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Design Prompt
The topic for UCI Engineering Conference 2021 is “Mission Impossible:

COVID-less Theatre”. Students will work in teams to research, design, and debate their

projects towards building a movie theatre where COVID-19 is not welcome.

The objective of The Biomimetic Cinema is to design a two-story movie theater

that does not depend on air conditioners or coolers for the overall ventilation or cooling

of the building. The goal is to make use of the natural environment surrounding the

building and to use natural cooling mechanisms like passive and evaporative cooling

whilst being mindful of cost-effectiveness.

The objective of COVID Web is to design a filter that captures COVID effectively

without any required protection from the audience in the theater. This requires the

team to describe the layers, materials, and cost of the vacuum. The filter efficiency

should be described by the size of the particles and the percentage of filtration.

The objective of SnackBot is to design a robot that moves around the movie

theatre distributing snacks and drinks. As the overall goal of the project is to build a

movie theatre that is COVID-free, it is very important to have the least amount of

human interference, and a snack serving, sanitizing robot helps us achieve our goal.

The objective of the MatControl committee is to create a feedback mechanism

that can track and process the input provided by the customer. From this feedback loop

mechanism, the processed data will be utilized to enhance the efficiency of the

feedback loop and enhance the customer experience.
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Overview
Biomimetic Cinema

One of the main objectives of technological advances in our generation is to

minimize the environmental impact of our lives. To do this, the creation of a naturally

cooled movie theater will save energy and reduce waste caused by the creation of

electricity. Additionally, with the concern of COVID - 19, many activities, such as going

to a cinema, were suddenly no longer safe under the traditional model. Since a cinema

is typically an enclosed space, there is a relatively high-risk COVID that could be

spread among the audience while watching a movie. To combat this issue, a ventilation

system must be designed so that there is a circulating supply of fresh air throughout

the cinema, in effect minimizing the possibility of COVID transmission in the enclosed

space. The main innovation of this project is the use of a solar chimney to drive the

flow of hot air out of the building and cool air into our evaporative cooling ducts before

entering the building. Additionally, to improve this design to better suit a cinema

setting, additional hydrated meshes will be enclosed by filters installed on the walls of

each screening room,  in order to minimize the sound escaping each room while

maintaining circulation. Throughout this project, we have investigated many passive

cooling mechanisms to innovate the cinema setting. We chose a design that can best

be adapted to an existing theater while being mindful of noise, effectiveness, and

environmental impact.

3



COVID Web
To prevent and hinder the viral spread, we designed a product that filters most

viruses, including SARS-CoV-2, and other nanoparticles to produce a clean airflow. In

order to meet this goal, we will produce a filtration system that pulls air through a vent

in front of each row of guests. Within each vent will be a series of fans to facilitate the

contaminated air from the customers. Once the air enters the vent, it passes through a

trap collecting possible spilled liquids. Past the trap, the air is exposed to UVC light

that will kill most pathogens present in the airflow. Then, the air filters through a

round of filtration in an electrostatic filter, which uses static electricity to capture

lighter, microscopic particles and charges everything that passes through. This makes

the next step, HEPA filtration, more efficient. This collects most particulates in the air

such as dust, allergens, and particles carrying COVID. To collect any ozone generated

by the UVC lamp, the air passes through an activated carbon filter. After going through

this system, the air will be free of live pathogens and released back into the room.

SnackBot
The COVID-19 pandemic brought about the stress of social distancing and

limited human interaction. These guidelines are hard to follow when the idea of food

delivery comes into play, where food orders are usually taken and delivered at the

concession stand, face-to-face. The MAE team was tasked with finding a solution to

this problem by designing a device that would autonomously deliver concession orders

to the respective customers, which reduces human interaction.
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A few problems arise with the idea of having a robot deliver the food. The first

would be keeping spillage of an order to a minimum. This obstacle was overcome by

creating trays with lids as well as giving the robot mounted legs with wheels. By

adding lids to the trays, the food and drink are effectively contained within the tray so

that a mess is not created inside of the robot. The legs of the robot are mounted to the

body and were inspired by Boston Dynamics’ robot dog. These legs can adjust to the

height difference while on the stairs that already exist in theatres; they keep the robot’s

incline while climbing stairs while the wheels allow for smooth movement. These two

factors minimize spillage.

The next problem would be containing multiple orders so the robot does not

have to make many roundtrips; a constraint associated with this would be keeping the

robot’s height at a maximum of 36 inches to ensure the movie screen is not being

blocked. This problem was solved by creating a rectangular body large enough to carry

six lidded trays.

