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Abstract

	Our main goal in this project was to create a remotely controlled dog door that is activated by a bark. This was accomplished by having a sensor to detect a dog in front of the door. A microcontroller then performed an FFT on the incoming audio signal in order to distinguish a dog bark. If initialized by a positive detection, a tweet is sent to the user, directing him to a picture of both sides of the door on a webpage. The user could then remotely decide to open or close the door. If commanded to open, the door would open and close automatically while stopping if an object is in the way of the door while closing. We made this project very safe to use through the implementation of the dog bark detection, cameras, and line trip sensor. We accomplished full functionality in our design to create a working bark activated dog door. 
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1.0 Introduction

1.1 Purpose

The purpose of our project is to provide a simple system for dog owners to let their dogs in and out of the house without leaving the couch or while away from home. When signaled by a bark, the system will take a picture of the inside and outside of the door and notify the owner via twitter. The notification tweet will contain a link to a web server hosting the pictures that also contains open and close buttons. Once the owner receives the tweet, they will be able to click on the link and either open or close the door based on the pictures. This allows the owner to remotely let the dog in or out with the comfort of knowing what is going through the door.

1.2 Project Functions

Goals
· Provide remote monitoring and control of a door
· Through DSP achieve recognition of a dog bark on a microcontroller
· Create a discreet package that can be retrofit onto existing sliding doors
Functions
· Notify user of dog’s intent to go outside
· Host pictures of the inside and outside of door on a web server
· Open and close door remotely based on server button press
Benefits
· Allow pets out more often when away from home
· Let pets out without leaving your couch or bed
· Know what is on both sides of the door before opening it
· Decrease heating and cooling cost with intelligent opening and closing system
Features
· Laser line sensors to prevent door closing on your dog
· Motion and bark detection to eliminate unnecessary notifications









1.3 Blocks

[image: ]
Figure 1.1: Hardware Block Diagram
[image: ]
Figure 1.2 System State Diagram

Microcontroller
An Arduino Mega 2560 will be utilized as the central processing unit of the design. The Mega will take inputs from the ultrasonic distance sensors, cameras, snap action switches, and laser line sensors. It will also feed commands to the distance sensors, cameras, line trip sensors, and motor shield. In addition to the Mega we also incorporate an Arduino Duemilanove microprocessor to handle the digital signal processing. 

Distance Sensor
	The distance sensors will be used to detect when something has moved close to the door. This will enable the system to recognize when there is a possible dog that wants to enter the door. 

Microphone
	The microphone will be activated when something has come close to the door. Once it is activated, the microphone will be used to analyze the incoming audio signal and detect a dog bark.

Cameras
	Two cameras will be positioned on each side of the door. This will allow the user to see what is on both sides of the door before deciding whether to remotely open or close the door.  

Ethernet
An Arduino Ethernet Shield is used to provide internet connectivity to the board. This will be used to send a tweet to notify the user as well as host the web server. The web server will display the images and have open and close buttons. Once a bark has been detected and the pictures have been taken, the Arduino Ethernet Shield will begin the notification sequence.

Mechanical Opening Unit
The mechanical opening unit will open and close a sliding door when prompted by the user. The mechanical opening unit consists of three main subcomponents: the Arduino motor shield, the motor itself, and the snap action switches.

Line Trip Sensor
The line trip sensors will be used to detect if there is a dog (or any obstruction) in the doorway. This will ensure that the door does not close on anything. It will consist of a photodiode being hit by a laser across the length of the door. 






















