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1 Abstract
Unpacking and storing large quantities of groceries in the kitchen is never a pleasant job. For
the elderly or those with limited mobility, this becomes even more forbidding. With the rapid
development of consumer robots, more and more intelligent home helpers are emerging to help
people with jobs like these. Our team designed and fabricated a flexible, affordable and safe
assistive robot, called PantryBot, which can sort, put away and retrieve groceries in the kitchen.
In this report, we present PantryBot, a successful prototype of an assistive robot for
contemporary users that is both capable and affordable. We hope our project will inspire others
to design cost-effective robots to help people in their everyday lives.
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2 Project Description
PantryBot is designed for the elderly and people with disabilities who have difficulties
reaching cabinets, lifting heavy groceries, or remembering the locations of stored items.
PantryBot is a mobile robot capable of intelligently storing and retrieving groceries in kitchen
settings. It is designed to carry items of arbitrary proportions between the countertop and the
pantry. The goal of this project is to enable people with disabilities to fully utilize their kitchens
and maintain independence from assisted living or hired help. We also hope that this robot will
prevent falls and injuries that users could incur when attempting to reach high shelves or when
carrying heavy objects. The built-in inventory system is especially helpful to users who have
difficulty remembering the contents of their pantry and the placement of grocery items around
the kitchen.

3 Use Case
To increase the understanding of the goals of PantryBot, we put together the following
hypothetical scenario of a potential user and how they would interact with the robot. When
creating the scenario, we included all the planned functions of the system. We also focused on
forming the scenario around a typical user in a typical user environment. Figure 3.1 is a picture
sequence of steps 3.2-3.6 in the use case.
3.1 Installation and Appearance
At Christmas, Ben gives his grandma the PantryBot system as a gift, which is the most hightech gift she has ever had. The next day, technicians come in and install the PantryBot system in
the kitchen. It includes a track, the PantryBot module, and a computer console. It takes the
technicians the entire day to install the system. It is a large system, but it does not get in the way
of the person in the kitchen.
3.2 Person Puts Groceries on the Countertop
The next day, grandma buys groceries from the supermarket. She takes all the groceries out
of the bag and put them near the edge of the countertop, ensuring that they are in a stable
position (ex. bottles are not upside down). Then she walks to PantryBot’s control console and
presses the “Store” button on the screen.
3.3 Gets Groceries from Countertop
PantryBot responds right after receiving the command. It moves to the countertop along the
track, according to the pre-stored coordinates of everything in the kitchen. The camera takes a
picture of the item in front of PantryBot, and PantryBot recognizes that it is a box of crackers. It
takes a few seconds to process and analyze the picture. Then, PantryBot’s arms extend from the
module and fold their fingers behind the box. Next, the arms retract and pull the box into the
module. Only one item can be carried at a time.
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3.4 Moves in the Kitchen
PantryBot moves to the cupboard with the box inside. During this process, grandma walks
into kitchen to fill her cup with eggnog. When she enters the operating area, a proximity sensor
on PantryBot detects her and PantryBot stops immediately. When she leaves, PantryBot resumes
movement.
3.5 Stores Grocery Item
When PantryBot arrives at the cupboard, it sends a signal to the cupboard door, directing it to
open. The door opens and PantryBot moves to an open spot on a shelf. For safety, an IR sensor
checks to ensure the spot is empty. Then the arms push the box outside of the module to the
correct position. Now one item is stored. The storing process took less than four minutes.
3.6 Retrieves Grocery Item
The next day, grandma wants to have crackers for a snack. She looks at the list of available
groceries on PantryBot’s touchscreen and clicks “Ritz Crackers”. Then, PantryBot moves to the
cabinet where the box of crackers was stored and retrieves it. PantryBot puts the box on the
countertop and moves back to its storage location.

User places groceries on
counter

PantryBot picks up
groceries on command

PantryBot stores
groceries in pantry

Later…

PantryBot drops off
grocery on counter

User selects grocery to
retrieve

Figure 3.1: PantryBot use case for storing and retrieving a grocery item

4 System-Level Requirements
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To ensure the PantryBot system meets all the user requirements, we constructed tables
outlining the functional and non-functional requirements. Tables 4.1 and 4.2 list the mandatory
functional and non-functional requirements respectively and Tables 4.3 and 4.4 list the desirable
functional and non-functional requirements respectively. The mandatory requirements must be
met by the system for the project to succeed. The desired requirements are goals of the team, but
if we cannot meet them with available resources, the project will not be considered a failure.
Quantitative metrics for applicable requirements are listed in the performance requirements
column. Further, Table 4.5 lists each subsystem in PantryBot and lists the requirements they must
meet [1, 2, 3].
Table 4.1: Mandatory Functional Requirements

Requirement

Performance Requirements

MF1

Pick up groceries from the countertop and
pantry shelves

Be able to lift up to 10 lbs

PMF1

MF2

Place groceries on the countertop and pantry
shelves

MF3

Transport groceries to multiple levels of the
pantry

Vertically reach between 0.5 and 6 ft

PMF3

MF4

Retrieve groceries upon user command

MF5

Store groceries upon user command

MF6

Identify groceries

Identify grocery items with 90% accuracy

PMF6

MF7

Perform all operations autonomously

Table 4.2: Mandatory Non-Functional Requirements

Requirement

Performance Requirements

MN1

Stop moving when next to obstacles

Stop moving 6 in. away from obstacles

PMN1

MN2

Not damage the kitchen it is operating in

Have 100% collision prevention

PMN2

MN3

Be reliable

Have mean time between failures of
critical components greater than 1 year

PMN3

MN4

Be able to fit in a typical kitchen without
hindering the kitchen’s use

MN5

Be affordable

MN6

Have a tolerable error rate

Cost less than $4000
Have less than one mechanical error per
50 sortings

PMN5
PMN6

Table 4.3: Desirable Functional Requirements

Requirement
DF1

Learn new groceries

DF2

Communicate availability of items to the user

DF3

Keep items upright

Performance Requirements
Inventory a minimum of 30 different items

PDF2
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Table 4.4: Desirable Non-Functional Requirements

Requirement

Performance Requirements

DN1

Be powered from a traditional US residential
electrical outlet

Will operate on 120 V.

PDN1

DN2

Be serviceable by a technician if a repair is
needed

DN3

Perform all functions with an acceptable noise
level

Will cause no more than 60 dB of noise

PDN3

DN4

Operate at a reasonable speed

Spend no more than 4 minutes per item

PDN4

Table 4.5: Requirement Breakdown to Subsystems

Subsystems

Mandatory
Functional
Requirements

Mandatory
Desirable
Non-Functional Functional
Requirements
Requirements

Desirable
Non-Functional
Requirements

Grocery collection
subsystem
Structural
subsystem
Grocery
identification
subsystem
Gantry (frame and
elevator
subsystems)
Software
subsystem
Electrical
subsystem

MF1, MF2, MF7

MN3, MN5, MN6

DF3

DN2, DN3, DN4

MF3

MN3, MN4, MN5

DF3

DN2

MF7

MN5

DF1

DN4

MF1, MF2, MF3,
MF7

MN1, MN2, MN3,
MN4

DF3

DN2, DN3, DN4

MF4, MF5, MF7

MN5

DF1, DF2

MF7

MN3, MN5

DN1

5 Functional Architecture
Figure 5.1 is the functional architecture for PantryBot. The robot has a high-level main
computing function, which takes in commands from the user and coordinates the functions of the
robot. The two primary functions of PantryBot are storing and retrieving groceries which are
carried out based on data from the high-level computing. Also, PantryBot has a safety system
that runs whenever the robot is in motion.
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Figure 5.1: PantryBot’s functional architecture

