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Abstract

The purpose of this project was to create an aubaus robot that is able to take
drink orders from users at a bar top and delivercbrrect drink. A user will place their
order through the use of a passive RFID tag. @penill be identified by a reader on the
robot. The robot will then proceed to the drinkieval station to retrieve the drink.
After the robot has the drink, it will return toetlstation that originated the order and
deliver the drink.

Introduction

The objective of the project is to create a rahat will serve drinks to patrons at
the bar in an efficient and timely manner. Theaidéthis robot comes from the fact that
when a patron is at a bar, the order and time iiciwtiney are served is sometimes
unacceptable. Therefore, to eliminate any biaguaanomous system that only has the
ability to follow commands as they are receivedasg to be developed.

The robot should have the ability to perform thmesin actions. First, the robot
must be able to identify the user that placed tthenk order first. Second, the robot
must be able to retrieve the correct drink withioumnping into objects or falling off the
bar top. Third, the robot must deliver the drinkhe correct station.

The rest of the paper will introduce the functiagtyadnd the complete integrated
system, breaking it down according to its partee mobile platform will be discussed
first. Then the actuation hardware that controésdelivery mechanisms will be
discussed. Next, the sensors used to navigateariobl the robot will be introduced.
Finally the behaviors of the robot will be outlinefihe experimental layout and
conclusions will follow at the end.

Functionality

The system described above will be implementedgugiree different parts. The
first part is the drink station that will hold tharious drinks. The drinks will be held by
bottle racks. The drinks will be preloaded in eestk. As one drink is removed, the
next ones will slide down automatically using gtgvi

The next part of the system is the bar top androrgeystem. The bar top will
contain two ordering stations. Once the robot epghes that station, it will determine if
there is someone waiting to place an order. Tleewsl place an order by passing an
RFID tag over a window that contains an RFID readsach drink will have a set of
tags, so the user simply has to select the taggoonding to the drink.

The final part of the system is the robot. Theotakill initially wait at the
starting point for five seconds. Then, the robdk proceed to both stations to see if
someone is waiting to place an order. Once therasdreceived, it will proceed to the
correct drink dispenser and retrieve the drinkxtN#he robot will use line following to
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proceed to the station that placed the order. @meeobot reaches the station, it will
rotate to deliver the drink that it is currentlyltiag. Then, the robot will return to the
starting point and start the cycle again.

Integrated System

There are three main components that will be dssxlis The robot, bar top, and
bottle racks. The robot platform will be made dg@veral different components. There
will be two IR based line tracking boards that el used for line following. In addition
to the line trackers, there will be bump switchesétect if there has been a collision.
Another component will be the RFID reader whichl welad the users RFID tag for their
order. A sonar sensor will be used to detectu$er is waiting at one of the ordering
stations. In addition to this, the mechanical parill consist of a two wheel servos and a
servo for the arm that will pick up and hold thenr The robot platform will be
controlled by the PVR ATmega 128 development bodidere is also an iPod Touch
integrated into the system for simple user feedlsack as sound and pictures. A block
diagram for the complete robot system is showniguiie 1.

The bar top on which the robot will move is btdltbe a custom designed bar top
with the necessary lines laid out to do line tragki The platform is currently built from
three pieces each measuring 2 feet by 4 feet.b@htop folds to make it easier to
transport. The lines help guide the robot to ttteeong stations and the correct drink
stations. A picture of the existing bar top iswhan Figure 2. The smaller, intersecting
lines help guide the robot and indicate where ti®t is relative to the rest of the bar
top. The dark black squares on the bar top aré tesmdicate a stop point for the robot
when it turns to present the drink to the userrttar discussion of the bar top can be
found in the Experimental Layout section.