2.0 Design

2.1 Microcontroller
Two microcontrollers were utilized in this project. The Arduino Mega board was used as the central processing unit and the Arduino Duemilanove as a separate unit for digital signal processing. 
The sequence begins as the Mega computes an objects’ distance from the sensor. When it reads that an object is within 50 cm of the sensor for ten consecutive readings without interruption, it sends a signal to activate the FFT on the Arduino Duemilanove. The analog audio input from the microphone is then analyzed on the Duemilanove. Using FFT analysis, the microcontroller recognizes the dog bark. After it recognizes the bark, it sends a signal back to the Mega to signify successful dog bark detection. Once the Mega receives this signal it will trigger the cameras to take both pictures. It then stores that information through the serial port on a microSD card housed in the Arduino Ethernet shield. Then, using the Ethernet shield, the microcontroller will send a tweet to notify the user that the dog is barking at the door. Once the tweet is sent, the Ethernet shield will begin the server. The server will contain the two pictures and open and close commands for the door. It will then wait for a response from the user. If the user replies with open, the mechanical opening unit will be initialized. If the user replies with close, the door will remain closed and restart the whole process with the distance sensor. The details of the Ethernet shield operations are explained in section 2.5.
The microcontroller will send a digital signal to the motor shield which will start the opening process. The Arduino will open the door until the snap action switch has been pressed. The switch will generate an interrupt causing the motor shield to apply the brake. This will work in a similar fashion to close the door with the addition that, while closing, if the laser line is broken, the door will immediately stop and wait three seconds before continuing. The software flowchart can be found in appendix B. The important code used for the Arduino can be found in appendix D.

2.2 Distance Sensor
The distance sensor operates by sending out an ultrasonic pulse away from the door and listening for an echo. The microcontroller commands the device to send out a pulse every 200 ms through the digital trigger input and measures the time it takes for the signal to be received through the echo output. The sensor will read high at 5V from the time that the pulse is sent until it returns to the sensor. Using how long it takes for the pulse to return to the sensor and the speed of sound, the object’s distance from the sensor can be determined. Equation 2 is used in the Arduino code to determine the distance:

distance(m) = (time duration of high reading)*(340m/s)/2     (2)

Using this equation, the microcontroller will determine when something is within 50 cm of the door.
2.3 Microphone
The microphone will be off until the microcontroller determines something is within 50 cm of the door. At that time the microcontroller will send a signal to turn on the microphone on the side of the door that the distance sensor was tripped. The microphone will pick up the audio signal of the surrounding environment and output an alternating voltage waveform. The microphone has a very low output voltage amplitude of roughly 20mV. The Arduino Mega can only read analog inputs from 0 to 5V. Because of the Arduino limitations, the signal is amplified by 130 to achieve an amplitude of roughly 2.5V. After the amplification, the waveform will be sent through a DC offset circuit. The circuit diagram and accompanying equations for this are shown in figure 2.4 and equations 3 and 4. This circuit will allow the Arduino to read it as an analog input between 0 and 5V. 

[image: ]
Figure 2.1: Audio amplification (left box) and DC offset circuit (right box)

Amplification:
Vamp=Vin(1+R2/R1)     (3)
.02(1+100k/.75k)=2.7V

DC Offset:
Vout=Vcc[R4/(R4+R3)]+Vamp     (4)
Vout=5[100k/(100k+100k)]+2.7=5.2V

The above calculations are slightly higher than our intended 0 to 5V input to the Arduino. This is due to the gain being slightly lower in real life. When tested on the PCB, our signal stayed within the bounds.

[image: ]
Figure 2.2: Original Audio Signal (green, lowest peak waveform), Amplified Signal (red, middle peak waveform), and DC Offset Waveform (blue, highest peak signal)

Figure 2.2 shows the proper operation of our microphone circuit. The small middle waveform is the input signal from the microphone. It is then amplified by 130 to achieve an amplitude of roughly 2.6V. This is represented by the red waveform. Finally, it is DC offset to vary between 0 and 5V. This is represented by the blue waveform.
After the signal is amplified and DC offset, it will be interpreted on the microcontroller in order to determine when a dog bark is present. The Arduino Duemilanove will begin reading the audio signal from the microphone circuitry when prompted by the mega. The signal will be sampled at a high enough rate in order to adhere to the Nyquist ratio in order to avoid aliasing and corruption.
Nyquist Ratio: fs≥2fc
fs is the sampling frequency
fc is the highest frequency contained in the signal

