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Abstract

This paper describes the hardware architecture of a swarm iofexpensive, mo-
bile robots designed and implemented at the University of Wyming Distributed
Robotics Laboratory. The rst issue addressed is the trilatration method used for
localization. Then we show how this theory is implemented irgy electronic hard-
ware. Aside from trilateration, the other systems on the robts allowing movement
and communication are described. Two di erent robot platfoms are implemented
in our swarm. This swarm can perform various tasks such as giag in formation,
chemical plume tracing, and box pushing. This paper desceb how the electrical
hardware was designed to enable the robots to perform thesesks.
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Chapter 1

Introduction

When visualizing a robot, a large machine that can perform nmg articulated
tasks is usually envisioned. The ability to perform many tds makes the robot
complicated and expensive. What happens if this robot is onraission to perform a
task and something on it breaks? This robot will likely fail b achieve the goals of the
mission. This is where having multiple robots would be advaageous. Instead of
sending a single complicated robot to perform a task, one aph would be to deploy
many simpler, cheaper, and redundant robots. We refer to thigroup of robots as
a \swarm." A swarm is de ned as \a large number of animate or ianimate things
massed together and usually in motion."[J1] This idea mimic&hat humans do in
tasks such as search and rescue missions. By sending manyllsara inexpensive
robots on a mission, the chances of completing the missionediar greater than if
only a single robot had been sent. If some of the robots breakwin, the remaining
robots in the swarm can still accomplish the task. Their e etiveness is not only
due to their inherent robustness, provided by the greater maber of robots, but also
the emergent behaviors which can result through the coopéi@n of multiple robots.
Another advantage of a swarm of robots is the fact that a swarns very exible
and dynamic in con guration. We are able to use many di erentsensor types with
these small, inexpensive robots.



Chapter 2

Related Work

The Carnegie Mellon University Millibots project [2] is prdably the most closely
related project to our swarm robots, which we've chosen to deribe as Maxelbots.
The Millibots are small robots that are equipped with hardwae to allow them to
create a local relative positioning system. These Millibstuse RF communication
and acoustic sensing to achieve this system. For the Millit®to achieve a relative
positioning system, a minimum of three of these Millibots mst arrange themselves
in an L-shape. These robots remain stationary and serve asdgens for a local
positioning system. From this L-shaped formation, the rolis are able to create
their coordinate system with respect to this L formation. Abng with this positioning
system, the Millibots are also very modular. Many di erent sibsystems can be
connected to this system.

Unlike the Millibots, the hardware architecture of our Maxdbots allows each
robot to have its own local positioning system. Our positiang system does not
require a xed set of robots in order to generate a coordinatsystem. Similar to
the Millibots project, our robots use RF and acoustic signal to implement our
positioning system. Our robots are also designed to be modulso that many
di erent subsystems will be able to be connected to the robatsing a \plug and
play" type architecture.

Another project that uses vision to generate a local relates positioning system
is the Swarm-bot project [8]. These Swarm-bots use a cametaat is pointed at a
half spherical mirror to directly acquire images from its swoundings. The mirror
allows the camera to obtain an image for the full 360surrounding the robot. The
Swarm-bots facilitate this vision system by using di erentcolored light emitting
diodes (LEDs) on the robots to allow for the camera to see aneaognize these



robots. These robots are also equipped with grippers to coget them together and
allow the swarm to work together to perform a task.

Our Maxelbots are only slightly similar to the Swarm-bots. Bth projects use
a swarm of robots and a type of local relative positioning sie@m to allow for each
robot to know where their neighbors are located. Both projés aim to accomplish
a search and rescue mission with their swarm. Our robots aréla to accomplish
the goal of accurately determining where their neighbors arusing acoustic and RF
sensors which are much less expensive than the cameras tha Swarm-bots use.
Cameras usually require sizable electrical power. With owystem, we do not have
this problem. Another problem with a camera re ecting o of a spherical mirror
is seeing objects that are further away. The mirror will tendo concentrate all of
the objects that are further away together at the edge of themage that the camera
receives. This will make it very di cult for the robot to know the actual position of
these distant robots. Our trilateration system uses acoustand RF sensing which
allows it to accurately detect other robots at a distance of uto nine feet.

One scheme for realizing a global positioning system regesr implementing a
global observer. The global observer, for example might uaecamera looking down
on the robots. This camera would transmit data to some type ofomputer or
processor, which then performs a series of image processeupniques to generate a
global map. This map is then sent from the processor to the robs, who determine
what actions need to be taken. This approach would not work foour purposes
for several reasons. First, we would like a system where aliet robots can act
independently. This cannot be achieved with a global obsexx With the global
observer, the robots would be dependent on the informatiorhat the observer or
camera gets, processes and relays to the robots. A systemikimto this is used
at the University of South Alabama [4]. This group combinesHis global observer
technique with local cameras on the robots to achieve an acate overall vision
system.

We would also like our swarm to be robust. The global observecheme does
not lend itself to robustness. If the camera or the data prossor breaks down, the
whole swarm will be without a \leader" and the whole swarm wilmalfunction. Since
neither the camera nor the processor can provide positiogjrdata to the robots in
this failure scenario, the robots will be unaware of their mition and, the swarm will
likely behave in an undesirable way. Our swarm must be indepéent and robust.
That way if one robot dies, or even 30% of the swarm dies, themaining robots
can still complete the task.

Another signi cant problem of the scheme which uses an ovezhd camera as a
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global observer is that the system must be in a known envirorent. This creates a
problem, since we would like our robots to be able to operate many environments,
whether the environment is known or not. The swarm of robots ust be able to go
into an unknown environment and still be able to successfyllperform the task. A
robust, relative local positioning system will allow us to d this.



Chapter 3

Trilateration

The trilateration system that we use depends on the idea thatre will be able to
determine a distinct point in the horizontal plane based upothe unigue intersection
point of three non-concentric circles. This system was dduped at the University
of Wyoming by Rob Heil, Jerry Hamann, and William Spears]5]This theory can
be explained using the example of thunder and lightning. Sppse a person sees a
ash of lightning and that person starts a stopwatch when thdightning ashes and
stops the watch as soon as he hears the clap of the thunder. Kviog that the speed
of light is much faster than the speed of sound, this person be able to determine
how far away the lightning is from his position. This, howewue will only give him a
distance, not an actual position. Using this distance, he atd draw a circle around
his location and the lightning would have struck somewherendhe perimeter of this
circle. If there are two more people who also measure the tirhetween the lightning
ash and the thunderclap, they too can draw circles around t&ir locations and the
point at which all of these circles intersect will be the poinwhere the lightning
struck. We have used this idea to create a local positioningsgtem.

Figures[3 and:3R illustrate how the trilateration systemworks. From these
gures we can obtain the following equations, wher&, is the coordinate of A on
the x axis, yr is the coordinate of T on they axis, dg is the radius of circle B and so
on. Points A, B, and C are all receivers or listeners and poirk is the transmitter
or sender. The equations in 3.1 show the equations for the #w circles.

