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[bookmark: _Toc448106313]ABSTRACT
The purpose of this final report is to give a comprehensive update on the progress of the Smart Streetlight Proof of Concept senior design project. In this report, we will discuss the concept generation for the project and the final design. By reviewing the design process from the beginning of the project, we can explain how the final design was selected and manufactured. After explaining the design, the testing procedure and experiment design is discussed to give an overview of how the project functions. Several aspects of the final design are analyzed, including its manufacture, reliability, and economic impact. Additionally, its effect on the environment is discussed and safety implications are addressed. Finally, the organization of the project and the team is described in detail, giving a behind-the-scenes look at how the project was structured. Each of the three teams within the project will be discussed, giving perspectives from the point of view of several different portions of the project. The project team consisted of several different engineers with multiple specialties, all of which were applied in the process of finishing this project. This diversity of problem-solving approaches was instrumental in completing this project, and each of these approaches are described in detail within. 
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[bookmark: _Toc415837600][bookmark: _Toc448106314]Introduction
[bookmark: _Toc448106315]2.1 Need Statement
Currently, when a streetlight loses power, it does not have the ability to alert the utility of the outage. A customer must call to report the outage. A contributing factor to this is old outdated technology that has not been improved or updated in decades. The Smart Streetlight project is a design that will change this. When an outage occurs on the streetlight, the status will be transmitted to a user interface that will relay the information to the user. In addition, it will allow the location of the outage to be known, which will greatly improve restore times and allow more information to be determined. For example, multiple outages on the same fuse. The system will work off of two separate checks. The first check will check to see if the Streetlight has power. The next check will check to see if the bulb is simply blown on the Streetlight. This will increase the effectiveness of knowing the issue before physically being at the Streetlight in the field. The streetlights or household power status will communicate through a wireless XBee network and connect peer to peer in order for their current statuses to be accessed. A node placed on each street light will communicate wirelessly with a single central station where the information will then be accessible on a user interface. The signal will travel through a Peer-to-Peer (P2P) network allowing for increased range.

[bookmark: _Toc448106316]2.2 Goal Statement
This team will be focusing on building a small scale model that will fulfill the needs statement and will be easily scaled up for real world use while making it easy for an uneducated person to visual see an outage and how the entire system responds to it through the User Interface. 


[bookmark: _Toc448106317]2.3 Constraints
	Budget
	$1,500

	Deadline
	2nd week of April

	Power
	5v DC Power Supply each Streetlight

	Control
	Integrated RaspBerry Pi 2

	Display
	Portable 3 story cart w/ wheels and plexiglass

	Goal
	Have wireless communications with Streetlights in order to recognize outages when they happen (either no power or bulb blown outages).

	Max Power Each Streetlight
	5V DC Power

	Cart Dimensions
	18 in x 35-1/4 in  x 37-1/4 in

	Frequency of XBees
	802.15.4 Stack (the basis for Zigbee)

	Range of XBees
	300 ft Outdoor and 100ft Indoor

	Streetlight Body
	3D printed with 107 x 77 x 254 (mm) final dimensions

	User Interface Screen Dimensions
	User interface screen will be 10 inches which will allow the program that checks for outages to be seen easily by the user.


[bookmark: _Toc448106398]Table 1 - Project Constraints




[bookmark: _Toc436782738][bookmark: _Toc208803849][bookmark: _Toc448106318]2.4.1 Design Specifications
The P2P network using three XBees should run as smoothly and efficiently as possible. Each XBee module should be able to update their statuses to a single source continuously in order to stay as up to date as possible. This is important because during a real life, large scale power outage, the utility company must act to restore the outage as soon as possible.

[bookmark: _Toc436782739][bookmark: _Toc448106319]2.4.2 Performance Specifications
The P2P network created by XBees must have the ability to run 24/7. In addition to this the network must have the functionality to not be limited by a certain number of devices. The number of devices should be almost unlimited as large networks will be created using this technology. The delay in changing status from online to offline and vice versa should remain minimal.

[bookmark: _Toc448106320]System Design
[bookmark: _Toc448106321]3.1 User Interface
The User Interface is made up of a Raspberry Pi 2 which was purchased in a kit including the 10” LCD screen called the Eleduino Raspberry Pi 2 super integrated computer kit as depicted in fig 5. The UI is the central communication between the XBee P2P Network and is equipped with an XBee connected to the pins of the Raspberry Pi. XBee devices are configured using X-CTU, a free multi-platform application by Digi. X-CTU allows each XBee device to be flashed with personal settings, such as using a certain pin as a digital input. This initial setup through X-CTU is done on a computer using an XBee explorer found in fig 19 below. To Control the UI a small keyboard and touchpad combo was purchased to attach to the cart called the Rii Mini K12 as depicted in fig 6. Additionally a 3D printed structure will be designed to bring the UI system to an eye level. With the UI system being a Raspberry Pi 2 it brings the question what if the user wanted to use it on another device or a computer? With that question in mind, there is an easy solution. It can be run on any device that supports Python code being run on it. So a computer or even a tablet with a Python app could be used with the software as long as the XBee device is connected properly.






1.1.1 [bookmark: _Toc436782763][bookmark: _Toc448106322]Raspberry Pi 2:

[bookmark: _Toc436782765][bookmark: _Toc448106323]3.1.2 Microprocessor Comparison 
	Table 4 –Microprocessor Design Matrix
	Input Voltage
	Number of Pins
	Clock Speed
	Price
	Ease-of Implementation

	Arduino Leonardo
	7-12V
	44
	16MHz
	$25.00
	Medium

	MSP430F5529
	3V
	40
	25MHz
	$15.00
	Low

	Raspberry Pi – 2
	5V
	26
	900MHz
	$35.00
	High


[bookmark: _Toc448106399]Table 2 - Microprocessor Design Matrix

Table 2 was created in order to show the aspects of each small sized computer which have the most importance to the Smart Streetlight proof of concept. The most important aspect for this project is the ease of implementation due to the fact that a deadline must be met for the project to be completed. This project is a proof of concept and its main goal is to demonstrate the idea with ease and to produce the most accurate results. The Smart Streetlight team decided to choose the Raspberry Pi 2 since it posed the best argument to be the easiest option to implement into the design. Being able to run at a much higher clock speed then the other options was key, since the performance of the Pi dictates the performance of the project as a whole. The input voltage of 5V that the Pi draws is the same as the rest of the components within the design. This allows for consistency when supplying power to the model. The Pi can run multiple types of coding languages which allows for an extensive amount of options for choosing the language for the project. Python was chosen as the coding language to be used due to the fact that there is an XBee library for the software and it allows visuals to be created easily. Also, the software engineer on the Smart Streetlight team has good experience with the Python software, thus eliminating the time it would take to become familiar with a new language. Even though the Raspberry Pi 2 was the most expensive option, the difference in prices from the other options was not a concern when considering the budget for the project.