5.1 Put Away Groceries
First and foremost, PantryBot must be able to put
away groceries. This process, shown in detail in figure
5.2, begins with a command from the user. Once the
command is received, the robot moves to the counter.
Once there, the robot scans sideways until it detects the
first grocery. PantryBot then takes a picture of the
grocery and identifies it. Once the grocery is identified,
PantryBot picks up the item, moves to the next available
location in the pantry and deposits it. Then, PantryBot
repeats the entire process until there are no more
groceries left to put away.
5.2 Retrieve Groceries

Figure 5.2: Put away groceries function

The second function is retrieving groceries from the pantry. The process is essentially the
reverse of the function described in Section 5.1, with the robot moving to the grocery location,
pulling it into the body of the robot, moving to the counter, and depositing the grocery.
5.3 Safety
While in motion, PantryBot continually monitors a set of proximity sensors to detect the
presence of any obstacles in its path. If an obstacle is detected, PantryBot immediately stops and
waits for the obstacle to be moved before continuing.
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5.4 Computing/User Interface
In computing, the robot decides what
actions to take based on a variety of
inputs. These inputs include commands
from the user and grocery information
and positions. The robot will use this data
to identify a grocery and determine where
to store it. It will also use input to know
where to retrieve a grocery from. Figure
5.3 shows the computing and user
interface function.

6 Physical Architecture
Figure 5.3: Computing/user interface function

The physical architecture of PantryBot,
depicted in Figure 6.1, is divided into components in much the same way as the functional
architecture. In additionally to the robot, there is an external computer, which contains the user
interface that sends user commands to and receives grocery information from the robot and the
inventory, which stores data on the groceries in the kitchen.

Figure 6.1: PantryBot’s physical architecture

6.1 Controllers
There are two main controllers on PantryBot. An Arduino Mega receives commands from the
computer and controls vertical and horizontal motion of the robot. It also takes input from the
various sensors on the robot to determine the robot’s position and detect obstacles. The Arduino
9|Page

Uno receives commands from the Arduino Mega via serial communication and controls the motors
used for grocery manipulation. Additionally, it takes input from an IR sensor to detect groceries
on the counter.
6.2 Grocery Manipulation
The largest physical component of PantryBot is grocery manipulation, shown below in Figure
6.2. In addition to the servos that control the fingers, this system includes both the internal linear
drive, which moves the arms in and out, and the stepper motors, which reduce the arm size, when
moving groceries. It also includes the gantry, which moves PantryBot around the kitchen to store
and retrieve groceries.

Figure 6.1: Grocery manipulation

The grocery manipulation component also includes the IR sensor used to locate groceries. This
IR sensor will find both sides of the grocery item. This data is used to tell the robot how wide its
arms need to be for picking up the grocery.
6.3 Other Components
PantryBot’s physical architecture also includes several other components. Grocery
identification is important but relatively simple, consisting of a Microsoft Kinect and the image
processing algorithm that analyses and identifies groceries. Also, the safety system contains IR
and capacitor sensors to detect obstacles and alert the robot. Lastly, there is the electronics
component, which consists of the power distribution circuitry that provides power to all
components that require it, including but not limited to the Arduinos, the motors, and the servos.
This component also includes the threshold comparators and filters that take in sensor data from
the IR of the safety subsystem and converts them to a single proximity warning signal that is sent
to the Arduino Mega. Additionally, the electronics contain debounce circuits for the numerous
switches on the robot.
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7 Subsystem Descriptions
As mentioned in the Project Description section, we designed PantryBot to collect and
deposit grocery items in a kitchen. Figure 7.1 is a picture of the overall system. Figure 7.2 is a
picture sequence showing how PantryBot picks up a grocery item and Figure 7.3 is a picture
sequence showing how PantryBot places a grocery item. Before collecting the item, PantryBot
takes a picture of it and uses the picture to identify the grocery. This data will be saved in an
inventory along with the location in the pantry of the stored item. This will allow PantryBot to
locate and retrieve the item upon user request.

Figure 7.1: PantryBot

Figure 7.2: PantryBot collecting a grocery item

Figure 7.3: PantryBot depositing a grocery item
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To simplify the understanding of PantryBot, we broke the system into two major pieces. The
module, which deals with the manipulation and identification of groceries and the gantry, which
moves the module around the kitchen. Figure 7.4 shows this breakdown of PantryBot.

Gantry

Module

Figure 7.4: High-level breakdown of PantryBot system

7.1 Module
The module contains the grocery collection subsystem, the grocery identification subsystem,
and the structural subsystem. These parts are labeled in figure 7.5 below.
Structural
Subsystem
Grocery
Collection
Subsystem

Grocery
Identification
Subsystem

Figure 7.5: Mechanical subsystems in the module

7.1.1 Grocery Collection Subsystem
The grocery collection subsystem consists of the arms and hands, which manipulate the
groceries, as well as the linear drive, which moves the arms. This subsystem can move groceries
up to 8-1/2” x 7-3/8” x 13” in size and up to 10 pounds in weight. When in front of a grocery, the
arms will narrow to reduce the space needed between items on the counter. The arms can narrow
to a minimum of 4” wide. This mechanism is screw-driven by two stepper motors. Stepper
motors were used to coordinate motion and to move the arms to the correct width. Next, the arms
will extend and the fingers will close behind the item. The fingers can open to different sizes to
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properly support diverse groceries during collection. The fingers also collapse to reduce the
space needed behind the object in the pantry when depositing it. Lastly, the arms will pull the
grocery into the module. This is done using a belt-driven linear drive. When depositing
groceries, the back plate on the arms is used to push the grocery onto the countertop. The grocery
collection subsystem is shown in figure 7.6.

Hands

Linear drive

Arms

Figure 7.6: The grocery collection subsystem

7.1.2 Structural Subsystem
The structural subsystem holds the other subsystems together and also houses the circuit
boards. Extruded aluminum was used for the frame of the structural subsystem since it is lighter
weight than steel, but still strong enough to support all of PantryBot’s components. Further, the
extruded aluminum enabled us to construct PantryBot much faster than if we fabricated parts or
welded a frame together. This was vital since we had strict time constraints on the project.
Further, the structural subsystem was designed to allow easy access to the components in it. The
top panels can be removed for access to the circuit boards and the bottom enclosure can easily be
removed for access to the grocery collection and identification subsystems.
The structural subsystem also contains the IR sensor used for detecting groceries on the
countertop. The IR sensor finds where the two edges of the item are and stores that information
for determining how wide the arms should be. Figure 7.7 below shows the structural subsystem.
Remove panels for easy
access to circuitry

IR sensor

Unbolt enclosure for easy
access to the other
subsystems

Figure 7.7: The structural subsystem
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7.1.3 Grocery Identification Subsystem
The grocery identification subsystem contains both a mechanical and software component.
From the mechanical standpoint, the subsystem consists of a Kinect sensor for taking pictures, a
mount for it, and an LED array for consistent lighting of the groceries. The LED lighting is
important so robot can still identify the groceries even in different lighting conditions. The LED
is mounted to the ceiling of the module at a 55° angle to reduce reflection off of the front of the
grocery.
From the software standpoint, the grocery identification subsystem consists of a
segmentation algorithm and a classification algorithm. After the Kinect takes the picture of the
grocery, the RGB image is segmented to find the object in the image. Then, the segmented image
is passed into the classification algorithm to predict the category.
The segmentation algorithm is a combination of the GrabCut algorithm and HSV channel
filtering. Since the relative position of the Kinect in the module is fixed, the position of the
object in the image is essentially fixed since PantryBot always aligns the grocery with the
interior of its left arm. Thus, we can use this as a prior for GrabCut segmentation. To do this, a
bounding box that is smaller than the image is drawn. Everything outside the bounding box is
regarded as background. Then, the GrabCut algorithm uses the background prior to segment the
object inside the bounding box. After this step, because the bounding box is generally too large,
some part other than the actual object inside the bounding box might be mistaken for foreground.
Therefore, we add a second step to refine the segmentation result.
In the second step, we convert the segmented RGB image into HSV channels. The S
channels depicts how close to white the color is while the V channels represents how close to
black the color is. In the kitchen, the wall, the countertop and the pantry are all white. So, we set
a threshold on the S channels to remove the background and a threshold on the V channels to
remove the shadows. This is followed by a couple of morphological closing and opening to filter
the noise and to preserve small white or black areas on the grocery object.
After segmentation, the image consisting of only the grocery is input into the convolutional
neural network (CNN). We use a 7 layer network, including 5 convolutional layers and 2 fully
connected layers. The CNN is trained on a self-built grocery image data set. The training data set
contains 50 images of each grocery item, so the total number is 1,500 images. These images
include different orientations of the objects, representing most of the possible cases in real life.
Considering 1,500 images are relatively too few for the training of deep learning, we augmented
the data by varying the colors. Color augmentation not only prevents over-fitting during the
training, but also makes the recognition robust to illumination variation.
The output of the CNN is an index from 1 to 30. Using this index to look up our grocery
database, the name of the grocery will be shown to the user. A flow chart of the grocery
identification subsystem is shown in figure 7.8.
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Training
Data Set