(Xt Xa)?+(yr Yya)= d,zA
(Xt Xg)*+(yr V¥e)’= dzB (3.1)
(Xt Xc)?+(yr Yc)’= d%
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Figure 3.1: Trilateration system, very close transmitter

This idea of the three observers can be used for our robots teeate a local
positioning system. We can use an RF signal to simulate theightning,” and an
ultrasonic acoustic signal to simulate the \thunder." If weplace the receivers, the
part of the robot that listens for the \thunder" to occur, at speci ¢ advantageous
positions in the robot's coordinate system, we can furtheriraplify these equations.
We have chosen to place the middle receiver, B, at the origithe A receiver on the
y axis, and the C receiver on the axis.

Xa =0
Xg =Yg =0 (3.2)
yc =0

This gives us the following reduced equations:



Figure 3.2: Trilateration system, distant transmitter

(xr 02+ (yr vya)?=da
(xr 0P+(yr 0)°=dj (3.3)
(Xt Xc)*+(yr 0)y=d2

Then we need to have:

Ya=Xc =d (3.4)

(3.4)

Here d can be chosen wisely in order to make the computations convent for
digital hardware. (For example, an integer power of 2 worksevy nicely.)



? R+

Xt =
2d
> dZ+ d2 (3:3)
A
(d dc)(d+ dc) + d3
XT = 2d
(d da)(d+ da)+ 03 (3.6)
Yt = >d

With these equations we can nd the k;y) coordinates of the robot that
transmitted the \lightning and thunder" with respect to the listening robot's own

coordinate system. We can use this information to keep thelots in formation and
ensure that they are not colliding with each other.



Chapter 4

Goals

The trilateration scheme described in Chapter 3 looks gream theory, but the
hardware implementation had only reached a rst generationealization at the time
of this author's rst participation in the project. Also, in order to accomplish even
basic tasks with a swarm of robots, we rst needed a swarm. Thirequired several
major steps. The rst of these was to get the trilateration icka working reliably
in hardware. We had a basic circuit to start with but this cirauit proved to be
inaccurate and unreliable beyond just a few of feet. This wasacceptable for our
purposes. We required a trilateration system that was accate out to at least ve
feet to e ciently use this system in a swarm.

Once we had the trilateration hardware working, we needed tadapt this hard-
ware to our mobile robots. This would require building a medamnically stable robot
platform. Once we had this platform built, we could mount thetrilateration hard-
ware on top of the platform. The platform would also need to iract with the
trilateration hardware to determine where the robot shouldmove to. After the
robot platform had successfully been integrated with the tiateration hardware, we
would be able to utilize sensing and motion control algoritims to guide the robots
into a spatial formation.

After the robots are in a formation, we can concentrate on parming such tasks
as box pushing, surveillance, and chemical plume tracing.céomplishing all or even
some of these goals, especially chemical plume tracing, Wbhbe a great success.

We would also like to make the robots as robust and modular awgsible. We
would like the robots to have a \plug and play" type architecure. The robot
platform would also have to be durable and strong in case thelot were to encounter
rugged terrain on its mission.



Chapter 5

Accomplishments

5.1 Implementation

There are several milestones that we needed to accomplishorder to success-
fully achieve our end goals of using a swarm of robots for chigad plume tracing,
surveillance, or search and rescue missions. First, if waide swarm of robots out on
a mission, we do not want all of the robots wandering around drtrying to accom-
plish tasks individually. We would like these robots to acaoplish the tasks while
in formation. The robots must be able to exchange informatioand consequently
decide their next move, all this while remaining in formatia and not colliding with
each other. To accomplish this, each individual robot mustriow where the robots
around them are located. This requires the robots to have sa@ntype of positioning
or localization system. We decided to implement a local pdisining system (LoPS)
instead of a global positioning system (GloPS). We did thisof several reasons.
First, GIoPS introduces the need for a global observer intdhe swarm.

Many of the currently available global positioning systemsare not accurate
enough for our robots. Satellite based GPS is accurate up tathin tens of feet. We
will have our robots closer together than that most of if not & of the time, so we
need our positioning system to be accurate to a few inches toeseire that our robots
do not run into each other. Satellite based GPS also does noowk very well indoors
or in enclosed areas such as caves. Instead, we use a locatiposg system based
upon trilateration methods with relative distance separabns determined through a
combination of radio frequency and acoustic signals.
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5.2 Acoustic Sensor Board

From chapter 3, we have an idea for how the swarm robots mightse trilat-
eration localization. As a rst milestone, we needed to imgiment this system in
the hardware of the robot. Our implementation requires eachobot to have three
acoustic transducers placed at speci ¢ locations on the robs to enable us to use the
simpli ed trilateration equations described in chapter 3. Also, in order to collect
or focus the acoustic signal that is sent, the thunder part ofhe analogy, we use
re ective parabolic cones. When a signal is sent from one rot) the source signal
will be spread omnidirectionally by one of these cones at theansmitter. The cone
will distribute the signal out through 36(° in a horizontal plane. This signal will be
picked up by the three cones on each of the other robots. Ondeetsignal reaches
one of these cones, the cone will focus this signal onto a nfatg transducer. See
Figure[®1.

Figure 5.1: Cones setup

The hardware for the lightning portion of the trilateration process is reasonably
simple. To simulate the lightning, we use a single radio fregncy (RF) transceiver
on each robot. RF is a good choice to simulate the lightning bause it travels
extremely fast and it reaches its target almost instantly, wereas the acoustic signal
represented by the thunder is much slower. In fact, for our sem of the three
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\observers" we chose to implement only one RF receiver, steal by the three acoustic
transceivers on each robot.

5.3 RF Board

To accomplish the RF or the \lightning" part of the trilatera tion, we used an
AMD-RTD-315 transceiver. This transceiver is able to transiit and receive a 315
MHz signal. The transceiver achieves this using amplitude axdulation (AM). This
transceiver is connected to a Minidragon processor boardtaining a MC9S12DP256
microprocessor by Motorolal[6]. The Minidragon board is pdauced by Wytec [T].
To make the connections, | designed a daughterboard that s into a connector
on the Minidragon.

Figure 5.2: RF daughterboard

This board makes all of the proper connections to a header ohe Minidragon
using a right angle connector. This connector allows the bahto remain at and
not interfere with or block any incoming acoustic signals. fie connections that the
board makes are shown in the schematic and PCB layouts shownRigures[5.B and
and the pinout description of this board can be found in Tae ?? in Appendix
B.
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Figure 5.3: RF board schematic

Figure 5.4: PCB layout for RF board

From the picture (Figure 5.2), the schematic (Figure 5.3), ad the PCB layout
5.4 we can see that the circuit board also needs some extra gaments to allow the
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RF module to work properly. First, the board needs an antennawhich is typical of
RF circuits. The antenna facilitates the transmission of te data. This antenna is
cut to one-quarter wavelength, which is 8.91 inches. This the optimal length for
the antenna to achieve the best transmitted and received sigl strength. Also there
are a couple of pull-up resistors on the board. Two of these Ipup resistors (the 10
k resistors) keep the signals high on the input and output ofthe RF transceiver
until the processor decides to pull the data lines low. Thesesistors put the data
lines in a known state when nothing is happening.

