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Abstract

The goal of this project is to develop a microphone array module
that will allow a mobile robot to detect acoustic beaconsin its sur-
roundings. The array will consist of miniature microphonesin a ring
con¯guration to provide 360± sound localization. This will allow the
robot to display a number of phonotaxis behaviors, e.g. homing in or
°eeing from acoustic sources.
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1 Ob jectiv es

The requirement of this project is to designan acousticnavigation module
that will detectsoundin a 360± planar environment usinga microphonearray
that will allow a mobile robot to perform movement basedon soundlocation.
This project will involve all aspects of engineeringdesign,from planning to
implementation.

Our objectivesare the following:

� Develop a printed circuit board interface for the microphonearray.

� Designacoustic¯xtures to increasedirectionality of microphones.

� Develop algorithms to determine the angle and position of the trans-
mitted sound.

2 Initial Design

The proposeddesignof this project, shown in Figure 1, hasevolved over the
courseof the semester.There areseveral aspectsof the designthat remained
the same. Many of the conceptsintroduced in the proposal madetheir way
into the ¯nal design, but with many improvements. The ¯rst change was
to allow the ¹ Controller to chosewhich microphoneto listen to, as well as
which frequencyrangeto listen for. This wasdi®erent from the proposal, in
that the proposal called for an onboard clock to cycle through each of the
microphonesand each of the ¯lters. This would haverequiredthe ¹ Controller
to wait for the interface board to cycle, until it reached the combination of
microphoneand ¯lter that it wanted. The next big changewas the addition
of a switched-capacitor ¯lter to the design. This was di®erent from the
two RLC ¯lters that our team originally proposed. The addition of this
active ¯lter addedthe abilit y to band ¯lter the signal acrossmany di®erent
frequency ranges. This also increasedthe functionality from one low pass
and one high pass ¯lter to essentially eight di®erent band-pass¯lters. A
switched-capacitor ¯lter requires an external clock signal to determine the
center freqency of the band-pass. The ¯nal design incorporates a 1 MHz
crystal being clock divided by two cascaded4-bit counters. Each of these
halving frequenciesis fed through a multiplexer, where the desired clock
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frequencyis chosento be fed into the ¯lter chip. The signal recti¯cation of
our designhasalsochangedseveral times during the semester.The designof
our recti¯cation hasmoved from simple full-wave and half-wave recti¯cation
circuits, to super-diode circuits, to ¯nally an IC that performsa true RMS-
to-DC conversion. The analog to digital conversion only changed slightly
during thesemany weeks. This changewas from a 4-bit A/D converter to
an 8-bit A/D converter. These changesenhancedthe functionality of our
design,and alsoadd to the eleganceof our designsolution.

Figure 1: ProposalBlock Diagram Design

3 Microphones

Our team selectedthe PanasonicWM-65A103 electret microphone for use
with our project design goals. These microphonesare cheap, small, and
are suitable for this application. This microphone usesa load resistor to
develop power, and although the signal is relatively small (30 milliV olts),
pre-ampli¯cation is not required and therefore reducesthe complexity of
the design. The datasheet claimed these microphonesare unidirectional;
however, they are not as directional as hoped. Therefore, additional sound
dampening was required to increasedirectionality.

The schematic for this microphonecalls for the useof a 2.2 k­ resistor
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for developingthe output. After many hoursof testing, our team determined
that a 10k­ resistorproducesthe bestoutput. The exactwaveformproduced
by thesemicrophoneswas in great questionbeforethe microphonesactually
arrived. Once they arrived, it was determined that they produced an AC
signal, with a DC o®set. The AC component of the output signal is quite
small, ranging from 5 to 200mV.

