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1. Introduction

1.1 Title: Mail Notification System (MNS)
The project was selected because a majority of residents, whether it is an apartment, townhouse, house, etc., experience annoyance when they take a trip to the mailbox to check for mail and it is empty.  We are motivated to develop a device to make our lives more expedient in various ways. With a mail notification system, a notification message will be sent to both home and mobile phone to inform the homeowners that there is something in their mailboxes.

1.2 Objective
1.2.1 Goal
The goal for this project is to make our lives more convenient by providing an efficient device. Hopefully with our Mail Notification System, we will reduce time and energy wasted checking empty mailboxes and picking up expected items as soon as they arrive.

1.2.2 Functions
· The Mail Notification System device detects the mail.
· The Postman selects the method of delivery (ex. Left on porch, at the post office, etc.)
· If no option is selected, MNS sends a default message with time to LCD.
· The Message will include the arrival time and status.
· MNS sends a text or email to the user.
· The user receives the mail.
· The user pushes the reset button on the LCD.
1.2.3 Benefits
· Save unnecessary time and energy to check an empty mailbox.
· Ability to retrieve important and/or expected mail as quickly as possible.
· Portable and can be placed in any mailbox (single household, townhouses, apartments, offices, etc.).
· Inexpensive for a practical device.
· Ensure no missing mail by keeping track of the arrival of each mail

1.2.4 Features
· Email notification to accommodate user whom are away from house frequently
· Screen displays when and where the mail and package is located
· Device powered by battery and durable
· Lightweight and portable
· Suitable for any type of mailbox
· Easy installation & Plug and Play




2. Design

2.1 Block Diagram 



2.2 Block Description

[Transmitting Unit/ Mailbox Body]
The Transmitting Unit will consist of 3 main components, IR Sensors, a controller and an RF Transmitting unit. The TX Module will only operate if the mailbox door is opened while a postman is placing mail to prevent unnecessary power drainage. This method is an analogy of refrigerator light systems will be applied, thus whenever the door is closed, then the circuit switch will break the circuit and vice versa.

IR Sensors
6 IR Sensors will be located appropriately to detect any type of mail. Sensors’ output will be either high or low which will act as a signal to the controller unit. This digitized output will be coded into the controller unit for further action.
Infrared 950nm LED 
[image: ] <figure 1>                [image: ]<figure 2>  
For each sensor, four infrared 950nm LED is used to shine light from the mail detection device. (DC forward Voltage is 1.5~2.0V, maximum forward current=50mA) Thus, utilizing V=IR calculation the resistor to output, 220ohm resistor is used to output current of ~20mA.
Infrared Receiver VS1838B
[image: ]
<figure 3>
For each sensor, one infrared receiver is used to detect infrared light that is reflected from the detected object. (Working voltage 2.7~5.5V, maximum forward current=50mA) Thus, to prevent potential weariness of the receiver or lack of receiving sensitivity, 10kohm resistor is used on the output pin of the receiver.
Microcontroller
The controller unit will be programmed and operated to relay the signal to the transmitting unit. Output from the sensors and different options that was selected by a postman will be consolidated and react accordingly. Options will include 1. Left on porch, 2. at the post office, and mail left on mailbox as default option. The logic operation expected from microcontroller will go according to the following truth table,
expected result :
00 : no mail
01 : mail at mailbox
10 : at porch
11 : pickup at post office

	Sensors
	Porch button (x)
	Pickup button (y)
	output

	0
	0
	0
	01

	0
	0
	1
	11

	0
	1
	0
	10

	1
	0
	0
	00

	1
	0
	1
	11

	1
	1
	0
	10


	
			Output 1 = x + y
                   Output 0 = sensor'.(x'y' + x'y) + sensor.x'y

[image: ]<figure 4>
Arduino Uno will be used as the microcontroller. It will operate on 5 V, and has 14 digital I/O pins. The main reason to choose this over other microcontroller is because Arduino Uno is widely used for various signal-processing projects, so it will be easier to integrate with other parts of the project. It is also based on C# programming language; which we are more familiar with. Thus, Arduino Uno is probably the best choice for our kind of project.