This board also has another pair of pull up resistors on it. Téa pair of 1.2 k
resistors are used as pull-up resistors for théQ@ bus. (See Section 5.7). The RF
board also has some extra components or features on it thatrgli es connecting
extra power lines and 4C lines to the Minidragon. These have nothing to do with
the RF system, but they make things more convenient for connogng multiple pro-
cessors, which is necessary in order to have a modular systeihe board is also
equipped with a light emitting diode (LED). This LED is connected in a way that
when the transceiver is in receive mode, the LED is lit and whethe transceiver is
in transmit mode the LED is o . A description of the pinout of this board is shown
in Table 2 in the Appendix.

Now that we have implemented the lightning and thunder portoins of the tri-
lateration system, we need to keep track of the time betweerception of the two
signals at each of the three receivers. This is done by a senboard that we de-
signed. We used an original SRF04 range nder board [8] deseyl by Devantech as
a starting point and then made many modi cations. We called or modi ed sensor
the extended sonic range nder (XSRF). Modi cations to the &RF04 are introduced
in the next subsection, while a more complete overview or thSRF is provided in
Section 5.4.

5.3.1 Sensor Modi cations

The rst modication we made was to adjust the receiver amplier gain to
provide both maximum range while still eliminating the noig in the signal. Next,
we added an extra stage of ampli cation to amplify the signadnd achieve a greater
range on our sensor. However, simply adding an extra stage asfipli cation also
ampli ed the noise greatly and made the signal almost useles To remedy this,
we designed an analog Iter that would amplify only the desed frequencies, and
attenuate the remaining signal.

The lIter that | designed for the acoustic sensor board is a balpass lter.
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This lter will amplify the frequencies that we want to pass through the circuit
and reduce all other frequencies. The band that the Iter shadd pass through and
amplify should be between 35 kHz and 45 kHz. The peak of the dt should be at
40 kHz and, at this point, the ideal gain should be 18. Figure.5is a simulation of
how this Iter should act. The SPICE code that generated thigesult can be found

in Table 1 of Appendix A.

Figure 5.5: Desired Filter behavior

The designed Iter, shown in Figure 5.6, is a Delyiannis-Fend bandpass lIter
with a gain of 18 [9]. The design equations for this lter initally called for an 80 k
resistor to create a gain of 18 at 40 kHz, but using this resat in hardware caused
the Iter to give the peak gain at 35 kHz. Through trial and error, | found that a
62 k resistor gave us the peak gain at 40 kHz, but this gain waenly 16 instead of
18, which is acceptable for the purposes of this circuit.

The last modi cation that we made was to reduce the error in te time where
the sensor would see the acoustic signal. This was done in tdicerent ways. First,
when the acoustic signal is rst sent, we send the original 4RHz square wave,
but the next time the signal is sent, we send the signal compiient. An ultrasonic
acoustic signal was chosen to be sent because ultrasound iglmslower than RF and
the signal will produce very good pulses for timing signal§.he ultrasonic signal will
arrive quickly, but not too quickly that the sensor delay wil a ect the signal or that
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Figure 5.6: Bandpass lter

may cause inaccurate readings. A frequency of 40 kHz was dmdecause the 40
kHz transducers are very cheap and this signal will work neot our applications. If
we need to have better accuracy in the future, we can repladeet40 kHz transducers
with 80 kHz ones or higher, but these transducers are considbly more expensive
and will not provide much more accuracy. We also used anotharethod to ensure
that the acoustic signal is recognized quickly; we added amlditional comparator
to the circuit. The circuit will now search for the signal on mth positive and
negative voltages, -2 and +2 volts. Both of these methods raded the error and
thus improved accuracy of our trilateration setup. Figure & shows the accuracy of
the acoustic sensor that was built from the original Devanth SRF04 [8] by Rod
Heil.

After these modi cations were made, the accuracy of the acetic sensor was
greatly increased as is shown in Figure 5.8. The average erho the trilateration
system was reduced from 4.8 inches to about 0.7 inches. Notlyowas the error
reduced, but the range of this system was also increased franhout two or three
feet to almost nine feet.
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Figure 5.7: Old acoustic sensor accuracy graph

Figure 5.8: Modi ed acoustic sensor accuracy graph
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5.4 XSRF Sensor Detailed Explanation

The XSRF sensor board both generates the acoustic pulse trahat is trans-
mitted when the robot is in transmit mode, and is responsibléor, in receive mode,
creating a precise timing pulse which corresponds to how Igit took from the time
it heard the RF signal, the lightning, until the acoustic signal, the thunder, arrived.
The sensor is able to perform both tasks using the same hardeaebecause we use
a MAX362 digital switch integrated circuit (IC) to switch th e mode of the sensor.
To control this switch we use two data lines from the controihg processor board
to describe the state of the digital switch and thus control Wwat mode the sensor
board will be in.

Figure 5.9: Modi ed sensor board

We currently use a Minidragon processor to interface with #se sensor boards
and to execute the algorithms designed for the robots to perin certain tasks. Each
of these sensor boards has six input pins as shown in Figure8 &nd 5.10. The top
pin is the power to the board. This pin is connected to a +5 volpower supply.
The Minidragon processor is used to supply the power for thisoard. The next
pin down is the trigger pin. A transition on this pin tells the PIC processor on the
board when the RF pulse was received. This signal is assumedhte simultaneous
(essentially) with the time at which the acoustic pulse wasent. The next pin down

18



Figure 5.10: Modi ed SRF04 sensor

supplies the precise timing pulse. The time this signal is ¢iin represents the time it
took from when the acoustic signal was generated at the targentil the \thunder"
reached this sensor. The next two pins down are the controlgsials for the digital
switch. These lines control whether the sensor board is inainsmit or receive mode.
The last pin is the ground and power supply return pin for the bard.

Each board is equipped with one PIC675 microprocessor, onéAM232 IC chip,
two LMC6032 dual operational ampli ers, two LP311 comparatrs, and one MAX362
guad digital switch. The PIC processor is responsible for gerating a 40 kHz signal
that will be sent to the ultrasonic transducer in transmit made, and also in receive
mode it produces a pulse output who's width describes the tienrequired for the
acoustic pulse to arrive at the receiver.
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In transmit mode, the control lines are set so that the switcltconnects the ul-
trasonic transducer to the MAX232 chip. The signal wavefornthat drives the
transducer is produced in the PIC microprocessor. The prossor generates two 40
kHz signals which are compliments of each other, shown in kg 5.11. This pair of
signals to the MAX232 chip is sent because the MAX232 will takthese two signals
and subtracts one signal from the other. This creates a -10 #0 volt signal from
two TTL logic signals.