For future useof this design,our team suggestsmoreresearch into a more
directional microphone. Although our team feelsthat the sounddampening
¯xture should be usedregardless,increaseddirectionality would ensurebet-
ter accuracy. It is also suggestedthat another type of microphonebe used.
Electret microphoneshave been found to be very sensitive to heat. Since
thesemicrophonesdo not comewith leads,leadsmust be solderedon, arti¯-
cally creating a heat issue.There are other similar microphonesthat are not
as susceptibleto heat damage. During the solderingof thesemicrophones,
pre°ux wasused. It is alsopossiblethat excessive °ux leaked into the micro-
phone, causingdamage. Also, thesemicrohponeshave been quite ¯ckle in
their abilit y to produce a reasonableand reliable signal. During the begin-
ning of the semester,peak-to-peak voltagesproducedby thesemicrophones
rangedfrom 30 mV to over 2 V. The current microphonesusedin our ¯nal
demoare currently producing signalson the order of a singlemilliV olt. Our
team suggeststhat a great dealof research go into microphonechoicesin tne
future. The necessity of soldering leadsonto theseparticular microphones
hascauseda great deal of trouble. Choosingmicrophonesthat already have
leadsattachedwould be immenselysuggested.Also, future work shouldcon-
tact the manufacturer to ¯nd out the exact speci¯cations of expectedoutput
of the microphonesand any caveats that should be looked for and avoided.

4 Microphone Arra y Board

The microphonePCB board consistsof an 8-microphonearray, load resistors,
and the sounddampening¯xture. The microphonesareevenly spacedon the
board, giving each microphone45± of coverage. The boardssignalsare sent
to the controller board for processingvia a 10-pin ribbon cable.

Originally, the controller board housedthe microphones. However, our
team quickly realized that this increaseddi±cult y of placement and main-
tenance. Additionally , increasingsound localization with the use of other
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materials on this PCB would have been much more di±cult, as each mi-
crophone'sdirectionality would be dealt with separately. This would have
created nonuniformit y in that each microphonewould have di®erent levels
of directionality and sound localization capability. Becauseof this, or team
decidedto usea separatePCB to hold the microphones. This allowed the
above mentioned ¯xture to be placed on the PCB without interfering with
any other components. Components would have beenan impediment, had
the ¯xture beenattached to the controller board. Further, using a separate
PCB made the designmore modular, which aided in construction, testing,
and maintenance,as it allows for the removal of the microphonearray PCB
from the rest of the design, and easedtroubleshooting and maintenance,
independently of the other components of the design.

Section5 states that, if microphonesthat provided acceptabledirection-
ality on their own could be found or bought within the allowed budget, or
if a complex algorithm was used such as beamforming, placing the micro-
phoneson the controller board would be more feasible.This would decrease
the project's cost and complexity, from a standpoint of physical size and
required construction.

Figure 2: Empty MicrophoneArray Board
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Figure 3: CompletedMicrophoneArray Board

Figure 4: MicrophoneArray Schematic
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5 Acoustic Fixture

The sound dampening ¯xture was designedto increasethe level of direc-
tionalit y of our microphones.This ¯xture wasvery inexpensive to make and
satis¯esour designrequirements. Plexi-glassand super gluewasusedto con-
struct the ¯xture, and °exible rubber tubing and a hollow aluminum insert
was usedas the center pieceto glue all the ¯xture walls in place as well as
provide a point in which to attach it to the PCB. A small bolt and nut was
usedto secureit.

Our original ideascalled for the useof either cardboard rolls (similar to
empty toilet paper rolls) or the useof straws. However, our team wishedto
create a single ¯xture that would increasedirectionality of all microphones
uniformly, but allow us to remove it easily and quickly for maintenanceand
modularit y. Our ¯nal result accomplishedtheserequirements aswell asbeing
inexpensive to fabricate.

Ultimately, having directional microphonesthat would provide accuracy
without the useof this ¯xture would be optimal. However, microphoneswith
this capability do not exist on a level equal to that of this project's budget.
A future recommendationfor continued useof this designwould be to use
software to help localizethe sound. Research during the proposal revealeda
practice called beamforming,which usescomplicatedalgorithms to pinpoint
the sound location in a microphone array. However, consideringthe time
restraints and current complexity of this project, our team implemented this
simplermethod of an acoustic¯xture. Figures5 and 6 show the ¯nal product.

Figure 5: Top view of Acoustic Fixture
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Figure 6: Sideview of Acoustic Fixture

The top plate of the ¯xture is an octogon, with side lengths of 1.25".
The total width of the octogon is approximately 3.25". Each of the blades
are 1" tall and 1.5" long. They are evenly spaced,having approximately 45±

betweeneach.

