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1. Basic Product Description

This produd, further referred to as the Loudgeaker Parameter Andyzer, shdl compute the
Thiele-Small parameters of a given loudpeaker. To do so, the produd will record certain
measurements from a speaker. Once the speaker isdriven with asinewave inputof varying
frequendes, thevelodty of the speaker conesurface, the voltage across the speaker, and the
current drawn by the speaker will be captured and used, alongwith theinputdiameter of the
loudgeaker, to compute the Thiele-Small paameters. These paameters will then be exported to
an Excel spreadshect. An overal picture of the produd is shown in Figure 1.1.
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Figure 1.1: Produd Overview




2. Background Information on Loudspeaker Measurements

Onepaticular interest in loudgeaker design and manufacture are the Thiele-Small parameters.
These parameters describe certain characteristics of the speaker and are best found
expeimentally. Previoudy, onemethod used to compute the Thiele-Small parameters was
cumbersome and dow. A known mass was affixed to the speaker diaphragm, and the parameters
were computed as the speaker moved the mass. However, with the advent of lasers tha can
accurately measure small ranges of movement, Moreno discovered a better way to measure
Thiele-Small parameters.

Three measurements are taken to compute the Thiele-Small parameters: thevelodty of the
speaker digphragm, the current drawn by the speaker, and theinputvoltage across the speaker.
Theresonant frequency of a speaker can bedeermined in anumbe of ways. If theratio of
speaker velodty and inputcurrent is plotted agang frequency, theresonant frequency occurs at
the maximum point onthe curve as shown in Figure 2.1. Theresonant frequency can also be
determined by plotting theimpedance of the speaker againg the frequency as shown in Figure
2.2. Agan, theresonant frequency occurs at the maximum point onthecurve. Findly, the
resonant frequency can be determined by locating thefrequency at which the voltage across the
speaker and current drawn by the speaker are in phase. This occurs when thelag between the
voltageand current is zero as shown in Figure 2.3. Thisis the methodthe Loudgeaker
Parameter Andyzer will utilize. [1]
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Figure 2.1: Ratio of Speaker Velodty and Input Current vs. Frequency [1]
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Figure 2.2: Impedance vs. Frequency [1]
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Figure 2.3: Phase vs. Frequency [1]

From these graphs fs and Qus, two Thiele-Small parameters, can be measured and cal culated.
The parameter f istheresonant frequency of the speaker. Thisisthefrequency at which the
diaphragm movement is maximally reinforced by the sugpenson portion of the speaker. Qus
describes the quditative behavior of the mechanical system of the loudgpeaker. Low damping
lossisindicated by a highe valuefor Qus, usudly greater than 3[2]. It is calculated as follows:
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where

Qs = qudity factor, unitless

F. =resonant fregency, Hertz

Fh-Fl =3dBdown bandwidth around F, , Hertz
Zfs=impedanceat F,, Ohms

Z, 5 = impedance 3dB down from Fs, Ohms

Re = DC resistance of thevoice coil, Ohms

Next, Qes, aunitless value, can be calculated. Qes describes the quditative behavior of the
electrical system of theloudgpeaker.
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If theratio of speaker velodty and inputcurrent is plotted againg frequency, the Thiele-Small
parameter Qs can be calculated. Qrs isthe combined electrical and mechanical damping of the
driver. An example graphis Figure 2.4. Qys can be computed in thefollowing manner:

= Qus ™ Qs

R Qus * Qs
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Figure 2.4: Ratio of Speaker Velodty and Input Current vs. Frequency
All other Thiele-Small parameters can be calculated from the above measurements.

Qes istheédectrical damping of the speaker.

_ Qus
Qes r,-1
where
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BI, expressed in Teda-meters, istheforce factor the magne exerts on thecoil.

fs

_ Qrs X
Bl _V(y #
& E t)/g- QMS'
where

", = INnpUtRM S voltage, volts
VE , = velodty at resonant frequency, m/s

Mws, expressed in kilograms, is the conemass with the acoudic load of theair contact.
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where

R. = DC resistance of thevoice coil, Ohms
w, =27 f

Rus, expressed in N*sec/m but congdered mechanical ®@hnmsQis the damping of the spesker@
moving system.

Cus, expressed in m/N, isthe compliance of thesuspenson.