The last problem would be maintaining cleanliness to keep customers from

contaminating the robot as well as the orders inside. A hand sanitizer dispenser was

mounted to the front of the design to ensure germs are not spread. The compartment

that contains the orders has doors that autonomously open so that the robot is not

being constantly touched by the customers. The lids were also designed with handles

so the customers can easily grab their respective orders without having to touch or

contaminate other orders.
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MatControl
With the COVID-19 pandemic bringing many challenges to theatres because of

the risk of exposure to the virus, our design is focused on reducing human contact

while still providing refreshments to customers through a snack robot. The robot will

be controlled by an autonomous system that is built to follow lanes and learn which

paths it can take over time. These lanes can be created with a material such as paint or

bright tape that will be picked up by the Pixy camera and allow the robot to follow the

lanes in order to build a map of the theatre. The data will be collected in the mySQL

database where the robot will utilise the information and learn over time how to

choose appropriate lanes that will take it to a customer faster while also finding paths

that will help it avoid obstacles. Some of the major challenges our team expects is how

the Pixy camera will work in darker environments and being able to find material that

is suited for the robot to register and follow. Originally, it was proposed that lanes

could have lights that were programmed to show the robot its path to the customer,

however this idea was difficult and possibly too demanding for a theatre to implement.

The other challenge was deciding on how the robot should avoid obstacles such as

people walking around. Over time our design will play its part in reducing contact with

the virus and accurately deliver snacks to customers. The system is built with cost

efficiency and flexibility in mind so that the system can be widely available and feasible

for many theatres to adopt.
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Goal
1. Make use of the natural environment surrounding the building and use natural

cooling mechanisms like passive and evaporative cooling whilst being mindful of

cost-effectiveness. (Biomimetic Cinema)

2. Maintain a COVID-free theater through a filtered system or device that captures

SARS-CoV-2 efficiently. (COVID Web)

3. Design a robot that autonomously delivers a minimum of 2 food and drink

orders with minimal spillage, is a maximum of 36 inches in height to ensure the

movie screen is not blocked, can navigate stairs and other obstacles, and has a

sanitizer dispenser so that hygiene is maintained while customers pick up their

order. (SnackBot)

4. Achieve a cost efficient and flexible system that can accurately deliver snacks

and drinks utilizing lanes that will be laid out throughout the theater.

(MatControl)
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Design Breakdown
Introduction

Movie theaters have existed for more than one hundred years, and have

maintained a unique place as a relatively inexpensive family-friendly entertainment

hub. In the age of COVID-19, the traditional movie theater model is no longer viable

due to the nature of putting a large number of people in an enclosed theater. With a

declining market for viewing movies in theaters, the industry must find ways to keep

costs low while improving customer safety and comfort.

Biomimetic Theater
Movie theaters tend to be busy during the summer, with the combination of big

box office film releases and a younger audience that is not in school. This raises the

necessity for an innovative passive cooling system that can keep guests comfortable,

while also keeping costs low to maximize revenue. Our design improves on an existing

ventilation system and could be retrofitted to an existing building under the right

parameters. Rather than air conditioning to drive airflow throughout the building, we

will use a solar chimney. A solar chimney has a transparent wall facing outward,

allowing solar energy to heat up the air inside the chimney. This results in a difference

in air density between the inside and outside of the chimney, therefore inducing a

natural convection airflow.

In order to have effective passive airflow, the solar chimney will be the side of
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the building that will receive the most direct sunlight. Our solar chimney will be

augmented with low-noise fans in order to facilitate airflow in the absence of the sun.

These fans will not be a primary source of cooling, acting only to provide additional

ventilation when the sun is not out and cooling isn’t necessary. We plan to include

fans near the inlet and outlet, and control them through a closed feedback loop so we

can accurately regulate airflow for different conditions. Our design also includes an

evaporative cooling mechanism located adjacent to the inlet of air in order to increase

cooling capabilities on warm days.

Figure 1: A Sketchup model of our movie theater.

⍴ =  �
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Ideal Gas Law

The primary feature of our biomimetic movie theater is the solar chimney, which

employs the use of a large glass protrusion on the side of the building that receives

the most sunlight (south in the northern hemisphere) in order to use the sun’s radiation

to heat a large column of air within the glass. As seen from the ideal gas law,
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as temperature increases, density decreases. As this air is heated by the sun, it will rise

out of the building and escape into the atmosphere. This upward movement of warm

air will be the motor that pulls cool air in from the inlet. The inlet will be located at the

bottom of the building and will be attached to a small underground duct that contains

our evaporative cooling mesh and allows air to be taken into the ventilation system

from the environment. As the air passes through the inlet ducts, it is cooled by the

evaporative cooling assembly as well as the temperature retention of the underground

soil. Because the cinema is a large building, to promote sufficient airflow, we will

implement several inlets to cause a complete air exchange 12 times an hour. We

performed these calculations for a 50,000 sq. ft. theater.

Figure 2: Generalized Representation of Airflow (not scale model)

Inlet V = 3m/s, Reference Pressure = 101325 Pa, Outlet Gauge Pressure: 0 Pa
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Figure 3: Generalized Representation of Airflow (not scale model)

Inlet V = 2 m/s, Reference Pressure = 101325 Pa, Outlet Gauge Pressure: -100 Pa

Calculation for the area of inflow ducts:

Example using 50,000 sq. ft. theater with complete exchange of air 12 times per hour

� =  ���������� ���� � =  ��� ���ℎ���� �= ������

ℎ���ℎ� �� ��������= 60��

�= ��������= 1000��/���= 60000��/ℎ

Solving for Volumetric flow:

Solving for the area of the�= �* �= 12 * (50000��) * (60��) = 36000000 ��3

ℎ

duct (A): �= �
� =

36000000 ��3

ℎ

60000 ��
ℎ

= 600��2

For 4 intake ducts: 600��2/4 = 150��2

To provide increased cooling capabilities, our cooling meshes will have a water

reservoir to continuously hydrate and provide evaporative cooling to the air passing
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through. Additionally, to reduce the humidity and improve safety from COVID-19,

filters will be on either side of these meshes to reduce the water content in the air.

