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I ntroduction

Our design project is going according to plan. We have aready received all of the mgjor parts
and are working diligently on the final aspects of our design. We have passed some of our
troubles and are working to complete the design. Below is on outline of our status concerning
different aspects of the design, as well as an update of our scheduling and new issues with our
design.

Current Design

Figures 1 and 2 illustrate our current design. We have decided to fabricate two separate printed
circuit boards: one for the microphone array itself and one for the microcontroller. Thiswill
allow us more modularity and ease of maintenance and fabrication. The microphone array board
will consist of the 8 microphones patterned in such away that each microphone has 45° of
coverage. Further, the board will have aresistor pack that will develop the output signal for each
microphone. We will route the signals to the microcontroller board via a 10-pin connector. The
microcontroller prepares the microphone signal to be presented to the microprocessor of the
Mark 111. This board will accept the eight microphones data into an 8:1 multiplexer that is
controlled by the Mark I11’s processor. Once amicrophone is selected, it will be sent to the filter
(LMF100). Thefilter hastwo inputs, one for the microphone data and one from the crystal and
4-bit counter (74LS191) circuit, which will provide 8 center frequencies through a processor
controlled 8:1 multiplexer. After the filter, the signal will be converted to DC and be sent to the
A/D converter (ADCO0801). Thiswill then convert the signal into an 8-bit value that will be sent
to the processor. In all, we will be using 17 pins on the Mark I11. Six bits will be used for the

multiplexers, and eight bits will be used for the microphone signal. However, we aso have the



capability to send the microphone signal to the processor in analog format, as the processor has
analog capabilities.
Microphone Dir ectionality

Our microphones, although described as unidirectiona on the Panasonic datasheet, do not appear
to be very directional. We have tested the microphone’' s signal strength at varying levels and
distances and although there is dlight directionality, it is hardly practical. We will ultimately

need to implement a sound-dampening fixture, which is described in the following section. This
will give us the directionality that we need to really apply this design to real-world environments.
Figure 5 and Table 1 show a graph and table of the measured directionality readings.

Microphone Fixture

Our microphone fixture has been designed and manufactured. We created it using plexi-glass,
super glue, and a rubberized auminum cylindrical shaft to support the dividing walls. This
fixture will be mounted on our microphone array board, and surround the microphones. It will
be covered in the sound dampening material and will provide 3—6 dB of attenuation. We feel
this will provide ample sound absorption and give us the directionality in the microphones we
are seeking.

RM S-to-DC Conversion

Our main focus on our project is rectification. We are having difficulty in solving this aspect of
our design, as previous attempts have failed. We have been in contact with an EE professor that
has been providing advice, however, we have not concluded on adesign at thistime. First, our
objective isto turn our AC signa into a DC signal that demonstrates the AC signa’s amplitude.
We have tried using a circuit of capacitors, diodes, and even superdiodes, but that has given us

poor results. We have not been able to remove the DC offset from our signal, to operate the



diodes properly. We have found an I C that hopefully will solve our problems (Figure 3). We
have ordered some samples and expect them to arrive shortly.

Our team spoke with several engineers at Analog Devices, the company that produces the RMS-
to-DC converter. They confirmed that a capacitor, in the range of 0.1-3.3 pF, would remove the
DC offset in our AC signal. They also confirmed, to the best of their ahility, that this 1C would
operate on asingle 5 Volt supply. The resolution of the RMS-to-DC converter is quite grest,
achieving an accuracy of = 0.2 mV, which is greater than the accuracy of our analog-to-digital
converter. The addition of this chip greatly reduces the number of resistors on the final board,
reduces the complexity of our overall circuit, as we no longer have to rectify and smooth the
filtered signal in discrete components, and reduces the complexity of our PCB design. This chip
was chosen because it provides atrue RMS value, in the form of a DC signal, which is exactly

what our design requires, can operate with either an AC or DC signal, and requires little power.
PCB Generation

After attempting to complete our first printed control board in EAGLE 4.0 software, we decided
to change to the PROTEL software, mainly because we have a fully licensed version in the labs.
Second, the EE department will etch our boards, and they only use PROTEL. However, we are
not using the EE unless we are under a great time constraint, as the EE department does not
perform the drill-thru technique that would require the use of vias. This would make our
assembly much more time consuming and subject to faillure. We have found a site,
http://www.apcircuits.com that will manufacture our boards fairly cheaply at around $75. They
allow PROTEL designs and perform all the professional services such as drill-thru, silk

screening, etc. Once our design is completed, we will send off for both boards to be etched.



Robot Progress

We have assembled the Mark I11 Robot and it is functioning properly. We carefully soldered the
circuit board together and did not have many problems with it. After it was constructed, we
confirmed its ability to receive data from the computer viaits serial port. At first, we could not
get the Mark 111 to connect. We found a 'Y ahoo! Group forum, which posts questions and
answers about common problems with the robot. We found that we were using the connection
software for an older version of the robot, and al that was required that we use software
compatible with our robot. Once connection was established with the computer, we located and
ran a sample program to test it. This sample program controls the Mark 111 to line follow. The

test was successful and our Mark 111 is complete.
Algorithm Design for Mark |11

We have begun to learn how to program the Mark I11. We must now modify the existing
programs to achieve our own design goals. We have looked at several examples and we are
looking into how to actually control the servos of the robot. Once thisis completed, we will then
be able to move the servos according to data received from the microphones. However, we are
only in the early stages of designing the algorithm.

Order Status

We have received all our partsthat we have ordered except the RMS-to-DC converter. One
problem we noticed is that soldering the leads on the microphones is a difficult process and the
leads that we have attached our very brittle and are not easily handled. We may need to order
another batch in the future, to ensure we will have eight working microphones. The only
currently pending transactions are the actual etching of our microphone array and controller

boards.



