size of the power supply will be limited by the size of the portable device. The AC to DC supply will focus on having as low a cost as possible, the size and efficiency are not a concern but are a plus. An off the shelf option would be the best solution for the AC to DC power supply given the low cost priority, but it is still possible to create a design that can offer a cheaper solution.

3.5.2 AC Power
The base station for the device will need to be powered from a standard outlet. It will require an AC to DC power supply that can deliver 5 volts and 1 amp. It is possible to either purchase a device from a retailer or design a device to perform this function.

A   design   for   the   power   supply   was   created   using   Texas   Instruments  EBENCH® Designer. This tool will create a basic power supply design based on the requirements supplied. The created design can then be adjusted to gain performance and substitute in parts that are available for the design. Figure 3.5.2.1 is the schematic that was created that uses the flyback topology. The power supply design parameters gave a 5% tolerance on the input voltage, a range of 115 volts – 125 volts, with an output of 5 volts and 1 amp. Figure 3.5.2.2 is a graph of the efficiency for the expected voltage and the minimum and maximum voltage values. Some additional   graphs were produced for the design and are shown in Figure 3.5.2.3 through Figure 3.5.2.5.3.5 Power
AC/DC and DC/DC Converter Design - The design goal for the AC to DC converter
is to take the standard 120V 60Hz input signal and convert it to a DC signal
at a voltage level compatible with the charge controller. 

The charge controller requires
12V, so the output voltage of the AC/DC converter must be at least at this level. An AC to DC converter can be constructed from a transformer, full wave rectifier, and capacitors. The transformer will step down the 120V 60Hz signal to a 20V AC signal. This signal then must be rectified by using a diode bridge that is rated to handle the transformed AC signal. Unlike a single diode, this diode bridge will rectify the entire signal and thus reduce the power loss during conversion. 
The full wave rectifier will reduce the output voltage level by 1V and therefore, the output voltage is 19V DC. The rectified signal can then be converted to a DC signal by connecting a large capacitor in parallel with the load. It is important not to rely on the charge controller’s voltage regulator to convert to the DC signal and to use a large capacitor. This is because the LTC4412 used in the switch circuitry works with DC signals only. If the input signal is not DC, it will not properly determine which of the input voltages is larger. 
The charge controller circuitry will regulate the voltage of the output of this circuit to the desired level for the battery [11]. As a result, the AC to DC converter does not have to output exactly at the battery charge voltage. The figure below shows a simple diagram of the AC to DC conversion. The second type of converter needed is a DC to DC converter that runs from
the battery to all other subsystems. These converters will be designed to deliver enough power to each subsystem at the correct voltage. 

This is necessary because the battery voltage can vary greatly during normal operation. When selecting DC to DC converters, it is important to remember that battery voltage can change when the battery expends a good deal of its charge. Consequently, the DC to DC converters should be able to accept an input that can vary at most 3.5 V. In order to improve the efficiency of the circuit, a switching power supply will be used for the DC to DC conversion. Therefore, it is important to make sure the noise on the output can be tolerated by the particular subsystem it powers. The camera was not included in the DC to DC regulation since it will be powered by its   own power supply. The voltage regulator for the touch screen and microcontroller  can be the LM25017MR. This regulator has an adjustable output and is therefore an acceptable device for both components. This regulator requires a 6.5V signal to
step down to a 3.5V signal which is perfect for our project baby monitor since the
cutoff voltage of the battery is 6V. Another desirable feature of this regulator is its
efficiency.
Battery Selection specifications that were scrutinized was the internal resistance
for the last two remaining options, one can clearly see that the Li-Po battery has
much higher internal resistance, which means that less current flow at the output.
Nevertheless, the table also shows that the capacity of the Li-Po is much higher;
because of this the internal resistance can be considered negligible. The energy
density is another reason why the lithium-polymer is the best choice to integrate
into the project. Furthermore, lithium polymer batteries are far more efficient and
longer lasting. Because of its many advantages when compared to other battery
options, the lithium polymer battery was chosen for inclusion into the baby monitor
system.
Table 3.10: Battery specifications summary
Specifications Ni-Mh Ni-Cd Li-Po Li-ion
Because the power supply that will be used is rated for much higher voltages than
the rated voltages for a majority of the parts that will be used for the baby monitor,
it is apparent that an additional design consideration will be needed to maintain the
voltage in the circuits at a manageable level for the components. As was discussed
in the research section, this can be achieved in a variety of ways.