Figure 4: Model of our Solar Chimney

Another factor that is important for optimizing customer experience is noise

reduction. In order to maintain good circulation, we will keep the floor plan of the

theater as open as possible, however, part of the theater experience is the intense

sound that accompanies the films. To preserve this while not disturbing the

surroundings, meshes that use evaporative cooling will be implemented at the top of

the indoor walls surrounding each screening room. These will be thick cellulose

meshes shaped to bounce any sound back in the direction it came from.
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Figure 5: Mesh used for evaporative cooling and sound insulation

Figure 6: indoor formatting of theater

Finally, the theater will have nine screening rooms and the rows of seats will be

perpendicular to the flow of air to augment the design of the filtration system, which

will be discussed in the next section.
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COVID Web

Figure 7. Schematic of pathogen inactivation and particle filtration system

We chose fans to pull the air from the guests’ to the vent in front of them. These

will be attached directly to the vent on top of a wall at the front of each row. These

vents will be permanently angled toward the guests. The airflow of these fans is quiet

enough not to disturb the guests’ experience, yet strong enough to effectively facilitate

airflow into the vent.

Strong UVC light is commonly used for disinfection and should be able to kill

COVID-19. We decided to use this as the first level of defense to kill as many

pathogens in the air as possible. This process should help sterilize the air from the very

beginning, before even passing through a filter. A powerful UVC light will be recessed

in the wall of the duct and utilize the walls’ reflective properties. This will go on for

about 15 feet. Between the intensity of the UVC light, the reflection from the duct

within 20 inches, and the length of the duct, this should be sufficient to damage

14



pathogens.

Should viruses and bacteria survive the UV light, the air will then pass through

an electrostatic filter. Though the MERV rating of this filter is not very high, this will

increase the efficiency of the HEPA filter. While this filter collects larger particles, it

ionizes the smaller particles that pass through it. The ionization attracts the particles to

the HEPA filter, reducing the amount of particulates that pass through.

The HEPA filter has a minimum MERV rating of 14 and is commonly found in

medical environments. It can last up to a year, so this part of the system will not

require frequent maintenance within a year. This filter separates the remaining solids

found in the airflow, including dust, mold, and pathogen-carrying particles,

significantly reducing the number of particles in the passing air.

For the final round of filtration, we chose an activated carbon filter. This will

separate up to 70% of ozone molecules and any other free radicals in the air. We found

this step necessary because of the small amounts of ozone generated by the UVC

lights and electrostatic filter. Ozone is a respiratory irritant, and we wanted to reduce

any airborne particles or molecules that would cause harm or discomfort to the guests.
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Figure 8: Layout of the filtration system in the theater room

As previously mentioned, the front of each row in the theater will have a short

wall with a slanted top where the contaminated air is able to enter through the vent.

On the other side of the vent, there will be fans that blow the air down into a common

pipeline that meets at a trap. Within the trap, any liquids that enter will activate a

liquid level sensor that opens the drain to the sewage. It is necessary to keep the drain

closed when possible because the air should flow into the PVC air ducts. These ducts

lead to the aluminum vents where the UVC lights and the reflective walls will

neutralize SARS-CoV-2 and other pathogens. From here, the air flows through the

three filters that capture contaminants before it is released back into the room. Once

the filtered air returns to the room, it will be significantly safer for the guests to

breathe.
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Electrical Efficiency and Power

Our filtration system consists of UVC lamps and the point level sensor which all

consume power.  The UVC lamp uses 8.3 watts and the liquid level sensor consumes

1.2 watts.  The current for the UVC lamp can be determined using Kirchoff's and Ohm’s

law provided below, respectively.

��������:  �
�����

 = �
1

+   �
2
 +  �

3
����� = � � �

The current of the UVC lamp is 0.069 Amps and 0.05 amps for the liquid level sensor.

Our design uses 5 UVC lamps and a single liquid level sensor, resulting in 0.346 Amps

total for the UVC lamp. In total, our device uses 0.396 amps of current overall. The

overall power consumption for this device is 9.5 watts.

Air Flow Rate and Ventilation

Our design relies on providing clear and particle air in addition to proper

ventilation throughout the room and to each patron present. In accordance with the

California Building Code 120, a movie theater must provide at minimum 0.15 cubic feet

per minute of ventilation per square foot, requiring our theater to provide

approximately 675 cubic feet per minute (CFM)  of airflow given that our theater

contains an area of 4500 sq. ft. Our air filtration system relied primarily on the HEPA

filter to perform with a 15,000 CFM of airflow.  The air change rate of the theater was

determined using the equation below:

��� �ℎ�����
ℎ��� = ��� � 60 ���

������ �� �ℎ� ����
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When put into the 4500 sq ft theater with a standard height ceiling of 25 ft, we obtain

an air change rate of 8 times the whole volumetric air in the room per hour surpassing

the minimum requirement placed by the California Building Code 120. Additionally it is

recommended that a minimum of 5 air shifts be provided for every 7-10 people present

while our design will be providing 8 air shifts.