Figure 5.11: Source of transmitted ultrasonic signal

This level shifting provides the transducer with a strongeswsignal to transmit,
which results in an increase in the e ective range of the syam. This signal then
passes through the digital switch and is directed to the trasducer. This is a some-
what unconventional use of the MAX232, but it provides the amli cation to +10
and -10 volts with only a +5 volt power supply demand.

Receive mode is slightly more complex. First, the controlres on the board
will be set so that the receive portion of the board is connead to the transducer.
Then, when another sensor transmits an acoustic signal, arFRignal is also trans-
mitted. This RF signal reaches the Minidragon board almostistantaneously. The
Minidragon board then passes on a trigger signal to the semdmoard telling it that
another robot has begun transmitting. At this point the PIC processor sets the
timing pulse pin high. The acoustic signal will reach a trarducer and get con-
verted into an analog signal that the sensor board can recaga. This signal is
then conditioned through two stages of ampli cation. Each tage of ampli cation
ampli es the signal by a factor of approximately 18. Next thesignal is put through
an analog lter that also ampli es the signal, while providing bandpass lItering that
reduces the out-of-band noise in the signal. After this stagthe signal is sent to two
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comparators. Each comparator compares the signal with a pieusly determined
threshold voltage that we set. Once the signal strength relaes one of the threshold
voltages, one of the comparators will send a signal to the PItelling the PIC that
the acoustic signal has been received. The PIC then lowersttiming pulse pin that
was earlier set high when the processor received the triggegnal. This produces a
timing pulse that is made available to the Minidragon. For tle trilateration process,
the Minidragon will receive three of these pulses, one forama\observer."

Figure 5.12: Received Signals

Figure 5.12 shows a recorded example of the three pulses tlia¢ Minidragon
receives. The gure also shows the trigger signal, which cses the timing pulse
lines to go high. Also shown are the received acoustic sigsaivhich will cause the
corresponding timing pulse lines to fall and create three jgses. The Minidragon
counts the length of each pulse, with the resulting count beg proportional to
the distance from the transmitting robot to the correspondig cone and transducer
on the receiving robot. The three counts thus provided are thdistances for the
trilateration algorithm.
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Figure 5.13: Maxelbot, top view

5.5 The Robot

The robot consists of two main parts, the head and the body. 8d-igure 5.13.

5.5.1 The Robot Head

The head of the robot contains all the trilateration hardwae and processors.
Each robot head, requires three acoustic sensors, three @laolic cones, three XSRF
sensors, and two Minidragon microprocessors. The task oftlsensors is to transmit
and receive the trilateration acoustic signals. The Minidrgon uses the timing pulse
signals from each of the three boards and runs these timesalgh the trilateration
equations described in chapter 3 to get the coordinates ofdhtransmitting robot
with respect the local robot's coordinate system. The headan also contain any
other type of sensors that the robot may want to use: for exang infrared sensors
for obstacle avoidance, or chemical sensors and anemometir chemical plume
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tracing. The robots are quite modular. Dierent sensors catbe plugged into the
brain of the robot, and the robot will work with that sensor, sssuming that the
brain is programmed to handle this type of sensor.

The brain of the robot contains two Minidragon microprocesss. These proces-
sors are connected together over ar@ network. This is necessary because each
processor on the head of the robot has a di erent task. Currédg there are only
two processors on the head of the robot, but many more could laelded. ldeally
each processor will perform a single task and they will useishnetwork to commu-
nicate with each other to perform an overall task. One of therpcessors performs
the trilateration calculations, triggers the trilateration system, and also provides RF
communication with other robots. The other processor contts the motors to move
the robot. The processor that performs the trilateration uss the PC network to
pass the coordinate information that it calculated to the pocessor that controls the
motors. Once this processor gets the coordinate informatipthe processor decides
how far and in which direction to move the motors for the whesl

5.6 Driving the Robot Motors

Although one processor controls the motors, the processanmot accomplish this
task alone. This is because the motors require +9.6 volts taum properly. The
processor can only supply +5 volts. To interface with the mairs we used an H-
bridge circuit.

The H-bridge circuit is quite simple, as shown in Figure 5.14t contains only two
logic chips, and the remainder of the circuit is interconnéion wiring. The processor
has two control lines coming from it. Each control line contls the direction of one
motor. If one of the lines is high, the corresponding motor Wispin forward, and
if the line is low, the corresponding motor will spin in the reerse direction. Each
of the two control lines is connected to an inverter and also eontrol line for the
H-bridge. The inverter then inverts (switches the logic lesis,+5 volts becomes 0
volts and vice versa) the two lines. The two inverted outputihes are then connected
to the remaining two control lines on the H-bridge. The H-brge that we use is a
SN754410NE quadruple half driver. This H-bridge is a 16-piBIP chip, with six
control lines, four output lines, four ground lines, and twgower lines. Four of these
control lines are used to control the direction of the two mairs and the remaining
two lines are used to control the speed of the motors. The ligghat control the
speed of the motors are generated using pulse width modutati (PWM). To stop
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Figure 5.14: Motor control schematic

the motors the PWM system is disabled. The power lines are coected to a +9.6
volt battery, so the motors will run at optimal conditions.

5.6.1 The Robot Chassis

The head is the most important part of the robot, but we would ot have a robot
without the body. The body of the robot has gone through sevat major modi ca-
tions. The rst version that we made consists of Lego bricksral was just over one
foot tall. This robot was created with lots of interior spacefor batteries, printed
circuit boards, and other various components. This robot lbame problematic when
we added the head on to the body. Due to the parabolic cones atite electronics
on the head of the robot, it had a very high center of gravity. Tis caused the robot
to fall over when it encountered uneven or rough terrain. As eesult, we made the
wheelbase wider and shortened the robots by about six inche$his gave them a
much lower center of gravity and thus were less likely to tipwer. These robots were
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also made of Legos, but they were still fairly durable. The meest robot platform
that we are currently moving to is the MMP5 made by The Machind.ab [10]. These
robot platforms are very durable and can run over almost anyetrain, but they are
also much more expensive. These platforms will eventuallyehutilized for all robots
in our swarm.

The current hardware con guration for our robots consists ba trilateration
module, an RF communication module (this module is embeddealthe trilateration
module), a digital compass by Devantech [11], and chemicarsors [12] by Figaro.
Several of these modules are connected over tR€ Ibus as shown in 5.15.

Figure 5.15: Current robot con guration block diagram

5.7 12C

The current architecture of our robots contains two Minidrgon processors, which
are connected together using the’C bus. This bus requires two lines on the proces-
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sor, the serial clock (SCL) line and the serial data (SDA) lie. To connect an $C
enabled device to theaC bus, simply connect the SDA line of the device to the SDA
line of the processor (pin 99) and connect the SCL line of theedice to the SCL
line of the processor (pin 98). The processors must share antnon logic ground
for this to work. In the case of our robots, the SCL and SDA lireare connected
to a daughterboard, which allows multiple devices to be comented to the same bus
and it also allows for easier access. Each of the lines on tR€ bus, SDA and SCL,
are pulled high through a 1.2 k resistor on the RF board, see igure 5.4.