The final component of the system is the botttkralhe bottle rack had to be
designed and built as there were no commerciabylave solutions. Each rack can hold
5 bottles and is slightly raised from the back.sTihcline is used to allow the bottles to
roll down as one is removed from the front. Theigieed bottle racks are shown in
Figure 3. Again, the bottle racks and their usedmscribed further in the Experimental
Layout section.
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Figure 3: Bottle Racks

Mobile Platform

The mobile platform for the robot is a rectangithvdimensions of 9 inches by
11 inches. The platform rides on two wheels inftbat that are propelled by two
continuous motion servos. The servos are contrdieough the development board,
which resides in the middle of the base platfoiffhere are also two sets of IR line
tracking sensors, one set in front and one sea@hk.b Since the servos are capable of
going in reverse, the two sets of sensors malessit to perform line following going to
and returning from the drink station. There isuaper in the front of the robot that is
used to indicate that the robot has arrived atadriee drink racks. The arm that holds
the drink is in the front center part of the robdte wheels are placed in line with the
arm so that when the bottle is in the arm, the tteigll not create a pivot point on the
robot. The initial design had the wheels centerethe platform. When the drink was
placed in the arm a pressure point was creatdeeifront. As the wheels started to
rotate, the platform was pivoting around this poiAtquick analysis of a how a real car
works indicated that a front wheel drive system awork for driving around the
weight.

The RFID reader that will be used for orderinglecpd under a window in the
box that sits on top of the main platform. Theaasensor is also mounted to this box,
but is facing the side where a user would waiteréhare also two visual aids for the
user. The firstis a Red-Green-Blue LED that igered by a white bottle cap. This
allows the user to see the color without havingeaan the direct path of the LED. The
second visual aid is the iPod Touch that is plawetbp of the box. The iPod will be
used to display pictures and play sound dependinty® robots current actions. Figure 4
shows where these various parts are located.
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Actuation

The wheels on the robot are controlled by two icmus motion servos (HSR-
1422CR)'. Each servo independently controls a wheel giginiifferential drive system.
The drive servos were connected to a separate ety of 6 volts instead of the 5
volts from the PVR board. This was accomplisheddrynecting the signal from the
PVR board to an optical isolation board. The bd®eips isolate the two power supplies
and prevents noise from the 6 volt supply transfgrto the 5 volt supply. The extra
power also increased the RPMs of each servo. frhéhat picks up and holds the drink
is raised and lowered by another servo. The armosequires more torque which is
provided by the HS-475HB servo. In order to maxirtihe torque from the HS-475, the
bottle arm had to be kept as short as possiblthelarm was any longer, it would try to
raise the bottle and stall. A support was alsceddth the other side of the arm, opposite
the servo, to give additional support.

Sensors

Three different types of sensors are used inpitugect. The firstis an IR line
tracking sensor, the second one is an RFID readerthe third one is a sonar sensor.
The line tracking sensor is based on the TCRT5@@i@a sensor which is made up of an
infrared emitter and a phototransistor. Eachiiaeker contains six individual optical
sensors. The sensor spacing is based on the @fithie black line that is placed on the
bar top. A maximum of two IR sensors can seeitiedt any one time. The four
sensors in the middle of the board allow for firecking of the line. The outer sensors
are used for when the robot makes a sharp turoh Eansor’s output is connected to a
Schmitt Trigger to provide an output of binary dr' ‘0’ to determine if the
corresponding IR sensor detects a line or not.r tsealso a LED connected to each
output for quick debug purposes to determine ifliie tracker is functioning correctly.
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The line trackers worked perfectly after a few ngrimodifications. The copper boards
did not hold up too well to the soldering, so saV&rires were soldered to complete the
connections. The line tracker board is shown gufe 5.

Figure 5: Line Tracker Board

The RFID reader is an ID-1RFID reader. This RFID reader will read a tag id
and deliver the tags unique identifier through aséne to the host processor. This chip
helps eliminate the need to build an RFID readgrurchase a very expensive one. The
antenna and the circuitry required are built insnall package allowing easy integration
into the robot.

The sonar sensor is a Maxbotix LV-EZ1 The sonar sensor has a short and
narrow range of detection which is ideal for thipkcation. The sensor outputs an
analog voltage based on the distance the objeetéected at. An inch is represented by
9.8 mV. The sensor is connected to an Analog tpt&iport on the PVR board which
makes it even easier to integrate. Serial comnatinit is available for greater accuracy,
but in this case, the analog voltage levels weffcgnt.