Design Challenges

We faced multiple challenges while designing because we tried to visualize

every scenario of error with the filtration system. The main issue we considered was

filter damage due to someone spilling any sort of liquid, such as soda, into the vent.

We decided to place the vent at a slanted angle on a short wall between each row of

seats. Customers cannot place drinks on top of it, minimizing the spill risk, and the

angle will direct the air coming from the guests. In case of a spill, however, there will

be a liquid level sensor at the bottom of the trap that will signal the drain lid to open,

discard any liquid without damaging the system. Additionally, the fans chosen for the

vents are water and dust resistant with an IP55 rating.

Another major conflict was ozone generation. We discovered that UVC lamps

and electrostatic filters could produce ozone, a respiratory irritant. We found that

activated carbon can filter 60-70% of ozone from the air and is relatively cheap, so we

added a 3rd round of filtration to collect ozone and other charged radicals.

Because we wanted to address other present and future pathogens, we looked

for common disinfection techniques that inactivated pathogens other than
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SARS-CoV-2. UVC lamps are commonly used in laboratory fume hoods and useful for

killing significantly microscopic viruses and organisms, such as parvovirus (18-28 nm

diameter). HEPA filters are recommended in healthcare to capture pollen and mold.

With multiple attack methods, it will be significantly difficult for a pathogen to survive

or flow through the entire system.
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SnackBot
SolidWorks was utilized to design the models of this project. GrabCAD allowed

team members to share the design and efficiently assemble the parts of the robot

together.

Figure 9. Golden Snack Retriever

The main components of the design include the arms, container, and food trays.
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Figure 10. Arms and wheel of the robot

In Figure 10, the image shows the arms and wheels of the robot. Essentially,

this part of the robot is what allows the robot to move.

The design was an inspiration from the robot dog created by Boston Dynamics.

In movie theaters, the robot has to be able to move around stairs. The obstacle was not

having the container with the food and drinks not spill because of the tilt created by

the stairs. Hence, the arms with a joint allow the robot to adjust the height of the legs

allowing stable and balanced movements, reducing the tilt of the container, and

preventing any spillage of food and drinks. Additionally, the wheels attached to the

arms will allow for smooth movement.
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Figure 11. Ackermann Steering Mechanism

To steer the robot we will use a servo motor and Ackerman steering mechanism

that will be attached to the front left and right leg.  This mechanism will be housed in

the base of the container along with the other electronics to reduce noise from the

motor.   The Ackerman steering method allows for the front wheels to move with

different turn radii which will face the direction of the Golden Snack Retriever’s motion

so that no slipping occurs in the wheels.  This will allow the robot to make precise

turns and decrease the chances of losing balance .
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Figure 12. Tray with Lid

The food and beverages will be delivered using trays. The lid was incorporated

into our tray design to reduce the spread of germs by fully enclosing each order. The

handle allows customers to pull out the tray, reducing human contact on other orders.

Once the customers are done using the tray, they can leave it at their seats and

employees will be able to collect and clean all the trays.
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Figure 13. Container

We designed the container to be able to store 6 trays at one time making its

trips in the theater more efficient.  Once reaching the customer the top doors open

allowing the customer to reach in and grab their designated tray.  After receiving the

tray the customer can use the dispensable hand sanitizer attached to the robot to

disinfect their hands before enjoying their meal. The base of the container stores the

electronics needed to power the legs and the motors on the glass panels of the

container.
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Figure 14. Ultrasonic Sensors and Pixy2 Camera

There will be five ultrasonic sensors and two Pixy2 cameras in our design. The

sensors will be located on the sides and the bottom of the container while the two

Pixy2 cameras will be located only at the bottom of the container. Both components

will be placed into the compartment dedicated for all the electronics. Holes were

added to the design for the Pixy 2 cameras and the ultrasonic sensors to stick out of

the electronic compartment.
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Figure 15. Assembly drawing of the arm
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Figure 16. Assembly drawing of the container
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Figure 17. Assembly drawing of the tray base
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Figure 18. Assembly drawing of lid and handle of the tray
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Figure 19. Assembly drawing of the robot
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Figure 20. Static analysis of the truss structures of the legs (applied load is 200 lb).
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Figure 21. Nonlinear dynamical analysis of the double conical springs (applied load is 200 lb).
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Matcontrol

Figure 22. Theater layout and SnackBot Paths
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Figure 23. Block Diagram of System

Figure 22 illustrates the concept of our design on how the Snackbot will operate. Once

the webAPI analyzes the data and sends it to mySQL, the algorithm programmed into

the Arduino uses the information to choose the appropriate path. Figure 23 is a block

diagram of users inputting their orders and how the data will travel leading up to the

Snackbot’s decision making and response.
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Our design for the Snackbot uses predetermined lanes made with tape or paint

that it can easily track and follow. We adopted a learning algorithm to be capable of

automation with manual interference being a last resort. The algorithm will receive

data from the sensors and decide which lanes will need to be followed to get to its

destination. Eventually, it will learn which paths are the most efficient as it collects

more information and makes its trips.

