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Development Standards & Practices Used

List all standard circuit, hardware, software practices used in this project. List all
the Engineering standards that apply to this project that were considered.

Circuit Standard: I2C Protocol

Wireless Communication Standard: IEEE 802.11, SSH Protocol

Summary of Requirements

List all requirements as bullet points in brief.

Light display, and Raspberry Pis should function at typical ambient
temperatures during Christmas

Lighting pattern should be configured within a short time (typically a few
seconds)

The camera should function in the dark if the Christmas tree is set outside
or next to a window

The lighting display should be easily controllable by the user

Applicable Courses from Iowa State University Curriculum

All ISU courses whose contents were applicable to our project are listed below:

EE 201/ 230
COM S 227/ 228
CPRE 281/ 288
S E 329

COM S309/311
MATH 166 / 265

New Skills/Knowledge acquired that was not taught in courses



Some new skills/knowledge that our team acquired which was not part of our
Iowa State curriculum in order to complete this project are as follows:

Speech communication

Using Python libraries

Sifting through data in other developers’ programs

Working with multiple microcontrollers that interact synchronously with
one another
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1 Introduction
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their contributions to the project thus far.

1.2 Problem and Project Statement

One popular way to celebrate the holiday season is with light displays. Many people like
to push the creative boundaries of what is possible, using different lighting schemes.
However, we are looking for a way to independently control each light, allowing even
further customizability. Any approach to this problem also needs to be accessible to a



non-technical audience, because of the widespread popularity of light displays. This
problem was proposed by Dr. Daniels, on behalf of his wife.

Our solution is expanding upon the previous work done by senior design teams on this
project. The solution thus far utilizes a string of controllable color LEDs. These LEDs can
be laid out in a variety of ways: cone(tree), cylinder, and sheet. Once the LEDs are laid in
the desired position, a calibration procedure is run. This calibration is done by taking a
series of images of the lights using a Raspberry Pi camera mounted on a tripod. These
images are then used to produce a 3-D mapping of each of the lights. With the calibration
completed, the lights can be individually programmed to display different colors, or a
sequence of colors, using a web-tool. The coordination of each of these pieces is done with
another Raspberry Pj, that is always connected to the lights.

1.3 Operational Environment

The light system should be usable indoors as well as outdoors. This is because holiday
lights are often used as part of decoration schemes year round, in a variety of conditions
such as rain or snow. Therefore, any electronics in the final products need to be properly
protected. Furthermore, the calibration procedure, which relies on taking photographs of
the lights, should also function regardless of background. This is important because it is
common for Christmas trees to be placed in front of windows.

1.4 Requirements

Functional Requirements:

- LED'’s, Lazy Suzan, and Control Box are simple to install.

- The LED's are able to be controlled remotely, yet also operate independently.

- Web server provides an interface for control and calibration of the LED's.

- Camera system is able to map LED’s through a short calibration process, allowing
patterns to be displayed on the lights in an easily recognizable fashion.

- Calibration process is easy to follow without any prior knowledge.

Economic Requirements:



- Entire product is to be a replacement to a standard set of christmas tree lights, the
price should be reasonable for the typical person to purchase.

Environmental Requirements:
- Should operate on both live and fake trees, indoors; without causing any harm.
UI Requirements:

- Web server interface is simple and allows the user to change between patterns in
as few steps as possible

- Web server interface does not include unnecessary features

- Calibration instructions and interface are easy to understand even for a novice

- Web server organization is minimal as possible while meeting the functional
requirements

1.5 Intended Users and Uses

There are two intended types of users of this product, the calibrator and the end user (in
many cases these will be the same person). The calibrator is to set up the lights on a tree
or other holiday themed shrubbery, along with the Lazy Suzan and the Control Box. Then
the calibrator must use the camera to teach the controller where the LED’s are placed on
the tree. To do this they must be able to use a smartphone or computer to connect to the
Control Box's WiFi network, and then follow the included instructions. The end user will
use the Web server interface to program the Control Box, choosing patterns and colors to
be displayed on their holiday decor of choice. This should be very easy for even a novice
to complete. To do this end user must also be able to connect to the Control Box’s WiFi
network, but no other setup is required.

1.6 Assumptions and Limitations

Assumptions:

- The user has a working WiFi connection that is compatible with the Raspberry Pi
and the Camera Pi.

- The user has a Christmas Tree or some equivalent object to house the lighting
system.

- The user has enough space to put the camera at least six feet away from the
lighting system.

- The user has a device that is able to access the website that the control box hosts.

- The user has working electricity.