Raw RGB
Image

Segmentation

Neural
Network

Resizing

Category Index

1, 2, …, 30

Figure 7.8: The grocery identification subsystem

7.2 Gantry
Initially, the gantry for our system was going to be supplied by the Human Engineering
Resource Laboratories (HERL) in Bakery Square, PA. A picture of their gantry is shown in
figure 7.9 in the Appendix. However, about half-way through the project, we realized that their
gantry may not be capable of meeting the requirements for our system by our project deadline.
To mitigate the risk of that occurring, we ended up designing and building our own gantry. The
gantry, shown in figure 7.10 below, is made up of the elevator, which controls both vertical and
horizontal movement and the frame, which suspends the robot in the air.

Frame

Elevator

Figure 7.10: The gantry and its subsystems
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7.2.1 Frame
We designed the gantry frame out of wood to reduce the cost of purchasing the materials for
it. The frame contains tracks on the top of it, which the elevator rolls on to position PantryBot
horizontally. The frame is 9’ tall in order to fully simulate PantryBot operating in an actual
kitchen. The frame is 10’ wide in order to show all functions of the system. We included a wall
on the right side of the frame to simulate PantryBot storing itself out of the way inside of a
kitchen. If PantryBot was used inside a real kitchen, this subsystem would be replaced with the
frame of the house and a track in the ceiling of the kitchen. Figure 7.11 shows the frame and
labels it components.
Track

Wall

Figure 7.11: The frame subsystem

7.2.2 Elevator
The elevator moves the module vertically using a cable-lift system. It also contains a rubber
wheel used to move the module horizontally. The metal roller wheels fit into the tracks on the
frame to hold PantryBot in position when moving horizontally. Also, an encoder is attached to a
pinion, which rolls along a rack on the frame to keep track of PantryBot’s horizontal position.
This position is accurate to 1/40”. The vertical position of PantryBot is determined using a bump
switch and a series of bumps placed at the positions of the counter and shelves. Capacitor sensors
on the sides of the elevator are used to detect when a person is near it to stop the robot from
colliding with them. IR sensors along the bottom of the elevator are used to detect non-capacitive
obstacles that may be in PantryBot’s way. Acrylic side panels are attached to the elevator to
prevent the user from accidentally being injured by moving components. We chose acrylic since
it is relatively inexpensive and is aesthetically pleasing. The elevator is shown below in figure
7.12.
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Rubber wheel for
horizontal movement

Capacitor
Sensors

Encoder
and Pinion
Cable-lift
for vertical
movement

IR Sensors

Figure 7.12: The elevator subsystem

7.3 Software Subsystem
PantryBot’s high-level software subsystem, which does not include the firmware on both of
the Arduinos (see the Electrical Subsystem section for more on this), can be divided into two
main parts: the inventory and the graphical user interface (GUI). The overall software
architecture is show in figure 7.13 in the Appendix.
7.3.1 Inventory
Most of PantryBot’s high-level software is written in Python, which is an easy-to-use objectoriented language, and PantryBot’s code takes full advantage of that. At the core of the software
is a PantryBot object that executes the core command sequences for each of the robot’s
functions. This PantryBot object communicates with five other objects, each with a specific
purpose (one of these, the GUI, will be discussed in the next subsection). ArduinoSerial is an
object that facilitates communication with the Arduino Mega on the gantry, converting highlevel requests like “put the grocery on the shelf at location x, y” into specific command
sequences the Arduino can understand. ObjectRecognition is simply a Python wrapper around
the CXXNET module that passes it images taken by the Kinect and interprets the output. The
remaining two software objects are part of the data structure that tracks which items are in the
pantry and where they are located.
The most fundamental piece of the inventory system is the Grocery class, which represents a
grocery in inventory. The Grocery object contains all necessary information for a given item,
including but not limited to name, category, horizontal location on its shelf, width, and image file
path. The second base class is the Inventory, which is simply a superclass with a set of empty
methods that all of its child classes must implement like add, remove, and find. This class is
17 | P a g e

inherited by three different classes, each of which represents an object that stores other objects.
The first of these classes is the Database, which contains a record of all groceries the robot can
recognize. ObjectRecognition reports item identifications as numbers, and the Database contains
a dictionary that uses those numbers to return information about the grocery that was recognized.
The second class that inherits from Inventory is Pantry, which represents the physical pantry the
robot has access to. Pantry contains a set of shelves stored in an array for easy iterating, which
are represented by the third inheriting class, Shelf. Each Shelf object keeps track of one shelf’s xand y-coordinates and width plus a pointer to the Grocery object corresponding to the first item
on that shelf. As each Grocery software object has pointers to the physical groceries located to
the left and right of the grocery represented, each shelf operates as a linked list, with methods
being executed on the first item and being passed to subsequent items as necessary.
7.3.2 Graphical User Interface
PantryBot’s primary means of interacting with the user is through a touchscreen and a GUI
which is designed to be simple and intuitive. The home screen identifies the system as PantryBot
and offers 4 large buttons which are all clearly labeled. The largest 2 allow the user to store items
currently on the counter (“STORE”) and access the inventory (“INVENTORY”). The middle 2
buttons give access to the recipe menu (“RECIPES”) and allow the user to shut down the system
(“QUIT”). To avoid confusion, the “QUIT” button is red whereas all other buttons are white. If
the user presses the store button, the GUI screen will remove the buttons and the middle of the
screen will display “Storing…” to notify the user that the storing process has begun. After
grocery has been put away, the text is replaced with an image of the stored item for instant visual
confirmation while the bottom of the GUI displays the name of the grocery. When the
“INVENTORY” button is pressed, a menu showing images and descriptions of all the groceries
PantryBot has stored in the pantry will appear. The menu also lists the shelf location of each item
so the user can manually retrieve them if desired. If the user does manually remove a grocery,
they can click on a picture of the item and select the “DELETE” button to remove it from
PantryBot’s inventory. If the user wants PantryBot to retrieve the item, they can select the
“RETRIEVE” button. PantryBot will then proceed to fetch the desired grocery. If the user selects
the “RECEPIES” button, they will be prompted with a list of the stored recipes. If the user
selects a recipe, PantryBot will either retrieve the required groceries to make the recipe or
display a list of the needed groceries that are missing from the pantry. Figure 7.14 below shows a
picture of the GUI.

