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1 Introduction:

Everyday, mail arrives in Halligan’s main office, expected to be picked up by or delivered to the specified
offices and professors. Furthermore, mail may arrive at any time of day; a student could drop off a homework
at 3pm, flyers could be delivered at 9am. Given that the main office is responsible for a multitude of tasks,
many of which are complex and high-priority, it does not make sense to burden office assistants with mail
delivery as well.

The purpose of this project is to build a relatively self-sufficient robot that can deliver mail to offices,
rooms, and professors in the upstairs of Halligan. The robot will collect mail from the main office and de-
liver it to the mail’s respective upstairs address, all while the main office addresses its other responsibilities.
Our robot will also be able to deliver messages to professors in addition to or instead of physical mail. For
example, the robot may travel to a location and announce: “Laney Strange, you have a meeting with Mark
Sheldon at 3pm.”

The aims of our project are as follows:

1. Map names and rooms to locations on a map of Halligan

2. Deliver physical items from one location to another

3. Deliver automated messages from one location to another

4. Process unexpected situations in a reasonable manner

Our approach to completing these goals will be to start basic, ensure the basic task works, and then little
by little add more complexity to the task:

1. Consider one location in the upstairs of Halligan. Create a list of names and specifiers that could
refer to that location. Test that the robot goes to the location given each of the possible names. It
is expected to stop when it reaches the location. Expand the database to contain all locations and
names.

2. Direct the robot to travel between two locations. It is expected to stop once the location is reached.
Once it has succeeded, construct a mail carrier and attach to the robot, making sure it can hold up
to 5lbs of weight. Test again that the robot can travel between two locations. Finally, make the robot
deliver to multiple locations, be able to identify when it has finished, and return to the main office
when it had finished.

3. Use the same approach as (2), but instead of dealing with physical items, have the robot identify
between physical item and automated message, and, if directed to deliver an automated message, be
able to vocalize that message

4. Brainstorm a list of likely and possible error-prone situations. Program the robot to handle each of
those situations accordingly. If the robot comes across any other situation, have it return to the main
office.
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2 Related Work:

Relating to object delivery, a program at Georgia Tech presented a prototype for a robotic system1 that de-
livers health-related items (medication, water, food) to sick or elderly people. Similar to a nurse, the robot’s
goal is to improve medication adherence and good health behaviors in people who have below-average health.
Their robot was constructed from a Turtlebot robot with an added Microsoft Kinect sensor. Their system
was comprised of a medication station, at which a robot would received the dispensed healthcare item, the
robot itself, and a human-robot communication interface, which manifested as an Android application.

Very similar to our project, the robot’s goal is to travel between locations, make deliveries, and have a
way of interacting with people or users. We will also be using a Turtlebot robot and the Robot Operating
System (ROS). However, our human-robot communication platform will be quite different from theirs. In-
stead of a software application, we plan on relying on the assistants in the main office to provide the robot
with correct instructions for mail delivery. In a way, the main office “programs” our mail-bot, because they
will prescribe the robot’s task.

Another similar and recent project was one attempted by Bosch’s research lab in California, where a PR2
robot and Turtlebot interact to retrieve drinks from a refrigerator and deliver them to a person2. The PR2
robot (Alan) is responsible for the refrigerator, selecting the correct drink, and taking it out of the fridge.
Our robot would not have a component like this, as the front office would handle giving our robot the mail.
Our robot would function like their Turtlebot (BusBot) in that its task would be the delivery itself.

3 Technical Approach:

The broad tasks involved for our mail-delivery robot are creating a 2D map of Halligan, creating associations
between a coordinate on the map and an office and/or person, making the robot navigate to that coordinate,
announcing the arrival of mail to the intended recipient, and returning to the main office. A more specific
breakdown of the essential goals is detailed below.

Mapping Halligan:
To create a 2D map of Halligan we will use the ROS packages amcl and gmapping. Amcl is a “probabilistic
localization system” for a robot that moves in a 2D plane. It uses a particle filter and a verified map of
a space to track the position of a turtlebot in a method known as the “adaptive Monte Carlo localization
approach.” Gmapping, specifically the node slam-gmapping, will make a 2D occupancy grid map from data
collected via laser. A map of halligan has already been created, so we will use that for the project.
Note: We may also consider using a Halligan map that has already been created if the feedback we receive
indicates that this is too ambitious or unnecessary.

Linking Map Locations with People/Offices:
The primary goal of this stage is to ensure that the robot can link a location to a name in constant time.
A potential data structure to consider is hash table, with common specifiers (i.e. offices, names, rooms) as
the keys and location coordinates as the values. However, given that there are multiple possible name for a
location, we may want to consider creating an abstract data type that represents a location. Perhaps this
data type would hold an array with all the possible name (“Laney Strange,” “Room 229,” “229,” “Laney,”
etc.). All of this mapping will be pre-programming into the robot, because we are assuming that the layout
of Halligan will not change drastically in the near future.

Processing Commands:
We plan on implementing a stack as the primary data structure to hold the list of deliverable mail that was
specified by the main office. Once a mail item has been delivered, that task will be removed from the stack.
The case of mail not being delivered is addressed below.