1
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Vas, expressed in liters, isthevolume of air tha has the same compliance as the sugpenson of the
Speaker.
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where

!, =densty of air, kg/m®

¢ =velodty of soundin air, 344m/s
C,s = mechanical compliance of driver suspenson, m/N

S, = effective areaof thediaphragm, m?

The parameter no, expressed in percent, isthereference efficiency of the speaker.
ar* [tV
]
QES

C3
Next, airload, expressed in grams, can be calculated.

Airload = 0.575* SD*°* 1000
where

SD = the effective piston area of the spesker, m?



Oncetheairload is calculated, the conemass without the acoudic load, or Mg, can be
calculated. This valuehas units of grams.

M, =M, -airload

Findly, thesoundpressure level, SPL, can be calculated. This valuehas units of decibds.

SPL = 10log(1.69E +09*/ )



3. Background Information on Serial Communication
3.1 Serial Communication Background

Serial Communication isthe process of sending data across a communication line onebit at a
time. Tranamitting data serially saves money and space when compared to parallel
communication since less physcal material is used for each connetion. To setup a seria
communication line, the baud rate, number of bits per character, sense of the parity bit and the
nunber of stop bits mug bespecified. Thebaudrate isthe speed at which data and control
bits are sent acrossthe seria port. Theparity bit isan optiond bit that can beused for error
handling. If theconnectionisset up to use the parity bit, the device trangmitting data will add
the parity bit after the data bitsin order to have an even or odd nunmber of onesin the character
frame being tranamitted. Thedevice tranamitting the data signifies tha they have reached the
end of acharacter by trangmitting 1, 1.5, or 2 stop bits after thedata and parity bits.

3.2 USB background

Universal seria bus(USB) isatypeof seria interface between devices. The standadized 4-pin
USB connector allows for multiple 1/0 peiphaalsto be connected to a hod device without
speciaized adapters. USB was designed to create afast connection between devices that would
require a minimum of user input to setup communication between thehod and device. USB
devices are separated into USB 1.1 and thenewer USB 2.0. USB 1.1 devices can have high
speed or low speed connectionsthat correspondto USB clodck speedsof 12.0MB/s and 1.5MB/s
respectively. Theclock speed of USB 2.0 is 480MB/s which allows for much faster daatrander
rates than USB 1.1.

When thehog computer powers on or anew device is connected to he hog, thehod requests
configuration information from the device and assignsan address to thedevice. The
configuration information indudes the speed of the connection, the current demandsof the
device, and thetypeof datatranders tha thedevice will peform. Data can betranderred
between thehog and device in three different modes, Interrupt, in which little daais sent
between devices, Bulk, in which daais sent in 64 byte packets, and | sochronous whee daais
continuousy streamed across the connection.

3.3 USB Hardware

The USB cables and connectors consst of 2 power wires and two twisted par daawires. The
two power wires are used to supply +5VDC and aconnetionto ground These wires are often
used to supply power to the device beng connected to thehod.

During configuration with the hog, the USB device mug specify if it isahigh power, low
power, or self powered device. Until thedevice is configured, the maximum current tha the
device can draw is 100mA, which is also known as oneunit load. Devices configured as low
power are allowed to draw a maximum of 100mA. High power devices are capable of drawing
up to 500mA fromthehod. Self-powered devicesrely onadifferent connectionto power ther
internd circuitry and as such, are limited to 100mA of current draw from the hod.



Thedaawires arelabded as D- and D+. These wires are called a differentia trangmission pair.
In order to trangmit a'1’, thetrangmitting device pulls D+ over 2.8V and pulls D- unde 0.3V. A
trangmitted '0' isthe opposte, with D- pulled over 2.8V and D+ puled bdow 0.3V. The
receiving device interpretsincomingsigndsasa’'l bit if D+is200mV aboveD- or asa'0' bit if
D- is200nV aboveD+.

3.4 Serial to USB Converter

In order to avoid having to configure the boad with the hog computer, aserial to USB conveter
will beused. Thisdevice will alow the microcontroller to communicate with the PC viaUSB as
thoughit were a serial port. Thisdevice will contain firmware tha will decodeUSB commands
fromthehod, setup theconnection with the hod PC, and handle error reporting.