5.8 Electrical Hardware

The robots currently have two Minidragon processors contliing the robots.
Each processor accomplishes a certain task on the robot. Opeocessor controls
the trilateration and RF communication process and the otheprocessor computes
movement and controls the motors. These processors are cected together over
the 12C data bus.

5.8.1 Trilateration System

First, the Minidragon that controls the trilateration process is connected to an
RF daughterboard. This daughterboard needs several linesoim the Minidragon
to correctly perform the trilateration process. The powerihes must initially be
connected. To make things more convenient, let MD indicatenat the pin is on the
Minidragon board and let RF indicate that the pin is on the RF daughterboard.
Connecting the power lines requires attaching pin 84 MD to 1 Rand 85 MD to
2 RF. This will only connect the power to the RF board. Power sli needs to be
applied to either the Minidragon or the RF module (+5 volts topin 5 RF and ground
to pin 6 RF). Next, the control lines for the RF board must be canected. To do
this, connect pin 60 MD to 26 RF and 59 MD to 25 RF. The trigger ginal, pin 64
MD, must also be connected to 20 RF.

Each robot has a unique 1D, which must be set in hardware. Pird2vID, 25 MD,
26 MD, and 27 MD take on inputs of either 5 or O volts to set the IDines. 27 MD is
the most signi cant bit and 24 MD is the least signi cant bit in this con guration.
Set the pins 27-24 MD to +5 or 0 volts depending on the desired]

The RF board needs a signal to transmit and an input from the RFo receive.
To make these connections, hook up pin 91 MD to 37 RF and 92 MD 18 RF.
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Now we can nally connect the timing pulses that come from thecoustic sensor to
the Minidragon. To do this, wire pin 18 MD to 27 RF, 17 MD to 30 RF and 15 MD
to 29 RF. The last connection for the trilateration Minidragon is to connect the fC
lines, pin 98 MD to 36 RF and 99 MD to 35 RF.

Since there are many connections to make from this Minidragdo the RF board,
| drew up a board in ExpressPCB [13] to make all these conneatis. The board
will eliminate the loose individual wires and make the conm#éions more securely
and easily. Figure 5.16 shows the layout for the board.

Figure 5.16: Minidragon wiring connection daughterboardalyout

5.8.2 Motor Control System

Now that we have one Minidragon wired up, we need to get the oth Minidragon
connected so that it will communicate with the Minidragon trat executes the tri-
lateration algorithm and also run the motors on the robot pl&orm. Since there are
two di erent types of robot platforms, and the connections ér each platform are
di erent, | will handle each platform separately.
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Maxelbot Lego Platform

First, | will explain the connection for the Maxelbot (Legobased) platform, see
Figure 5.17. The Maxelbot platform requires a motor contrdboard to interface with
the Minidragon. This board connects to pins 1-30 on the Minighgon connector.
Again, we must rst connect the power and ground lines. Pin 8D connects to
pin 3 RF and pin 85 MD to pin 4 RF. | will also designate the motorcontrol board
by MC. Pin 26 MC needs to be connected to +5 volts (pin 7 RF) andip 28 MC
connected to ground (pin 8 RF). The motor control board reques +9.6 volts, which

could come from the battery. In our case,+9.6 volts need to bieooked up to pin 30
MC.

Figure 5.17: Maxelbot, side view

Now, to control the direction of the motors, we need to connéin 57 MD to
24 MC and pin 58 MD to 22 MC. Also, we need to modulate the signailsing pulse
width modulation (PWM) on the Minidragon. This requires pin 3 MD connected
with pin 6 MC and pin 4 MD with pin 4 MC.
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To ensure that the motors are rotating evenly, shaft encodgrare installed on
the robots. To utilize these shaft encoders, we connect pinMD to pin 8 MC and
pin 10 MD to pin 16 MC. Finally, to allow the two processors to communicate with
each other, the C lines must be wired up. This requires pin 99 MD to be wired
to 33 RF or some other SDA 4C line that is connected to the other Minidragon
SDA line (there are several on the Minidragon daughterboartbr the trilateration
Minidragon). Pin 98 MD must also be connected to pin 34 RF or ather SCL I°C
line on the trilateration processor.

Figure 5.18: Motor control board

Motor control on the Maxelbots is done through a motor contrbdaughterboard
that | designed, see Figure 5.18. This board allows us to coot the motors and,
in turn, the wheels of the Maxelbots, using four lines from t Minidragon micro-
processor for the actual motor control and two more lines fahe shaft encoders
on each wheel. The shaft encoders send data to the Minidragamhich then uses
this data to ensure that the wheels are rotating evenly. Thisnotor control board
was designed for the PIC876 processor by Microchip. If thisSsi® processor is being
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used, the motor control board can be directly connected to ghprocessor without
any external wiring. However, if a Minidragon processor iotbe connected to the
motor control board, which is currently the case, then exteral wiring is required to
make the proper connections. See Table 3 in Appendix B for th& connections.

Maxelbot MMP5 Platform

The MMP5 platform is slightly di erent. The power lines and I?C lines from the
processor remain the same but we no longer need an externaltonaontrol board.
The motor lines (the two white lines on the cables protrudingrom the MMP5
platform) need to be connected to pins 1 and 3 on the motor cawi Minidragon.
Pin 1 should control the right motors and pin 3 should be conmged to the left
motors. This con guration will run the motors on the MMP5 platform.

One important aspect of the Minidragon needs to be mentionedTo get the
RF board to work properly with the trilateration Minidragon, the solder bridge on
jumper 14 (J14) of this Minidragon must be removed.

The Maxelbot platform worked very well for proof of concept ad for smooth,
level surfaces like the tile oor we were testing the modulesn, but when the robots
are placed in a more rugged environment, the Maxelbot platfim is not durable
enough or powerful enough to navigate through this kind of &wonment. This
required us to switch to a di erent robot platform. The MMPS5 robot platform by
The Machine Lab was chosen as a replacement because thisfolah is very durable
and powerful. The only problem with this robot was that it required di erent
signals from the processor to run the motors. The Maxelbotgquire a pulse width
modulated (PWM) duty cycle and a motor direction control line for each motor.
The MMP5 platform, however, requires a pulse of a speci c Igth to operate the
motors that control the wheels. The pulse sent to the MMP5 plform must be
between 1 millisecond (ms) and 2 ms. A 1 ms pulse will cause thweels on the
right or left side of the robot, depending on which motors theulse is being sent to,
to rotate backwards at full speed. A 1.5 ms pulse will cause éhwheels to stop, and
a 2 ms pulse will cause the wheels to move forward at full speefis for the pulses
between 2 ms and 1.5 ms, the wheels will rotate faster as you vadrom 1.5 to 2
ms, which is at maximum speed. The case is similar for the pak between 1.5 ms
and 1 ms. A pulse closer to 1 ms will rotate the wheels in revergaster than one
close to 1.5 ms.