Limitations:

- The speed of the light calibration is limited by how fast the Camera Pi is able to
transmit the images to the control box.

- The accuracy of the light calibration is dependent on a low number of distractions
in the image with the tree.

- The speed of patterns is limited by how fast the lights are able to change based on
commands given by the control box.

1.7 Expected End Product and Deliverables

The end product deliverables are outlined in-detail below, including our technical
specifications as well as our estimated delivery dates:

Control Box + Lights
Delivery date: Oct 11th

The control box contains the Raspberry Pj, also known as the “Tree Pi", along with a 12V
Power Supply that plugs into a standard wall socket. This Power Supply routes through a
12V to 5V voltage regulator in order to power the Raspberry Pi, and it also powers the
lights which plug directly into the control box. The lights, which are based on WS2811 LED
chipsets, are controlled through PWM control from the Tree Pi within the box. The Pi also
has an attached screen that displays various information about the current state of the
tree, including the IP that should be connected to from the computer in order to open the
user interface.

The box itself is a holiday-themed tin box with a transparent lid that has a snowflake
design on top. One of the sides of the box has a cutout with the various plugin supports
needed to support our control box (i.e. lights, power supply, and USB ports). The box also
has internal bracing with extra rods of metal screwed in to ensure no damage is caused to
the electrical components.

User Interface Application
Delivery date: April 23™

The user interface application is a web application that is hosted on the Tree Pi over an
Apache PHP server. The IP address is displayed on the LCD screen in the control box, and
the user is able to access it from any device on the same network, which allows the
customer to edit the lighting configuration on any device with a web browser and internet



connection, such as a smartphone or personal computer. This webapp allows the user to
modify the current lighting configuration on the tree, such as activating preset patterns,
creating new patterns, scanning in existing images to be mapped onto the lights, or
modifying the colors of individual lights on the tree for testing purposes. The application
also allows the user to initiate a new lighting calibration if the lights have been moved
from the stored configuration.

Calibration Device
Delivery date: April 23"

The calibration device, or the Tree Pj, inside the control box (made up of a Raspberry Pj,
and a power supply), will work with another Raspberry Pi and a RPi camera, or the
Camera Pi, which will take images that are later shared with the Tree Pi via a samba file
share as a jpg file type. On the Camera Pi will be an LCD screen that will display the IP
address of the RPj, and the communication with the LCD screen will take place using the
I2C protocol. The motivation behind this setup is that it would make the configuration of
the device fully autonomous and the user won't require an additional monitor to connect
the two systems together manually.

The setup is also intended to work such that the patterns that are displayed on the tree
rotates instead of being a static pattern, which is where the last senior design group left
off. We will use polar coordinates to map a few patterns that are predefined and render
those onto the tree for display. The procedure of optimizing the pattern will be performed
inside the control box and this is explained in the following steps:

1. The Camera Pi takes a few photos and sends them to the Tree Pi
The Tree Pi uses a color filter to locate the LEDs using the photos that are received
and starts identifying the lights at the base of the tree

Note: We will work with colors red and purple as these will make the task of the
filter easier since the processing of information can be done with two lights with
one picture

3. Thelazy susan is given the command to rotate the tree (this process is further
described below) until the next lowest LED is visible in the picture and is identified
on the left and right edges of the view a few seconds later using step 1 above.

4. The lights that have been identified are mapped according to how they fit
numerically in the strand

5. The process repeats until all the lights from the bottom to top are mapped



Lazy Susan
Delivery date: April 23"

The lazy susan will be at the base of the tree and will be powered by a 12V power supply.
This component consists of a circular wooden block and 12V servo motor that can be
controlled using a PWM (pulse width modulation) signal that is transmitted from the Tree
Pi, which sits on top of the lazy susan and underneath the Christmas tree. This lazy susan
allows us to control the rotation of the tree, which allows us to scan the entire tree in
sections during the calibration. It also lets us rotate the tree for possible patterns that go
around the entire tree.