1.2 [bookmark: _Toc448106324]XBee Series 1:
The Smart Streetlight network requires wireless transmitters that can communicate the status of each individual streetlight to a central notification interface. Instead of creating a wireless connection through the internet, wireless transmitters are installed into each streetlight to create a private secure network. The transmitters chosen for the task were XBee Series 1 devices. There are multiple types of wireless transmitters on the market today but the XBee is well known and compatible with the hardware and software used for this project. There are many different types of XBees to choose from, but the XBee Series 1 fit the needs of the project for the lowest cost. Its transmission range of 100ft indoors is lower than other models such as the XBee-Pro or the XBee Series 2.5. If the project were to be scaled up and implemented into a real world scenario the XBee-Pro would be preferred since it has an indoor range of 300ft and an outdoor range of 1 mile. For the purposes of the project, the XBee Series 1 will provide more than enough range while being demonstrated on a small scale model. 

1.3 [bookmark: _Toc448106325]Backup Battery:
In the event of a power outage, the XBee device must stay powered with the aid of a backup power supply. A Lithium-ion 3.7V 1000mAh battery was chosen as the most efficient backup power supply due to its high energy density. Unlike a nickel-cadmium or nickel metal hydride battery, the lithium-ion battery has a long cycle life and does not have a high discharge rate. The lithium-ion battery also requires low maintenance since there is no periodic discharge needed. The team considered using a supercapacitor rather than a battery. A supercapacitor’s main advantage is that it has virtually an unlimited cycle life, but since the project is only for demonstration purposes, that aspect did not hold much importance. What drove the team away from choosing the supercapacitor as the backup power supply was mainly its inability to hold a charge. With its low specific energy, a supercapacitor can only hold up to a fraction of what a battery can. 

1.4 [bookmark: _Toc448106326]LED Lights:
An LED light is installed into each streetlight in order to show that power is being supplied. The functionality of the LED meets all of the requirements for the Smart Streetlight project. It can be installed into the circuit with ease and produce enough light to show that the streetlight is powered. Its small size allows for it to not interfere with the rest of the circuit that is already condensed into the small head of the streetlight. The team stayed away from traditional incandescent bulbs since there was no clear advantage for their use in this project. They are too bulky and are not nearly as efficient. 

[bookmark: _Toc448106327]3.5 Streetlight Model:
Each streetlight was designed and printed using a 3D printer. Choosing to use a 3D printer for building the Smart Streetlight model was ideal for precise customization and creativity. This allowed for the electronic hardware to fit snug into the head of each streetlight. The plastic material in which each streetlight is made up of provides a sturdy, lightweight model that can be secured to the display cart. 
[bookmark: _Toc448106328]3.6 Volt DC Converters:
All of the components that will be drawing power within the model will draw no more than 5 volts. Each streetlight contains an XBee Series 1 that draws 3.3V at 50mA and an LED that draws 4V at 80mA. Each component requires an individual source of power in order for a power outage simulation to be applied to a specific streetlight. For the power to be generated and separated, 5V DC power converters supply each component with power from the 120V AC power strip which then draws power from a power outlet. The team chose to take basic cell phone chargers and modify them to be able to fit into the design. This method was a cheap and efficient way to supply the desired amount of power to the streetlights.
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[bookmark: _Toc448106359]Figure 1 - Power Design













[bookmark: _Toc448106329]3.7 Display Cart:
The Smart Streetlight model’s purpose is to demonstrate an idea that can potentially be scaled up to a real world solution. In order to present the idea in a model form, a cart is used as the base of the whole project. Atop the cart, the Smart Streetlight models coincide with model buildings, cars, and a painted road to portray a city scene. Beneath the city scene, the cart contains shelves to hold power sources and other miscellaneous equipment for the project. Not only does this make the cart an ideal platform for the demonstration, but it also processes the ability to be mobile. Rather than having to move all of the project’s parts individually from a workspace to a presentation table, one can simply role the cart wherever desired and begin a demonstration. 


[bookmark: _Toc448106330][image: ]3.8 Top Level Hardware Design:[bookmark: _Toc448106360]Figure 2 - Top Level Hardware Design
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[bookmark: _Toc448106361]Figure 3 - UI Connection to XBee
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[bookmark: _Toc448106362]Figure 4 - XBee breadboard connection
[image: http://ecx.images-amazon.com/images/I/71Zn6Cs41AL._SL1200_.jpg]
[bookmark: _Toc448106363]Figure 5 – Overall Eleduino Kit

[image: http://ecx.images-amazon.com/images/I/41IvD0pFrZL.jpg]
[bookmark: _Toc448106364]Figure 6 - Rii mini K12 Keyboard


[image: ]
[bookmark: _Toc448106365]Figure 7 - Top-Down User Interface
As depicted in fig 7, the Raspberry Pi computer will act as a head unit for the system and display the user interface. Using its pins the Raspberry Pi will power its own XBee device and also receive data packets through RX and TX pins. The Raspberry Pi will use the data from the frames to determine the status of each monitored device.  Once the status is determined the Raspberry Pi will display the data on the LCD screen so it can be viewed by the system user. The user interface, along with the code to interpret the data packets, will be written in Python.  Python was chosen as the coding language due to the fact that there is an XBee library and also it allows the easy creation of visuals


[bookmark: _Toc436782766][bookmark: _Toc448106331]3.8.1 Three Different Communication Device Comparison Matrix:
	Table 5 –Communications Systems Decision Matrix
	Integrability
	Range
	Ease of Use
	Portability
	Price
	Score