Sensor Network (I/O Layer)

For our system, we will connect our sensors using an Arduino Uno R3. Data will

be collected from the sensors and stored in mySQL for quick, real-time analysis. The

sensors are calculated to use 1.91 W at maximum capacity.

The sensors used in our network:

● Pixy2

● Ultrasonic Sensor HC-SR04

● Gyroscope Sensor and Accelerometer MPU6050 IMU

● ESP8266

All sensors are compatible with the Arduino Uno R3. The Pixy2 will be used for

the line and object detection while the Ultrasonic Sensor HC-SR04 will help detect

obstacles that could interfere with the Snackbot’s path by emitting ultrasonic sound

waves and converting the reflected sound into electrical signals. The Gyroscope

Sensor and Accelerometer MPU6050 can measure gravitational acceleration along the

3 axes. By calculating the angle at which the sensor is positioned, the robot can be
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stabilized in case of a collision. Finally, the ESP8266 wifi module will be used to

connect the Arduino Board to a central computer in the theater running the Arduino

IDE, in which data can be sent and/or retrieved from the database.

Figure 24. Pixy2 Camera

Figure 25. Ultrasonic Sensor HC-SR04
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Figure 26. Gyroscope Sensor and Accelerometer MPU6050 IMU

Data Storage (Data Layer)

MySQL will be used to store the data retrieved by the sensors. MySQL can

receive the orders from users and provide the Snackbot with the layout of the theatre

and the lanes it can take. Full and incremental backups are supported by MySQL to

recover the database to its most up-to-date state in case of a system crash or

hardware failure.

Algorithm

The algorithm we chose will focus on learning how to choose which paths it can

take around the theatre. During an event where its path is obstructed, the Pixy2 can

find another lane to maneuver around it. Our algorithm will reside in the Arduino IDE,

which is free to use. When orders are made to the Snackbot, our team has considered

options that will allow the customer to have a smooth experience, for example when

the Snackbot is at its delivery point, a confirmation will be sent back to the UI that the
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customer can access. The customer can confirm through the UI that the order is correct

and they have received it, or they can choose another option that lets the Snackbot

know the order is incorrect and can allow refunds or another order. When a customer

is unavailable or does not confirm the order has been delivered, the Snackbot will have

a timer so that it will not delay making other deliveries for too long. If there is no

confirmation, the order will be placed at the end of the queue and if they do not

confirm again the Snackbot will discard the order. The IDE is a software available for

all major desktop platforms and gives us two things: a programming editor with

integrated library support, and a way to easily compile and load our Arduino programs

to the Arduino UNO board. The programming language is a framework built on top of

C++, but the IDE also supports other high-level languages to suit everyone’s

preference. The algorithm will also parse data sent from the sensors to the database.

User-Interface (Supervisory Layer)

Our team decided to use Java GUI to create the user interface that customers

would submit orders to Snackbot. This allows us to use Swing and AWT libraries that

will listen and handle events for us. These libraries have pre-built containers that will

help serve the purpose of creating button layouts that are easy for the user to interact

with when making their order. The UI can be connected to an API where the data will

be retrieved and parsed using Java libraries before sending the information to MySQL.

A priority queue will be integrated into our code in order to assess the customers’

orders on a first come first serve basis, while using a Shortest Path algorithm. Once an

38



order is fulfilled by the Snackbot, a dequeue method will remove the order from the

queue, thus preventing any overflow issues.

In order to retrieve the user inputs from the Java GUI, our design will rely on an

API that will be used to allow the mobile application to access data stored in our

database. In other words, it will deliver a user response to our system, and send the

system’s response back to the user. Additionally, our API will be a REST API, as it is by

far the most commonly used style for designing APIs, especially in the mobile world.

REST APIs are very user-friendly and are very easy to understand for the developers to

code on, which would make our design very easy to implement. Our team also wants

to promote the best user experience possible, and using an API connected to a server

would save on-network data costs as well as battery life for our users as the server

will do most of the heavy work.

The REST API will be coded in PHP, which can handle HTTP requests, simplify

maintenance, and work with databases more efficiently; it will be able to easily access

our MySQL database. Our design really promotes flexibility for our customers, as the

API can be coded in other languages such as Python, Node.js or even Java. The

database can also be interchanged with others such as MongoDB or even PostgreSQL

based on customer preference. Alternatively, our customers can decide to use a cloud

computing system, if they desire, instead of an API and server.
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Integration
After each committee (SnackBot, Biomimetic Cinema, Matcontrol, COVID Web)

designed their respective projects, the final step was putting them together.

Surprisingly, we found our designs to be compatible with minimal changes.