3.6 Smart Phone Application
This will be a standard Android application using the Android API. Some OpenCV
APIs may be used if the Android API cannot preform the required operations. Eclipse with the Android plug-in will be use as the development environment for building this application. Also the Eclipse IDE has a large following of users that can be accessed over the internet in case of roadblocks to development. The smart phone application will act as the controller of the monitoring system. It will set the system parameters, process the video and audio, display the sensors output both current and history, allow monitoring of the video and audio, and turn the monitor on and off. 
The class diagram is shown in Figure 3.7. The Parameter class will allow setting of all the system parameters within the ranges specified for each parameter. The smart phone interface must be easy to use and the menu depth should not be more than two keystrokes to get to an input screen. This is one of the major failings of todays software.


 The normal operational menu is shown in Figure 3.8 The only menu that takes two keystrokes to the input screen is the set parameters which after pressing will have a list of parameters that can be set. Pressing one of these parameters will display the input screen. The input screens will have three buttons one to set the parameter, one to cancel and one reset button. The input screen will also display the existing parameter and any parameter range that is applicable. The operation of the application should be self explanatory monitor video will show video and also display a button to save the video and a button to sent the video to the monitoring unit for saving or comparison. 

The same options will be available for all the monitor buttons. The alert menu is shown in Figure 3.9. An alert will flash the alert window with the type of alert. The monitoring buttons will be available during an alert so the parent can view or listen to the infant. The ”Turn Off” button will stop the flashing of the alert window but the alert button will still be visible unless the ”Turn Off” button is pressed a second time. 
the breathing rate, heart rate, and the movement of a baby while it is sleeping. This device will continuously check certain vital signs in an infant and signal various alarms when these signs are below the expected values or differ in any way from the norm. The vital signs will be measured and the monitor will immediately detect any struggle that the baby is experiencing. If there is a problem then medical attention can be administered immediately, and hopefully fatalities can be prevented. The data acquired from the monitor could be used to correlate the three conditions that the systems is
measuring example body position, heart rate and breathing.. Some of the major biological signs that would be putting into consideration in the design of our device includes: respiration rate, respiration pattern, respiration intensity, temperature, pulse rate, blood pressure and any other signs that can help determine whether an infant is in danger of SIDS.
 This new design will combine features offered by individual wireless baby monitors into one system. The design will incorporate video, audio and an alert signal transmission upon the detection of an abnormal vital sign, (e.g. an increased heart rate, body temperature, etc.) or a baby’s cry. The design will also incorporate a new feature not commonly available on other
baby monitors, the ability to receive alerts and monitor the child through a webenabled
smart phone [17].A Knight wireless baby monitor is a device that allows
the constant surveillance of a child’s safety without the need of the parent to be
in the same environment. Moreover, the web-enabled smartphone alerts allow the
parent to receive updates on their child’s safety without the limitation of distance.
For this project, we are using a:
5 Testing
5.1 Alarm Unit
The Alarm Unit test will consist of sending alerts to the unit via Wi-Fi and ensuring
the alarm works as described. Also the alarm will be tested with and without
batteries and 110V outlet power.
5.2 Monitoring Unit
The monitoring unit will also be tested with and without batteries and 110V power.
The smart phone application will set all the various parameters and the monitoring
unit sensors will be subject to actual parameters both in and outside of the
parameters to verify the unit is working property.
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5.2.1 Temperature Sensor
A blow dryer will be used to heat various objects to defined temperatures as measure
by a separate gauge. Various objects will be cooled by placed in the refrigerator
and the objects temperature will be measured and recorded. Then the hot or
cold objects will be laid in the sensors range and compared against the measured
temperature.
5.2.2 Audio Sensor
The overall design involves acquiring sound with a microphone, this sound is then
processed to detect breathing and a timer counts how long between breaths. When
an infant goes longer than 15 seconds without breath, an alarm is sounded. The
unit may provide a warning (visual and/or audio) when breathing rate increases/decreases
outside normal levels.
5.2.3 Motion Sensor
Testing of motion sensor for providing passing hardware and drivers and to make
sure the motion sense work with other parts correctly in this system. The testing
can make sure the motion senor can work as we desired[?]. First, we should have some test equipment. This equipment can test a slate from the factor, and some software will debug test failures. Second, the testing for the motion sensor localization, for example, the 3D accelerometer, need to double check some details as making sure the screen auto-rotation works correctly on the stationary setting, then make sure there are no new data events. The third testing goal is to help the hardware has been correctly orientated in the system and they reach the accuracy requirements. We will test the accelerometer, gyroscope, compass, inclinometer
and fusion sensors. After we test these components, we will know these basic components will work correctly with test data.