	Weight
	0.3
	0.1
	0.4
	0.2
	0.38 
	

	Raspberry Pi 2/XBee
	10
	10
	9
	7
	5
	10.9

	Hitec Optic 5-Ch Radio
	4
	4
	2
	5
	8
	6.44

	MSP430/Esplora/XBee
	5
	6
	7
	8
	6
	8.78


[bookmark: _Toc448106400]Table 3 - Communication Comparison



[bookmark: _Toc448106332]3.8.2 Four Different Microprocessor Comparison Matrix:
	Table 4 –Microprocessor Design Matrix
	Operating Voltage
	Number of Pins
	Ease-of Implementation
	Clock Speed
	Price
	Score

	Weight
	0.5
	0.4
	0.85
	0.4
	0.5
	

	Arduino Leonardo
	8
	2
	8
	3
	7
	16.3

	MSP430F5529
	2
	4
	2
	5
	8
	10.3

	RasberryPi – 2
	2
	4
	3
	8
	4
	10.4


[bookmark: _Toc448106401]Table 4 - Microprocessor extended Comparison

[bookmark: _Toc436782764][bookmark: _Toc448106333]3.8.3 Raspberry Pi. Vs. Arduino Matrix:
	
	Cost
	Performance
	Size
	Geom. Mean
	Norm. Weight

	Cost
	1
	2
	3
	1.82
	0.55

	Performance
	½
	1
	3/2
	0.91
	0.27

	Size
	1/3
	2/3
	1
	0.61
	0.18


[bookmark: _Toc448106402]Table 5 - Raspberry Pi vs Arduino

As depicted, the XBee + RaspBerry Pi 2 combination was rated higher given that they are products that are developed and designed by RaspBerry Pi to be compatible with the XBee network interface board. The Hitec Optic 5-Channel radio, on the other hand, is designed to be implemented with an RC airplane, and the team is concerned on how easily it can be modified to make it compatible with the design. The other criteria that was taken into account is section of this decision was the range, given that the robot is supposed to be controlled by a remote control. Such remote control is only required to transmit signals to the robot when it is a couple of feet away while it traverses the course. The maximum functional range for the XBee to XBee is 100ft for indoor control. The Hitec Optic 5 on the other hand losses transmission power after the receiver is approximately 50ft away. Although the maximum control range differs so much, either implementation will successfully complete the requirements for the range criteria. Finally, for portability both the size and feel of the controller were considered. The Hitec Optic system has a larger bulkier controller, but it has a sleek uniform appearance. Whereas the RaspBerry Pi 2 system has a lighter design, but it has so many exposed components that can be so delicate and run the risk of being damaged if not handled with care. 


[bookmark: _Toc436782767][bookmark: _Toc448106334]Data Packets:7E, 0, 12, 92, 0, 13, A2, 0, 43, 78, FF, 79, 36, 6A, 1, 1, 0, 10, 0, 0, 10, CE




Above is an example data packet containing the following features:
· 7E: Start Byte
· 0, 13, A2, 0, 43, 78, FF, 79: Source Address
· 0, 10: Digital Channel Mask
· 1st byte (0) for D10, D11, D12; 2nd byte (10) for D0:D7 
· Pin 4 is set to receive data
· 0, 10: Digital Sample Mask
· Basically means pin 4 is currently active high (Receiving Signal)
· If 4 becomes low, then becomes 0, 0  

Since we are planning on using pin 4 and pin 2 to check the monitored device the digital channel mask would equal 0x14 which in binary is bit 4 and bit 2 high, %10100.

Depending on whether or not these pins are receiving power, the digital sample mask will change:
· 0x14: Both pins powered
· 0x10: Just pin 4 powered (Should be impossible)
· 0x04: Just pin 2 powered (LED blown but power still on)
· 0x00: No pins powered (Streetlight has lost power)

From these different parts of the data packets the Raspberry Pi will determine the status of each monitored device from the digital sample mask and the location from the source address.  Once the status is determined the Raspberry Pi will display the data on the LCD screen so it can be viewed by the system user.   

1. [bookmark: _Toc448106335]Electrical System
[bookmark: _Toc448106336]3.9.1 Circuit Details
Each Streetlight will contain a Circuit that will allow the XBee to stay on and send data packets while checking for two different types of outages. The first outage checks for a main power outage, when all the power is lost to the streetlight. The second outage will check when the LED light is blown. There will be two switches in this circuit to simulate both of these outages as depicted in fig 8 below.
[image: ]
[bookmark: _Toc448106366]Figure 8 - Circuit Schematic

In the circuit above, the resistors for the XBee power and pins are not actual resistors. They just represent where the circuit connects to the XBee. The pins labeled on the circuit are accurate to the names of the pins on the XBee itself. The check pin that is connected and associated with the main power of the circuit has a high-low voltage threshold of 0.9 volts. This means that any voltage supplied to that check above 0.9 volts will result in the XBee reading high and anything below 0.9 volts will read a low. This pin should be supplied a rough 3.7 volts under powered conditions. The check pin that is connected and associated with the LED has a high-low voltage threshold of 1.6 volts. This means anything above 1.6 volts will result is the XBee reading high and anything less than 1.6 volts will read low.

The Power Toggle Switch is used to simulate a power outage. It disconnects the 5 volt power supply from the entire circuit. When this switch is turned off the LED will lose power, but the XBee will still be powered by the battery. The LED Toggle Switch is used to simulate a blown LED. This will break the connection from the LED to ground preventing the flow current through the LED. The XBee will continue to receive power directly from the 5 volt power supply. 

D1 – D5 are rectifier diodes. The primary function of the diodes D1 – D3 are to prevent the backflow of current from the battery to the XBee checks. This allows for the battery to continue powering the circuit when the main power has been lost without getting false readings on the XBee checks. The diodes D1 – D3 also drop the voltage down from 5 volts to a rough 3.4 volts. This is needed in order to not burn up the XBee with a too high voltage input. The diodes D4 and D5 are used to drop the batteries voltage from 4 volts to a rough 3.3 volts. They are in opposing direction to allow for the battery to be charged when the 5 volt power supply is connected as depicted in fig 7.
[image: ]
[bookmark: _Toc448106367]Figure 9 - Power Connection to XBee

[bookmark: _Toc448106337]3.9.2 Battery Details

The battery used on each of the circuits is a Lithium-ion 3.7 V 1000mAh battery. The battery is projected to last up to 6 hours on the XBee load, however different variables can effect actual results including how often the XBee sends/receives data packets. Even though the data sheet for the battery shows 3.7V it actually produces 4V of voltage to the circuit which is why the diodes were required. If the model was not in use then it is highly recommended to disconnect the batteries in order to keep them from dying before use again.

