Knight’s Wireless Baby Monitor

Jaouad Annouri, Theresa Moyo, Hanyun Wang, Dan Zuber

Dept. of Electrical Engineering and Computer Science, University of Central Florida Orlando, Florida, 32816-2450

Abstract  —  The purpose of this project is to build a baby monitor that will alert the caregiver and parents in the event the child becomes distressed. It will monitor the audio, temperature and motion of the infant and compare these to set parameters that might indicate hazardous situations. It will also produce a video feed so the parents can monitor the baby without being in the immediate area. Every year about 4000 infants under one year old die from SIDS, accidental suffocation and strangulation, hopefully this monitor will prevent at least some of these deaths.

Index Terms  —  Digital circuits, Infrared sensors, Microcontrollers, Microphones, Motion detection, Temperature sensors, Zigbee. 

I. Introduction
The objective is to build a reliable baby monitor that can be used by parents to monitor their babies. The monitor will sense motion and a video camera will stream video to the parents smart phone. It will also monitor audio and body heat comparing the outputs against thresholds. If thresholds are exceeded an 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 sensor, 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. The immediate caregiver will be alerted by Alarm units sitting in various rooms throughout the house. 
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. 
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.

The system must be reliable in all conditions, likely to be found, in the average home. Also 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 nearby stores.
II. Overview
The Monitoring unit is envisioned as a self-contained unit shaped like a small book approximately one-half inch thick. 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 predetermined intervals. 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. 

The alarm unit is a portable unit the size of a thick picture frame. The unit is to be self-contained powered by an electrical outlet with battery backup. An 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. This is the unit that alerts the caregiver to a problem.
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III. Microcontroller 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, and a microphone. These signals are to feed into a microprocessor for processing. The signal will be compared to parameters to identify problems. A video camera will send streaming video to the smart phone for viewing.

The "Waterfall Project" model will be used to design this software. The software will be design in a RISC architecture environment using a Texas Instruments MSP430FG4618 microprocessor with a 16 bit CPU and 60KB flash memory. The overall Monitoring Unit software design class definitions 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. The video will only be streamed upon request or when an alert is issued. 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.
The Temperature class accepts the temperature signal and compares methods the current infant’s temperature against the preset parameters. First the low temperature is compared and then the high. If the high temperature parameter is exceeded the current temperature is  compared to the extreme parameter. Exceeding the extreme parameter will immediately sound the alarm indicating an immediate emergency. If the current temperature does not exceed the extreme parameter, the current temperature will be compared to the last saved temperature and if the difference is outside the "temperature difference" parameter the alarm will sound. 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 sound the alarm. 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.
The Audio operation is similar to the temperature but only the volume is compared to the previous sample. But before a comparison can take place the current digital output of the audio sensor is saved. A one second sample shall be saved. Then the decibel level is compared against the low decibel and the high decibel parameters or if possible by using the capture compare registers in the MSP430 microprocessor. The current sample is compared against the last two histories to calculate the decibel difference which is compared to the decibel difference parameter. Drastic changes from history or a match with selected samples will cause the program to sound the Alarm and start recording the audio.
The motion sensor will operate on an interrupt method and will not be monitored.

IV. 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 range that is applicable. The operation of the application should be self-explanatory, i.e. monitor video will show video and also display a button to save the video and a button to send the video to the monitoring unit for saving or comparison. The same options will be available for all the monitor buttons. 
An alert will automatically call 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.
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V. Communication Technologies 

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. 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

· Productivity

VI. Wi-Fi 

Wi-Fi is the best candidate for our project. It is low powered, is able to transmit and receive a sufficient amount of data, and low cost. While Bluetooth enjoys nearly universal device support and interoperability, it’s being 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 to cost bluetooth 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.
VII. Microcontroller 

A variety of microcontrollers exist on the market today. A microcontroller is a dedicated computer in electronics that is used to perform specific tasks. We could choose to use a microcontroller to be the processing unit of this project because it will be able to receive, process, and transmit the necessary data. A microcontroller offers many benefits. It is a low cost, low-power device, and is designed to be as compact as possible. For this design the group needs a microcontroller that will easily connect to a basic transmitter to send the data. 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. Also since the device has several displays in use, these displays will need continually updated informationAfter 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. There are several different types of MSP430 experimental boards, and below, is a summary of characteristics of the four different MCUs that would best suit our necessities to design and develop the blood pressure monitor.

VIII. MSP430FG4618 

This is an ultra low-power microcontroller which consists of five low-power modes. It is optimized to achieve extended battery life in portable measurement applications. It features a 16-bit RISC CPU, 16-bit registers and a digitally controlled oscillator (DCO). The MSP430xG461x series are microcontroller configurations with two 16-bit timers, a high-performance 12-bit A/D converter, dual 12-bit D/A converters, three configurable operational amplifiers, one universal serial communication interface (USCI), one universal synchronous/asynchronous communication interface (USART), DMA, 80 I/O pins, and a liquid crystal display (LCD) driver with regulated charge pump. Other features include:

IX. Power

Every device needs to be powered in some way. The power source chosen needs to be efficient and stable. There are many ways to achieve this and some possibilities.

Batteries

The Batteries are one of the most common ways to power a device. This is due to its portability. 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. 

X.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. 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. This project will include several parts: 

· Microphone/Camera- captures analog audio/video signal and sends to transmitter

· 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

· 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. 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.

XI. Alarm Unit 

In our Project knight baby monitor, we need a buzzer, vibration motor and led. This buzzer will need to produce a sound, vibration and flashing light that are capable of letting the parents  know that the baby is in risk. 

XII. PIR CAMERA
  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 time.
HC-SR501 Specification:
delay time. There are three nodes to connect-input, output and ground.  
	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. 

For this motion sensor, it is very easy to connect to the micro-controller, and it is easy to adjust the sensitive and 
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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
XII. 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 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 connect The JPEG color camera SEN-10061 with XBee adapter, 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 XBee adapter 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 use he wireless IP camera, we have 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
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Overview of the Temperature Sensor

An infrared sensor uses the heat radiated from the object to determine the temperature. The

Temperature of a human body is a function of the average kinetic energy of the molecules that

dissipates as phonons3. Phonons have two properties, acoustical and optical with the acoustical wave being a longitudinal wave while the optical wave being one or more transverse waves. The Einstein’s formula predicting the heat capacity per mole at constant volume is:
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What this says is the heat energy is directly related to the frequency of the vibrations of the

optical photons (in the equation v represents frequency).4 The intensity of the frequency of the energy is what is being measured when a temperature is read by non-contact means. The

frequency of the transverse wave emitted is in the infrared spectrum and varies between 7

micron and 20 microns for common objects.

XIII. Infrared Temperature Sensor
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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.

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.

XIV. 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 AOM-4544P-2-R is an overall better microphone, with higher sensitivity, lower supply voltage requirements, wider frequency response, and lower price.

The  AOM has 5 mm leads versus 2.8 mm leads on the TOM, which will make testing easier..

 The  microphone  will be put near the mouth of the baby in  order to record the sound of the baby’s sounds. The microcontroller takes a reading every 5 seconds
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