Biomimetic Cinema (BC) and COVID Web (CW) planned the design of the

cinema building. Whereas BC focused on methods to maintain the temperature within

the building, and therefore airflow in and out of the building, CW analyzed airflow

within the building for filtration and sanitization purposes. Initially, the committees

were confused because CW expected an HVAC system to release the treated air, but

after understanding the physics of the building, integration became simple. BC’s

method of cool air intake and rising hot air release took the place of a traditional HVAC

system, which left CW with full control of room ventilation. BC roughly simulated

airflow within the building, and this worked with CW’s expected airflow, facilitated by

vents within each row.

The interior of the cinema will be spacious enough to accommodate ample room

in the aisles and rows. This will allow people of most heights to sit comfortably or

recline with legroom in their chairs and the Snackbot to move throughout the theater.
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Bill of Materials
Biomimetic Cinema

Item Description Link Manufacturer Price per
unit

Unit Quantity Total
price

lexan
polycarbonate

roofing Link Suzhou Nilin $3.20 square meter 4,647 $14,870.40

Laminated glass solar chimeney Link quingdao
longxiang
building
materials

$10 square meter 1,942 $19,420

Stainless Steel
Beam

solar chimeney
and tunnel
supports

Link Metals Depot $505.44 each (25 ft
long)

104 $52,565.76

Munters
CELdek

evaporative
cooling mesh

Link Munters $18.70 6x12x60 inch
block

2592 $48,470.40

Industrial vent
fans

to provide
circulation

Link Uline $419 One fan 6 $2,514

Grand Total: $137,840.56

COVID Web
Item Description Link Manufacturer Price per unit Quantity Total price

HEPA Filter Rigid frame, aluminum dividers.
MERV 14 with 90-95% efficiency
for filtering particles between 3-10
microns and 85-90% efficiency for
particles between 1-3 microns

Link Grainger $258.00 4 $1,032

UVC lamp
(30W)

30 watt fixture, 37.5” x 3.5” x
2.625”

Link Ultraviolet $185.00 5 $925

Electrostatic
Filter

24” x 24” x 1” Washable
electrostatic filter, aluminum
frame and mesh, polypropylene
weave with bonded polyester

Link Air Filters
Incorporated

$42.64 1 $42.64

Aluminum
Sheets

0.125” thick, 30” x 144” Link Xometry $255.23 6 $1,519.18
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https://www.alibaba.com/product-detail/Sun-Sheet-Lexan-Polycarbonate-Sheet-6mm_1600097643588.html?spm=a2700.7724857.normal_offer.d_title.26656689CQwMg1&s=p
https://796e2222592189ce.en.made-in-china.com/product/tOBJuiqvnTWS/China-Wholesale-Building-Window-10-76-Laminated-Glass.html
https://www.metalsdepot.com/steel-products/steel-beams
https://www.munters.com/en/munters/products/coolers--humidifiers/CELdekpad/
https://www.uline.com/BL_3875/Drum-Fans
https://www.grainger.com/product/AIR-HANDLER-Cartridge-Air-Filter-2GGY9
https://www.airfilterusa.com/lifetime-electrostatic-furnace-filter-silver-frame-24x24x1.html?_vsrefdom=ppcgoogleshop&utm_source=google&utm_medium=cpc&utm_term=%7Bkeyword%7D&utm_campaign=Shopping
https://www.airfilterusa.com/lifetime-electrostatic-furnace-filter-silver-frame-24x24x1.html?_vsrefdom=ppcgoogleshop&utm_source=google&utm_medium=cpc&utm_term=%7Bkeyword%7D&utm_campaign=Shopping
https://www.xometry.com/supplies/aluminum-6061-t6-sheet-plate?utm_term=%2Baluminum%20%2Bsheet&utm_campaign=PB:G%7CNT:SN%7CAN:Supplies%7CCN:Aluminum&utm_source=adwords&utm_medium=ppc&hsa_acc=3789459769&hsa_cam=1729302882&hsa_grp=65144325262&hsa_ad=392800709938&hsa_src=g&hsa_tgt=kwd-304818164548&hsa_kw=%2Baluminum%20%2Bsheet&hsa_mt=b&hsa_net=adwords&hsa_ver=3&gclid=CjwKCAjw9r-DBhBxEiwA9qYUpfMysr7Bqnxsh42D091DmRztBTVS2yFdQRrb9BXNBAH9U2h6UeuCiBoCB4AQAvD_BwE


Activated
Carbon
Filter

Pleated air filter with activated
charcoal that is able to absorb
odors and gaseous contaminants

Link Grainger $31.75 4 $127

Fan 12V DC IP55, 1800RPM, 140mm
x 140mm x 25mm, 89.43 CPM

Link Titan $17 120 $2,040

Duct Pipe PVC 12” x 10’ Link QC Supply $146.61 8 $1,172.88

Flexible
Duct

PVC 24” x 25’, steel wire helix
frame

Link Deelat $140.60 2 $281.20

Liquid Level
Sensor

Point level sensor IFM efector,
12mm probe

Link Automation24 $200.42 1 $200.42

Vent Grille Steel, 30” wide x 6” height Link Everbilt $9.89 120 $1.186.80

Grand
Total:

$8,527.12

Snack Bot
Item Manufacturer Link Quantity Price Total price

Arduino Mega Arduino Arduino 1 $40.30 $40.30

ABS plastic Shanghai
Qishen
Engineering
Plastic Co.