Communication
	Xbee Series 1 will be used to transmit data to the receiving unit. Xbee will take data from two different pins and send them in form of UART API command line to another Xbee on the receiving end. The output from the logic unit will be send one bit at a time. Thus, it will send the most significant bit first, then the least significant bit will be sent afterwards.
[image: ]<figure 5>

The figure above is Xbee mounted on top of Arduino Uno. Not only that Xbee shield is used to mount Xbee on top of Arduino Uno, but it also converts 5 V to 3.3 V for the Xbee to operate along with Arduino. Xbee is chosen for the project because Digi-key constantly updates X-CTU and any software accociated with the device. Thus, we will always use the latest communication unit. The X-CTU interface also allows us to do range test, and data sampling; which greatly assist us in debugging any error with the transmission process.

Power Supply
9V Battery will be used to supply power to the transmitting (mailbox) unit since all the sensors, controllers and RF transmitter will operate between 3 Volt and 5 Volt and each component will be connected in parallel. The receiving unit will be located inside the house where wall outlet power is available.
[Receiving Unit]
This module will consist of an RF receiving unit, microcontroller and LCD Display unit. The module will be installed inside house at users’ discretion.

Communication
Xbee Series 1 will be used as receiving unit; which will take the command lines from transmitting Xbee and extract the datas then assign variables to them.

Microcontroller
Microcontroller will contain codes for both LCD display and receiver. It also responsible to relay information received by receiver and send it to Microprocessor and LCD display unit

Display
[image: ]<figure 6>
The main goal of this project is to assist users to easily retrieve mail / packages. In order to achieve the mentioned goal, it is necessary to provide a display inside the housing unit. By doing that, users will immediately be alerted when they have something to pick up from their mailboxes. LCD Display unit will be mounted on top of Arduino Uno; which contains the program to display pre-determined messages along with date and time depending on the location of mail/ package. In order to simplify the electrical connection, the 5V pin from Arduino Uno will power LCD display. Thus, it is essential to choose LCD display that operates on the same voltage. We also need enough space for message and time of arrival, but maintain as small dimension as possible. Thus, 16x2 will serve us best in giving us the best of both worlds.

Microprocessor/Email
[image: ]  <Figure 7>

	Email alert is one of the key features of the project that delivers the message to the customer promptly. This email delivery system is very beneficial to modern people who spend most of their time at work or outside house while longing for their packages or mails. Generalization of smart phone usage made this feature even more outstanding and practical. 
The communication from the microcontroller (Arduino) to Internet is conducted wirelessly through Arduino Wifi Shield application, which provides powerful and secure network capability. However, the system requires Wifi network that has already established connections to Internet. Home Wifi system is also widely used these days and quickly spreading out, so it was safe to make assumption that the user will provide Wifi network at their residence. 
Arduino Wifi Shield will have master-slave relationship with the main board and exchange data first, and scan for available Wifi network. Upon finding the network, it will automatically attempt to connect using preset SSID and Password if the network was secured by WEP or WPA 2 Personal. This unit will then go through proper email protocol to send an email notification with pertinent information such as time of arrival, status of mail and etc. Error checking procedures will also be implemented.
3. Schematics

[image: ]3.1 Schematics of Mailbox Body                   				<Figure 8>  
3.2 Schematics of Receiving Unit
[image: ]
<Figure 9>
The following figure is the Schematic of 555 IC circuit, which controls the time of the circuit operation
Trigger denotes a power button.
[image: ]
<Figure 10>
3.3 Calculations

*Mailman comes everyday from Monday to Saturday (6days per week)
*Mailman spends approximately 5 minutes to put mails in the mailbox

	Battery Type
	Capacity (mAh)

	9 volt
	500

	9 volt ultralife
	2000

	½ AA
	360



For longevity of battery life, we utilized 555 IC to control the circuit for the certain amount of time, which is 120 seconds.
The decay time was calculated using the formula below.