Figure 7.14: The GUI
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7.4 Electrical Subsystem
The electrical subsystem of PantryBot can be broken down into two separate systems that are
connected by three cables, one carrying power and two carrying control signals.
8.1 Gantry Electronics
The gantry electronics system consists of 4
major components: a power supply, an Arduino
Mega, a custom PCB from OSH Park shown in
figure 7.15, and a motor driver board. The
schematic for the PCB is shown in figure 7.16 in
the Appendix. The power supply is an Apevia
500W commercial power supply normally used
in computers. We chose this power supply
because it can provide 12V, 5V, and 3.3V and
was relatively inexpensive. We chose an
Arduino Mega for the gantry because we knew
we would need more than 20 pins including two
separate Serial lines, one for communicating
with the computer and one for communicating
with the module.

Figure 7.15: The gantry PCB

The custom PCB, which draws both 5V and 3.3V from the power supply, contains several
important control circuits. These include debounce circuits for all 4 limit switches and the height
switch, the capacitive sensing circuitry, the relay for controlling the LED array for the grocery
identification subsystem (see the Module Electronics subsection for more), and 2 LM339 quad
comparator chips. The comparators are used to simplify the obstacle detection process for the IR
sensors. Instead of having to convert 3 analog values to digital values and compare them to a
threshold in software, the comparator takes the analog voltages and compares those to a
reference voltage which is equivalent to what the IR sensor will output when an obstacle is 4” to
6” away. The individual open-drain comparators will short to ground whenever the IR voltage
rises above the reference voltage, and the three comparators for each side are connected to a pullup resistor in what is known as a wired-OR configuration. If one of the comparators shorts to
ground (meaning one of the IR sensors has detected an obstacle), the combined output signal will
be low, and the signal will only be high if all 3 of the IR sensors are not detecting obstacles.
Unfortunately, the IR sensors are so far away from the board that they are very prone to noise,
which required a low-pass filter on each sensor input. These filters are simple RC filters that
were calculated to eliminate as much noise as possible without compromising the reaction time
of the system. The top of the board has a connector for the horizontal motor encoder, and the left
side of the board has 3 2-pin terminal blocks containing 6 of the data pins that connect to the
module: power and ground for the CV LEDs, TX and RX for serial communication, and signal
and ground for the height switch. The last 2 data lines are signal and ground for the lower
vertical limit switch (LS2B).
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The final component of the gantry electronics is the motor driver, a Pololu Dual VNH5019
Driver Shield. We chose it because it combines drivers for both motors onto one board, meets the
voltage and current requirements of the motors we are using, and offers independent speed
control for a reasonable $50. This board draws its 5V logic power from the PCB while
connecting its 6 control pins, 3 per motor, directly to the Arduino. The 12V motor power supply
comes directly from the power supply on a second rail that has its own set of fuses, but we added
an in-line external second fuse to ensure the rest of the circuitry would be protected in case of an
unexpected current draw.
8.2 Module Electronics
The module electronics are much more compact than
the gantry system. For starters, the PCB in the module
functions as a shield for the Arduino Uno that controls the
module’s systems, fitting on top of it and combining both
parts into a single footprint. The board, shown in figure
17.7 to the right, contains debounce circuits for the limit
switches as well as power control transistors for the servo
motors. These transistors are used to cut power to the
servos where they are not being moved, which prevents
unwanted movement due to electrical interference. The
board also contains a socket for a Pololu A2988 Stepper
Motor Driver, which powers a Mercury Motor 12V stepper
motor that drives the arm narrowing mechanism. After we
decided to add a second motor to that mechanism, a second
driver was added as an external circuit. The pin limit on the
Arduino Uno forced us to abandon the encoder in favor of
the second stepper motor, so the 5-pin encoder connector
was repurposed as a connector for the external driver. The
schematic for the module PCB is shown in figure 7.18 in
the Appendix.

Figure 7.17: The module PCB

The module also features two other external electronic components not including the front IR
sensor. The first of these is the Solarbotics L298 Compact Motor Driver powering the DC motor
that moves the linear drive in the grocery collection subsystem. The Solarbotics driver also feeds
5V back to the board so the 5V supply can draw power from the larger-capacity 12V rail as
opposed to the 5V rail. To protect critical components from possible current surges, the module
features two fuses: a 500mA fuse on the 5V line returning from the motor driver and a 6A fuse
on the 12V power supply that feeds directly from the power supply on the gantry. The other
major external electronic component is the LED strip that winds its way around the edges of the
module. These LEDs draw power directly from the power supply, with roughly 1000µF of
capacitance protecting the strip from surges. The LEDs are controlled by two pins of the Arduino
Uno, and connect to a terminal block on the right side of the board.
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8 Analysis and Results
8.1 Modeling, Analysis, and Testing
We performed numerous amounts of modeling, analysis and testing to validate the feasibility
of PantryBot’s design before and during the construction of PantryBot. Tasks we completed in
this area include mechanical prototyping, motor sizing, IR sensor testing, and CAD modeling.
The following subsections detail these tasks.
8.1.1 Mechanical Prototyping
At the start of our project, we
constructed a prototype of the mechanical
system to determine if our ideas were
feasible before putting significant time and
funds into CAD design and fabrication. Our
prototype is shown in figure 8.1. As shown
in the figure, our initial design of the grocery
collection subsystem was used two doorFigure 8.1: The mechanical prototype
like hands to pull and push groceries and
use a box to hold the object. The prototype
validated that our design functioned well. However, we later redesigned the hands to take up less
space during operation.
8.1.2 Motor Sizing
We did computations on the motor torque required by the system in order to properly size the
motors. Figure 8.2 shows the calculations for the linear drove motor and Figure 8.3 shows those
for the vertical lift motor. For the linear drive motor, a factor of safety of 2 was chosen to
account for any minor discrepancies between the calculation and real-life and to reduce wear on
the motors.
𝐹𝑛𝑒𝑡 = 𝐹𝜏 − 𝐹𝑓𝑟𝑖𝑐𝑡
𝜏
𝐹𝜏 =
1
𝐹𝑓𝑟𝑖𝑐𝑡 = 𝜇𝑠 𝐹𝑛 𝑙

𝐹. 𝑆. = 2

𝜏 > 2 ∗ 0.5 ∗ 10𝑙𝑏 ∗ 2" ∗
𝜏 > 1.667𝑓𝑡 ∗ 𝑙𝑏

1′
12"

5
1′
"∗
16 12"
𝜏 = 3.281𝑓𝑡 ∗ 𝑙𝑏 < 6.269𝑓𝑡 ∗ 𝑙𝑏
𝐹. 𝑆. = 1.91
𝜏 = 30𝑙𝑏 ∗ 1

Figure 8.3: Calculations used to verify the
elevator motor could lift the module with a 10lb
grocery item inside

Figure 8.2: Calculations used to determine the
torque output required by the linear drive motor

8.1.3 IR Sensor Testing
Testing of the IR sensors after installation revealed a problem that had not been adequately
planned for. The length of the wires carrying the analog signals back to the comparator circuits
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meant there was significantly more noise than expected in the
signals, rendering them almost unusable. Initial attempts to filter
the signals in the Arduino firmware were unsuccessful, so we
turned to a hardware solution instead: RC low-pass filters, shown in
the figure 8.4. The basic principle is that the capacitor charges
while the signal is high, discharges when the signal is low, and will
not allow the output to go high until the capacitor has sunk enough
charge. This, combined with the delay effect of the resistor,
essentially means that the output will not go high until the input
Figure 8.4: Schematic of a
has been consistently high for a given period of time. Noise,
low pass filter
which is naturally high frequency, gets removed from the signal.
The formula for a low-pass filter is 𝑓 = 1⁄(2𝜋𝑅𝐶), or 𝑝 = 2𝜋𝑅𝐶,
where 𝑝 is the period of time the signal must hold steady before the output will switch. We
wanted a period somewhere in the tens of milliseconds, so we decided to go with 330nF
capacitors and 10kΩ resistors, which gave us a period of 20.73ms.
8.1.4 CAD Modeling
Prior to constructing PantryBot, we created a CAD
model of all the mechanical subsystems. Through
modeling, we ensured that all the parts would fit together
properly after fabrication. Additionally, we created the
model in a way that allowed us to manipulate all the
moving components. This enable us to verify that all the
moving parts would function properly before constructing
the system. Figure 8.5 is a picture of the PantryBot CAD
model.
Figure 8.5: CAD model of PantryBot