5.2.4 Image Sensor
As we know, We sun the testing to check the stability, reliability, quality and mistakes.
If we find the system on a chip work unexpectedly, we should consider the
new chip, or change a different product, or we have some mistake in this design,

WIRELESS IP CAMERA

This Wireless IP camera’s features the Point-to-point Security Wi-Fi Camera with Infrared Night Vision for Android Mobile Phone as the surveillance camera. We choose the JPEG color camera SEN-10061. This camera was selected because it offered and its durability. The goal was to pick a camera that would not limit any performance aspects throughout the entire project design and build 
Features
	 Resolution
	VGA/QVGA/160*120

	Serial port
	38400

	Power supply
	DC3.3V-5V

	Size 
	32mm X 32mm

	Current consumption
	80-100mA



 The JPEG color camera SEN-10061 has four interfaces. First one for the power is 5V; second one is the ground; third one is TXD (OUT), for RS232 level connected to MCU or PC RXD; fourth one is RXD (IN), for RS232 level connected to MCU or PC TXD.When the alarm sent to the parents’ phone, or the parents need to check the baby, they can use the camera vision which is connect to the android mobile phone. It is use the regular power supply. The JPEG color camera SEN-10061 will 24 hours take video for the baby, and sent to the phone. This camera has two basic of system requirements. One is for basic video quality, this produce 2 Mega Pixel video qualities. The JPEG color camera SEN-10061 design will meet both sets of requirements. Other requirements are detailed for a a standard operating then we can go back to check all the work to make sure how to fix this problem. First, to do a testing, as we worked in the labs before, we have to make sure we have suitable environment, the instruments. Usually we will prepare wires, clip, oscilloscopes, power supply, multimeters, function generators, breadboard, paper and
pencil. Second, the hardware should be unit and tested to confirm the connection,
each important part need to test. There are some basic test standards after we
plug in the power[1].
Table 5.2: test requirements for the system on ship
Goal Part
Hardware description level DFT/BIST
Cores and SOC test developers Integration
Core/test reuse Plug-and play mechanism
Hierarchical core reuse Hierarchical test management
IP protection Core test standard
5.2.5 Microprocessor Sensor
The system to be designed will be a microprocessor- controlled baby-monitoring
unit that can ease the parents fears while the baby sleeps. By designing this systems
parents can monitor babies and act quickly in case the baby suffers from
SIDS[12]. The future goal is to have system have the capability of monitoring babies
when they are sleeping on their stomachs and those who are overheating.
5.2.6 Monitoring Software
The monitoring software will be tested by using all the functions that the software
employs and recording the results. Attempts to change parameters throughout the
range of the sensors as well as beyond the range of the sensors as will attempted
and recorded. Viewing the various outputs of the monitoring system will also be
tested by stepping through all the sensors various inputs.
90
5.3 Communications
The wireless communication will be basically consist of a wireless transceiver that
will be connected on the MCU. The wireless communication system will be used to
send both data and commands to and from the android device [4]. It will be used
to control the monitor unit. The wireless will be the bridge from the android system
to all of the other systems.
5.4 Power Supply
The use of batteries is a possibility for testing and demonstration purposes. There
are several types of batteries that were considered such as lithium-ion, nickel-metal
hydride and LEAD-ACIDE batteries. Since the systems each have their own power
requirement they could potentially use different batteries. A nickel-metal hydride
battery will be used for the Tx/Rx system due to the high power consumption.
The MSP 430 and weapons pickup op-amp can be powered by a small lithium-ion
battery as well as the other subsystems on the project knight baby monitor because
This system, like the MSP 430, requires very little power.
5.5 Smart Phone Application
The Android application was created for a smartphone running Android version 4.03 operating system. The lowest version of Android operating system that our application supports is Android 2.2. By setting our application development to be the minimum required Android API to Android 2.2 (SDK 8) we have ensured that our application will support as many devices as possible. The smart phone application was tested by using the application to receive alerts, temperature, video, audio and by changing the parameters of the main  monitoring unit. The monitoring unit was able to send various alerts which triggered the baby’s cry when he baby was hot or uncomfortable. The smart phone application was monitored to verify the alerts were received. The temperature was monitored by the smart phone while verifying the monitor unit temperature readings. The audio and video were viewed on the smart phone while also viewing the crib area. All the parameters were set above and below the allowed parameters to verify they fail. The parameters  were set at various levels equal to and between the maximum and minimum levels permitted by the program. 
The most important feature of the Android platform is that it includes the Bluetooth network stack. The Bluetooth network stack enables Android phone to communicate with the HC-06 Bluetooth module. 