Paul Maxim and | adjusted the software code in the MinidragorC header le
that contains the motor control functions to adapt the Maxebot code to work with
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Figure 5.19: MMP5 Platform

the new robot platform. To create the correct pulses for the MP5 platform, a pulse
of at least 2 ms is required. The PWM system on the Minidragon itroprocessor
is used to generate these pulses. The code is set up so that fitegjuency and duty
cycle are passed in as arguments and can easily be changedirély the frequency
is set at 400 Hz.

| suggest that the 400 Hz frequency continue to be used becausresults in a
period of 2.5 ms, which is greater than the minimum allowablperiod of 2 ms. This
function also allows for a duty cycle to be specied. A 1 ms psé would be a 400
Hz signal with a 40% duty cycle and for a 2 ms pulse, the same dreency would
require an 80% duty cycle. That provides us with a 40% range wwhich we have
valid signals to send to the MMP5 platform. If we had a 200 Hz gnal, the range
of the 1.0-2.0 ms signal would be 20-40%, a range of 20%. Witly@ater range we
can control our robot platform more precisely. The maximum llowable frequency
is 500 Hz. This would yield a range of 50-100%. This frequenapuld also work
well, but | did not want to come this close to the minimum allovable pulse width.
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Another adjustment for the MMP5 robot was that we only need tw lines from
the microprocessor to control the new platform, instead ofne four lines that we
were previously using. We use PWM3, or pin 1, on the Minidragoto control the
left motor, and PWM1, or pin 3, for the left motor.

Each MMP5 platform has two cables emerging from the top of theobot. Each
of these cables is made up of three wires: a red wire, a blackeyiand a white wire.
One PWM line connects to the white wire of each the two cable§he red wires are
+5 volt power supply lines for the processors, and the blackiwes are the ground
and power supply return lines.

5.9 PIC Processor

The new processor, in place of the Minidragon, that we will entually move to
is a PIC processor by Microchip. To suit our expected needsewvill likely use two
di erent processors, the 16F876A and the 16F767. To use tleprocessors, we must
have a way to program the processor and we must also be able txass the pins of
the processor in order to get the processor to control exteahhardware. To do this,
a processor board for the PIC was created, see Figure 5.20.

Figure 5.20: PIC processor board
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The 28 pin surface mount PIC processor is mounted in the centef this board.
This processor board has external circuitry for the processto receive external
power and also to interface the processor with an externalystal to get a 20 MHz
clock for the processor.

This board also has pull-up resistors on the?’C lines, which are brought out
to several separate pins on the board. These pins allow forethi?C system to be
connected to the boards to create a network of processors. €fb are pull-up resistors
on each board; however, not all of these resistors need to bsed. This is why | put
jumpers on these resistor lines. Only one jumper per line (ihés total SDA and
SCL) per network of processors needs to be jumpered.

The PIC board has a 5-pin connector on it that allows the PIC psgramming
puck to connect to and program the processor. This connectoontains 2 rows and
5 pins, 3 pins on the top row and 2 pins on the bottom row. The cddthat ts this
connector is a 5-pin connector with 2 rows and 3 receptaclesaach row. One of the
receptacles is plugged so that the connector cannot be plagin the wrong way.
This provides additional circuit protection. This idea as wll as much of the earlier
work to identify candidate PIC processors, was developed gonjunction with Lee
Frey and Paul Maxim.

The power connector uses a similar circuit protection idealhe power connector
is a 3-pin single row male connector. The middle pin is grourahd the other pins are
power lines. The connector that mates with this connector a3 female receptacles.
Both outside pins are power pins and the middle pin is groundt is very di cult
to make this connection incorrectly.

The PIC processor board has a LED on it. This LED is lit when theboard is
powered. Furthermore, green LEDs were placed on boards withe PIC 16F876
processor on it and orange LEDs were placed on the PIC 16F760@essor boards.
The power lines are connected to a regulator to adjust the inp power levels to
those usable by the processor. The processor board also hasm@mentary push
button on it, which will reset the processor.

Lastly, the board has a MAX221 chip (a chip similar to the MAX32) on it. This
chip will not be populated on many of the boards since we will ast likely never
need it. This chip will adjust the logic levels of conventioal RS232 serial signals.
Some applications in the future may require RS232, but so fave do not need it.

The largest connector on this board is a 30-pin dual row male@gcnector. This
connector provides connections to most of the pins on the Pi@ocessor. See Figures
5.21 and 5.22 for schematic and PCB layout, and Table 4 in Appdix B for a

33



description of the pin connections and functions.

Figure 5.21: PIC processor board schematic
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Figure 5.22: PIC processor board layout
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Chapter 6

Applications

6.1 Chemical Plume Tracing

One of the tasks that we would like our robots to be able to acowplish is
chemical plume tracing, or CPT. Chemical plume tracing inMwes using our robots
to nd the source of a chemical. To accomplish this task, we st needed a ume to
test the robots in. This ume was built by Lee Frey and Dimitri Zarzhitsky. Next,
we needed to map the concentration of the chemical in the uméNe used ethanol
as the chemical for these experiments. To do this, we neededemical sensors
that would detect this chemical and a processor to interfaceith a computer and
analyze this data. The chemical sensors that were chosen wéhne Figaro TGS2620
sensors. These sensors are relatively inexpensive and detee concentrations of
the chemical with good accuracy. To complete the process ofapping the ume,
we needed to interface these sensors to the Minidragon preser which would then
perform the analog to digital conversion for the sensors anglay this data to a
processing computer. The processor cannot interface ditlgdo the chemical sensors
due to the large amount of current required to operate the ssars. Each sensor can
require up to 40 mA of current whereas the Minidragon processcan only source
up to 25 mA per pin and a maximum of 200 mA. Also the raw responsef the
chemical sensors are not exactly the same, requiring catdefalibration. For these
reasons, a simple interface circuit was designed to providlardware calibration. As
a result, the baseline voltage can be adjusted by simply adjting a potentiometer.
See Figure 6.1. A 47 resistor is provided to bias the sensoand to ensure that
the resistance cannot possibly go below the recommended miom resistance even
if the potentiometer is setto O .
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Figure 6.1: Chemical sensor interface schematic

This interface circuit was breadboarded and tested. Once Wwas validated, a
printed circuit board was designed for production with ExpessPCB [13], see Figures
6.2 and 6.3. The circuit only requires three lines, a powemk, a data line, and
a ground line. These lines are exposed at a dual 3-pin conr@cin such a way
that the connector which mates with a junction or interface bard and then to
the Minidragon processor can be physically plugged in any wdhat ts. This
provides some circuit protection by preventing the power ahground lines from
being connected incorrectly, which could damage the sensor

Figure 6.2: Chemical sensor board layout

To map the plume, we needed as many chemical sensors in thenpduas possible,
all taking data at the same time. We decided that we could obta an accurate map
by using 32 sensors. To do this, we needed an additional ciitcto power all of
the sensors and to route the sensor data to the Minidragon. Aujction board was
designed to perform this task, see Figures 6.4 and 6.5.