The sampling frequency will also not be too high in order to avoid a slow analysis and going beyond the Arduino’s memory limit. The microcontroller will then perform an FFT (Fast Fourier Transform) on the audio signal. The FFT was performed on a range from 40Hz to 22kHz. This will transform the analyzing process from the time domain to the frequency domain. The signal was also filtered using a Hamming Window. This was to filter out some noise and to avoid aliasing by excluding some unwanted frequencies. The microcontroller will analyze the signal in the frequency domain looking for peaks. It separates the frequencies in the FFT in to 128 different frequency bins. We performed an FFT on three different samples including a prerecorded dog bark, the surrounding noise in the lab, and a human produced clap. We averaged the amplitudes for each respective sample in order to get consistent amplitude vs. frequency bin comparisons. The excel values for the amplitudes of the respective frequency bins is attached in appendix E. Using this data we computed the difference in amplitude for each respective bin for the Dog Bark vs. Noise and Dog Bark vs. Clap. The following graphs show the DSP of the samples and the difference in amplitudes.

[image: ]
Figure 2.3 Frequency spectrum of noise, dog bark and clap
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Figure 2.4 Change in amplitude between Noise and Dog Bark

[image: ]
Figure 2.5 Change in amplitude between Clap and Dog Bark

Using the frequency bins with the largest amplitude differences, we set constraints on the incoming signal for the amplitude at certain frequencies. The constraints were used to discern a dog bark from other noises. Because our focus weighed more heavily upon preventing false positives, we set the constraints fairly tight. This allowed us to have false positives less than 5% of the attempts. Conversely, we had proper positive detections 40% of the time. This testing and verification will be explained further later in the report.



2.4 Cameras
Once the microphone has detected a dog bark, the microcontroller will trigger the two cameras to take pictures. The camera makes use of two digital signals; one signal sends commands to the camera from the microcontroller and the other signal feeds information serially to a digital input on the microcontroller. The microcontroller has the ability to freeze the video stream and download a JPEG image from the camera module. The microcontroller will perform both image captures and store the pictures on a micro SD card mounted on the Arduino Ethernet Shield. Downloading from each camera will be staggered with one after the other to avoid writing to the micro SD card simultaneously. The pictures will later be hosted on the web server for the user to view.

2.5 Ethernet
Once a dog bark has been detected and the pictures have been taken, the Ethernet shield will send a tweet to the user and broadcast the web server. To send the tweet notification, we must first authenticate our twitter account by providing the library with our twitter token which we obtained from http://arduino-tweet.appspot.com/. Once we are authenticated we can post the tweet using the twitter.post command. A return status of 200 indicates success and any errors will be printed to the serial monitor.
Once the tweet is sent the server will be live and start looking for new clients. When a client tries to access the server, it will constantly read in the client HTTP request until a newline character is received. As soon as the newline character is received the Arduino will check the index HTML file which will be stored on the SD card. The index file will contain the text on the web server, the HTML code to display the images, and the HTML code to create the open or close form.
The HTML code to display the images will reference the file names IMAGE00.jpg and IMAGE001.jpg on the SD card. The images taken by the camera will always be given these names. The names will be maintained by deleting the images before new ones are taken, avoiding any issues with attempts of overwrite existing files.
The HTML code for the open or close form will create two buttons, one for open and one for close, as well as a submit button. Once the submit button is pressed the server will append either a “status =1” for open or a “status =0” for close to the end of the server address. This will be read in by the Arduino and the appropriate function will be carried out.

2.6 Mechanical Opening Unit
The Arduino motor shield is used to convert a digital signal into usable power for the motor. When the user commands the door to open the 5V digital signal from the Arduino board is converted into a maximum 12V, 2A power source which is used to power the motor.
The motor is a brush DC linear actuator motor that runs at 12V and a max of 2A with a gear ratio of 127.7:1. The door will rest on a split nut. The rotation of the screw moves the split nut device laterally along the aluminum track.
The final piece of the mechanical opening unit is the snap action switches. These switches provide a constant digital high signal until they are pressed. When the switch is pressed it outputs a digital low. The switches are used to notify the microcontroller when the motor has become either fully opened or fully closed. The switches will be mounted on either end of the door so that when the motor reaches either end, it will press the switch and notify the microcontroller.