[image: http://www.tiny-labs.com/_/rsrc/1329388407450/projects/electronics-projects/-part-hc-06-bluetooth-to-serial-adapter/hd-06_eagle_layout.PNG?height=227&width=400]


The application uses the Android APIs to access local Bluetooth. By using Bluetooth API in our remote control application  that allowed us to scan for Bluetooth devices and query the local Bluetooth for a paired Bluetooth device, establish point-to-point wireless connection without leaving the application and transfer data to and from local Bluetooth [5]. The application is accessible through an icon on the Android device that has the Knights Baby wireless monitor application installed onto it. When the application is activated the user is prompted to turn on the local Bluetooth, if it has not been previously turned on manually by the user. The communication between Knight Wireless Baby Monitor and the Android device takes  place when the user chooses to enable the Bluetooth, no communication will be possible between the two if the Bluetooth is not enable. The user chooses to enable the Bluetooth by pressing the ‗Yes,‘ then the local Bluetooth is activated. This feature allows the user to automatically turn on the local Bluetooth without the need of exiting the application.
The figure below depicts the Bluetooth permission request dialog.
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The activated Bluetooth Dialog




Printed Circuit board (PCB)
According to the ABET requirements for the course, a printed circuit board was to be created. Printed circuit boards were used to connect electrical components together.
Circuit Board Design
The design of the printed circuit board was created in CadSoft‘s Eagle. This program allowed for electrical components to be created or imported and placed in a circuit schematic. The schematic was then converted to a net list, which described how the components are connected. These connections were then physically laid out on a computer generated model of the printed circuit board. The circuit board layout used in our project can be seen in figure 4.9.1.1. The colors represent different layers of the circuit board. Some circuit boards may contain up to 16 layers, however that is not the case in our PCB.
Procedure for Presentation

Project Management 


The schedule was aggressive but necessary for completion of the project however there were so many problems with programming the MSP430FG4618. The MSP430 would not interface with the IR temperature sensor  since both are on the I2C. This cause us to fall behind on the schedule and we were not ready for  demonstration. After several trials with no success we switched to the  ATmeg328  because there was a lot of community support with the programming of the ATmeg 328  unlike the MSp430. In addition PC board would not work after spending several dollars. The extra time spent on bread boarding helped to make integration easier with th ATmeg328. We needed to have an  upfront planning  to make sure that the project was finished on time












6 Administrative Content
6.1 Milestone
The scheduling for the project is broken down into tasks and entered into SureTrak
project management. The tasks are listed in Figure 6.1, The first semester schedule
in Figure 6.2 and the second semester schedule in Figure 6.3. Detailed tasks
for the second semester will incorporated at a later date.
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Division of labor 
The division of labor for the Knight Wireless Baby Brawlers project was decided upon with having fairness and individual motivations in mind. It was important to have different members in charge of different systems in order to assure that everyone was held accountable and that there were no areas of the project that were neglected. It was also agreed upon that although each member was responsible for research in separate areas, work load was to be shared and team members were to assist each other with their subsystems and work together as a team.  

	
	
	Jourd
	Theresa
	Andy
	Dany

	
	PCB Design
	X
	X
	X
	

	
	
	
	
	

	Website
	
	
	X
	

	Power
	X
	
	
	

	Smartphone
Interface
	
	X
	
	

	Sensors
	
	X
	
	

	Android Inv
Appl
	X
	
	X
	

	Camera
	
	
	X
	

	Wireless
Connectivity
	X
	X
	
	



Table 2.2 Division of labor between team members




Administrative Content
Project Milestones

Week 1:
Order all parts
Order printed circuit board

Week 2:Still waiting to order parts
Waiting to order parts

Week 3:Waiting to order parts


Week 4:Parts ordered
Synchronize MSP430 code with Android App

Week 5:Trying to code Melixis Temp Sensor
   Wi-fi communication with MSP430
	Week 6: Trying/code Melixis Temp Sensor


Week 7: Trying to code Melixis Temp Sensor
Complete LED network testing
infrared system testing

Week 8:
Android  testing
 MSP430 testing
infrared system testing

Week 9:
Finalize MSP430 code
Finalize Android l code

Week 10:Problems with coding
Android App

Week 11: Android remote control 

Test second vehicle
Begin Final Documentation


Week 12:Nothing is work for demo
Msp 430 coding still not complete
Miscellaneous system testing Finalize 