To tranamit daafrom a UART deviceto thehost PC, first the UART device will send thedaa
tha it has collected to the conveter througha seriad connection. This daawill bestored in a 64-
byte buffer until the converter receives the command to tranamit the daa across the USB
connection or until thebuffer isfilled. Theconveter will then trangmit thedata stored in the
buffer uangthe byte countvalue stored in theinpu register of the conveter. When the
convater has sent thedata, it will updaeitsinternal registersto signify tha thetranamissionis
completed. To tranamit datafromthehog to the UART device, daaisreceived fromthehog
and placed in a 64-byte buffer. When the conveter receives acommand fromthe hod to start
trangmitting, or thebuffer isfilled, the converter will send thedaato the UART device. When
theentire buffer has been tranamitted, the converter will updae itsinternd registersto signify
tha thetrander is complete.



4. The Laser and Controller

4.1 Optical Distance Sensor Operation

Figure 4.1.1 Panasonic LM 10 Laser Sensor Head and Controller [3]

Thesensor used for this project is a Panasonic ANR12510sensor head with an ANR5131
controller. This sensor head and controller can beseen in Figure 4.1.1. This sensor uses alaser
diode to emit a pulsed laser used to measure the distance from atarget throughtriangulation. A
laser diodeis ap-njundiondiodetha uses stimulated emission to create a high-energy light
source. Stimulated emissionisthe process of usng phoonsof energy to force an excited
electron to emit a phoon of the same wavelength and direction as theorigind phoon. This
emitted energy isthen focused into abeam by reflecting crystals and emitted from the sensor
head.

To calculate the distance tha an object isfrom the sensor head, the sensor emits alight pulse
fromthelaser emitter onthefront of the sensor head. Thislight pulse reflects off thetarget
object and is captured by thereceiving array onthesensor head. The sensor determines where
thelaser hitsthearray to determinetheangle between the emitted lightand thereceived light
From this angle, the sensor can compute the distance to thetarget. Thesensor peformsthis
measurement several times and then averages the distances in order to obtain measurements of
acertain resolution. The more times the sensor repeats a measurement, the highe resolution the
fina measurement will beand thelonge it will take for the sensor to output a measurement. For
thisreason, theresolution of the ANR12510sensor head dependson therespong frequency of
thelaser. At afrequency of 10 Hz, thehighest resolution the sensor head can achieveis 1! m.

This senor can be set to and og displacement mode or single comparator mode When the
controller is set to displacement mode the controller outputs an andog voltagethat corresponds
to thedistance calculated by thesensor. In single comparator modea potentiometer onthe
controller unit is used to set areference voltage tha correspondsto a certain distance. When the
distance calculated is greater than thereference distance, the controller drives oneoutput high.
When thedistance is less than thereference distance, a different output is driven high.



4.2 Sensor Specifications

Thedata sheet for the ANR12510sensor head states tha the andog displacement voltagevaries
from-5V to +5V over arangeof 40mm to 60mm. Testing of thelaser showed tha the output
voltage actudly varies from -5V to +6V over therangeof 30nm to 60mm. Thedistance tha
correspondsto OV can be adjuged by a potentiometer located onthe controller. Thelaser will be
calibrated to providea 5.0V outputdisplacement for 1.0cm of distance variation usng this
potentiometer. A calibration blodk will be created to improvethe accuracy of the caibration.
This calibration block will be oneblock with two levels cut into oneface of theblock, onecut
1lom degpe than theother. The sensor head will be locked into postionwith thebeam
perpendicular to that face of theblodk. Thepotentiometer will then be adjused so that when the
laser beam isfocused on onelevel, theoutput voltageis OV and when thelaser isfocused onthe
other level, theoutputvoltageis 5V. Once the sensor is accurately calibrated, the measured
voltage can be conveated into adistance measurement. With this calibration, the minimum
changein voltagethat will have to beread is 0.005V.

4.3 Power Transformer Specifications

Thedata sheet for the sensor head and controller states that the required inputvoltageto power
thesensoris 12VDC to 24VDC. Thedaa sheet also states that the current draw of the sensor at
24V is125mA. Thisinputcurrent increases as the inputvoltagedrops up to 250mA at 12V.
During testing, thelaser drew less current than was stated, with 0.102A of current draw at
24VDC.