2.7 Line Trip Sensor
The line trip sensors will make use of a 650nm laser and a photodiode. The lasers will be powered from the 3.3V power supply of the microcontroller. The photodiode produces an elevated voltage of roughly 100 mV when it is hit by the laser, and 0 mV when it is not. We need the line trip sensor to be an interrupt on the Arduino in order for it to stop the door mid loop in the code. In order to do this, we changed the laser output to be a digital output. This was done using a comparator circuit, which is shown below.
[image: ]
Figure 2.6 Comparator Circuit

The signal from the photodiode will be fed into a comparator chip with a reference voltage of 74 mV. This will be set using R2 and R3 in a voltage divider circuit.

Vout = Vin [1.5/(99+1.5)] = 74mV     (5)

The comparator will produce a digital output of high when the diode voltage is above the reference (laser hitting the diode) and a digital output of low when the diode voltage is below the reference (line is broken). This output will be fed into a digital input on the Arduino Mega and used as an interrupt. The interrupt will be triggered any time the comparator output changes and will change a boolean variable to true (if the line is broken) or false (if it is not). When the door is closing, if the line trip variable is true the motor will immediately stop and wait three seconds. If the line trip variable is false after the three second waiting period, the motor will continue to close the door. The photodiode will be placed into a cylindrical casing in order to ensure that as little ambient light as possible interferes with the sensing.

2.8 Design Layout
Our complete project utilized many different sensors which led to our Arduino microcontroller having 22 different connections, including inputs, outputs, power, and ground. In addition to the several Arduino connections, we also had two major circuits: the microphone amplification and offset circuit, and the laser line comparator circuit. To organize our wiring and circuitry into a stable and visually appealing product we employed a PCB, a vector board and an enclosure.
For our microphone circuitry we created a PCB and soldered on all of the components. The EAGLE layout for the PCB is shown in appendix C. To create our comparator circuit as well as manage all the connections to and from the microcontroller we used a vector board. 
[image: ]
Figure 2.6 left: PCB, right: Vector Board

Our PCB, vector board and all of our Arduino boards were then housed in a metal enclosure. The connections into and out of the enclosure were soldered onto two 15 pin D-sub connectors to reduce problems with loose wires and breaking soldered connections.
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Figure 2.7: All Components in Final Enclosure with D-sub Connections

3.0 Verification

3.1 Distance Sensor
The ultrasonic distance sensor had a basic, top-level requirement to accurately measure distances within 50 cm. For proper operation we needed consistent values from the sensor and proper readings from the Arduino Mega.  We verified its operation by reading out the serial monitor output on the Arduino when an object was a known distance from the sensor. This serial output is shown in Figure 3.1 below.

[image: ]
Figure 3.1: Distance Sensor Serial Monitor Output


3.2 Microphone
	The first high level requirement for the microphone system was that it amplified and DC offset the incoming signal from the microphone to be between 0 and 5V. This was confirmed by first observing the amplified and DC offset signal on the oscilloscope. The signal was able to stay between the desired limits. It was then verified that it could be read by the Arduino Duemilanove by reading the serial output of the microcontroller. The Duemilanove gave values that were in the specified range.
	The second high level requirement was that the Duemilanove could recognize a dog bark. We confirmed that the FFT was performed properly by observing the data using Pure Data Visualizer.

[image: ]
Figure 3.2 FFT using Pure Data Visualizer

	Figure 3.2 shows a proper FFT done on the incoming signal. During testing of the system, we used an LED to signal the detection of a dog bark. To confirm proper recognition we first attempted to get a false positive by producing other sounds to the microphone. We used sounds such as clapping, person yelling, and other animals such as bear growls and cow moos. We received false positives less than 5% of the time. We then produced a recorded dog bark using speakers. This achieved positive dog bark detection roughly 40% of the time. The dog bark recognition was observed using the serial read and the LED.

3.3 Cameras
The cameras also had simple, high-level requirements being that the cameras needed to properly take pictures and store them on the SD card on the Ethernet shield. Verification was done by taking pictures using Arduino sketches and awaiting the completion of the storage. Once notified by the serial monitor of completion, the SD card was ejected and the images were confirmed on an external device. 