8.2 Spring Validation Experiment
For the Spring Validation Experiment (SVE), our goal was to demonstrate PantryBot’s
ability to meet all of the mandatory requirements outlined in the System-Level Requirements
section. The SVE test plan is shown in table 8.6 below. For the initial SVE, hardware and
software issues prevented our system from being able to demonstrate the majority of its
functionality. For the SVE Encore, we were able to complete most of the tests without fault. The
two tests the system struggled with were tests 12 and 13 on the test plan. When storing groceries
in test 12, a software glitch resulted in PantryBot placing two groceries in the same location.
Also, when retrieving a grocery for test 13, PantryBot collided with the shelf, resulting it being
unable to collect the grocery item. After some modifications, we were able to correct the issue,
but PantryBot still knocked over the grocery during retrieval. Following the SVE Encore, we
further modified the system to reduce the chance of it knocking over an item.
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Table 8.6: Spring Validation Parameters
Location: Newell Simon Hall, Floor B
Equipment: PantryBot System, 30 different groceries from a predefined list

Test
category

Test Test Steps
ID

Locomotion

5
6
7

Inventory

8

9
10

Recognition

11

Complete
Function

12

13

Performance Metrics

Requirements
Validated

Move PantryBot left, right, The coordinate error must be less than MF3, PMF3
up and down
10 centimeters
Move PantryBot to a shelf PantryBot must go to the correct shelf MF3, PMF3
using a location number
While PantryBot is
PantryBot must stop moving outside of MN1, PMN1
moving, place object in the 6 inches away from obstacle
path of travel
Have PantryBot scan, pick The criteria for success are the same as MF1, PMF1, MF2,
up and store an item, and the combined criteria of tests 1-4 from DF1, DF3, MF6, PMF6
update its inventory
the fall experiments. Additionally the
system must display the correct items in
inventory
Have the PantryBot
The system must display the correct
MF1, PMF1
remove an item from the items in inventory
pantry
Have the user browse and The inventory must be presented to the DF2, PDF2
modify the inventory
user in an easy-to-read format. The user
must be able to modify the status of an
entry, delete or add an entry
Have PantryBot recognize The PantryBot must identify 30
MF6. PMF6
30 different kinds of
different grocery items.
groceries
Misidentification must happen at a rate
of less than 10%
The user puts 4 groceries The time of dealing with each item
MF5, DN4, MF7
on the counter top, and
must be less than 4 minutes. The
starts PantryBot. It will put operation of the PantryBot must be
everything in the pantry autonomous outside of the 'store all'
instruction. PantryBot must correctly
update the inventory
The user asks PantryBot to The task must be performed in 4
MF4, DN4, MF7
retrieve an item. PantryBot minutes. The item must be the
puts the item on the
requested item
countertop

8.3 Conclusions
The PantryBot system has many strengths. First, the system succeeded in accomplishing
most of the requirements for the SVE Encore. It also excelled in some areas, such as grocery
identification, where the robot correctly identified 144 out of 150 groceries (96%) when tested.
These test results are shown in figure 8.7 in the appendix. Further, the system took
approximately 2-1/2 minutes to store and retrieve items, which was well under the required 4
minute mark. Further, the system is able to manipulate 30 different groceries. These groceries
did not only contain general boxes and cans, but also contained a loaf of bread, a bag of chips,
bowels of fruit, a gallon of milk, and other groceries of various shapes and sizes. Occasionally,
shelf misalignment would lead to a grocery falling over like in the SVE Encore, but for the most
part, the system can move these items successfully. Additionally, the safety system on PantryBot
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is very reliable. The capacitor sensors will bring the system to a halt if touched. We have not had
any issues with their operation. Lastly, the system looks good. The acrylic side panels and
attractive touchscreen user interface give the system a polished appearance. We worked hard to
encase wires and components to make the system look finished.
Despite PantryBot’s strengths, it also has some weaknesses. As shown in the SVE, the
system suffers from some reliability issues. This is mostly due to the purchase of low-cost parts
in order to keep the project within budget. For example, the system could be significantly
improved by adding a linear encoder to the vertical lift system instead of the current bump
switch. Further, for the current system to operate, all groceries must be placed near the edge of
the counter. Although we have never had an issue with a grocery item falling, this may seem
concerning to a user. This weakness could be fixed by extending the arms further, but a different
arm design would need to be used to increase their reach without significantly increasing the size
of the robot.
Another weakness involves the ability of PantryBot to learn a new grocery item. Currently,
this process involves taking 50 pictures of the item and retraining the deep learning algorithm
used to classify groceries. This is a very time-consuming process and it is unlikely that any user
would want to do this. Further, the system does not currently check the pantry to see if the user
has manually removed items. This feature could be added relatively easily through code, but is
not currently implemented. Also, although the safety system works very well, it only works at
close-range. We were unable to get it to detect the user at the desired 6” distance. The robot
generally stops almost directly next to the user. Although it does this very reliably, it may make
some users feel uncomfortable.

9 Project Management
To ensure project success, we performed many project management tasks such as scheduling,
budgeting, and risk assessment. By continuously applying project management to our project, we
tried to increase the efficiency of the design and construction phases and ensure that the final
system met all the mandatory requirements. This section covers several of the project
management tasks we performed.
9.1 Schedule
To ensure that all necessary tasks were completed by the end of the school year, we created a
schedule, which allotted time for each task. The schedule is included as figures 9.1, 9.2, 9.3, and
9.4 in the Appendix. The schedule was broken into 4 parts, mechanical tasks, electrical tasks,
software tasks, and project milestones respectively. By the end of the semester, we managed to
complete all the tasks in each schedule.
Despite completing all the tasks in the schedule, the system still failed to meet all the
requirements. This shows that there is room for improvement. The first large issue with our
schedule was that Jeffrey ended up doing all of the electrical system and most of the Python and
Arduino programming. Due to this, most of the programming happened after the electrical
system was finished and not during development as shown in the schedule. This led to software
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glitches still being present during the final demo. Better resource allocation or time management
could have reduced this problem. Another issue was that we did not leave enough time for
debugging the mechanical system. When the system was first fully constructed, the arm
narrowing mechanism did not function properly. This led to a redesign and implementation,
which used time which was needed for overall system debugging.
9.2 Budget
We spent a significant amount of time during the design phase reducing the cost of our
system. This paid off in the end, as we stayed under budget. Overall, we spent $3,651.51 out of
our $4,000 budget (91.3%). We feel this is very successful considering the scale of our project.
Something to note though is that our project actually costs significantly more than this amount.
After dropping collaboration with HERL about half-way through the project, we realized that we
would be unable to complete the system with our current funds. We ended up acquiring many
parts from the CMU inventory for free and we signed up for Igus’s YES program to get our cable
chains donated. Additionally, we talked to our project sponsor and he gave us $1,000 to purchase
a computer for running our grocery identification algorithm. Without all these donations, we
would not have been able to stay under budget for the project. We estimate that the total cost of
the PantryBot system, including the donated parts, is around $5,500. A full list of what we
purchased is shown in Table 9.5 in the Appendix. Table 9.6 in the Appendix lists the known
costs of donated parts or the estimated cost if the actual cost is unknown.
Something to note though is that we could have spent about $350 more on our project. These
funds could have been used to purchase better components, which may have increased the
reliability of the system. Better budgeting in the project may have revealed this possibility.
Additionally, we purchased many components like screws in bulk from McMaster-Carr due to
convenience. This resulted in many unused screws and other small components. If we had
bought them in lower quantities from another supplier, we may have been able to reduce costs
further and had more money available for purchases.
9.5 Risk Management
To reduce the chance of issues leading to project failure, we used risk management. Table 8.7
lists the risks we identified for the PantryBot project and figure 8.8 is the risk matrix, showing
the likelihood and severity of each risk. We were successful with reducing our largest risks. The
use of capacitor sensors fixed the risk of the robot colliding with close-range people, the strong
wire rope we used prevented the module from falling during operation, and redesigning the
module prevented the circuits and mechanisms from being damaged if a grocery would spill. The
two risks we did not mitigate very well were the risk of functionality failure and of insufficient
time-on-task. As mentioned in the Schedule section, system debugging time was lost due to the
initial functional failure of the arm narrowing mechanism. Further, insufficient coding time led
to software glitches in the SVE.
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Table 8.7: Risks for PantryBot