[image: ]
[bookmark: _Toc448106368]Figure 10 - Lithium-ion Battery

[bookmark: _Toc448106338]3.9.3 Power Supply Details
A simple 5V cell phone Power Supply is used as depicted in fig 11. It was the cheapest option as the design only requires 5 volts of power and it keeps the XBees powered from a main source under normal operating conditions (non-outages). The XBee wireless transmitter requires 3.3V of DC power. In order to perform the Smart Streetlight proof of concept, DC power cords are used to supply power to each streetlight. The DC power cords are 5V phone chargers that were modified by the Smart Streetlight team. These converters are essential due to their ability to drop the 120V AC to 5V DC power for each streetlight. When scaling the proof of concept up to be manufactured into a device, an AC to DC converter must be configured into the circuit. This will allow for the Smart Streetlight device to be installed into pre-existing AC powered streetlights.
[image: ]
[bookmark: _Toc448106369]Figure 11 - Power Supply

1.6 [bookmark: _Toc448106339]3D Printed Housing
The components used for the model and housing of the Streetlights were all 3D printed using PLA filament. Each part was designed around the 3D printer’s max print dimensions. The max dimensions for the 3D printer used is 130 mm x 96 mm x 139 mm. The following parts is a list of all the parts designed and printed to complete the project. Each STL file will be uploaded to the team’s website so that if anyone needs to modify or use the files will have access in the future.
[image: ]
[bookmark: _Toc448106370]Figure 12 - Top Part 85 x 55 x 5 (mm)

[image: ]
[bookmark: _Toc448106371]Figure 13 - Main Part 87 x 57 x 127 (mm)
[image: ]
[bookmark: _Toc448106372]Figure 14 - Stand Part 20 x 20 x 127 (mm)

After each of the parts were printed they were all glued together using Loctite Super Glue. The following result is a clean looking Streetlight housing shown below:
[image: ]
[bookmark: _Toc448106373]Figure 15 - Combined Final Housing 107 x 77 x 254 (mm)


[image: ]
[bookmark: _Toc448106374]Figure 16 - UI Stand


[image: ]
[bookmark: _Toc448106375]Figure 17 - 3D Building Model
[bookmark: _Toc448106340]Software Setup/Operation

Since the design is built on a portable cart it makes the entire setup very simple. The only hardware step is plugging the main power block into a wall. Once this has been done the Raspberry Pi switch will need to be turned on along with the LCD Display as depicted in fig 18.

[image: ]
[bookmark: _Toc448106376]Figure 18 - User Interface Power Button

The User Interface software for the project was written in Python and can be run using Python 3 or higher.  However the initial setup of the XBees requires a few settings to be configured in the X-CTU program as discussed earlier before the Python code can be ran.
[image: http://oceancontrols.com.au/images/D/09819-05.jpg]
[bookmark: _Toc448106377]Figure 19 - XBee with Explorer

For Each Streetlight XBee:
Open X-CTU with the XBee plugged into the computer through the USB Explorer. Click the top left Search glass and click “next” and “finish.” The Streetlight XBees are now ready to be configured. Adjust the following categories for each Streetlight:
CH Channel: C
ID PAN ID: 17
16-bit address: First Streetlight=FFFC, Second Streetlight=FFFD, Third Streetlight=FFFF
Scan Channels: 1FFE
Sample Rate: 3E8
D4: DI [3]
D2: DI [3]

To setup the Commander XBee in API mode (XBee that connects to the UI)
CH Channel: C
ID PAN ID: 17
MY 16-bit Address: 0
CE Coordinator Enable: Coordinator [1]
SC Scan Channels: 1FFE
AP API Enable: API enabled [1]
D4 DIO4: Disabled [0]
D2 DIO2: Disabled [0]
CT AT: 64
GT Guard Times: 3E8
CC Command Character: 2B

1.7 [bookmark: _Toc448106341]Open the Program
Once the Raspberry Pi is connected by HDMI to the screen and through GPIO pins to the XBee it can be turned on.  After a few seconds it will auto boot to the OS desktop, from there click the SSL User Interface folder and open “user_interface.py” in IDLE for Python 3
Alternately you can go to:  Start Menu -> Programming -> Python 3 then when IDLE opens click: File -> Open -> then navigate to the SSL User Interface folder and open “user_interface.py”
Press F5 to run the program once it’s open in IDLE.

1.8 [bookmark: _Toc448106342] Parts of the Program
There are three separate functions in “user_interface.py.” Each function can be accessed from the main menu and perform the different tasks our project set out to perform.
1.8.1 [bookmark: _Toc448106343] Main Menu
The program loads directly in to the main menu, from here you have three options, each one leading to a different function. 
The three options are the following:
1. Receive Signals from Network and Save to Packet List
2. Analyze Packet List and Display Results
3. View Incoming Packets in Real Time

Type a number 1-3 and press enter to select your choice.  If an invalid choice is picked the program will re-load the menu.
See fig 20 for an in-depth look at the main menu.


1.8.2 [bookmark: _Toc448106344] Receive Signals from Network and Save to Packet List
From the main menu typing “1” and pressing enter will start this process.  Currently it is set to receive and document 30 packets.  With three XBee devices in the network and each one transmitting once per second, this function should take 10 seconds to run.  Once it has finished it will print “done…” and tell you to press enter to continue. Pressing “enter” will take you back to the main menu.  After running this function a text document will have been created called “packetList.txt.” Running the function again will overwrite this document with the new one.
See fig 20 for an in-depth look at the function.