6 Con troller Board

The controller board essentially consistsof a switched-capacitorband-pass
¯lter, RMS-to-DC converter, and an analogto digital converter. The signal
passesthrough each of thesein turn, producing a digital value, proportional
to the amplitude of the sinusoidalsignal, in a certain frequencyrange,deter-
mined by the characteristicsof the band-pass̄ lter.

6.1 Band Pass Filter

The original and proposed design for ¯ltering the signal from the micro-
phoneswasto simply useonehigh-passand onelow-pass¯lter. These¯lters
would simultaneously ¯lter the signal, with a multiplexer choosingwhich ¯l-
ter would be analyzedby the recti¯cation and analog to digital portions of
the circuit. During a designmeeting, our advisor suggestedthat our team
research active band-pass̄ lters asa possiblesolution. While doing research
on this topic, several possibilitiesemerged.AvensSignal Corp. [1] produces
several digitally programmable¯lters, but at a premium price. While speak-
ing with one of their engineers,switched-capacitor ¯lters were brought up
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asa cheapalternative. Theseswitched-capacitor¯lters allow low-pass,high-
pass,band-pass,notch-pass,and all-pass¯ltering capabilities. This type of
¯lter alsoallowsfor the characteristicsof the ¯lter to bechangedusingsimple
external discretecomponents and the useof an external clock. The addition
of this integrated circuit allowed our project to now have eight band-pass
regions,selectableby the ¹ Controller. This was possiblethrough the useof
a crystal operating at 1 MHz, coupledwith two 4-bit counters that provided
clock division. The resultant clock pulseswere then mulitplexed and fed to
the clock input of the switched-capacitor¯lter.

The chosenswitched-capacitor ¯lter for our design is the LMF100 [5],
from National Instruments. Like the requirements for every chip in our
design, this integrated circuit operates on a single ¯v e Volt power supply.
The LMF100 operates in several di®erent modes that provide di®erent ¯l-
ter con¯gurations. The chosenmode o®ersa band-pass¯lter that requires
a minimum of external resistorsand allows for the four neededresistorsto
modify the center frequencyof the band-pass,the center frequencygain of
the band-pass,and the \Q," or exact waveform of the band-pass.Our team
choseMode 3 of the LMF100, of which several equationsare given for these
qualities:

f 0 =

s
R2

R4

HOB P = ¡
R3

R1

Q =

s
R2

R4
¤

R3

R2

The chosenvaluesfor R1, R2, R3, and R4 are, respectively, 2.2 k­, 100
k­, 300 k­, and 100 k­. Thesevaluesproduce a \Q" equal to 3, the gain
equal to approximately 136,and de¯ne the center frequencyto be a multiple
of either 50 or 100, depending on the value set to the 50/100 pin of the
LMF100. Our design usesthe 100 multiple, making the center frequency
equal to the frequencyat the CLK A pin, divided by 100. The ¯nal design
only requires one side of the dual switched capacitor. The single supply
nature of the circuit requiresthat great attention be paid to the datasheet.
There seemto be several contradictory statements in the datasheet. Pins
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AGN D and SI A are required to be set to VCC=2. This is accomplishedby
using a simple Voltage divider circuit and a levelling capacitor. This exact
designwas taken assuggestedby the ¯lter datasheet,using 100k­ resistors
and one1¹ F capacitor. Figure 7 illustrates this design.

Figure 7: LMF100 Schematic

6.2 Clo ck Division

The switched capacitor ¯lter requiresan external clock signal. This external
clock signal will then be proportional to the center frequenciesof the dif-
ferent ¯lters of the LMF100. This signal is produced by a 1 MHz crystal
oscillator, MX045, which in turn controls two cascaded4-bit counters. The
chosen4-bit counter for this project is the 74LS191[8], from Fairchild Semi-
conductor. Thesecounters operate on the required ¯v e Volt power supply
and are standard parts, readily available in the Computer Sciencedepart-
ment. Theseparticular counters are cascadable,using RCO output pin of
the ¯rst counter, which is then the signal to the clock input of the second
counter. Each output of each of the counters is then fed into an analogmul-

12



tiplexer, 74HC4051[7], from ON Semiconductor. The ¹ Controller then is
able to control this multiplexer to choosethe desiredrangeof the band-pass
¯lter. Figure 8 illustrates this design.