Alibaba 1 $260 $260

Polyurethane Wheels Tech Facini Alibaba 4 $3 $12

Sanitizer Dispenser Anvask Amazon 1 $21 $21

Hinges Design House Amazon 4 $1.50 $6

DC Motor Auto Tool Home Amazon 6 $7 $42

Stepper Motor Stepperonline Nema Amazon 4 $14 $56

5050 Aluminum New Technical Alibaba 1 $38 $38

Rechargeable Li-Ion
Battery

May Alibaba 1 $169 $169

Grand Total: $644.30
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https://www.grainger.com/product/6B875?gucid=N:N:FPL:Free:GGL:CSM-1946:tew63h3:20501231
https://www.amazon.com/TITAN-IP55-Waterproof-Dustproof-Cooling/dp/B07TZDZSSV?th=1
https://www.qcsupply.com/10873-12-10-pvc-50-lb-duct-pipe.html
https://www.deelat.com/ducting-and-fans/ducting/flexible-duct?gclid=CjwKCAjwvMqDBhB8EiwA2iSmPDu-xw0k0XXWLs_7D74F4rHWDzYj5_dcR4qZ-cB3P1i-acFpZBbu2hoCJKYQAvD_BwE
https://www.automation24.com/point-level-sensor-ifm-efector-lmt100
https://www.homedepot.com/p/Everbilt-30-in-x-6-in-Steel-Return-Air-Grille-in-White-E170-30X06/300539473?source=shoppingads&locale=en-US
https://store.arduino.cc/usa/mega-2560-r3
https://www.alibaba.com/product-detail/Abs-Pellets-Colored-Universal-General-Abs_1600111750803.html?spm=a2700.7724857.normal_offer.d_title.326cf359j0x5Rr&s=p
https://www.alibaba.com/product-detail/6-Inch-Solid-PU-Wheel-Replacement_1600167432249.html?spm=a2700.galleryofferlist.normal_offer.d_title.79985c23uMdSqs
https://www.amazon.com/ANVASK-Automatic-Sanitizer-Refillable-Dispensador/dp/B08CXSF5KK/ref=sr_1_1?dchild=1&keywords=sanitizer+dispenser&qid=1617995235&sr=8-1
https://www.amazon.com/Design-House-181594-3-Pack-Nickel/dp/B072J7BBFY/ref=sr_1_5?dchild=1&keywords=hinges+4+pack&qid=1617995570&sr=8-5
https://www.amazon.com/AUTOTOOLHOME-Torque-Traxxas-Wheels-Electric/dp/B01M58POHF/ref=sr_1_3?dchild=1&keywords=motors&qid=1617995810&sr=8-3
https://www.amazon.com/STEPPERONLINE-Stepper-Bipolar-Connector-compatible/dp/B00PNEQKC0/ref=sr_1_3?dchild=1&keywords=stepper+motor&qid=1617995912&sr=8-3
https://www.alibaba.com/product-detail/New-Technal-5050-Aluminum-Profile-In_1600183996517.html?spm=a2700.galleryofferlist.normal_offer.d_title.3e3363deOIGdR6
https://www.alibaba.com/product-detail/Battery-Battery-May-Rechargeable-Batteries-13s8p_62410716047.html?spm=a2700.galleryofferlist.normal_offer.d_title.22e154c9ZegsnU&s=p


Matcontrol
Item Description Link Manufacturer Price/unit Quantity Total price

Pixy 2 Camera Smart vision sensor
used for lane
detection

Link Charmed Labs $59.90 2 $119.80

Ultrasonic
Sensor
HC-SR-04

The sensors will be
used for object
detection (theatre
seats, aisle
obstacles, people
etc.)