The junction board can connect up to 32 sensors to the Minidgan processor and
also provide power to all sensors. This board was laid out f&xpressPCB [13] and
three of these boards were fabricated. If necessary, we abuke the three junction
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Figure 6.3: Chemical sensor board

Figure 6.4: Junction board schematic

boards to connect up to 96 sensors to map the ume. A similar bumuch smaller
junction board is used to connect the sensors to each robowr factive chemical
plume tracing. The robots do not require as many sensors as ppeng the plume
does, so we are able to use a much simpler board.
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Figure 6.5: Junction board layout

6.1.1 Chemotaxis

Several chemical sensors were mounted on a single robot glanth some in-
frared sensors and this robot was programmed to run an chermaats algorithm. The
chemical sensors were mounted on the sides of the robots ahé infrared sensors
were mounted on the top of the robot pointing outward. The infared sensors were
used for obstacle avoidance. | wired up a protoboard with agelator and the proper
connectors on it to interface the chemical sensor to the roboThis board requires
its own power supply since the sensors require a good deal ofver.

This robot was set at certain distances from a chemical so@&@nd, using the
chemical sensors and the chemotaxis algorithm that DimitiZarzhitsky and Krister
Karlsson designed, the robot would move around until it foushthe chemical source,
or the robot would be stopped if it had not found the source witin 30 minutes.
The robot was able to nd the source from initial distances uder 5 feet away from
the source much of the time, but larger initial distances werless successful. If this
algorithm was implemented on more robots, the success rat®wid increase. The
rst implementation of chemotaxis was considered a success
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6.1.2 Fluxotaxis/Anemotaxis

Currently we have enough hardware working to test the chemaxis algorithm
for chemical plume tracing, but in order to implement uxotaxis and anemotaxis,
which takes into account the direction of the wind, anemomets are required. The
anemometers, much like the chemical sensors, cannot be dilg powered by or
connected to the Minidragon processor. Each anemometer uags +12 volts DC
to operate. Also, in order to get both wind speed and directig each robot will
require two anemometers. An additional power source will beeeded to power
these anemometers since we currently have no place on theabthat supplies +12
volts. The output of these anemometers will also range fromt6 +12 volts. However
we will only be dealing with small winds for our experimentsso the sensor voltage
should never exceed +5 volts, which is in the range of voltagi¢hat the Minidragon
can accept. For this reason, we do not need to protect the cuit against high winds,
which would cause high voltages. | was able to wire up this cuit correctly on a
breadboard. The schematic is shown in Figure 6.6. Then | dremp the same circuit
on the ExpressPCB [13] software and had the boards fabricate Refer to Figure
6.7 for the PCB layout..

Figure 6.6: Anemometer board schematic

| had these PCBs, as well as others, made for several reasoRsst, PCBs are
a more permanent solution and are much stronger than breadéaled circuits. The
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Figure 6.7: Anemometer board layout

components are soldered down which provides much better c@cttions. Problems
are easier for me to debug on a PCB. This is mainly because | ctast the inter-

connecting wires for loose connections and for bad wires Wwibetter results. PCBs
are much more reliable then breadboards. Lastly, the pricd a PCB circuit is only

slightly higher than a breadboard.

6.1.3 Box Pushing

Using an algorithm developed mainly by Paul Maxim, the robat have also im-
plemented a box pushing scenario. With this setup, one of th®bots will move
towards a goal while the other two robots are attached to a boxThe two follower
robots are programmed to stay at a certain position with resgct to the leader. The
trilateration system allows us to do this. The robots are alel to evenly pull or push a
box with one side that is weighted heavier than the other. Thérilateration system
enables the robots to stay in the same relative position withespect to the leader
and pull the box at the same time. This algorithm has been impmented to pull a
simulated baby in a basket.

This behavior is one part of the search and rescue algorithrithe search portion
requires external hardware in the form of a camera or other dees to properly detect
the target. Since we do not have this hardware, we cannot inghent this algorithm
yet. The surveillance algorithm is another goal that we wodl like to implement,
but this will also require a camera or infrared sensor for inpmentation.
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Chapter 7

Future Work

This project has come a long way in the past two years. We stad with an
idea and a sensor, and now we have four robots using a trilaéion positioning
system to run algorithms with two di erent hardware platforms. Although much
progress has been made on this project, there is still muchahremains to be done.
As of right now, | am building boards to make the circuitry on he robots secure
and robust. This should eliminate problems on the robots du® bad connections.
This will also make the robots easier to wire up since there Monly be a couple
of cables to connect. One cable will connect the two Minidrag microprocessors
together. This cable connects the odd pins 1-11 on the Mini@gon connector to
the top of the board on the other processor. This cable will blabeled to facilitate
this connection. The other two cables drive the MMP5 platfan. These cables also
connect to the Minidragon daughterboard and these will alsbe labeled. 1 am only
dealing with the MMP5 platform now, because this platform ishe future of the
robots. | hope to have the Maxelbots circuitry on a board to miee these robots
more robust as well.

The next major task for the robots, as far as hardware goes, tis make more of
these robots with the MMP5 robot platform, which may become mblematic. We
currently have four more MMP5 robot platforms ordered, and a&ch platform will
require two Minidragon microprocessors to run the robots. fAat is a total of eight
more processors that we will need. We do not have these prasms and to order
them will cost approximately $720.

Next, we would like to use a simpler, cheaper processor to tahthe robots. The
processors that we have chosen are the PIC 16F876 and PIC 16Fby Microchip.
| have already designed a processor board to mount these pgesors on. This board

42



will provide the processor with a 20 MHz clock, a button to rest it, and a connector
to access the pins of the processor. This processor board isclmsmaller, cheaper,
and simpler than the Minidragon. Since we are going to use thelC processor
eventually, we probably should not buy more Minidragons, kurather switch to

the PIC processors. About 20 of the processor boards for the3 have already
been populated and are ready to use. | plan to have at least atéb of 42 boards
populated before | leave. This will allow for each robot, in &-robot swarm, to
have 6 processors on it if needed. Since each subsystem walleha separate PIC
processor, Figure 7.1 depicts how | see the future robot Idng.

Figure 7.1: Future robot block diagram

The future robot will need one processor for the motor contfesystem. The
motor control board for the Maxelbots has been designed foné¢ PIC processor, so
this board can be plugged directly into the processor boardut if the PIC is being
used with the MMP5 platform, the motor control board is not neessary.

One processor will also be used for the communication systenThis system
may be able to be combined with the trilateration system, bewse the trilatera-
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tion protocol seems to be working very well. The communicath and trilateration

daughterboard was made for the Minidragon, so if this boargiused, it cannot be
directly plugged in to the PIC processor. This board has yetat be fabricated, but
it should work with the PIC processor. See Figure 7.2.