3.4 Ethernet
	The Ethernet shield performed two functions; to send the tweet and to host the web server. The requirement for the tweet was simply that the tweet was sent. We verified this by checking our twitter account to see that the tweet was successfully posted. An image of the tweet is shown below.
[image: ]
Figure 3.3 Notification Tweet with Link to Webpage

	For the web server we had three main requirements: that the server was accessible by IP address, the server displayed the images, and the open and close buttons on the web server were functional. The first two requirements were verified by typing in the IP address of the server and visually confirming that the server would load and the images would be displayed. An image of the web server is shown below.

[image: ]
Figure 3.3 Webpage with Pictures and Command Options

	To verify that the open and close buttons on the web server were functional, we parsed the server response and generated an Arduino signal. At first we assigned the open button to light up one LED and the close button to light up another. After this was successful we changed from lighting up LEDs to activating the open and close motor functions. All these tests were successful.


3.5 Motor
	The motor system fulfilled our requirement of being able to open and close remotely. We first confirmed that it could be accessed remotely via the web page using Ethernet shield. Two LED’s were connected to the Arduino Mega. When the user pressed open on the web page, one LED turned on and when the user pushed close, the other LED turned on. To confirm proper functionality with the motor and snap action switches, we opened the door remotely and confirmed the motor opened and closed while stopping at both switches. The following serial read further shows the functionality of the door. It receives the command to open and responds with a series of dots while it is opening until it hits the first snap action switch and tells the Arduino it is open. The motor then pauses before closing. It gives another series of dots until it hits the second snap action switch, stops, and reports it is closed.
[image: ]
Figure 3.4 Serial Read of Door Opening and Closing

3.6 Line Trip Sensor
	The line trip sensor’s purpose was to stop the door if there was an obstruction in the way. We first confirmed the functionality of the photodiode and laser. Using a voltmeter, the voltage was measured at the output of the diode. When the line was broken it dropped from 100mV to 0V. Next, the decoder circuit was tested by monitoring the serial output of the Arduino. When the line was unbroken, we received a constant high. When the line was broken, we received a constant low. We then tested it with the rest of the motor circuitry. The motor was remotely opened, and the line sensor did nothing to the process when opening. When the motor was closing, the line sensor was tripped, and the motor stopped. This can be shown in figure 3.4 above. While closing, the line was tripped twice, which the Arduino recognized. When tripped, it stopped producing dots because the motor had stopped. 


4.0 Costs

4.1 Parts and Equipment

Table 1: Parts Cost
	Arduino Parts
	
	
	
	
	

	Part Description
	Part Number
	Manufacturer
	Price
	Quantity
	Total

	Arduino Mega
	Arduino Mega
	Arduino
	$26.20
	1
	$26.20

	Arduino Duemilanove
	Arduino Duemilanove
	Arduino
	$19.95
	1
	$19.95

	Arduino Power Source
	
	NKC Electronics
	$6.49
	1
	$6.49

	Arduino Ethernet Shield R3
	ETH Shield 06
	Arduino
	$40.01
	1
	$40.01

	Arduino Motor Shield R3
	R3
	Arduino
	$29.95
	1
	$29.95

	
	
	
	
	Total:
	$122.6

	Motor Parts
	
	
	
	
	

	Part Description
	Part Number
	Manufacturer
	Price
	Quantity
	Total

	Motor
	GM9213C177-R1
	Pittman
	$158.00
	1
	$158.00

	Motor Power Source 12V 2A
	PSAD24
	Logists
	$7.99
	1
	$7.99

	Aluminum Tracks
	N/A
	Machine Shop
	$10.00
	1
	$10.00

	Lead Screw
	N/A
	Machine Shop
	$5.95
	1
	$5.95

	Split Nut
	N/A
	Machine Shop
	$10.00
	1
	$10.00

	
	
	
	
	Total:
	$191.94

	Sensors
	
	
	
	
	