2 Project Plan

2.1 Task Decomposition

The task of optimizing the lighting pattern on the Christmas tree can be decomposed into
the following set of subtasks below (please view figure 1 which follows the list below
showing the tentative schedule for each subtask):

1. Prepare the Raspberry Pi hub enclosure, or the Tree Pj, so that it acts as a ‘smart’
device that gives instructions to the Camera Pi and requests certain data to be
delivered back, namely the photos of the tree with the lights turned on taken from
a fixed distance.

o For this subtask we are planning to use the IEEE 802.11 Wifi standard, as
well as the SSH protocol for linking the two Raspberry Pis to the network for
a secure communication channel
2. Prepare the Tree Pi for optimization of the light pattern using image processing
techniques is equally important in achieving the client’s requirements
o For this subtask we are using digital image filters, like the standard hsv
filter, as well as the Python programming language to efficiently process the
images that are transmitted to the Tree Pi from the Camera Pi

3. Configure the Camera Pi so that it acts as a ‘dumb’ device that follows the
instructions of the Raspberry Pi hub enclosure

o For this subtask we will limit the functionality of the Camera Pi to only two
tasks: take photos of the Christmas tree, using the Pi camera and send those
over to the Tree Pi

4. Set up the website so that the Raspberry Pi hub enclosure can connect with the
user in setting up the pattern



o For this subtask we will work with, and elaborate on the work that was
already done by the previous senior design groups
5. Set up the lazy susan such that the motors synchronize with the optimization in
subtask #2 above, and follow the commands of the Tree Pi
o For this subtask we will use pwm (pulse width modulation) to control the
motors that rotate the Christmas tree
6. Render the patterns in 2D and map them in 3D
o For this subtask we will work with mathematical tools and scripts using
Python, and/ or C++

FIRST SEMESTER (GANTT CHART)

9 Tasks Weeks1-2 \Weeks 3-4 \Weeks5-6 \Weeks7-8

Figure 1. Preliminary Gantt Chart Showing the Task Decomposition (starting Sept 27 and ending
Nov 15)

2.2 Risks And Risk Management/Mitigation

The following is our assessment of the risks involved in each corresponding subtask
listed in the Task Decomposition section above:

1. Setting up the Tree Pi; our estimated probability for risk for this subtask is 0.6
a. The high probability of risk is mainly because this is a main component
which needs to work with several other components in this project, so there
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is a high likelihood that some components do not work, or there are bugs in
code which can cause system from booting up properly or functioning as
desired
b. Risk mitigation plan: Use plenty of backups throughout the course of the
project, or use a newer Raspberry Pi board, if necessary, if there is issue with
power consumption and heat
2. Setting up optimization capacity on the Tree Pi; our estimated probability for risk
for this subtask is 0.4
a. The probability of risk is low because several previous senior design groups
have already worked on this and the project seems to work during our tests
3. Configuring the Camera Pi; our estimated probability for risk for this subtask is 0.5
a. The probability of risk is relatively high because the previous senior design
team configured the Camera Pi also as a ‘smart’ device; in other words, part
of the image processing takes place on the Camera Pi, which we do not
want ideally
b. Risk mitigation plan: During the first semester of this project, we narrow the
image processing capacity down to only the Tree Pi and remove all
unnecessary functionality currently resting on the shoulders of the Camera
Pi
4. Setting up the website; our estimated probability for risk for this subtask is 0.2
a. The probability of risk is low because this step is already taken care of by
the previous senior design teams who worked on this project, and we build
on whatever is already accomplished from before
5. Setting up the lazy susan; our estimated probability for risk for this subtask is 0.4
a. The probability of risk is not too high because we don't expect a failure in
this subtask to jeopardize the entire project. This is because the rotational
speed is under control most of the time and it would be someone closely
monitored by the team during testing
6. Rendering the patterns in 2D and mapping them onto 3D; our estimated probability
for risk for this subtask is 0.6
a. The probability of risk is high because the code and the math that we have
to use to compute the values for the optimization could pose a great
challenge, and that putting the lights on a different surface may not work as
planned when we optimize the display
b. Risk mitigation plan: Make sure that some pattern is displayed on the tree
that is taken from backups of the code and math used earlier, and verify
that optimization works correctly at least in theory for a surface, namely
that of a cone, that is well-defined and integrates with the rest of the
components
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2.3 Project Proposed Milestones, Metrics, and Evaluation
Criteria

Some key milestones and metrics in our proposed project are as follows:

Commenting all the code (Oct 5%)

Testing the design of previous teams (Oct 9*)
Camera Optimization (Oct 23™)

Update Lazy Susan (Oct 26™)

Light Mapping (Nov 6%)

Light Pattern Rendering (Nov 13')

Some key criteria which will be used for evaluating the project are as follows:

The code is easy to follow such that if another team were to finish this project in
SE/CPR E/EE 492, they will be able to understand the logic and all the interactions
between each component

The Camera Pi successfully takes photos of the tree from a fixed distance of 6 ft.
and sends it to the Tree Pi