Figure 8: Clock Division Schematic

6.3 Recti¯cation

The objective of this project is to determinethe loudestsignal from an array
of microphones.The signalderived from the microphonesis discussedin Sec-
tion 3. The amplitude of the AC signal is proportional to the loudnessof the
sound being registeredby the microphone. The proposal did not explicitly
describe how to accomplishthis. The problem was compoundedby the fact
that the AC signal has a corresponding DC o®set. Using PSpice,a circuit
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wasmodeledto accomplishthis task. Using a diode, a 100¹ F capacitor, and
a discrete low-pass¯lter, a DC Voltage was produced, proportional to the
RMS value of the sinusoid. When the circuit was actually built, the output
did not perform as planned. The large capacitor took a very long time to
remove the o®set,and the o®setwas not completely removed. During this
preliminary phaseof planning, our team decidedto use the secondside of
the LMF100 asthe low-pass¯lter, insteadof designinga low-pass¯lter from
discrete components. This also poseda problem, sincethe available trans-
fer functions of the low-pass¯lter of the LMF100 were not as ideal as were
expected.

An electronicsbook from ELEN325 contained a designfor a so-calledsu-
perdiode. This superdiode createdan almost perfect diode transfer function,
using a network of two op-amps,two diodes,and several resistors. This de-
sign overcamethe nonideal operating characteristicsof a diode. Normally a
diode will not operate unlessthe Voltage acrossthe diode is more than 0.7
Volts. Sincethe amplitude of the signal from the microphonewill be much
lessthan that, in the rangeof 30{200mV, this nonidealcharacteristic makes
using a regular diode impossible. The output of this designproduceda DC
value proportional to the RMS value.

But, our team ¯nally came acrossa monolithic RMS-to-DC converter.
As a generalrule, thesetypesof IC's producea DC Voltage equal to that of
the true RMS value of the AC signal. Thesealso produce a value whether
or not a DC o®setis present. This IC solved virtually all of our team's
problemsdealing with the recti¯cation. Our team also was able to talk to
an applicationsengineerat Analog Devicesto chooseseveral of the valuesof
resistorsand capacitorsfor our neededapplication.

The ¯rst IC chosenfor our project wasfrom AnalogDevices,the AD737[10].
This chip was di±cult to obtain, requiring almost a month's wait, and was
also prohibitiv ely expensive. An alternate chip, the MX536A [9], was lo-
cated at Maxim-IC. This chip performed very similarly to the AD737 and
was readily available. The main choicesin the application description from
the MX536A datasheetwere the choiceof resistor R7 and the capacitor C3,
speci¯ed in the schematic shown in Figure 9. Thesewerechosento be 1 k­
and 3.3 ¹ F, respectively. The valuesof the other discretecomponents were
given in Figure 5 of the MX536A datasheet[9].
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Figure 9: MX536A Schematic

6.4 Analog to Digital Conversion

The analog to digital conversion in our design has changed little over the
courseof the semester.The only real changewasan increasein the resolution
from a 4-bit to an 8-bit A/D converter. This changewas prompted due to
the fact that there are extremely few 4-bit converters being produced,while
8-bit convertersarereadily available. The designof this subsystemwastaken
from the datasheetof the ADC0801 [6], from National Semiconductor.Our
designcalls for a free running, self clocking mode, coupled with an abilit y
to directly convert a low-level signal. Both of these criteria were satis¯ed
usingdesignsfrom the Typical Applications part of the A/D datasheet.The
free running mode speci¯ed most of the pin voltages,as well as specifying
the valuesof R10 and C6 of the schematic in Figure 10. The datasheetalso
explains that pins WR and I N TR be temporarily grounded, and then be
allowed to °oat, to guarantee operation. The ¯nal design decisionof this
subsystemwas that of the VRE F =2 pin. This pin determinesthe range of
the resolution of the A/D. Since any circuit is not ideal, the choice of a
simplevoltagedivider in our circuit to determinethis voltagewassomewhat
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error prone. Sincethe impedanceof the other elements of the circuit must
be accounted for, the ideal output voltage of our voltage divider was not
achieved. Instead, estimation was usedto determinethe proper value of the
resistorsto achieve the proper voltage of VRE F =2. Figure 10 shows the A/D
subsystemschematic. Using 270 k­ for R11, 270 ­ for R12, and 1 ¹ F for
C7, a small voltage was achieved, on the order of 100 mV. This very small
voltageprovidesa rangeof 200mV for the A/D. This small rangewaschosen
becauseof the extremelysmall Voltagesbeingproducedby the microphones,
a well as the low volume of soundsthat are expectedto be picked up by the
microphonesin future robot applications.