1.8.3 [bookmark: _Toc448106345] Reading Packet File and Displaying the Results
From the main menu, typing “2” and pressing enter will start this process.  Assuming you have a saved packetList.txt (Created by pressing “1” at main menu) this function will run.  After starting the function, the program will automatically read the “packetList.txt” and display the status of the lights.  
The output can display two errors:
· Replace Light
· Lost Power
The Replace Light error appears if the light has blown its bulb or LED, replacing it will fix the problem.  Lost power appears of the light has completely lost power. In this case the XBee device is running off of battery backup.  Re-powering the light will fix this.
If the light is currently running properly it will not appear in the list created by this function (this could be changed by un-commenting out a few lines of code)
Once finished reading the data, press “enter” to return to the main menu.
See fig 20 and fig 21 for an in-depth look at the function

1.8.4 [bookmark: _Toc448106346] View Incoming Packets in Real-Time
From the main menu typing “3” and pressing “enter” will start this process.  The purpose of this function is mostly for diagnosing issues.  Running it will display 10 packets, as the system receives them.  This function is used to test of the system is set up and receiving packets properly before running other functions.  Once it is finished press enter to return to the main menu.
See fig 22, for an in-depth look at the function.





[image: ]
[bookmark: _Toc448106378]Figure 20 - Part one of Reading Packet File and Displaying Results Function


[image: ]
[bookmark: _Toc448106379]Figure 21 - Part 2 of Reading Packet File and Displaying Results Function


[image: ]
[bookmark: _Toc448106380]Figure 22 - Receiving Packets and Saving Them to a File Function


[image: ]
[bookmark: _Toc448106381]Figure 23 - View Packets from Network Function


[image: ]
[bookmark: _Toc448106382]Figure 24 - Menu Options Linking to the Three Functions



[bookmark: _Toc448106347]Design Assembly
In order to make all power wiring visible, a plexiglass lid was used to screw all components into so that all details could be observed. The plexiglass fully covers the entire top of the cart and measures 38 ¼ x 16 ¼ as depicted in fig 25. The plexiglass was purchased at Home Depot and then cut to the correct dimensions by the College of Engineering machine shop. Once the plexiglass was finished, there needed to be a way for it to sit on top of the cart. In order to do this, six leg stands were created that were similar to fig 26 of the streetlight housing. The difference was they were exactly 2” tall and slightly wider by 1” in order to support the plexiglass better. The pieces were 3D printed as depicted in fig 27. Once this was completed, pilot holes were drilled to affix bolts to hold the stands in place on top of the cart. The same bolts were also used to affix the streetlight housing on to the cart as seen in fig 28. This gives the Streetlights a realistic mount that streetlights currently use today. Once the housing has been mounted, the finished circuits will then be placed inside with the power cables pushed through the bottom stand and connected to the bottom of the circuit and later soldered as depicted in fig 29. Two switches are used to control each type of outage and are easily accessible during a simulated outage from the top of the Streetlight as depicted in fig 33. As discussed earlier in this document, there are three total streetlights on the cart. Two of the streetlights are permanently mounted to the cart, while the third streetlight is mounted with Velcro which will allow it to be movable during a simulation to show the distance of the XBees. In order to make the cart look as real as possible, a streetlight is drawn on the plexiglass using a large Sharpie marker. To make the yellow road lines, yellow electrical tape was cut to size and then stuck to the surface every few inches in the middle of the sketched road. The power strip was then connected on the 2nd shelf of the cart and each power supply is plugged in to power each circuit. Once the streetlights have been assembled, the last part is the User Interface system which will be mounted to the top of a 3D printed building that will display the outages. A small keyboard with a built-in mouse will be attached by Velcro to the handle of the cart where the user will stand when the UI is operated as depicted in fig 35.
[image: ]
[bookmark: _Toc448106383]Figure 25 - Plexiglass Attached

[image: ][image: ]
[bookmark: _Toc448106384]Figure 26 - Plexiglass Support

[image: ]
[bookmark: _Toc448106385]Figure 27 - Streetlight Housing Mounting

[image: ]
[bookmark: _Toc448106386]Figure 28 - Top Housing with Power Cable Fed


[image: ]
[bookmark: _Toc448106387]Figure 29 - Top Housing with Circuit

[image: ]
[bookmark: _Toc448106388]Figure 30 - Arial Housing/Circuit View

[image: ]
[bookmark: _Toc448106389]Figure 31 - Streetlight with Removable Base

[image: ]
[bookmark: _Toc448106390]Figure 32 - Removable Base Area on Cart

[image: ]
[bookmark: _Toc448106391]Figure 33 - Street Design

[image: ]
[bookmark: _Toc448106392]Figure 34 - Power Converters


[image: ]
[bookmark: _Toc448106393]Figure 35 - UI Keyboard (LCD not mounted yet)



[image: ]
[bookmark: _Toc448106394]Figure 36 - Overall design (missing 3D Building and UI mount)



[bookmark: _Toc448106348]Test Plan

1.9 [bookmark: _Toc436782726][bookmark: _Toc448106349] Design Needs
	Need Code
	Need Statement

	N_S1
	The user must be alerted when a light loses power

	N_S3
	The system must display current Streetlight status

	N_S5
	The system must be able to communicate wirelessly with a light

	N_S7
	The system must be able to communicate with each light individually

	N_S8
	The system must update user information semi continuously

	N_M2
	The model must have a screen to display user information

	N_M3
	The model must be portable

	N_Want1
	The system may display a lights current voltage and current.

	N_Want2
	The system may be more environmentally friendly than the current system

	N_Want3
	The system may display how long a light has been without power

	N_Want4
	The system may display how long a house has been without power

	N_Want5
	The model may represent an actual street

	N_Want6
	The model may have a touch screen

	N_Want7
	The system may store status information on the internet to be accessed remotely


[bookmark: _Toc448106403]Table 6 - Design Needs
The original Design needs of the system are shown above. The success of the project depends upon successfully meeting each of these design needs. It is also important if the project also meets a want but these are not necessarily required by the project. In addition each of the design requirements are listed below in Table with more detailed objectives. The entire design was built with all of these objectives in mind and often they were discussed multiple times before being finalized as design requirements.








1.10 [bookmark: _Toc448106350] Design Requirements
	Requirement Code
	Requirement Statement
	Need Mapping
	Explanation

	R_S1
	The SSLS shall alert a user within 10 seconds of a smart-meter or streetlight losing power.
	N_S1

	The purpose of this requirement is to document one of the basic functions of our project.  When a street light or smart meter loses power, the system user, by looking at the system’s monitor, will be alerted of the power loss.