Figure 7.2: RF module for the PIC processor

One problem that may arise with the trilateration system is hat the code for
this may require more than 8 kb of memory, the amount that eaclPIC processor
has. If this is the case, somehow the trilateration code muste split between two
processors. The processor that takes in the pulse data frorhet acoustic sensors
must be a PIC 16F767. The PIC 16F876 does not have enough timgns to handle

these three signals, whereas the PIC 16F767 should not haverablem with these
three timing signals.

That leaves at least two extra processors per robot to do vaus tasks like
run CPT, search and rescue, or surveillance algorithms. Rgftwo total processors
should be enough for all of the robots.

Switching to the PIC processor may require new daughterbads to be made for
routing the wires to the correct places. The last hardware ntb cation that could
be made would be to draw up the acoustic sensor board in Exps€CB [13] and
make them smaller by using surface mount components.
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Appendix A
SPICE Simulation Circuit

*Filter design*
V110DCOAC10
R121 2.2k

R2 2 0 220

R3 3 4 80k

C1231n

C2241n

XOP1 0 3 4 SimpleAmp
.SUBCKT SimpleAmp 901 902 903
EAMP 903 0 901 902 200k
.ENDS

.AC DEC 20 1000 1000k
.END

Table 1: SPICE deck for bandpass Iter simulation
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Appendix B
Circuit Board Design References

Connector Pin | Minidragon Pin | Pin Function
1 84 Powers Minidragon
2 85 Grounds Minidragon and power supply return
5 ext Power from battery or platform - Powers board and Procesor (+5 vok)
6 ext Ground | from battery or platform - Grounds board and Processor
20 64 Trigger signal
25 59 Control line 1 to determine transmit or recieve mode
26 60 Control line 2 to determine transmit or recieve mode
27 18 Timer channel to capture pulse input from XSRF sensor C
29 15 Timer channel to capture pulse input from XSRF sensor B
30 17 Timer channel to capture pulse input from XSRF censor A
35 99 I>°C SDA line
36 98 I>°C SCL line
37 91 SCI recieve line
38 92 SCI transmit line
27 ID line 3 (MSB) - Jumper 3
26 ID line 2 - Jumper 2
25 ID line 1 - Jumper 1
24 ID line O (LSB) - Jumper O

Table 2: RF board pinout
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Connector Pin

Minidragon Pin

Pin Function

RF 3 84 Powers Minidragon
RF 4 85 Grounds Minidragon and power supply return
4 4 PWM line for motor
6 3 PWM line for motor
8 9 Timer channel to capture input from shaft encoder
16 10 Timer channel to capture input from shaft encoder
22 58 Motor direction control line
24 57 Motor direction control line
26 +5 volts Power for motor control board
28 ground Ground for motor control board
30 +9.6 volts Power for the motors
33 98 I°C SCL line
34 99 I>°C SDA line

Table 3: Motor control board pinout
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Connector Pin PIC Pin Pin Function - 16F876 | Pin Function 16F767
1 14 RC3/SCK/SCL RC3/SCK/SCL
2 from MAX 221 | NC NC
3 13 RC2/CCP1 RC2/CCP1
4 ground Vss Vss
5 12 RC1/T10Sl/CCP2 RC1/T10Sl/CcCcp2 @
6 from MAX 221 | NC NC
7 11 RCO/TOOSCI/T1CKI RCO/TOOSCI/T1CK
8 15 RC4/SDI/SDA RC4/SDI/SDA
9 10 OSC2/CLKO OSC2/CLKO/RA6
10 16 RC5/SDO RC5/SD0
11 9 OSC1/CLKI OSC1/CLKI/RA7
12 17 RC6/TX/CK RC6/TX/CK
13 7 RA5/AN4/!SS/C20UT RA5/AN4/!SS/C20UT/LVDIN
14 18 RC7/RX/DT RC7/RX/DT
15 6 RA4/TOCKI/C10UT RA4/TOCKI/C1OUT
16 21 RBO/INT RBO/INT/AN12
17 5 RA3/AN3/V Rrer + RA3/AN3/V Rer +
18 22 RB1 RB1/AN10
19 4 RA2/AN2/V Rrer RA2/AN2/V Rer
20 23 RB2 RB2/AN8
21 3 RA1/AN1 RA1/AN1
22 24 RB3/PGM RB3/CCP2 Y /AN9
23 2 RAO/ANO RAO/ANO
24 25 RB4 RB4/AN11
25 +5 volts Vb Vb
26 26 RB5 RB5/AN13/CCP3
27 ground Vss Vb
28 21 RB6/PGC RB6/PGC
29 +9 volts NC NC
30 28 RB7/PGD RB7/PGD

Table 4: PIC proceccor board pinout

48




Bibliography

[1] F. Mish, ed., Merriam-Webster's Collegiate Dictionary Merriam-Webster In-
corporated, eleventh ed., 2005.

[2] C. J. P. Luis E. Navarro-Serment, Robert Grabowski and FK. Khosla, \Mil-
libots: The development of a framework and algorithms for aistributed het-
erogeneous robot team,TEEE Robotics and Automation MagazineDecember
2002.

[3] R. Gro, M. Bonani, F. Mondada, and M. Dorigo, \Autonomous self-assembly
in swarm-bots," IEEE Transactions on Robotics vol. 22, no. 6, 2006.

[4] International Conference on Arti cial Intelligence, Robotic Navigation by Blend-
ing of Local and Global Vision June 2006.

[5] R. Heil, \A trilaterative localization system for small mobile robots in swarms,"
Master's thesis, University of Wyoming, 2004.

[6] Motorola, \Mc9s12dp256," October 2006. http://www.freescale.com/webapp/sps/site/prodsumm

[7] Wytec, \Minidragon board," October 2006.
http://evbplus.com/minidragonplus _hc1268hc129s12hcs12.html.

[8] Devantech, \Srf04 - ultra-sonic ranger,” October 2006. http://www.robot-
electronics.co.uk/htm/srfO4tech.htm.

[9] R. Schaumann and M. E. V. Valkenburg,Design of Analog Filters Oxford
University Press, 2001.

[10] TheMachineLab, \Mmp-5 mobile robot platform,” August 2006.
http://www.themachinelab.com/MMP-5.html.

49



[11] Devantech, \Cmps03 - robot compass module,” October @6.
http://www.robot-electronics.co.uk/htm/cmps3doc.sht ml.

[12] Figaro, \Tgs 2620 - for the detection of solvent vaporsQOctober 2006.

[13] ExpressPCB, \Expresspcb,” October 2006. http://wwwexpresspchb.com.

50



	Introduction
	Related Work
	Trilateration
	Goals
	Accomplishments
	Implementation
	Acoustic Sensor Board
	RF Board
	Sensor Modifications

	XSRF Sensor Detailed Explanation
	The Robot
	The Robot Head

	Driving the Robot Motors
	The Robot Chassis

	I2C
	Electrical Hardware
	Trilateration System
	Motor Control System

	PIC Processor

	Applications
	Chemical Plume Tracing
	Chemotaxis
	Fluxotaxis/Anemotaxis
	Box Pushing