Number Risk
1
2
3
4
5
6
7
8
9
10
11
12

IR Sensor Min. Range
Module Falls
Spill
Functionality Failure
Over Budget
Wood Warping
Kinect Depth Perception
Manufacturing Error
Insufficient Time-On-Task
Electrical Failure
Kinect Depth Range
Motor Failure

Severity

5

2, 3

4

4, 5

3

12

2

1

8
11

1

12
9,10

1

2

3

6, 7
4

5

Likelihood
Figure 8.8 Risk Matrix for PantryBot

As mentioned in the Subsystem Description section, another risk we faced during our project
was the risk of the HERL gantry being unable to meet our system requirements by our project
deadline. To ensure project success, we mitigated that risk by constructing our own gantry.
Although this increased the projected time required to complete the project, it placed the success
of our project entirely in our control since we were no longer dependent on another entity to have
a working system. This decision seemed to work out well for us in the end since we were able to
construct an operational gantry without going over budget.
Additionally, there were issues that came up that we never realized were risks. One was that
the linear sides we acquired from the CMU inventory did not slide well when under significant
torque. This, prevented the stepper motor from being able to narrow the arms when the arm
narrowing mechanism was first constructed. This led to a redesign, which incorporated another
stepper motor and replaced 3 of the linear slides. This took a significant amount of time though,
which could have been prevented if the risk of the linear slides not working was identified
earlier.
Another issue we faced was that the IR sensor arrays for the safety system were not robust to
noise. The long 10’ wires running to the sensors created a tremendous amount of noise and the
initial readings were unusable. This problem was fixed by adding filtering circuits to the IR
sensors, but it took significant time to fix and reduced debugging time for the system. If the risk
had been identified, the arrays could have been tested sooner and the problem could have been
fixed earlier than a few days before the SVE. This may have given us more time for system
debugging.

10 Conclusions
Overall, we believe our project has been a success. Although the system doesn’t function
perfectly, it still performs many functions well and our sponsor is very happy with the outcome.
Further, the project was an excellent learning experience for us. Below, we will detail some of
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the lessons we learned this semester and outline some potential future improvements that could
be made to the system.
10.1 Lessons Learned
We learned many lessons throughout the course of our project, but the ones that stick out are
the ones we learned from mistakes we made. One lesson we learned is how severe noise can be
on signals. The servos that control the system’s fingers would respond to motor activation,
movement, or even an overhead light turning on or off. This would persist despite attempts to
ground parts of the system, shield the wires, or attach power and ground to a separate electrical
supply. We ended up building a circuit that would cut power to the servos when they were not in
use to prohibit movement since we could not figure out where the noise was coming from or how
to prevent it. Further, noise in signals from the IR sensors in the safety system caused them to be
completely unusable without adding filters. We will likely incorporate noise reduction into
designs in the future.
Something else that we learned is to fully assess collaboration situations. When we first saw
the gantry system at HERL, we were excited about their system and it seemed like a good
solution to our risk of going over budget. However, making our system work with theirs imposed
many design constraints on our system. Later, after we ended collaboration with them, we ended
up undoing some of the design changes we made to collaborate with them in order to add
functionality back into the system. If we had decided not to collaborate with HERL in the first
place, a lot of time redesigning parts of the robot could have been saved. When faced with
collaboration situations like this in the future, we will fully assess the situation to avoid making
wrong decisions and wasting valuable time.
Another lesson we learned is the importance of scheduling time for integration and
debugging. Although our subsystems worked well on the lab bench, getting them to work as a
full system was very challenging at times. This was most apparent with the arm narrowing
mechanism, which required significant time to debug before it was usable on the robot, despite
working on the lab bench. This time cut into other system debugging time, which could have
contributed to some of the issues we faced during our SVE demos.
10.2 Future Work
If a startup company was created around the concept of PantryBot, the most important tasks
to do would be to first ensure that there is a market for the system and that it could be sold at a
price that covered both the construction and material costs. Outside of the business details,
although PantryBot looks very finished, there are many areas for functional and physical
improvement.
There are many software functions that we wanted to add to PantryBot, but did not have time
for. For selling it to a user, the most important of these is the ability for PantryBot to be taught
new grocery items. Ideally, the user would place a grocery in a few positions on the counter and
PantryBot would take pictures of the item and then retrain itself automatically. Another
important feature is the inventory scan function. This function would have PantryBot scan the
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entire pantry to discover if the user had removed or added any groceries. This way, the user
could use the pantry normally and not always need to have PantryBot store and retrieve items.
Mechanically, the arm narrowing mechanism needs redesigned. The stepper motors used for
it are not very robust and can cause it to jam. Further, the mechanism is very slow relative to the
rest of the robot since it is screw-driven. Additionally, the overhead tracks should be replaced
with metal tracks. As we were working on PantryBot, it was apparent that the tracks were slowly
warping over time and we would need to adjust the overhead beam every week or two to ensure
the robot could move without slipping. Properly supported metal beams would fix this problem
and increase the reliability of the system. Also, the bump switch and bumps for the vertical
position should be replaced with a linear encoder. This would allow PantryBot to be robust to
even warped shelves since the vertical position of the shelf could be changed with respect to the
horizontal position of the robot. Further, if the warping of shelves over time was a concern, an IR
sensor and a software algorithm could be implemented to have PantryBot automatically
recalibrate itself with an empty self.
After all the above changes are implemented, another improvement that could be made is
redesigning the arms to have a farther reach and redesigning the fingers to be able to push a
grocery item. This would allow PantryBot to be able to place more than one item on a location
on a shelf. However, this would significantly increase the complexity of both the mechanical and
software aspects of the system, so it is recommended that the other changes are made first.
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12 Appendix

Figure 7.9: The gantry system at HERL [4]
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Figure 7.13: PantryBot’s software architecture
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Figure 7.16: The schematic for gantry PCB

Figure 7.18: The schematic for module PCB
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Table 8.6: Grocery Identification Algorithm Test Results
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Figure 9.1: The schedule of mechanical tasks for the PantryBot project
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Figure 9.2: The schedule of electrical tasks for the PantryBot project
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Figure 9.3: The schedule of software tasks for the PantryBot project
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Figure 9.4: The schedule of milestones for the PantryBot project
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Table 9.5: All Parts Purchased for the PantryBot Project

Line
Number Part No.

Quant.