	Part Description
	Part Number
	Manufacturer
	Price
	Quantity
	Total

	Microphone
	SMM-205
	Singing Machine
	$9.66
	1
	$9.66

	Ultrasonic Module Distance Sensor
	HC-SR04
	Elec Freaks
	$5.78
	2
	$11.56

	650nm 5mw 3.2VDC Laser
	TO-18
	Aixiz
	$9.56
	2
	$19.12

	Photodiode 850nm 0.62A/W
	BPW 34
	Opto Semiconductors
	$0.99
	2
	$1.98

	Snap Action Switch
	111SM2
	Honeywell
	$0.85
	2
	$1.70

	Serial Camera Module
	PTC08
	Putal
	$39.95
	2
	$79.90

	
	
	
	
	Total:
	$123.92

	Circuit Parts
	
	
	
	
	

	Part Description
	Part Number
	Manufacturer
	Price
	Quantity
	Total

	Op-Amp
	TL 071
	Texas Instruments
	$0.67
	1
	$0.67

	Resistors
	
	Panasonic
	$0.15
	15
	$2.25

	10uF Electrolytic Capacitor
	
	Panasonic
	$0.20
	1
	$0.20

	47nF Ceramic Capacitor
	
	TDK
	$0.10
	1
	$0.10

	LED
	TLHG4400
	Vishay
	
	1
	$0.00

	Comparator
	LM339
	Texas Instruments
	$0.59
	1
	$0.59

	22 Guage Wire
	WHS-22-02-25
	NTE Electronics
	$3.22
	5
	$16.10

	9V Battery
	EN22
	Eveready
	$1.34
	2
	$2.68

	Vector Board
	21-4579
	MCM Electronics
	1.66
	1
	$1.66

	
	
	
	
	Total:
	$24.25

	Miscellaneous
	
	
	
	
	

	Part Description
	Part Number
	Manufacturer
	Price
	Quantity
	Total

	Ethernet Cable 50ft
	
	MediaBridge
	$9.49
	1
	$9.49

	Micro SD card 2GB
	
	SanDisk
	$4.45
	1
	$4.45

	Enclosure
	
	Kurland Steel
	$7.30
	1
	$7.30

	D-Sub Connector Socket
	DA-15S
	Pan Pacific
	$2.41
	2
	$4.82

	D-Sub Connector Plug
	DS-15P
	Pan Pacific
	$0.62
	2
	$1.24

	Wood for Door
	
	Machine Shop
	$10.00
	1
	$10.00

	
	
	
	
	Total:
	$27.3

	
	
	
	
	Parts Total:
	$490.01









4.2 Total Cost
Table 2: Final Costs
	Name
	Rate
	Hours
	Total

	Devraj Banerjee
	$40.00
	200
	$8,000.00

	Ryan Madigan
	$40.00
	200
	$8,000.00

	Miles Cernauskas
	$40.00
	200
	$8,000.00

	
	
	
	

	Parts Total
	$490.01
	
	

	Labor Total
	$24,000.00
	
	

	Grand Total
	$24,490.01
	
	



















5.0 Conclusion

5.1 Accomplishments
Throughout the course of this project, we were able to successfully create a system that satisfied all of our top level requirements. All of our sensors, mechanical systems, and microcontroller logic combined well into a discrete package that was fully functional for our demo.
The demo began with accurate motion detection from our ultrasonic distance sensor. The sensor was able to detect objects within 50 cm in a very reliable fashion. Next, our microphone amplification and DC offset circuit consistently delivered an output that was readable by the Arduino Duemilanove. This output fed into the Arduino Duemilanove which computed the FFT analysis. While our methods were rudimentary in nature, our goal to limit false positives proved very successful. We were not able to trigger a positive detection of a dog bark through human speech, sample animal sounds, or other loud noises. Using our dog bark sample we were able to trigger an accurate positive detection that properly triggered the cameras to begin working.
The two cameras we deployed effectively captured images and were able to store them onto the SD card on the Arduino Ethernet Shield. In addition, the Ethernet Shield was successfully able to access Twitter servers and post a tweet that included a link to a web server. This web server was hosted on the shield and accurately displayed the two images from the camera and contained clickable action buttons to control the motor functions. From the webpage, the user was able to click the open and close buttons to remotely control the motor.
Using the Arduino Motor Shield the motors effectively slid the door open and close while responding properly to other sensors. Two of these sensors were the snap action switches located on each side of the door. These snap action switches consistently triggered interrupts on the Arduino, signaling when the door was open and closed. The laser line sensor was also very consistent in triggering interrupts when the laser’s path was broken. This was due to a properly designed comparator circuit that effectively delivered a digital output from the varying analog input of the photodiode.
In summation, our project was entirely successful. We were able to demonstrate our full sequence and deliver a working prototype. This included some aesthetically pleasing d-sub connections and an enclosure to house our circuitry behind the frame of the door. While we were very satisfied with the outcome of the project, there is always room for improvement.