	R_S2
	The SSLS shall constantly show the status of all monitored devices, updating every 10 seconds.  
Status consists of: 
-Powered on or off 

	N_S3
N_S8
N_Want1
N_Want3
N_want4
	The purpose of this requirement is to ensure that the system will constantly be updating data on a set time interval and not just when a monitored device loses power.

	R_S3
	The SSLS shall receive status signals from monitored devices wirelessly.
	N_S5
N_S7
	The purpose of this requirement is to simulate that street lights are far enough apart that a wired connection isn’t practical 

	R_S4
	The SSLS shall be able to differentiate between different lights by the signal that they send.
	N_S7
	The purpose of this requirement is to ensure that each light sends a slightly different signal as to allow the user to know which light has lost power.

	R_M1
	The SSLS Demo Model shall be built on a cart making it mobile.
	N_M3
	Our whole demo will be built on a cart allowing presentations to be held in multiple locations and making working on the Demo easier.

	R_M2
	The SSLS Demo Model shall have a monitor to display the status.
	N_M2
N_Want6
	The Demo will have the screen that displays the SSLS information for each light covered in R1 and R2.

	R_M3
	The SSLS Demo Model will have 3 Streetlights and one Streetlight will be removable
	N_M1
	This part of the model will be used to represent power loss in a light allowing us to display how the system reacts to power loss in a monitored device.


[bookmark: _Toc448106404]Table 7 - Design Requirements
The overall test plan for our design will entail testing of each Streetlight separately for each of the two different outages and then testing all of them together verifying two different outages can occur any one or more Streetlights.

	Device Name
	Full Outage
	Light Outage
	No Outage
	Status Shown within 5 secs of outage
	LED Light turns off during Light Outage

	Blue Streetlight
	
	
	
	
	

	Red Streetlight
	
	
	
	
	

	Green Streetlight
	
	
	
	
	


[bookmark: _Toc448106405]Table 8 - Test Table
After testing each Streetlight all of them passed the testing in hardware and software. The team plan to use this same test during demonstration at the Senior Design Open House. As depicted in fig 37 this is the main screen to start the testing of the program. An example of the Green light bulb going out and the Blue light full power loss is depicted in fig 38.

[image: ]
[bookmark: _Toc448106395]Figure 37 - UI Test screen
[image: ]
[bookmark: _Toc448106396]Figure 38 - Example of outage

[bookmark: _Toc416447704][bookmark: _Toc415837606][bookmark: _Toc448106351]Project Management
A. [bookmark: _Toc416447705][bookmark: _Toc448106352]Schedule 
The overall schedule of events is divided into 5 separate categories; Model Construction, Circuits Soldered onto model, User Interface Setup, Prototyping and Testing, and Website Design. Alongside these categories are the deliverables that must be completed and turned into the senior design class. Once everything was 3D printed, the cart construction is the shortest and the simplest task to be completed, but it is extremely important. The cart’s measurements were known before it was purchased so that the 3D printed designs could be started and estimated without it actually being there. However once the parts started going into place, last minute changes were made to the UI’s LCD screen which before was going to go on a bendable arm, now it will sit on top of a 3D printed building structure to better represent the design as a whole.

The housing of the 3D Streetlights was made to be as small scale as possible while still getting the point across as a streetlight and fitting the battery, circuit and components along with the LED light inside it. Since the Streetlights sit rather high, a large 3D printed building is printed with 34 pieces to make up the entire dimensions of the 3D building. This will make the overall scale of the design more universal with everything.

 Each of the circuits allow the battery to be charged while on and at the same time allow for simulation of two outages using two easy to use toggle switches for simulation. The UI system was made as simplistic as possible so a non-technical user can easily take advantage of all the features of the design. Since this is the component that controls everything, it is very important that it can be used comfortably on the cart which is why the stand was redesigned and fits in front of the keyboard allowing it to be raised up enough so that the user can remain comfortable during the operation of the UI.

Prototyping and testing is easily one of the most important facets of the timeline. It begins early with simple communication by the XBees. The first test was to send word messages between each of the XBees. After this it moves on to control the frequency of how often the XBees send data packets between each other. Than discovering how to control the data packets so that the packets become useful information like the location or in the project case the color of the Streetlight. Finally different Digital Input pins could be used to send if the pins were receiving a high or low reading.

B. [bookmark: _Toc416447706][bookmark: _Toc448106353]Resource Allocation
In order to more efficiently accomplish the goals set for the group in the Schedule section group members have been assigned to different categories of tasks that best suit their skills. Model construction has been assigned to Brandon and Tucker because they both have easy access to tools and materials and Tucker made all the designs of the 3D printing. Being the most important objective, once the cart is constructed Tucker and Brandon will work on whichever portions of the project needs more help and Brandon will continue to make sure all the circuits are working properly with the software. Thor is assigned to the overall Software implementation and User Interface of the project as he has experience in programming and has worked with Raspberry Pi’s from past projects and his technical background and internship. Anthony whose original job was the Power design, has been now working on Shark Tank and the business and entrepreneurial aspects of the project. This is important to the team as they have moved on to the final round of Shark Tank which will take place during Senior Design Open House. Finally, the entire team will be working on the prototyping phase, as it will require all aspects of the project working together. 

Below, table 7 illustrates which group members have been put in charge of which tasks and how much time each member has allocated to complete it. These assignments do not prohibit other members from working on certain tasks, it simply names the group members responsible for their completion.