3.4 Software- Email Delivery Procedure
[Flow chart] (Figure 10)
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4. Block Level Requirements and Verifications
	Requirements
	Verifications

	Mailbox Body	

	Power

1. Battery supplies enough voltage



2. Battery operates at operating voltage 4.8V<Voltage of the battery< 9V or at a threshold of 400mAh< Capacity of the battery<560mAh 

3. Battery is connected to the mailbox unit (connected to 9v battery snap)

4. Battery supplies constant power to the circuit only for limited time period. (120 seconds)
i) Resistors and Capacitors are connected in series between Vcc and GND
ii) Power button triggers the 555 IC
iii) 555 IC Outputs High for 120 seconds

	

1. Measure at the terminals of the battery using multimeter to verify that it is fully charged at operating voltage 4.8V<Voltage of the battery<9V
2. Measure at the terminals of the battery using multimeter to verify that it is operating at operating voltage 4.8V<Voltage of the battery<9V (400mAh<Capacity of the battery<560mAh)
3. Visually check the connection between the battery and mailbox unit.
4. Use multimeter to check the output of 5 volts with the error tolerance of ±0.25V
i) Ensure the resistor and capacitor has the right value for the desired decaying time for the limited time of circuit operation. Resistance must be 120KΩ and Capacitance must be 100 μF for with error range ~ 3%.
ii) When button is released, the Vcc should be connected to the trigger pin(2) of 555 IC. Ensure to measure 9V ±0.5 using multimeter
iii) Measure the output voltage from output pin(3) for 120 seconds and ensure the value is 5V ±0.25V.


	Sensor

1. Mailbox unit detects mail with IR sensors

2. IR LEDs and IR receivers are connected 

3. IR LEDs emit lights




4. IR receivers receive lights 
	

1. Check the output of voltage of IR receiver (Mail detected: low 0.1V~2.2V, Mail not detected: high 4.3V~ 4.8V)
2. Check the continuity of the circuit (Vcc, GND, resistor, Arduino connection of IR LEDs and IR receivers)
3. a. Use camera to check if IR LEDs are emitting light
b. Use multimeter to check the volatage across the IR LEDs (2.1V<Voltage across the IR LED<4.2V) 
4. Use multimeter to check the voltage across the IR receiver 
a. Output low 0.1V~0.25V,when object is detected
b. Output high 4.3V~4.8V, when object is not detected

	Button
When one of the buttons is pressed corresponding button should output high.
	Use multimeter to measure voltage is outputting High ( ≈ 4.5±0.5V )

	Microcontroller

	Microcontroller
1 The Microcontroller should take inputs from sensors, and buttons 
2 The Microcontroller has to AND all inputs from sensors into one signal.
3 The Microcontroller logic circuit must output two bit signal to D12, D11 (D12 being the most significant bit) in accordance with the truth table
	1. Output from buttons and sensor unit should be connected to the microcontroller.
2. Open the Arduino program and add print command that prints the value of the variable that holds the result of the AND operation (it should outputs 1 only when all sensors send 1).
3. Two LEDs are connected to D12, D11 in order to verify the output data visually. Otherwise, we can connect input for x, y with either high (5 V) / low (0 V), then measure voltage at output 1 and output 0 to see if they match the table on the requirement


	Communication Unit

	1 Transmittiing Xbee should be connected to the correct output (most significant bit is on pin D12, and least significant bit in on pin D11)
2 Both Xbees should have the same modem VID
3 Transmitter should communicate to receiver.
4 Transmitting Xbee should send signal two signals from two different pins.
5 Receiver should receives the most significant bit, followed by the least significant bit
6 Receiver should receive the exact same signal sent by transmitter.
7 The received data should be assigned to corresponding variable.
	1 Check if the output of microcontroller is connected to the correct digital input pin.
2 Connect both Xbees to PC, and use X-CTU to check both Xbees’ modem VID.
3  Try sending random data, and see if the red light on both Xbees are blinking (if they are blinking, they are communicating to one another).
4 
· Connect transmitter to PC, and use the terminal tab from X-CTU to try sending data to receiver.
· if sending sample data succeed, try to execute UART API command line to send data from D12, and execute another one to send data from D11.
5
· Create a debugging code to print out the command line received from transmitter.
· Open serial monitor from arduino program to check the received command line. Check if there are two different command lines printed in the serial monitor.
6   Add a printing line to the receiver Xbee code, to print out the value of both variable. Check if the value for each variable matches the one sent from transmitter.
7    
· Check if the Arduino code contains function that extract the value from the command lines received (assigning parts of the command lines to variables).
· Print the value of both variables, and see if they match the value in the command lines