Figure 10: ADC0801Schematic

7 Prin ted Circuit Board Design

Our team chose to use Protel Design Explorer 99 SE as our software de-
sign tool for developing our PCB's due to its wide acceptanceand powerful
functionality. Originally our team usedthe free Eaglesoftware for the PCB
design,but found it di±cult and combersometo use. Protel links schematic
diagramswith PCB designsby meansof footprints | physical devicespec-
i¯cations associated with a schematic part. For each IC, counter, header,
resistor,and capacitorusedin our design,a footprint and pin out werespeci-
¯ed. Onceevery route wasfully connected,the dimensionsof our PCBs were
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speci¯ed, aswell asthe keepout areasand drills. Protel then placedeach part
in the PCB editing window for placement. Each component wasthen placed
on the PCB in such a way that optimized route lengthsand spaceconsump-
tion, which was aided by Protel with a color indicator that shows optimal
placements for components by analyzing its connections. Once every com-
ponent wasplacedasdesired,the designrules werespeci¯ed, speci¯cally the
widths of the power tracesand signal traces. We usedthe Protel autorouter
to createour initial routes, and then addedadditional ground planesin the
remaining exterior areason both sidesof the boards to shield noise. The
Protel CAM managerwas then usedto produceour output gerber ¯les and
drill ¯les required by our manufacturer, AP Circuits [2].

The decision of the actual manufacturer of our PCB came with much
deliberation. There are many companiesaround the world that will produce
PCBs for a relatively small amount, in a short amount of time. The Electrical
EngineeringDeptartment of TexasA&M alsoproducesPCBs. The choiceof
Protel was also in°uenced by this, as they only use Protel for their design
applications. But, they do not perform the drill-thru technique that would
require the use of vias. This would make our assembly much more time
consumingand subject to failure. Several other companies,Omilex [3] and
Custom PCB [4] were also considered. These were ruled out due to the
fact that both of thesecompaniesare overseas,which would require larger
shipping costs,and, more importantly, the quality of their work is unknown.
Poor quality PCBs would have madeour successextremely di±cult.

Figure 11: Empty Controller Board
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Figure 12: CompletedController Board

Figure 13: Controller Board Schematic
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8 Rob ot

The robot our grouphaschosenfor this project is the Mark I I I. Our professor
and teaching assistants suggestedthis robot to us. It is inexpensive, small,
mobile, and is expandable.The Mark I I I also has many other featuresthat
madeit suitable for our project.

The Mark I I I consistsof a PIC16F877 20MHz Microprocessor. It also
has a 40-pin OOPic-compatible header that will be used to add our own
microprocessorand microphonearray. One feature that made the Mark I I I
di®erent other robots is that it hasboth analogand digital inputs. The Mark
I I I hassomesensorsthat alreadycomewith it likethe Fairchild photore°ector
for line following and the Sharp infrared ranging sensorusedfor ranging. A
key feature of the Mark I I is that it is programmablevia a serial cable. It is
can be programmedwith Java, C, Basic, and OOPic.

Unlike other robots, the Mark I I I did not come assembled and which
requiredour team to assemble and solderit. This wasnot much of a problem
for us and it did not take too long to assemble. After the assembly was
completed,the robot was tested to ensureproper operation. A test program
was loaded that calibrated the servos to test the robot's connection and
functionality. The test was a successand the robot was ready to go.

While learning to program the robot, a line following program was used
to illustrate the useof I/O lines for the robot and control of the servos. The
robot stayed stationary until a black line was shown in front of the sensors.
It then followed the black line until the line disappeared. The black line, in
this case,can represent our soundsource,and how the robot will follow the
soundsourceuntil the soundstops.
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Figure 14: Mark I I I Robot

9 Recommendations for Future Work

Throughout the semesterour team encountered many problems with our
designfor this project. We have made several recommendationsfor future
implementations of our project.

