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Executive Summary

Objective

Packing for a trip is a chore that most people do not enjoy. The busy traveller does not have necessarily have
time to coordinate her calendar with the destinations weather and therefore may under or over pack. In
addition, there it can be a challenge to pack in an efpcient manner that will protect the traveler's clothing. It is
our goal to design an intelligent system to help travelers overcome these problems.

Solution

The PackingGenie? system is a specially designed suitcase that integrates with an external website in order
to provide the user with an optimal packing solution. PackingGenie? integrates with the userOs
WardrobeWizard? system so a traveller will always be well prepared and well dressed for any trip.
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Analysis

Problem

The problem of packing has plagued travelers for centuries. OWhat should | pack? How should | pack it?
What order should | pack my items in?0 Various problems can arise when these questions are not answered
satisfactorily.

Travelers can overpack, thinking themselves well-prepared in the event of an emergency. However,
overpacking can result in increased luggage weight, making oneOs baggage more difbcult to transport, and
potentially resulting in fees from one@s airline as well. Under-packing is an equally serious problem; think of
the hassle of having to purchase additional items abroad.

The question of Ohow to packO is an important one. Depending on how certain articles of clothing are folded,
the amount of wrinkles they pick up inside the suitcase varies. The order that items are packed in also
applies here; the more weight a piece of clothing has to support, the more wrinkled it becomes.

Users

The PackingGenie? is an intelligent
suitcase-mounted packing system that
solves these packing issues. Designed for
the frequent traveler, PackingGenie?

provides intelligent support for three facets haot —
aotic

The ideal
packer, a.k.a
Packing Genie

of the packing process: time, quality, and

memory. PackingGenie supports memory
by relying on a packing list generated by
compatible WardrobeWizard? units; since
the list is generated according to your travel
agenda, weather, and input from Figure 1. A diagram of user profiles.

WardrobeWizard's fashion sense, you donOt
have to worry about forgetting anything. PackingGenie? also guides you through the packing process,
maintaining quality by showing (and verbalizing) how each item should be folded to minimize wrinkles. Lastly,
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PackingGenie? helps save time, as its packing order options allow a user to organize his or her clothing to
maximize ease-of-access on each day of the trip.

PackingGenie targets the frequent traveler, someone who is always on the move with little time to plan out
their packing strategy. For frequent travelers, the amount of time saved and the quality of the packing job as
well as the money saved from not having to buy forgotten items will quickly offset any upfront costs

associated with purchasing the system.
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Design

Hardware Architecture

The PackingGenie? system is integrated into an

intelligent suitcase which is composed of the LEGEND
following: speaker
microphone
¥ A 10.40 Xenarc 1040TS touchscreen “o” irsensors
mounted into the OlidO of the suitcase which

provides access to the interface. 5000000000000 00C
¥ An HP Compagq t5725 thin client that DA AR AN
powers the Obrains® of PackingGenie?

(mounted directly behind the LCD) I ]
¥ An infrared sensor system that allows the
PackingGenie? to determine the location of Figure 2. The PackingGenie Suitcase

items placed inside of it.

¥ A cellular modem allows the transmission and reception of data across the globe.

¥ A microphone and speakers (integrated into the lid of the unit) to enable two-way vocal
communication.

¥ An RFID tag reader conbrms the identity of items being place in and removed from the suitcase (serves
to double check the list of items packed).

The imaging system deserves special attention. When the suitcase has contents added or removed from it,
the system activates to determine what empty areas are available for packing. It does so by performing a
before/after image comparison; when movement inside the suitcase is detected, the system immediately
takes a 'start’' image to provide a baseline for comparison. After a small delay, a second image is taken and
compared for differences.

Interface

The user interacts with the system through the touchscreen inside the suitcase. There are 5 screens
necessary for the system to function:
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Step 1: Start the trip

@PaCklngGenle home | pack | settings | battery |[||||||

4» MARCH 4 4p

Where are you going?

. New Trip

(o BRSBTS Charleston, SC n

AGENDA

8:00-2:30: On Site

weather: 36- 52, rainy

dress code: business

How do you want to pack?

2:30 - 5:00 Golf

Q Use Saved Settings -
8:00 - 11:00 Dinner ‘

— Edit Settings

I’

Input:

Calendar: | www.work.ics — | Meta Data: | www.closet.mta — |

Priority:

Minimize Wrinkles: @ Ease of Access: O

Save

To initiate the trip, the traveler accesses the PackingGenie screen through the touchscreen interface inside
the suitcase. Since the system is already connected to the travelerOs calendar it will know what trips are
coming up and include those in the Olmport TripO menu. The OHow do you want to pack?O section displays
the users settings for priority preference in packing: either optimize to minimize wrinkles or to allow for easy
day-to-day access of items while on the trip. Once the user has set these preferences, the system will store
them and the user will only have to access them if his/her preferences change.
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Step 2: Display the Solution

(=] PackingGene T — O

TO: Charleston, SC | March 4th - March 8th 4P MARCH 4 4

Packing Solution: Pack Save

sort by: color | type | day | material

shirt | pants | shoes | shorts | socks

ny
-

AGENDA

8:00-2:30: On Site

I

weather: 36- 52, rainy
dress code: business

notes: bring golf gear

2:30 - 5:00 Golf

I’

8:00 - 11:00 Dinner *

After the traveller initiates the packing process, the system displays the solution. Each article of clothing is
displayed as an image. The user has the option of deleting items at this point. The system generates an
alternate suggestion if this occurs (courtesy of the WardrobeWizard intelligence).
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Step 3: How to Pack