Part Name

Unit
Price

Total
Price

1

OS0080

1

Arduino Mega 2560

$40.00

$40.00

2

AMT102-V

1

Encoder

$23.63

$23.63

3

5913K62

4

Mounted Bearing 5/8"

$10.95

$43.80

4

6495K43

2

Timing Belt Pulley 2.484"Dx1"

$42.22

$84.44

5

6484K405

1

Heavy Timing Belt 34"Dx1"

$27.92

$27.92

6

6408K12

1

Shaft Coupler 5/8"x1.359"D

$5.61

$5.61

7

6408K12

1

Shaft Coupler 5/16"x1.359"D

$5.61

$5.61

8

6408K73

1

Shaft Coupler Spider 1.359"D

$3.32

$3.32

9

6409K16

1

DC Gearmotor

$53.16

$53.16

10

12155A22

1

Drawer Slide Pair 1'

$32.16

$32.16

11

8974K11

1

Aluminum Rod 3/4"Dx2'

$9.79

$9.79

12

98510A117

1

$0.96

$0.96

13

8982K91

1

Undersized Key Stock 3/16"x3/16"x1'
Aluminum Angle 90°, 1/8"Thk,
1/2"x1"Legs, 2'Lng

$3.26

$3.26

14

8975K597

1

Aluminum Bar 1/4"x1.25"x1'

$3.32

$3.32

15

8975K14

1

Aluminum Bar 3/4"x1"x6"

$4.35

$4.35

16

9008K86

1

Aluminum Bar 1.125"x1.125"x1'

$11.34

$11.34

17

8973K67

1

Aluminum Sheet 1/16"x2'x3'

$34.44

$34.44

18

8505K15

1

$26.39

$26.39

19

85635K491

2

Black Acrylic Sheet 1/8"x2'x2'
Transparent Blue Acrylic Sheet
1/8"x2'x3'

$33.51

$67.02

20

8589K43

1

Clear Acrylic Sheet 1/8"x2'x2'

$18.18

$18.18

21

92313A535

1

1/4-20x3/8" Set Screw Qty. 25

$4.29

$4.29

22

95475A560

1

1/4-20x4.5" Threaded Rod Qty. 25

$14.50

$14.50

23

90126A029

1

1/4" Washer Qty. 220

$4.77

$4.77

24

90566A029

1

1/4" Thin Locknut Qty. 100

$3.65

$3.65

25

92095A227

1

M6x14mm Button Head Screw Qty.25

$9.95

$9.95

26

90576A115

1

$4.55

$4.55

27

92095A478

1

M6 Locknut Qty. 100
M4x18mm Button Head Screw Qty.
100

$10.95

$10.95

28

90576A103

1

M4 Locknut Qty. 100

$3.91

$3.91

29

90633A411

1

#10-32 Thin Locknut Qty. 100

$3.18

$3.18

30

92095A197

1

$7.34

$7.34

31

92095A457

1

M4x25mm Button Head Screw Qty. 50
M2.5x5mm Button Head Screw Qty.
25

$6.98

$6.98

32

90591A113

1

M2.5 Nut Qty. 100

$1.39

$1.39

33

91263A829

1

M4x12mm Flat Head Screw Qty. 100

$7.28

$7.28

34

92095A200

1

M4x40mm Button Head Screw Qty. 25

$7.07

$7.07

35

91263A833

1

M5x12mm Flat Head Screw Qty. 100

$8.57

$8.57
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Line
Number Part No.

Quant. Part Name

Unit
Price

Total
Price

$5.41

$5.41

$3.73

$3.73

$8.22

$8.22

$8.92

$8.92

36

92095A238

1

37

6389K626

1

38

92735A340

1

39

92735A350

1

M6x16mm Button Head Screw Qty.25
Nylon Bearings 5/16"x7/16"x1/2" Qty.
5
Clevis Pin with Retaining Ring
5/16"Dx1.25" Qty. 5
Clevis Pin with Retaining Ring
5/16"Dx1.5" Qty. 5

40

8674K923

1

Black Nylon Bar 3/16"x6"x1'

$13.94

$13.94

41

9246K11

1

Aluminum Sheet 1/4"x8"x8"

$14.80

$14.80

42

89535K16

1

Stainless Steel Rod 1/8"Dx2'

$3.85

$3.85

43

QU14100390

1

item Extruded Aluminum Quote

$555.26

$555.26

44

93395A261

1

$8.48

$8.48

45

8982K4

1

M4x18mm Flat Head Screw Qty. 50
Aluminum Angle 90°, 1/8"Thk,
1/2"x1"Legs, 2'Lng

$6.26

$6.26

46

95947A221

5

M4x12mm Hex Standoff

$0.63

$3.15

47

95947A221

5

M3x12mm Hex Standoff

$0.63

$3.15

48

93395A266

1

M4x25mm Flat Head Screw Qty. 25

$6.54

$6.54

49

90576A102

1

M3 Locknut Qty. 100

$3.27

$3.27

50

92125A135

1

M3x18mm Flat Head Screw Qty. 100

$10.92

$10.92

51

SW132-ND

4

SPDT Micro Switch

$2.78

$11.12

52

6484K405

2

Heavy Timing Belt 34"Dx1"

$27.92

$55.84

53

95947A221

10

$0.52

$5.20

54

QU1410280

1

item Extruded Aluminum Quote

$65.85

$65.85

55

2

Mini Breadboard (black)

$3.00

$6.00

1

Apevia 500W ATX Power Supply

$39.99

$39.99

57

CP0030
N82E1681714
8027
296-1643-5ND

2

Hex Schmitt Trigger Inverter

$0.67

$1.34

58

F2457-ND

2

6A Fuses

$0.64

$1.28

59

F4829-ND

2

25A Fuses

$1.36

$2.72

60

283-2848-ND

1

In-line Fuse Holder

$1.91

$1.91

61

Z1228-ND

2

5V Relay

$2.78

$5.56

62

2507

1

VNH5019 Dual Motor Driver

$49.95

$49.95

63

SW132-ND

4

SPDT Micro Switch

$2.78

$11.12

64

SW1263-ND

1

SPDT Roller Switch

$3.25

$3.25

65

CP0817

1

$3.50

$3.50

66

2464

7

5x 1-Watt White LEDs
Sharp GP2Y0A41SK0F 30cm IR
Sensor

$5.95

$41.65

67

2239

2

DotStar Digital LED Strip (60/m)

$29.95

$59.90

68

1

$23.63

3

CUI AMT102-V Encoder
5-pin Extended Right Angle Male
Header

$23.63

69

102-1307-ND
S1132EC-05ND

$0.36

$1.08

70

QU15020105

1

item Extruded Aluminum Quote

$241.40

$241.40

56

M3x12mm Hex Standoff
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Line
Number Part No.

Quant. Part Name

Unit
Price

Total
Price

$10.95

$43.80

71

5913K62

4

Mounted Bearing 5/8"

72

6408K12

2

Shaft Coupler 5/8"x1.359"D

$5.89

$11.78

73

6408K12

2

Shaft Coupler 10mmx1.359"D

$5.89

$11.78

74

6408K73

2

Shaft Coupler Spider 1.359"D

$3.50

$7.00

75

3461T26

1

$29.80

$29.80

76

3898T16

1

3/16" Wire Rope 10ft
Compresson Sleeve for 3/16" Wore
Rope Qty. 10

$10.13

$10.13

77

9960T33

12

$1.43

$17.16

78

3087T42

1

Wire Rope Pulley

$32.27

$32.27

79

8975K921

1

$17.19

$17.19

80

8982K88

1

Aluminum Sheet 1/8"x36"x6"
Aluminum Angle 90°, 1/8"Thk,
2"x1"Legs, 3'Lng

$10.07

$10.07

81

1610T27

1

Aluminum Rod 3.25"Dx3"

$19.45

$19.45

82

8974K23

1

Aluminum Rod 5/16"Dx6"

$1.36

$1.36

83

8505K15

2

Black Acrylic Sheet 1/8"x2'x3'

$32.44

$64.88

84

47065T101

4

1in Extruded Aluminum Beam 8'