C. [bookmark: _Toc448106354]Work Breakdown Structure

	ID
	Activity
	Description
	Deliverables
	Duration (days)
	People
	Resources
	Predecessors

	1
	Communication 
	
	
	
	
	
	

	1.1.1
	XBee P2P Connectivity
	Complete connection between 2 XBee devices
	Circuit schematic
Simulation Verification
	31
	Tucker(1)
Thor(2)
	PC
X-CTU
Simulator
	

	1.1.2
	XBee P2P Connectivity
	Multiple XBees must be paired in a P2P network
	Circuit schematic
Simulation Verification
	83
	Tucker(1)
Thor(2)
	PC
X-CTU
Simulator
	1.1.1

	1.2
	LED Circuits
	Build and test.
	
	
	
	
	

	1.2.1
	Power LED’s
	Test LED functionality on Power source
	Circuit
Schematic

Simulation
Verification
	90
	Brandon (1)
Anthony (2)
	Voltage test bench in Lab

	

	1.2.1
	Mount LED’s and XBee
	Create a fixture to mount the LED and XBee to
	Design
Drawing

Built Product
	97
	Brandon (1)
	Possible 3D printing
Legos, etc
	1.1.1
1.2.1


	1.3
	Power Supply
	
	
	
	
	
	

	1.3.1
	Test DC Power supply 
	Make sure there is enough output voltage connections for the entire system
	Test each output must power all XBee and LED devices
	24
	Anthony (1)

	Test bench with multimeter
	1.2

	1.4
	Raspberry Pi
	
	
	
	
	
	

	1.4.1
	XBee connectivity
	Connect an XBee to the Raspberry Pi to bring in data from other XBee devices
	Circuit
Schematic

Simulation
Verification
	21
	Thor (1)
Tucker (2)
	Rasp Pi
XBee
XBee USB controller
PC
X-CTU
	1.1.1

	1.4.2
	Outage Notification
	Show status of a single XBee on the Rasp Pi
	Simulation
Verification
	129
	Thor(1)
Tucker(1)
Brandon (1)
Anthony (1)
	Rasp Pi
XBee
XBee USB controller
PC
X-CTU
	1.1.1
1.4.1

	1.4.3
	Outage Notification Program that alerts which Streetlights are down
	Show status of each XBee on the Rasp Pi
	Simulation
Verification
	142
	Thor(1)
Tucker(1)
Brandon (1)
Anthony (1)
	Rasp Pi
XBee
XBee USB controller
PC
X-CTU
	1.1.1
1.4.1
1.4.2

	1.5
	3D Printing
	
	
	
	
	
	

	1.5.1
	3D Printed Streetlight Housing
	Print out a housing for the finished circuit and components to fit in
	
	
	Tucker (1)
	3D Printer
Auto CAD
	1.5.1

	1.5.2
	3D Printed Building
	One large 3D printed Building for the cart
	
	
	Tucker (1)
	3D Printer
Auto CAD
	1.5.1

	1.5.3
	3D Printed Display Stands
	6 3D printed stands for the plexiglass to hold it on top of the cart
	
	
	Tucker (1)
	3D Printer
Auto CAD
	1.5.1

	1.5.4
	3D Printed UI Stand
	Stand to Hold 10” LCD screen with Raspberry Pi underneath
	
	
	Tucker (1)
	3D Printer
Auto CAD
	1.5.1


[bookmark: _Toc448106406]Table 9 - Work Breakdown Structure

	          Name
	                  Tasks
	            Time Allotted 

	Tucker Russ
	                                                          10 hours
5 hours
20 hours
18 hours

       XBee Connectivity                       
      Meeting coordinator
      Overall Design Leader
3D Printing 
	

	Thor Cutler                         
	  
     User Interface                                 
     XBee Connectivity

	30 hours
30 hours



	Brandon Berry                               
	   
LED lighting
Model design
Circuit Design
	8 hours
18 hours
20 hours



	Anthony Giordano
	     Power Supplies
Shark Tank 
       
	20 hours
25 hours




[bookmark: _Toc448106407]Table 10 - Resource Allocation


[image: ]Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed
Completed

[bookmark: _Toc448106397]Figure 39 - Gantt Chart
D. [bookmark: _Toc448106355]Risk Assessment

The team must still take into account any risks and uncertainties that come with the project. It is important for the team to consider all scenarios where problems could be faced. As of now only a few risks and uncertainties have been brought up by the team. 
The Smart Streetlight model does not present many crucial risks that could harm the team members assembling and testing the model. Basic laboratory precautions should be practiced while working with electronics to avoid harmful exposure to electric shocks. The team must make sure that all power is not running through the system when assembling the design. Along with the risks that come along when dealing with electricity, using sharp objects to cut materials such as wires or plastic could cause harm to any team members present and should be handled carefully. Cutting gloves or even goggles should be used when working with sharp tools. Since the team will be working with electricity, it is important to use precaution while working with parts. 
Multiple tests will be run, but there is still a risk of expensive components on the cart being damaged due to possible faults in the electrical system. The risk of damaging parts is significant due to the current minimal status of the budget and limited time to complete the project. The recent push forward of the competition deadline has caused issues with the current timeline, and any delays in the manufacturing phase could significantly affect the performance of our final product. 

Conclusion:
The design being developed for Smart Streetlights will operate as a highly efficient network providing lower maintenance costs, and up to date information to the user. The streetlights power status will communicate through a wireless XBee network and connect peer to peer in order for their current statuses to be accessed. A node placed on each street light will communicate wirelessly with a single central station where the information will then be accessible on a user interface. The overall design of the project has been laid out in order to begin building the Smart Streetlight network model. Through team planning and collaboration, an electrical schematic has been implemented into a well-organized design. 
Wireless communication through the network is the key component of the overall project. Before the team could proceed on into the deeper steps of the project, it was important to first purchase and test two XBee devices in order to prove the use of wireless communication. Once proven, the team was then able to begin planning farther into the design plan. The team has designed an efficient way to power each device, as well as manually simulate the event of a power loss.  
Overall the Smart Streetlight project has been very successful and has reached all the main goals set on day one with excellent progress. The team has been completing all tasks within a timely manner in order to keep the project on schedule. Now that the project is finished the team can sit back and enjoy how all their hard work has paid off. 

[bookmark: _Toc448106356]Troubleshooting
Problem:  When running the code, the system won’t receive packets.
Solution:  Make sure you are running the program using IDLE for Python 3, and not Python 2.  The syntax is slightly different, so the code will run, but not work properly.

Problem:  Packets are being split between lines making them hard to read.
Solution:  Before running the program make sure that each XBee device is working properly and sending packets, this can be done by pressing 3 on the main menu.  

Problem:  Old dataPacket.txt get overwritten by new ones.
Solution:  This is by design for ease of use.  If you would like to save old dataPacket.txt files for your records, just rename them or move them to another directory. If there is no dataPacket.txt in the folder with the program user_interface.py a new one will be created.
  
Problem: The XBee is not transmitting the status of the streetlight and the back-up battery is not dead.
Solution: The XBee could be out of range from the central user interface. Test the XBee with a portable user interface to prove that it is functioning properly.