	Display

	1 LCD should be wired correctly to Arduino, 5 V power source.
2 LCD display code should check the value of receiver's output variables.
3 Print the corresponding message along with date and time.
	1 Verify the wiring schematic to the figure provided above.
2 Open arduino program, and check the if statements for the LCD display
3 Assign value to the two variables in the if statements, and check for the printed message.

	Wireless Internet (Email)

	1. Code successfully compiles without errors.
2. Arduino Wifi Shield is successfully linked up with Mainboard (Arduino Uno).
3. Receives correct data from the microcontroller (Arduino Uno) 
4. D10 (SS for Wifi) is High and should start scanning for available Wifi network.
5. Successfully scan for available network
6. Read SSID and Password from a .txt file in SD Card to connect to the internet
7. Send email notification to the customer using the data saved in a user file on SD card. (email address, pre-written messages and time)
8. Email transmission needs to be successful or need to go thru the transmitting procedures again after displaying “Delivery failure” message.
	1. Verified by software compiler.
2. PIN 7 from Wifi Shield is used to handshake with Arduino Uno, and must output high when synchronization was successful. 
3. Two testing LEDs are placed on data output pins and must match with what was sent from XBee. Also, when connected to the PC, it will display transmitted data. 
4. Use multimeter to measure voltage on D10 to ensure it is high. 
5. Displays MAC address and available SSID
6. Type in valid SSID and Password on .txt file and print out “successful connection” upon connection along with a green LED that is connected to one of the output data pins. 
7. Displays email address and the messages corresponding to the received data. (ie. “Your mail is at Post Office” when 10 is received, etc.)
8. Email transmission confirmation bit flag is High and displays “successfully delivered email”.






5. Tolerance Analysis

The most important component of our project is divided into two critical parts. First, mail detection device must successfully detect mail and/or package when it is placed inside of the mailbox. During this process, interaction between IR LED and IR Receiver should output high voltage (~5V) when object is detected and output low voltage (~0V) when nothing is detected. Secondly, it is crucial to send signal to our LCD display to notify object detection via Xbee. Maximum distance (RF line of sight range) of Xbee is approximately 100~300ft. Thus, it is recommended to function within the operational range to communicate between the mailbox and LCD display.
6. Cost and Schedule

6.1 Cost Analysis

Parts
	Part name
	Qty
	Price
	Total

	Basic 16 x 2 Character LCD : LCD 00255
	1
	$ 13.95
	$ 13.95

	Wall Adapter Power supply – 9 VDC 650 mA
	1
	$ 5.95
	$ 5.95

	Xbee Series 1 XBP24-AWI-001-ND 
	2
	$ 32.00
	$ 64.00

	Xbee Explorer USB
	1
	$ 24.95
	$ 24.95

	Xbee Shield 
	2
	$ 14.95
	$ 29.90

	Arduino Uno-R3
	2
	$ 29.95
	$ 29.95

	Arduino WiFi Shield
	1
	$ 84.95
	$ 84.95

	USB Cable A to B – 6 foot
	1
	$ 3.95
	$ 3.95

	Sparkfun USB Mini-B Cable – 6 foot
	1
	$ 3.95
	$ 3.95

	Solar Group E1600B00 Large Premium Steel Mailbox 
	1
	$ 15.21
	$ 15.21

	50pcs Infrared LED - 60 Degree Clear 940nm
	1
	$ 13.95
	$ 13.95

	10pcs vs1838b Infrared receiver
	1
	$ 9.99
	$ 9.99

	Gino 2 Pcs 2.1 X 5.5mm Male Dc Plug to 9v Battery Clip
	1
	$ 2.83
	$ 2.83

	10kohm resister
	1
	$ 0.00
	$ 0.00

	220ohm resister
	1
	$ 0.00
	$ 0.00

	Total
	
	
	$303.53




Labor
	Name
	# of week
	# of hours per week
	Cost / Hour
	Total Cost

	Dickson Salim
	12
	12
	$ 35.00
	$ 5040.00

	Ethan Ahn-Kang
	12
	12
	$ 35.00
	$ 5040.00

	Ryan Park
	12
	12
	$ 35.00  
	$ 5040.00

	
	