- - Charleston, SC | March 4th - March 8th
PackingGenie

home | pack | settings | battery |[||||||

.T'Shirt ‘ How-To: | “W=m < 70 8

Once the user has accepted the packing solution, PackingGenie initiates its packing instructions. These
instructions illustrate both how to fold an item and how to place it in the suitcase in order to achieve the
userOs goal of minimizing wrinkles or optimizing for ease of access. If the user does not put an item where the
system suggests, the system recalculates the solution for subsequent items. In addition to these items being
shown on the PackingGenie display, the system also speaks instructions so the user can retrieve items fro
different parts of the room without looking back at the display.
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Step 4: Packing for the Return Trip

(=] PackingGenie I

Boston, MA | March 8th

Packing Solution: m Pack

sort by: color | type | day | material new items: item not here?

shirt | pants | shoes | shorts | socks
. | |
= |

Often, a traveller acquires souvenirs or gifts while on a trip. PackinGenie accommodates for these additional
items. If the new items are equipped with compatible RFID tags, the user simply has to pass them over the
suitcase for the system to add them to the catalog. If the item does not have an RFID tag, the user can
touch Oitem not hear?0 and speak a description of the item. The system will calculate the approximate
dimensions of the new items and incorporate them into its packing solution. Re-packing proceeds in the
same way from this point as the initial packing procedure at step 2.
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Intelligent System Architecture

EXTERNAL DATA

= #[F][©]

PackingGenie brst receives a packing list generated from a compatible WardrobeWizard smart closet device.
The system calculates the items on the list based on the traveler's itinerary, predicted weather patterns, and
services offered by the locations where the traveler is staying. A list of properties (metadata) is attached to
each clothing item, describing the material (fragile/wrinkle-prone items should not be placed under heavy
items, for example), basic dimensions data, care instructions, item values, and an item category (pants,
jacket, etc.). By analyzing these properties, PackingGenie generates a packing solution geared towards
minimizing wrinkles or maximizing ease-of-access (depending on traveler preferences).
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To begin, the user opens their Packing Genie enabled suitcase and the system turns on. The system then
conbrms that the user is going on a trip by pulling relevant calendar data from the cloud. Then, using natural
language parsing, the Packing Genie bnds appointments and their locations. The trip information is then
transmitted to a Wardrobe Wizard, which accepts the trip information and uses it to generate a list of outbpts.
This packing list is then returned to the Packing Genie. The Packing Genie then asks (or remembers from
previous usage) if the user would like to pack clothes to avoid wrinkles or pack in the order of easiest outbt
access. Based on the user's choice, the list of clothes from Wardrobe Wizard is sorted for the packing order.

The user, of course, does not need to follow what the Packing Genie has planned. It is the Packing Genie's
job to adapt to how the user packs, rather than enforce a methodology. The infrared sensor and RFID reader
will detect a new item placed in the suitcase, how it is oriented, and how much room it takes up. This data is
then incorporated into the system state to keep track of the remaining empty volume. The packing order can
then be adjusted accordingly.

We narrowed our intelligent packing algorithm choice to two widely accepted options: brst-pbt and A*. After
the user places a piece of clothing in the suitcase the Packing Genie will move on to the next suggested item
to pack in the list. The brst-bt algorithm will take a 3-D representation of the object and bnd the location and
orientation that will result in the the lowest placement of the item. This is used so that we can make use of
the concept of layers.

The A* algorithm is the second, but no less valuable, choice. The heuristic evaluation function will return the
largest contiguous volume, then the step operator will be used to choose a location and orientation. The A*
function will be called after each item is packed to determine the optimal selection. While A* will likely result in
a better packing solution, we are unsure how much better the results will be for the complexity increase.

The way to fold a specibc clothing item will be determined based on the metadata attached to the item.
When the user selects to pack to minimize wrinkles the following sort order will be used:

1. Heavy items and shoes go along the bottom and side closest to the wheels. This is done to place as
little weight as possible on the additional clothing in the suitcase (as more weight presses against a
piece of clothing, the more wrinkled it gets).

2. Non-denim pants come next, as they can be folded to ‘encapsulate’ remaining layers of clothing
(providing additional structural support to the packed items).

3. Buttoned shirts are next

4. Rolled up jeans and t-shirts come next

5. Inverted tailored jackets comprise the bnal layer.
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At each layer, PackingGenie attempts to Pll in any unused space with socks, ties, and undergarments to
minimize clothing movement in transit. When the user selects to pack based on order of access the items
are sorted simply in the reverse order in which they are to be retrieved so the brst day's outbt is on top.

""" The bnal weight distribution looks something like this:

1

Light Items

1 D

I: [Layer of Clothes]
<--Light Items Heavy Items-->

I I :)
@) @)

Suitcase in upright position Suitcase open, lying flat
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Concluding Remarks

The process of packing, although simple on the surface, is actually quite detailed in nature. Designing an
intelligent agent to assist with the task has shown us just how much unconscious cognitive processing we
take for granted. A machine has to be programmed to act on environmental cues; humans take in and

process said cues without a second thought. Even designing primitive visual systems for Al applications is a
tremendous undertaking.

Despite these challenges, we are conbdent that PackingGenie lies well within the realm of feasibility. All of the
information transmission and reception functions can be handled via web services, and the hardware
components for the system itself are available for a relatively low cost. Why should investors care? Not only is

the Packing Genie system relatively inexpensive, it offers compelling features and services for the frequent
traveler.
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