One thing to be aware of are the I/O lines and the pins they are assigned
to, especially those that are assignedto the servos. Our team initially used
these I/O lines for our own use, but re-routed the servo lines to lines not
being usedby our project. So,make sureto usethoseI/O lines that are not
in use.

When designing the control board and microphone array board notice
the way headersare oriented so that the 40-pin ribbon cablecan connectin
an easyand e±cient manner. Also, our team recommendsmaking the drill
holesfor the stando®slarger to accommodate for nuts and bolts.

One of our biggest problemswith our designwas that our program ac-
cidentally made the robot continually write to the serial I/O causingus to
resort to programming with the parallel port. A programming cable for the
parallel port then had to be purchased.

It is also recommendedthat socket connectorsbe on the board for the
IC's and the microphones.Thesecan comein real handy for the mics, since
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they seemthey can break very easily. Pots can alsobe addedto regulatethe
gain.

10 Managemen t

Table 1 illustrates the division of labor of our team. Many of the tasks were
worked on as a group, and most roles contained overlap among the team
members.

Mem ber Role
JoshEarley Development of array, acousticdirectionality,

board design
Trent Foley Development of recti¯cation system,

schematic design,and PCB design
Thomas Garner Development of board design
Chris Gonzales Development of software design

Table 1: Management Structure

11 Schedule

Figure 15 shows our team's progressin many areasand aspectsof the design
process.
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Figure 15: Gantt Chart

12 Budget Analysis

The following table is an analysis of the expenditures of our team during
the designprocess.The ¯nal cost of this project wasapproximately $496.24,
within rougly 3% of the proposedbudget of $481.
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Part Qt y. Price Total
1 MHz Oscillator 2 $- $-
4-bit Counter 4 $- $-
8:1 Analog Multiplexer 4 $- $-
RMS-to-DC Converter 2 $- $-
Switched Capacitor Filter 2 $- $-
4.7 k­ ResistorPack 2 $- $-
A/D Converter 2 $- $-
Microphone 44 $1.83 $100.52
Dynamat SoundDampening Material 1 $21.64 $21.64
Mark I I I Robot 1 $98.00 $98.00
Mark I I I Robot Upgrade 1 $30.00 $30.00
LED Display 1 $3.24 $3.24
PiezoBuzzer 1 $3.24 $3.24
Flux 1 $2.70 $2.70
Cleanerw/ brush 1 $11.90 $11.90
Various DiscreteComponents 1 $4.82 $4.82
PCB Fabrication 1 $60.16 $60.16
PCB Fabrication 1 $76.34 $76.34
DIP Switch 1 $2.48 $2.48
10k ResistorPack 2 $1.00 $2.00
Plexiglass 1 $4.00 $4.00
Various DiscreteComponents 1 $0.60 $0.60
Various DiscreteComponents 1 $3.91 $3.91
Ribbon Cables,etc. 1 $11.25 $11.25
Stando®s 1 $16.11 $16.11
Parallel Programming Cable & EEPROMs 1 $40.35 $40.35
Stando®s 1 $3.00 $3.00

Table 2: Budget Analysis

13 Conclusion

Our team felt this project implemented all aspects of engineeringdesign.
Further, this project required us to combine all of the knowledgewe have
gainedthroughout our undergraduatecareers,from digital/analog designto
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programming. Although our robotic designdoesnot perform optimally, our
team feelsthat all of the primary designobjectivesand goalsweremet. Due
to our inexperiencewith robotic applications and the many aspects of the
design,our team failed to placeproper emphasison our microphonesensors,
which ultimately did not perform optimally in a real world environment. Al-
though the microphonesoperated correctly during designand testing, they
did not meet our standardswhen they werefully implemented with the con-
troller and robot. We alsofeel that if had we have securedbetter performing
microphones,our designwould have worked °awlessly. In spite of our non-
optimal robotic performance,this designproject culminated many yearsof
learning and not only increasedour understandingof computer systemsde-
sign, but increasedour con¯dencein our abilities asyoung engineersaswell.