	
	Total
	$ 15120.00



	Labor
	Parts
	Total

	$ 15120.00
	$ 303.53
	$ 15423.53



6.2 Schedule

	Time
	Dickson Salim
	Ethan Ahn-Kang
	Ryan Park

	2/11
	Learn X-CTU and establish communication between both communication units.
	Assemble the sensor unit
	Create and debug the control unit logic

	2/18
	Program the pre-loaded message into LCD display
	Assemble the sensor units/ test sensors/ start designing PCB for transmitting unit
	Learn eagle for PCB and edit PCB

	2/25
	Implement data transmission for communication unit
	Test sensors/ debug transmitting unit circuit/ modify corresponding PCB for transmitting unit
	Design receiving end microcontroller PCB

	3/4
	Help integrating PCB to the sensor unit
	Complete the PCB design and receive it from the machine shop/Integrate the PCB to the sensor unit
	Establish connection with wifi network

	3/11
	Integrate the date and time acquiring into LCD display
	Design the case (project box) to fit the PCB in suitable mailbox size
	Test sending email when object is detected

	3/18
	Spring Break
Gather contents for the presentation (figures, data, etc.)
	Spring Break
Prepare presentation slides
	Spring Break
Test various email when object is detected/ Debug codes

	3/25
	Mock-up demo
Responsible for communication unit
	Mock-up demo
Responsible for Mailbox body-sensors 
	Mock-up demo
Responsible for Email notification

	4/1
	Mock presentations
Debug communication unit
	Mock presentations
Debug mailbox body-sensors
	Mock presentations
Debug Email notification

	4/8
	Final test on the communication unit (Transmitter and Receiver unit)
	Prepare sensors for final demo, and testing LCD display, and make changes if needed

	Finalize the wireless communication functionality, and make changes if needed)

	4/15
	Individual demo test
Integration of all the components
	Individual demo test
Package our product at the professional level
	Individual demo test
Gather all the data for final demonstration

	4/22
	Final Demo
Secure the equipment and device. Provide transportation
	Final Demo
Supervise rehearsal for final demo. Schedule group meeting at least 3 times a week
	Final Demo
Reserve workspace (Grainger Library Group Study Room) for preparation of Final Demo

	4/29
	Final paper, checkout
	Final paper, checkout
	Final paper, checkout


7. Ethical Issues
We adhere to the statements of the IEEE Code of Ethics that pertain to our project as follows:

· “3.to be honest and realistic in stating claims or estimates based on available data”

We will ensure that all calculations are accurate. All the conclusions drawn from experimental procedures will be supported by data calculations and simulation graphs. 

· “6. to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations;”

We will apply our analytical and technical skills learned thus far to the best of our abilities in creating a product that will promote household convenience.

· “7.  to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others.”

Because this is a group project, each person will communicate his ideas on improving the design and provide feedback on the other person’s work in terms of quality and things that need improvement. In addition, all information used from outside sources will be credited in the Reference Materials section.



8. Safety Concerns
Weather condition
· Water: Although mailboxes are waterproof, there are slight chances of rain dripping into the mailbox. Thus, mail detection device will be packaged in waterproof design. However, users still need to be cautious when contacting mail detection device in rainy day.
· Temperature: Parts that are packaged in the mail detection device have their working temperature (normally -40~80 Celsius). Thus, it is highly unlikely to encounter these extreme weather condition, but one must be aware than very high temperature might cause burn from touching the device.







9. Appendix[image: ]
Arduino Wifi Shield
[image: ]
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