Week 13: Wi-fi to Blue tooth
Change MS430 to Atmeg328( no coding completed of any sensor)
Finalize Android  code

Week 14:C Testing( all parts)
Completing  project design
Complete Final Documentation

	


Budget and Finance Discussion




The project budget is shown in Table 6.1.
Table 6.1: Project Budget
Part Cost in dollars
Temperature sensor 10.00
Microphone sensor 10.00
Motion sensor 10.00
Camera sensor 30.00
Microcontroller 80.00
Temperature sensor 10.00
Transmitter/Receiver 100.00
System Housings 30.00
Alarms 15.00
Programs (open source) 0
Miscellaneous 100.00
Total cost 465.00


	
	
	

	

	
	
	





	
Component
	
Estimated Cost

	Bluetooth Module
	$10.985.00

	PCB
	$80.00.00

	Battery Pack
	$10.00

	Camera
	$30.0010.00

	MSP430
	$3.00

	IR sensor
	$20.00100.0060.00

	Circuid Boards
	

	Miscellaneos
	$100.00

	
	$130.00

	n

	







6.3 Financing
Sponsorship by Boeing, Inc. will cover $465.00. Any overrun cost to be split among
team members.














7 Appendices
The picture of the baby on the cover page is Dan Zuber’s grandson and permission
is granted by him to use on this report.
.
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MLX90614ESF-Dxx

Supply Voltage, Vop (over voltage) ™ 5V
Supply Voltage, Vpp (operating) 55V 3.6V
Reverse Voltage 04V
Operating Temperature Range, Ta -40...+85°C -40...+125°C
Storage Temperature Range, Ts -40...+125°C -40...+125°C
ESD Sensitivity (AEC Q100 002) 2kV
DC current into SCL / Vz (Vz mode) 2mA
DC sink current, SDA / PWM pin 25 mA
DC source current, SDA / PWM pin 25 mA
DC clamp current, SDA / PWM pin 25 mA
DC clamp current, SCL pin 25 mA
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Content License

For the purposes of licensing, the content of this web site s divided into two categories:

+ Documentation content, including both static documentation and content extracted from source code modules, as well as sample code, and
Al other site content

The documentation content on this site is made available to you s part of the Android Open Source Project. This documentation, including any code
shown in i, is licensed under the Apache 2.0 license, the preferred license for all parts of the of the Android Open Source Project.

Apache 2.0is a commercial and open-source-friendly software license. The majority of the Android platform and documentation is licensed under the
Apache 2.0 license. While the project strives to adhere to the preferred license, there may be exceptions, such as for documentation (code comments)
extracted from a source code module that s licensed under GPLv2 or other license. In those cases, the license covering the source code module will
apply to the documentation extracted from it.

Third-party components of this site such as JavaScript libraries are included in the Android Open Source Project under the licenses specified by their
authors. For information about these licenses, refer to the source files in the Android Open Source Project.

Al other content on this site, except the license documents themselves and as otherwise noted, is licensed under the Creative Commons Attribution 2.5
license.

You may use the content of this site in any way that is consistent with the specific license that applies to the content, as described above. For content
licensed under Creative Commons Attribution 2.5, we ask that you give proper attribution

Terms of Use

Weare pleased to license the Android documentation and sample code under terms that encourage you o take, modify reuse, re-purpose, and remix

Attribution

Proper attribution is required when you reuse or create modified versions of content that appears on a page made available under the terms of the
Creative Commons Attribution license. On this site, the requirement for attribution applies only to the non-documentation content, as described earlier
in this document. The complete requirements for attribution can be found in section 4b of the Creative Commons legal code.

In practice we ask that you provide attribution to the Android Open Source project to the best of the ability of the medium in which you are producing
the work. There are several typical ways in which this might apply:

Exact Reproductions

If your online work exactly reproduces text or images from this site, in whole or in part, please include a paragraph at the bottom of your page that
reads:

Portions of this page are reproduced from work created and shared by the Android Open Source Project and used according to terms described in
the Creative Commons 2.5 Attribution License.

Also, please link back to the original source page so that readers can refer there for more information.

Modified Versions

If your online work shows modified text or images based on the content from this site, please include a paragraph at the bottom of your page that
reads:

Portions of this page are modifications based on work created and shared by the Android Open Source Project and used according to terms
described in the Creative Commons 2.5 Attribution License.

Again, please link back to the original source page so that readers can refer there for more information. This is even more important when the content
has been modified.

Other Media

If you produce non-hypertext works, such as books, audio, or video, we ask that you make a best effort to include a spoken or written attribution in the
spirit of the messages above.
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