Behaviors

The main task of the robot is to retrieve a diwalsed on a user’s order. The
robot will use line tracking behavior to performstbask. The line tracker sensors can
distinguish between colors that are dark and ligbddors. Therefore, a black line is
placed on the bar top to direct the robot arouedodr top. Figure 6 shows the bar top
with the relevant lines numbered.
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The robot starts out at position 1, which is refdrto as “home”. Once the robot
completes it diagnostics, it will start line follavg until it reaches the intersection labeled
2. This is the indicator for the first orderingtsdn. The robot will turn on its sonar
sensor to determine if there is someone waitifighelre is, it will ask the user to place
their order through the RFID system. The RGB Iladap will change to blue when the
robot is ready and green when the user placescassitl order. If there is no user the
robot will continue line tracking until it reachegersection 4. This is the second
ordering station. It will perform the same tasksstation 1, turn on the sonar, check for a
user, and, if necessary, wait to accept an order.

After the wait time or ordering process is donstation 2, the robot will
determine which drink to retrieve. If a user pkhe@ order at station 1, it will retrieve
that drink first. If there was no order at statipnt will retrieve the drink for station 2. If
drink A was ordered, the robot will make an immésgliaght turn from intersection 4. If
not, the robot will proceed forward by line traafiand reach intersection 5. Here the
robot will either go straight for drink C or turight for drink B. At intersection 6, the
robot has to make a right turn as the only chafterlow is drink C. Once the robot has
made the correct turn, it will continue line trawgiuntil it reaches the drink rack
indicators. These intersecting lines will tell timbot that the drink rack is straight ahead.
The robot will now slow down and slowly creep fordaintil the front bumper of the
robot hits the drink rack. The switches behindiibeper will tell the robot that the arm
can now be lifted to pick up the drink.

Once the arm is lifted, the bottle rolls into thhadie formed by the arm. By
design, the bottle will also be resting on a switddit indicates that the bottle has
successfully been picked. If the switch is nospesl for any reason, the robot’'s RGB led
will flash Red and Green until the error is coreett If the bottle is sitting correctly, the
RGB led will change to yellow. The robot will nqevoceed in a reverse direction, using
the line tracker in the back. It will continue Uiittreaches the intersections at the end of
the line. Here the robot will make a left turngbd on the robots perspective). As the
robot completes the right turn, it will arrive amtersection 3. If the drink in its arm is
destined for station 1, it will continue to intectien 1. If the drink is for station 2, it will
stop and start the return drink routine.

When the robot reaches intersection 1 or 3, it ieiihte counter-clockwise to
offer the drink to the user. The robot will keepring until the back line tracker sees the
stop box, which is all black. Then the RGB ledtloa robot will turn white indicating the
drink can be retrieved. When the user picks ugltirek, the bottle indicator switch will
no longer be pressed. The robot then turns clakwa center itself on the line. If the
robot is at station 2, it will proceed back “homéf’it's already at station 1, it will start
the cycle over.
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Figure 6: Line Tracking Behavior on completed lugr t

Experimental Layout and Results

The robot was tested on a plywood bar top whichtha line tracking path laid
out on top. Figure 6 shows the completed bar ¥grious intersecting lines are used to
help guide the robot along and give it some nawgaboints. The black line on the bar
top is %" electrical tape. The width of the tapagsvtaken into consideration when
designing the line tracker sensors. A maximumaf IR sensors per board would be
able to see the line at any one time. This allfawginer line tracking compared to a
single sensor in the middle.

The bottle racks were custom designed and budichEack has just enough
support on the outer edges for the bottle. This dane so that the arm for the robot can
move in and pick up the drink without hitting thdes of the rack. The racks are slightly
raised in the back so that the drinks can roll dawmne is removed from the front. The
fronts of the racks have a tab on each side tots®pottle from rolling off the front.
Each rack is positioned based on an initial tual of the robot. Since each path leading
to the drink racks is different, this allows forcacate positioning when the robot
approaches each drink station.
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Conclusions

In conclusion, the autonomous robot system is tséelp deliver drinks to users
that are waiting at one of the stations on thet@yar Various components are integrated
to work together and process the data received thensensors. Two line tracking
boards help the robot move around on the bar £oponar sensor helps the robot detect a
user at an ordering station and the RFID readesesl to present a simple ordering
system. Visual aids such as the RGB led and tbeé T®uch help the user along and
indicate the current status of the robot. Oveth#,robot was a success as it completed
all its tasks. Further work includes a full intatjon of the iPod Touch as the main
ordering system. A smaller compact bar top woddjkeat as this would mean greater
mobility.
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Appendix

Robot Behavior Code — see attached files

Line Tracker Board Circuit
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Push Button Switches Circuit
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