14 Design Validation

Â In 360± environment, robot responds to a singlegeneratedtone.
Â Robot movesdirectly toward or away from sourceof sound.
Â Robot respondsto both high and low frequencytones.
Â Robot stopswhen soundsourceis inactive or turned o®.
Â Robot movesto soundsourceat 0± (directly above it).
Â Robot movesto soundsourceat 45± (north-east of it).
Â Robot movesto soundsourceat 90± (directly to the right of it).
Â Robot movesto soundsourceat 135± (south-eastof it).
Â Robot movesto soundsourceat 180± (directly behind it).
Â Robot movesto soundsourceat 225± (south-west of it).
Â Robot movesto soundsourceat 270± (directly to the left of it).
Â Robot movesto soundsourceat 315± (north-east of it).

Table 3: DesignValidation Checklist

Table 3 is a list of checks to seeif the robot responds to sound in every
direction in a 360± environment. Oncethe robot successfullycompletesthis
task list then our designis correct and our project is complete.

24



15 Ac knowledgemen ts

The Acoustic Navigation For Mobile Robots SeniorDesignproject was gra-
ciously fundedby Applied Materials, and the Computer ScienceDepartment
of TexasA&M University. Guidance during this project was given by the
professorfor Senior Design, Ricardo Gutierrez-Osuna,and by teaching as-
sistant Steve Ortiz. Our team acknowledgesand appreciatesthe guidance,
time, and moneygiven by thesepeople.

References

[1] AvensSignal Equipment Corp. http://www.avens-filter.com

[2] AP Circuits http://www.apcircuits.com

[3] Omilex http://www.olimex.com/pcb/

[4] Custom PCB http://www.custompcb.com

[5] LMF100 High PerformanceDual Switched Capacitor Filter Datasheet
http://www.national.com/ds/LM/LMF100.pdf

[6] ADC0801 8-Bit ¹ P Compatible A/D Converter Datasheet http://
www.national.com/ds/AD/ADC0801.pdf

[7] 74HC4051 Analog Multiplexer/Dem ultiplexer http://www.onsemi.
com/pub/Collateral/MC74hc4051A-D.PDF

[8] DM74LS191Synchronous4-Bit Up/Do wn Counter with Mode Control
http://www.fairchildsemi.com/ds/DM/DM74LS191.pdf

[9] MX536A True RMS-to-DC Converter http://pdfserv.maxim-ic.
com/arpdf/MX536A-MX636.pdf

[10] AD737 Low Cost, Low Power, True RMS-to-DC Converter http://
www.analog.com/UploadedFiles/Datasheets/248195089AD737 d.
pdf

25



List of Figures

1 ProposalBlock Diagram Design . . . . . . . . . . . . . . . . . 5

2 Empty MicrophoneArray Board . . . . . . . . . . . . . . . . . 7

3 CompletedMicrophoneArray Board . . . . . . . . . . . . . . 8

4 MicrophoneArray Schematic . . . . . . . . . . . . . . . . . . . 8

5 Top view of Acoustic Fixture . . . . . . . . . . . . . . . . . . 9

6 Sideview of Acoustic Fixture . . . . . . . . . . . . . . . . . . 10

7 LMF100 Schematic . . . . . . . . . . . . . . . . . . . . . . . . 12

8 Clock Division Schematic . . . . . . . . . . . . . . . . . . . . . 13

9 MX536A Schematic . . . . . . . . . . . . . . . . . . . . . . . . 15

10 ADC0801Schematic . . . . . . . . . . . . . . . . . . . . . . . 16

11 Empty Controller Board . . . . . . . . . . . . . . . . . . . . . 17

12 CompletedController Board . . . . . . . . . . . . . . . . . . . 18

13 Controller Board Schematic . . . . . . . . . . . . . . . . . . . 18

14 Mark I I I Robot . . . . . . . . . . . . . . . . . . . . . . . . . . 20

15 Gantt Chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

List of Tables

1 Management Structure . . . . . . . . . . . . . . . . . . . . . . 21

2 Budget Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 23

3 DesignValidation Checklist . . . . . . . . . . . . . . . . . . . 24

26