Schedule/Futur e Plans

We have finally worked out our entire microphone and filter issues, leaving us with just
completing the rectifier and the analog-to-digital conversion. We believe the new part we
ordered will solve these issues. After this, we will get the controller board designed and sent off
for etching, leaving us only the OOPIC programming to complete and testing

With only about 4 weeks left to go in the semester, we are dightly behind our original
planned schedule. With the many problems we have experienced with our microprocessor and
microphone array, it has pushed back many of the things we still need to do to complete this
project. Hopefully, we will complete our designs of our microphone array and PCB soon and get
them etched. The coming weeks will be very busy for al of usin order to meet our deadline and

have a working demo of our project. Please refer to Figure 4 for our Gantt chart.
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ANALOG
DEVICES

Low Cost, Low Power,
True RMS-to-DC Converter

AD737*

FEATIIRES
Cornputes:
True rms Value
Average Ractified Value
Absolute Value
Provides:
200 mV Full-Scale Input Range
Larges Inputs with Input Attenuatari
Direct Interfating with 3 12 Digit
CMOS &/D Converters
High Input Impedance of 102 &
Lew Input Bias Current: 25 pd& Max
High Aceuracy: £0.2 mV £0.3% of Reading
RIS Conversion with Signal Crest Facters upto 5
Wide Power Supply Range: +28 V. 32 Vie £1EEV
Lowe Power: 160 pd Max Sapply Current
Mo Extarnal Trims Meedad for Specified Accuracy
ADT736— A Genaral Purpose, Bufferad Yoltage
Cutput Version alsc dvailable

GENERAL DESCRIPTION

The AT is a low power, procision, monalithic true rms-tosdc
comverter. 1t ® ke mrimmed (o provide @ magimum error of
F0.2 mW +0. %% of reading with sine wave inputs. Furthermore,
it mainiain: high accuracy while measuring a wide range of
inpui wave forme, includmg variable duty cpcle pulses and irac
[ phase]) comprolled sine waes, T he low cost and small physical size
ol this cormerier make it suitable for uperading the perfommance of
RIS pracision rectifiers in many ap plications. Comparad 1o
these cwowits, the AT T offiers higher acouracy ot equal or
lovwer ol

The AT can compuie the rms value of bhath ac and dc mpui
vl e, I cam also be operated ac<coupled by adding one exiemal
capacitor, In this mode, the ADTYT can resolve input signal
levels of PO W rms or less, despile varialions in bem peraium:
or supply valtage, High accwracy is also maintzined lor imput
wavetorms with crest otors of 1w 3, In additien, cnest Faciors
@s high v 5 cam be messured (while introducing anly 2.5%,
acddi domal error) @t the 200 mV lull-scale input level.

Thee ADTAT hae mo outpui b fer amplifier, thereby sigmificantly
meducing do offset errors ocowring 8t the output. This al lews
the desice 1o be highly compatible with high mpu im pedence
MDD Conwerters.

“Proveaed under U5, Paen Mamber 3495, 2149,

REV. D

Infarmation furmshed by & Deaces is believed to be accurads and
reliable. Howesser, no respo is assumed by An Devices for s
s, lu;_i-ﬂm_ pateris orother rightsof partizsthar

resull from isuss. No lieenss by implicaiion or othe ravise

ary patertor patent right s of £ﬂ| Dervioes.

FUNCTIONAL BLOCK DIAGRAM

L
P

Fequiming enly 160wy of power supphy curment, the ADTET is
wiplimized lor use in poriable multimeters and other battery-
powerad applications. This corwerter also providkes a power-down
leature that reduces the power supply standby current o less
than 3 pA.

The ADTAT allsws the choice of o signal inpul terminalz: a
Wieh mpedance (10% (0 FET input that dmectly interfaces with
high & inpul aienuators and a low impedance (8 K2 input that
allvws the measaremient of 300 mV input levels while operating
Iroam the minimam power supply vollage ol +2.8 Y, 3.2V, The
two imput s may be vsed cither singly or difierentially.

The AT achieves a 1% ol meading emor bandwidih eecoading
10z o mpot amplitedes from 20 mV orms 1o 200 mV rms
while consuming only (.72 mW,

The ADTAT i= available in feur pedormance grades. The ATIT37]
and AT TE grades are rated over the commercial temperaiure
ramge of 09 ta #7070, The ADTITA and ADTITR grades arc
ratiad ower the industrial tem perature range of B0 0 850,

The AT 5T s available in three low cosl, B-lead packages:
plasiic DIP. plastic SO1C, and hermictic CERINTP.

PRODUCT HIGHLIGHTS
I. The ADTAT is capable of computing the average rectified
value, gbsolute value, ortnue rms valse of various inpul signals.

2, Only one externgl componend, 90 averaging capacitor, is
meguired for the AIT3T 1o periorm rue rmme measurameni.

3. The low peser consamption of 0.72 mW makes the ADT7
suitiable for many batiery-powerad applica o,

Cima Tachmology Way. PO, Box 9108 Norsood A D2082-9108 U154,
Tal: T2l 2284700 wearws analog.com
Fax Tal 32&.8702 v Amalog Devices, bne.. 2002

Figure 3— RMS-to-DC Conversion
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Figure 4 — Gantt Chart
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Microphone Directionality Test

Voltage (V)
25

Sound Source Distance

——1Ft.
—W—4Ft

Figure 5

Microphone Directionality Testing

Mic
Position

Distance = 1 ft. Distance = 4 ft.

Front

22V 13V

Left

1.125V 10V

Behind

875 mvV 800 mV

Right

1.125V 10V

Table1
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