5.2 Uncertainties
Our primary uncertainty concerning this project is the reliability of our dog bark detection. While the detection system is very effective at discerning false positives from dog barks, the system is not very accurate at positively identifying dog barks. We were able to limit the detection of false positives from human speech, ambient noise, various other animal noises, and miscellaneous loud noises to fewer than five percent of attempts. However, successful detections of our dog bark sample were detected only forty percent of the time. We would have liked this number to be higher to ensure that a dog would be able to activate the system more reliably.


5.3 Ethical Considerations
1.) To accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment;
The project involves automatically opening a door which has some risk involving the safety of people or animals crossing the path of the door. We have implemented several safety measures to ensure the safety of the user. We will fully disclose any possible safety risks or design flaws to the user.
The first safety measure we employ is the laser line trip sensor. The laser goes across the width of the door. When the line is tripped it stops the door from closing. This is to ensure the door does not close on the dog or anything else passing through the door.
Our second safety measure is the bark detection and the cameras on both sides of the door. The bark detection is to ensure that nothing but a dog can activate the sequence to open the door. We set the constraints on the FFT were set very tight. This ensured that we had very few false positives.
In the rare event of a false positive or a dog barking at something that may get in, we used cameras to make our security more robust. The cameras take pictures of what is on both sides of the door and uploads these to the webpage to be viewed by the user. Both of these security measures ensure that nothing is let in or out that isn’t supposed to.

3.) To be honest and realistic in stating claims or estimates based on available data;
The digital signal processing of a dog bark is a challenge and we must be realistic in assessing the reliability of the system with this component. Positive detection of a dog bark, based on our test sample, is about 40 percent effective. We are also wary of the effectiveness of the system when used with other test samples or with a live dog. This is the area where we have the most room to improve. Details of our approach to remedy this are explained in the further improvements section.

7.) To seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others;
We will incorporate all the criticism of Professor Carney, TA’s, other students, and anyone else helping with our project. We will also credit in the reference section any other person’s work or ideas that have aided our design in any way.



5.4 Future Work
Future endeavors with this project would be focused on the digital signal processing. First, we would employ the power cepstrum to accurately depict the pitch information of the audio sample. By definition, the cepstrum is defined as the squared magnitude of the inverse Fourier transform of the logarithm of the squared magnitude of the Fourier transform of a signal. The cepstrum is an effective method to determine the frequency content of the sample because the pitch and formants in speech are additive in the logarithm of the power spectrum. This allows for ease of separation of these elements and clear analysis.
[bookmark: _GoBack]In addition, the size, speed, and aesthetics of the project can be improved. To decrease the size, smaller microphones can easily be employed with added noise filters to ensure a clean sample. Additionally, smaller cameras can be utilized with sufficient resolution. Smaller, lower resolution cameras would also reduce the time required to store the images to the SD card. The storing of the pictures was the most time consuming piece of project. Each picture takes roughly 30 seconds to store on the SD card. Aesthetically, the project can be improved by incorporating all of the sensors and circuitry inside a door frame or nearby wall.
Other improvements, such a web server with live video feeds from the cameras, and use of a Wi-Fi shield with an externally accessible server, could easily be implemented with more time. The limitations of the secure networks in lab hindered many of the networking possibilities of the project. Amending these network features to be more user friendly would be an easy, useful improvement going forward.
Lastly, through the use of two line trip sensors, the system could keep track of whether the dog is going in or out. This would allow the user to keep track of whether the dog is inside or outside.
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