$26.38

$105.52

85

60585K18

3

1in Linear Bearing

$43.51

$130.53

86

47065T155

4

Standard-Fastening Set 1in

$1.79

$7.16

87

47065T93

3

Extruded Aluminum Cover-1in

$4.15

$12.45

88

47065T91

4

End Cap 1in

$1.20

$4.80

89

1

1/4" Retaining Rings (Qty. 50)

$5.26

$5.26

5

Arduino Mega Regulator

$0.49

$2.45

91

99620A585
NCP1117ST50
T3GOSCT-ND
296-1643-5ND

6

Hex Schmitt Trigger Inverter

$0.67

$4.02

92

3461T26

1

3/16" Wire Rope 25ft

$74.50

$74.50

93

8974K11

1

Aluminum Rod 3/4"Dx1'

$5.13

$5.13

94

8974K23

1

Aluminum Rod 5/16"Dx2'

$3.81

$3.81

95

SW1228-ND

1

Emergency Stop Switch

$37.80

$37.80

96

1

25 Ft. 16/3 Extension Cord

$9.68

$9.68

97

AW62601
R52-00699000

2

Heavy Duty Vinyl Triple Tap

$2.97

$5.94

98

531

1

2 1/2" Inch Deep Gang Switch Box

$2.25

$2.25

99

1

Single Gang Handy Box Blank Cover

$0.55

$0.55

100

860
431600011558
94

1

Home Depot Lumber Purchase

$86.71

$86.71

101

2474K73

1

4" OD Drive Roller 80A

$38.74

$38.74

102

5913K62

1

Mounted Bearing 5/8"

$10.95

$10.95

103

8974K12

1

Aluminum Rod 7/8"Dx6"

$4.99

$4.99

104

8974K97

1

Aluminum Rod 4"Dx6"

$62.65

$62.65

105

283-2848-ND
296-1577-5ND

3

In-line Fuse Holder

$1.91

$5.73

5

CMOS Schmitt Trigger Inverters

$0.59

$2.95

90

106

Skate Wheels
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Line
Number Part No.
107

Quant. Part Name
1

109

B007ZW2LY4
B006TVQTH
W
B00GOBD2W
W

110

B00E36XNQ0

1

111

B00ALK3HF4

1

112

B005T63BJM

1

113

B00NH5T1MS

114

108

1
1

SanDisk 128 GB SATA SSD
Antec Three Hundred Two Gaming
Case
Acer 19.5" Touchscreen Monitor
Gigabyte B85 HDMI ATX
Motherboard HD3

Unit
Price

Total
Price

$58.99

$58.99

$61.66

$61.66

$174.51

$174.51

$78.73

$78.73

$59.99

$59.99

$60.99

$60.99

1

Corsair CX500M 500W Power Supply
Corsair Vengeance 8GB DDR3
1.6GHz RAM
Gigabyte GeForce GTX 970 GDDR5
Graphics Card

$349.99

$349.99

B00J2LIFBY

1

Intel Core i5-4590 Processor

$198.99

$198.99

115

N/A

3

PantryBot Gantry PCB

-

$34.25

116

3

PantryBot Module PCB

-

$34.70

117

N/A
RNF14FTD10
K2CT-ND

4

$0.15

$0.60

118

B00GLZYG5S

2

10.2k 1% 1/4W Resistor
25' USB Extension Cable with Active
Repeater

$13.99

$27.98

119

ED2635-ND

5

2-Pin Screw Terminal, 3.5mm Pitch

$0.43

$2.15

120

ED10561-ND

5

2-Pin Screw Terminal, 2.54mm Pitch

$0.58

$2.90

121

QU15030366

1

item Extruded Aluminum Quote

$100.94

$100.94

122

8505K15

2

Black Acrylic Sheet 1/8"x2'x3'

$32.44

$64.88

123

2463K22

1

$41.44

$41.44

124

8982K37

1

Shaft Coupler 5mmx2.5''D
Aluminum Angle 90°, 1/4"Thk,
2.5"Legs, 1'Lng

$16.08

$16.08

125

92095A185

1

126

B009VKON0S

1

127

B00GLZYG5S

128

$5.13

$5.13

$33.99

$33.99

2

M3x20mm Button Head Screw Qty. 50
Rosewill Dual Band Wireless PCI-e
Card
25' USB Extension Cable with Active
Repeater

$13.99

$27.98

8560K261

3

Clear Acrylic Sheet 1/8"x2'x3'

$33.24

$99.72

129

47065T226

50

$1.12

$56.00

130

8560K262

3

$42.20

$126.60

131

88805K88

1

$35.49

$35.49

132

8982K11

1

Clear Acrylic Sheet 1/8"x2'x4'
Aluminum Angle 90°, 1/8"Thk, 13/4"Legs, 8'Lng
Aluminum Angle 90°, 1/8"Thk, 11/4"Legs, 3'Lng

$10.90

$10.90

133

850K92

1

$18.80

$18.80

134

8980K52

1

White Acrylic Sheet 1/4"x1'x2'
Aluminum Foil, 0.012"Thk, 14" Wide,
5'Lng

$21.52

$21.52

135

B000VKCIJU

1

Monitor Wall Mount Bracket

$9.99

$9.99

136

QU15040238

1

item Extruded Aluminum Quote

$45.12

$45.12

Total:

$4,651.51

1/4"-20 1" T-slot Nuts
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Table 9.6: Parts Donated to PantryBot Project

Line
Number Part No.

Quant. Part Name

Unit
Price

Total
Price

$33.41

$33.41

137

555-1279-ND

1

GE Hammerhead 12V regulator

138

898

1

Male shrouded box header 2x8 pin

$1.17

$1.17

139

973

1

Ribbon cable 16 pin

$3.49

$3.49

140

ED10561-ND

1

Screw terminal 2.54mm 2 position

$0.54

$0.54

141

ED2635-ND

1

Screw terminal 3.5mm 2 position

$0.44

$0.44

142

2448

1

Screw terminal barrel plug adapter

$1.95

$1.95

143

2

Fuse holder

$1.19

$2.38

2

Resistor 1/4W 1% - 1.13kΩ

$0.15

$0.30

145

F1471-ND
RNF14FTD1K
13CT-ND
RNF14FTD4K
53CT-ND

2

Resistor 1/4W 1% - 4.53kΩ

$0.15

$0.30

146

ED2636-ND

2

Screw terminal 3.5mm 3 position

$0.61

$1.22

147

102-1503-ND

3

Cable assembly 5 pin

$6.50

$19.50

148

F2461-ND

3

Cartridge fuse – 10A (Qty. 2)

$0.64

$1.92

149

3

Cartridge fuse – 500mA (Qty. 2)

$0.60

$1.80

3

Male header double sided 2x4 pin

$0.45

$1.35

151

F4655-ND
S2021EC-04ND
296-1643-5ND

3

Quad differential comparators

$0.43

$1.29

152

ED10562-ND

10

Screw terminal 2.54mm 3 position

$0.64

$6.38

153

42BYGHM809

2

Stepper Motor, 68 oz-in, 400 steps/rev

$16.95

$33.90

154

HS-311

2

RC Servomotor

$7.99

$15.98

155

60585K18

5

1in Linear Bearing

$43.51

$217.55

156

1414

1

Microsoft Kinect

$90.15

$90.15

157

A4988

2

Stepper Motor Driver

$4.95

$9.90

158

11-1-040-0

1

Cable Chain Series 11.1/11.2 8’Lng

$54.26

$54.26

159

B15-015-038-0

2

$87.28

$174.56

160

N/A

-

Cable Chain Series B15 8’Lng
Miscellaneous materials from CMU
inventory

-

$150 est.

161

N/A

-

-

$30 est.

162

N/A

-

-

$20 est.

163

N/A

-

Wire from CMU Inventory
Miscellaneous circuit components
from CMU inventory
Miscellaneous hardware from CMU
inventory

-

$30 est.

Total:
Project
Total:

$903.74

144

150

$5,555.25
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