1Emeli, Kemp, Wagner. A Robotic System for Autonomous Medication and Water Delivery. Georgia Tech Library, 2012.
2Ackerman, Evan. PR2 and TurtleBot Team Up to Bring You Drinks. Spectrum, IEEE, 8 Aug. 2011.
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Outbound Navigation:
Once our robot has been given some documents and assigned a goal destination, it needs to autonomously
navigate to that location using the map it created. We will transfer the map of Halligan that the robot cre-
ated and its yaml file to the turtlebot so that it can use it for navigation. Then we will start the navigation
stack. Using rviz, the robot will first need to be localized so that it knows it approximate location on the
map of Halligan. Then we will give the robot a navigation goal and it will begin navigation. We plan on
using a very similar program structure as used for Homework 6, though ours will be a much more robust
version.
Additionally, the robot should be able to complete multiple tasks at once by having a stack of tasks to
complete. It should not have to return to the main office between every delivery.

Delivery:
When the robot arrives at the goal destination with the documents, it will announce the name of the recip-
ient and that their documents have arrived. We could potentially use the audio-common package in ros to
pre-record audio messages, but we will also have to use a text-to-speech generator in case the main office
wants to deliver a custom audio message.

Delayed or Failed Delivery:
There is a high probability that the robot will be asked to deliver mail to an office with a closed door or
obstacle. This is a situation that must be handled. Our approach will be to have the robot announce to the
surrounding area if someone can open the door. If a person hears the robot, they will have the option to
tell the robot if the person is unavailable or not, and they will place the mail on the top of the stack to the
bottom of the stack (if the mail was an audio messages, it will be removed from the stack of deliverable mail).
The robot will make announcements to the surrounding area at twenty second intervals for two minutes. If
there is no response, it will do one of two things:

1. Physical mail – Record that the mail on the top of the pile is not the mail that is meant for the next
location. Ask the next location to place the physical mail at the bottom of the stack.

2. Audio message – Remove the audio message from the stack of deliverable mail

Inbound Navigation:
Finally, inbound navigation will be a very similar process to outbound navigation, except that the navigation
goal will be back to the person or location that it began. This is a more basic version of the Outbound
Navigation task. It will always involve travel from Location A to Location B, where Location B is always
the main office.

4 Evaluation Plan/Criteria for Success:

Evaluation Criteria:

1. Does the robot adequately store the mail/documents it is given to it?

2. Does the robot accurately record audio messages?

3. Does the robot place itself at the correct location (localization)?

4. Does the robot recognize written commands from a person?

5. Does the robot respond to written commands from a person by recording a goal destination?

6. Does the robot indicate to the user that it has successfully processed the command by repeating the
task back to them?

7. Does the robot map a person or office number to a correct coordinate on its known map of Halligan?
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8. Does the robot have an appropriate response to a person or office number that is not a valid destination
(not in the building/wrong name/etc,)?

9. Does the robot successfully travel from point A to point B?

10. Does the robot successfully travel from point A to point B if neither point A nor point B are the main
office?

11. Does the robot announce its arrival when it gets to the proper location?

12. Does the robot specify who the mail/documents are intended for?

13. Does the robot know when its task is complete?

14. Does the robot navigate back to its starting position after it has delivered the mail/document?

15. Does the robot have a logical response to situations that obscure its goal?

(a) Does it navigate back to its starting position if it is unable to complete its goal?

(b) Does it tell the sender of mail/documents that it was unsuccessful?

(c) Does it try again?

Performance Evaluation Metrics:
There are several important quantifiable data types that we must measure to evaluate the robots success.
The first important metric is the wait time between the last command given by the main office and the
moment the robot begins movement. This will measure how fast the robot processes the given information,
its goals, and its plan. Second, we want to measure how far from the location coordinates the robot gets.
It is important that the robot is within inches of its destination, or else the mail-receiver may not see the
robot. Third, we want to measure how long it takes the robot to complete all of its goals, in order to measure
efficiency. Lastly, we want to measure what number of mail deliverables were successfully delivered, as that
is the primary goal.

Criteria for Success:

1. Wait time for beginning its task after recieving its command will ideally be around 5-10 seconds. Any
longer will likely result in frusturation on the part of the user of the robot.

2. Distance from goal desintation should be less than 6 inches in any direction. Because some offices are
so close to each other, a buffer larger than this could result in the robot arriving in front of a different
office and thinking it is at the correct location.

3. The time spent per goal will vary with the distance the robot must travel, but the robot should be
efficient in its navigation, taking the quickest possible route to the target. This doesn’t necessarily
have to coincide with the shortest distance, as some rooms might be trecherous for the robot to pass
through (such as the collaboration room) due to the number of people/moving obstacles.

4. We are hoping for a success rate of 80%. So 4 out of every 5 deliveries will end in success. If the
recipient of the mail is not at their office, that does not count as a failure in this estimation as long
as the robot successfully navigated to their office, and dealt with the failure to deliver appropriately
(return to the main office).
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