Link Sparkfun Start
Something

$3.95 5 $19.75

Arduino UNO
R3

This will act as a
brain of all the
electronic members
of the robot

Link Arduino Official
Store

$23.00 1 $23.00

MySQL Database Free $0.00

Breadboard
and jump wires

These will be used to
connect the
MPU6050 with the
Arduino

Link eBoot $10.59 1 $10.59

MPU6050 This sensor will
maintain the robot’s
balance in case of
collision

Link HiLetGo $4.99 1 $4.99

ESP8266 Wifi module Link Sparkfun Start
Something

$6.95 1 $6.95

Grand Total: $185.08

Total Price: $147,197.06
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https://www.amazon.com/gp/product/B07D1CLYD2/ref=as_li_tl?ie=UTF8&camp=1789&creative=9325&creativeASIN=B07D1CLYD2&linkCode=as2&tag=vizycam0a-20&linkId=1deef697ab56f2e0f47daa8cb3291ba1
https://www.sparkfun.com/products/15569
https://store.arduino.cc/usa/arduino-uno-rev3
https://www.amazon.com/eBoot-400-Point-Solderless-Breadboard-Flexible/dp/B071D7V9HD/ref=as_li_ss_tl?s=industrial&ie=UTF8&qid=1533375876&sr=1-10&keywords=breadboard&linkCode=sl1&tag=howto045-20&linkId=1230447c1189a635ffb764807e8615ad
https://www.amazon.com/HiLetgo-MPU-6050-Accelerometer-Gyroscope-Converter/dp/B01DK83ZYQ/ref=sr_1_1_sspa?crid=2KR5FE8VHMWAK&dchild=1&keywords=mpu6050&qid=1618203834&sprefix=mpu60%2Caps%2C202&sr=8-1-spons&psc=1&spLa=ZW5jcnlwdGVkUXVhbGlmaWVyPUEyOERKSlQ2SUdZWldOJmVuY3J5cHRlZElkPUEwNzc2MTkxMUpDVEtUT1FCTjJMRyZlbmNyeXB0ZWRBZElkPUEwNzgzNzAyMjFCSUM1NVoxSTUyWSZ3aWRnZXROYW1lPXNwX2F0ZiZhY3Rpb249Y2xpY2tSZWRpcmVjdCZkb05vdExvZ0NsaWNrPXRydWU=
https://www.sparkfun.com/products/17146


Figure 27: A pie chart showing our cost distribution between the committees.

Conclusion
These technologies can be incorporated with one another in order to provide

movie-goers with a simple, safe, and sustainable movie theater experience during the

ongoing COVID-19 pandemic. Our proposed design incorporates innovative, yet

feasible technology that could easily be added to an already existing movie theater to

minimize the spread of COVID-19. At the same time, we are still providing guests with

an enjoyable movie that will keep them coming back.

Our proposed solar chimney design is a natural, efficient, and sustainable

alternative to modern air conditioning units that emit ozone-depleting gases. Solar

chimneys have been used for centuries and, due to the rise in popularity of sustainable

architecture, are making a comeback yet again as a natural and eco-friendly method of

providing sufficient ventilation to cool buildings. Our solar design proposes a modern
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version of the traditional solar chimney, with fans to ensure that air is constantly being

flowed in and out of the building on cooler days. Since solar chimney technology is so

widely used as an effective means to naturally cool a building, our idea to implement

this centuries-old technology in a modern cinema is feasible. The solar chimney we

have proposed provides sufficient cooling and ventilation for the cinema while only

emitting hot air. This is a clear advantage of our solution compared to the modern

approaches to air ventilation using traditional air conditioning units, while costing

about the same to install. For a 50,000 sq. ft. building in California, AC units can range

from $101,341 to $139,414 for installation. Although the cost of our design is at the

high end of this range, the only electric component of our design is the fans, therefore

reducing the long-term cost of electricity needed to cool the building. Furthermore,

since air is constantly being pushed out of the building, our design can reduce the

spread of COVID-19 among the audience. Our solution meets our standards of

ventilation and sustainability.

With our multi-step air filtration system, we improve upon current solutions for

the same issue while anticipating similar issues for the future. The multiple filters in

conjunction with UVC lamps capture and inactivate most viruses including, but not

limited to, SARS-CoV-2 to produce a steady flow of sterile air. Other than the fans and

the drain lid, our design does not have moving parts, reducing the chance of failure.

This system requires little maintenance over a 1 year period. UV light bulbs last up to 5

years, HEPA filters should be replaced at least once a year, and the electrostatic filter
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should be cleaned 4 times per year, around the same time the carbon filter should be

replaced. Furthermore, our filtration system meets all the design requirements and

California Building Codes with a filtration efficiency above 95%, has a 14 MERV rating,

and is cost effective while remaining non-disruptive to consumers. This novel design

will provide consumers with an effective and safe environment to prevent the exposure

and limit the spread of SARS-CoV-2.

Through the Golden Snack Retriever robot, we can help decrease the spread by

limiting human contact. Our delivery robot design meets all of the objectives and

design requirements at the low cost of $644.30. Our design allows delivery of up to six

food orders at a time and dispense sanitizer to all customers. The robot will allow easy

access to the orders contained within the body and will not block the customer’s view

while in the process of delivery. Our tray design will help stop the spread  by

separating food items by order so that each customer will only have contact with the

food they ordered. Our design can also be applied to many other industries such as

sporting events and outdoor venues due to its ability to roll with wheels and traverse

stairs and inclines by taking steps using modern gait technology.

Finally, the Lane Following Robot System (LFRS) is a cost efficient system that

would allow movie theaters to integrate robots capable of delivering snacks and drinks

to customers with no human interaction. By following premade lanes laid out

throughout theaters, the robot can easily reach its destination without human

assistance. The Pixy2 integrated in the robot already has built in algorithms that detect
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and track lines without the need of any additional machine learning algorithm, which

makes the system very effective and efficient. Our design also offers flexibility to our

users by allowing them to interchange APIs or even databases according to their needs

and personal preferences. Overall, the LFRS system provides users a very smooth and

steady experience, and can be used for various scenarios beyond movie theaters.
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