Problem: The XBee is not transmitting the status of the streetlight, the back-up battery is not dead, and the XBee is within the transmission range.
Solution: The XBee must be in sync with the user interface. The XBee will need to be set to the appropriate channel that the mesh network is operating on. This should have been done when the XBee was first set up, but if not can still be done with XCTU

Problem: The status of the streetlight shows that power has been lost but the light is on.
Solution: Check to make sure that the Smart Streetlight device was correctly installed. All wires should be secured in the proper place. 

Problem: The user interface freezes or is unresponsive.
Solution:  We currently have the user interface running from a low powered computer running Linux.  The final product will not have this problem

Problem: Wheels on cart become stiff and squeaky.
Solution: Apply a small amount of silicone lubricant. If problem becomes constant, replace the wheel bearing.

Problem: XBee doesn’t transmit when the 5 volt power supply is disconnected.
Solution: First charge the battery with a 4 volt supply. If this doesn’t fix the problem then replace the battery.

Problem: If the Smart Streetlight device will not power on. (This can occur when the Red LED on board are not on when power is being applied.)
Solution: Check that the batteries are charged and properly connected. If issue persists consider replacing the battery. If a new battery still does not work. Feel free to contact us so your Smart Streetlights will be serviced.

[bookmark: _Toc415837607][bookmark: _Toc448106357]Regular Maintenance
Battery Care: 
· Keep unplugged when not in use to prevent loss of charge
· Store in dry areas to prevent acid build up 
· Do not expose to unnecessary heat to prevent permanent capacity loss

LED Care:
· Supply with the appropriate amount of voltage to prevent overheating 
· Turn off power when not in use to preserve the LED’s lifetime
· Evaluate lighting brightness and replace if one begins to dim

Cart Care:
· Keep wheels locked during a demonstration or while storing
· Do not place food or drinks on or around the cart
· Disconnect power when performing any maintenance 
· Keep wheels lubricated to prevent obnoxious squeaking or stiffness

[bookmark: _Toc208803852][bookmark: _Toc415837608][bookmark: _Toc448106358]References
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#FUNCTION FOR READING PACKET FILE AND DISPLAYING RESULTS:

et princ_results():

$VARTABLES:

counter = 0
in list = 0

lignts_in mesh = 3
need_fixing address = [
need_fixing_erzor = [1:

$OPEN PREVIOUSLY SAVED PACKET LIST:

in_file = open("packecList.txt”,"z")
o line in in file:

text = line

#print (text)

$CHECKS FOR NON-HIGH PINS:
if text.find("\\x14\\x00\\x10")
#print()
pass
else:
in list =1
#pTint ("X needs a light replacement”)

1f text.find("\\x14\\x00\\x00")
#print()
pass
else:
in list =2
#pTint ("X has lost power")

#SAVES ADDRESS TO VARTABLE

if in list = 1 or in list

Sf vext. find ("x83\\xEE\\xFd"!
#princ()
pass

else:
1ight_address = "Green Lighc"
$print (1ight_address)

if vext. find ("xES\\xEE\\REE") ==
#princ()
pass

else:
light_address = "Red Lighc"
$print (1ight_address)

Sf vext. find ("x83\\xXEE\\xfo"!
#princ()
pass

else:
light_address = "Blue Lighc"
$print (1ight_address)
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$FILL OUT LISTS:

#if in list — 1:
4  princ("ss needs a light replacement” % light_address)
#if in list — 2:

#  print("ss has lost power" % light_address)

if in list — 1

#print("ss needs a light replacement” I light_address)
if light_address not in need fixing_address:
need_fixing_address.append (1ight_address)
need fixing_error.append ("Replace Light")

if in list = 2
#pzint ("85 has lost power" % light_address)

i light_address ot in need fixing address:

need_fixing_address.append (1ight_address)
need_fixing_error.append ("Lost Power")

$RESET BEFORE RE-LOOPING:

print ("\a")
print ("\a")
in list =0

#PRINT LISTS:

#print (need_fixing address)

#print (need_fixing error)

print_count = len(need_fixing address) - 1

print("\t [\t Packet List Analysis Results \t\t

print("\t I\t Address \t | \t Problem\t |")

print ("t

while print_count >= 0:
#print (need_fixing address(print_count])
#print (need_fixing_error(print_count])

print("\t I\t 5 \T | \t s\t |" $(need_fixing_address(princ_count],need_fixing_error[print_count]))

print_count = print_count - 1
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#FUNCTION FOR RECEIVING PACKETS FROM NETWORK AND STORING THEM IN A LIST:
des packs_to_file():

ser = serial.Serial ("/dev/ctyRMAOT)

ser.baudrate = 9600

var =0

£ = open('packets/packetlist.txc’, 'w')
while var<3o
data = ser.read(14)
f.urite (st (data) )
fourite("\n')
var = var + 1
£.close()
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#FUNCTION FOR VIEWING PACKETS FROM NETWORK BUT NOT STORING THEM-

e view packets():
ser = serial.Serial ("/dev/coyRMROT)
ser.paudrate = 2600
var = 0
count_packs = input ("How many packets would you like o view?

while(var < count_packs):
data = ser.read(14)
print (data)
var = var + 1

ser.close ()
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#3888 Title: Smart Streetlight User Interface v0.9
#3385 Team Name: Smarc Streetlight - Proof of Concept
$3#488  Date: 4/2/16

$3#48F  Auchor: Thor Cutler

#3848 Email: tcl1flmy. fsu.edu

sHHH R
sHHH R
sHHH R
sHHH R
sHHH R

B R R R

#START PROGRAM

while 1:

print("User Interface v0.
print ("\a")
print("\t Please select what you would like to do:”)

:\tSmart Street Light - Proof of Concept”)

print("\t \t [1] Receive Signals from Network and Save to Packet List")

print("\t \t [2] Analyze Packe: List and Display Results”)
print("\t \t [3] View Incoming Packets in Real Time")
print ("\a")
user_input = input("Choice: ")
if user_input == "1":

packs_to_file()

print ("Done. .

if user_input == "2":
print_results()

it user_input ==
view_packets()

print ("\a")
input ("Press Enter to Return to Main Menw
skip_line = 0
whilt skip_line < 30:

skip line = skip line +1

print ("\n"
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