The Tree Pi runs all the functions or scripts to optimize the light pattern and also
hosts the website for the user interface, and communicates with the Camera Pi
The light patterns are well-defined and the code used as well as the math logic are
functional in the rendering of the patterns onto the Christmas tree

The lazy susan rotates the Christmas tree according to the desired rotational speed
while the pattern is displayed on the tree; the rotational speed must not be too fast
such that the tree may fall

2.4 Project Timeline/Schedule

For our project, the following figure 2 shows an annotated Gantt chart with all our
deliverables for the first semester as well as the estimated time for completion:
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Sep 27 Oct 4 Oct11 Oct 18 Oct 25 Nov 1 Nov 8 Nov 15
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o

edign Document
Code commenting
Test runs/Experiments
Camera Optimizations
Light Mapping
Light Pattens

Update Lazy Susan

Figure 2. Annotated Gantt Chart Depicting each Project Deliverable (Sept 2020 - Nov 2020)

Our team is responsible for completing this project by May 2021. For this project, we will
seek to accomplish as much as possible by Nov 15, 2020, and pick up where we left off in
Spring 2021. Our plan is to do the testing involved with learning the code and design of the
previous teams in the first semester, and edit and make changes to the code and define
the patterns and figure out how we would render the pattern onto the tree. And, the plan
is to continue testing and refining our design in the second iteration. The figure 3 below
displays our summarized plan for the full development through till completion of this

project:
EIRISIT SECOND
SEMESTER SEMESTER

* Understand the previous e Refine our design
design e Test our design

* Define and render the
patterns

» Update the lazy susan

Designing Testing and Implementing

Figure 3. Work Breakdown Structure Diagram Showing Our Plan for the Two Semesters

2.5 Project Tracking Procedures
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During the course of this project, a variety of project management tools will be used
to help keep track of tasks and important due dates.

As a way of keeping track of assignment due dates and other assignments we will
be using Trello to set and check on the progress of assignments due. Trello is easy to use
and allows us to easily see what assignments are due and who is working on what. When
it comes to the coding/implementation side of the project we will be using git and github
to push code and work together effectively on the project. Using git will allow us to show
what each project member is working on and any issues that come up. Using git will also
allow us to push our code and not work over or edit someone else's code. We can work
and merge code so that everything gets done in a timely and efficient manner.

2.6 Personnel Effort Requirements

Team Members Personnel Effort Hours

Christopher Woods e Determine all technology | Varies
requirements of the

project and prepare
appropriate growth and
development plans.

e Develop, execute and
maintain achievement of
all departmental goals
and objectives.

e Monitor competition and
process, assess market
requirements and
prepare strategies
accordingly.

Jacob Martin e Administer all computer | Varies
operations and provide
support to all production
systems

e Identify and resolve
software problems as
they arise

e Stayuptodateon
technologies in order to
ensure a successful
procedure

Ashkirat Singh e Establishes meeting Varies
dates and agenda to

achieve immediate and
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long-term team goals.
Facilitates member
interactions to prepare
attendees for informed
contributions

and consensus decision
making

Guides team to decisions,
assignments, problem
resolutions, resource
allocations that position
members for productive
work

Mitchell Wadle

Distributes meeting
notice (date, time, place,
agenda) days before
meeting.

Distributes information
to be discussed.
Documents in key
elements of meeting
discussions, actions
taken, assignments
made, next meeting date
and purpose

Posts meeting minutes to
team repository within
24 hours of meeting

Varies

Ty Gardner

Develops and monitors
schedule for design of
power system
Represents power system
design in overall project
Leads effort on power
system design,
delegating and
monitoring work as
needed to deliver
expected work on
schedule

Varies

Joyeux Noel

Establishes timeline for
report preparation, with
intermediate deadlines
Leads assignment of
materials preparation to
individual members
Oversees preparation and
receipt of report
components

Leads report integration,
proof-reading, and

Varies
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packaging for submittal

Table 1. Personnel Effort Requirements

2.7 Other Resource Requirements

With the idea of improving this project by taking the system created by the previous
senior design group, there are a few things we might need to make this improvement. We
are looking to motorize the lazy susan, in making that happen, a motor is required to
easily rotate the object (tree). Other than that, anything that gets damaged throughout the
process of our project will be replaced.

2.8 Financial Requirements

Taking off with what the previous team left behind, there is a possibility that some
components may require some finances. If necessary we may get an additional RPI in
supporting what's already there. Christmas lights (LED’s) can be fragile and in any case
that happens, we will need to purchase new ones. If to occur, all that will require finances.
Additionally, for any other parts that break throughout the course of our project building,
to replace it will require finances.
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