Since the power requirements of the sensor are large compared to theamountof power supplied
by the USB connettion, thelaser will be powered by awall-mounted AC to DC trandormer.
Thedata sheet suggests tha the power supply for this laser should have less than 0.5V of voltage
ripple and be capable of supplying at least 0.3 A of current. Thetrandormer chosen for this
project was a CUlI EPS180033P5P, which supplies 18VDC at up to 330mA of current. Thisisa
wall mounted switching power supply whose output voltage varies from 17.1V to 189V from
full load to noload with a maximum peak-pesak ripple voltage of 180mV. Thetrandormer was
chosen to supply lessthan 24V since drawing lessthan 330mA from thetrangormer will result
in a highe output voltage that could damagethe sensor head or controller. The connestor onthis
trandormer isa5.5mm O.D. postive center barel plug. Thistrandormer will beconnected to
theboad by a CUI PF002AH throughhole 3 contact jack. Thisjack is capable of withganding
24VDC @ 5A which is greater than thevoltage and current tha will beapplied to it in this
project.
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5. Communication Protocol
5.1 Master/Slave Configuration

The PC andthe Loudgeaker Parameter Andyzer will exchangeinformationin a master-dave
configuration in which the PC will dictate the processing. Information exchangewill occur
throughthetranamission of packets over a USB interface. Packet communication will commence
following the procedure in Figure 5.1.1.

PC DEVICE
INITIALIZATION INITIALIZATION
REQUEST SUCCESSFUL
INITIALIZATION
FAILURE
PHASE MODE PHASE MODE
REQUEST ENTERED
PHASE MODE
FAILURE
DATA POINT DATA POINT
REQUEST < RETURN
IMPEDANCE MODE IMPEDANCE MODE
REQUEST ENTERED
IMPEDANCE MODE
FAILURE
DATA POINT DATA POINT
REQUEST < RETURN
VELOCITY MODE VELOCITY MODE
REQUEST ENTERED
VELOCITY MODE
FAILURE
DATA POINT DATA POINT
REQUEST < RETURN
RESISTANCE RESISTANCE
MODE REQUEST MODE ENTERED
RESISTANCE
MODE FAILURE
DATA POINT DATA POINT
REQUEST < RETURN

Figure 5.1.1: Packet Communication Procedure
5.2 Initialization

Mutud communication will notcommence until the PC software has been executed and the
Loudgpesker Parameter Andyzer hasreceived powver. When these two conditionshave been
met, the user may initiate communication throughthe PC software usng theinterface described
in Section 8. ThePC will then sendan INITIALIZATION REQUEST packet over USB to the
Loudspesker Parameter Andyzer. the Loudgeaker Parameter Andyzer will respondwith an

11



INITIALIZATION SUCCESSFUL packet back to the PC. ThePC software will notallow the
further request of datafromtheLoudsgpesker Parameter Andyzer until theINITIALIZATION
SUCCESSFUL packet has been received. Once the PC software has obtained a connection to
theLoudpesker Parameter Andyzer, thelLoudpesker Parameter Andyzer will enter astatein
which it waits for packets from the PC, and the PC will wait for arespon after sending a packet
to the Loudpeaker Parameter Andyzer. A timeout dday will aso beimplemented for the event
tha communication between the PC and the Loudpesaker Parameter Andyzer becomes
interrupted.

5.3 Communication Modes

After the successful initialization of the USB conrection, the PC will place the Loudpeaker
Parameter Andyzer into a series of modes and request data from the Loudgpeaker Parameter
Andyzer in each of these modes. Theorde of these modes can beseenin Figure5.1.1. The
first modeof opeation requiresthe PHASE MODE REQUEST packet to be sent fromthe PC to
theLoudpeaker Parameter Andyzer. ThelLoudgpeaker Parameter Andyzer will respondwith
thePHASE MODE ENTERED packet. Thisindcatesthat all data points returned fromthe
Loudgpesker Parameter Andyzer will bein relation to Hertz and phease angle. Once themode
has been entered, the PC software can request data points by sendingthevalueasa DATA
POINT REQUEST. TheLoudgpeaker Parameter Andyzer will then return the DATA POINT
RETURN packet with its corresponding value This exchangeof daawill continueat the PC
software'srequest. ThePC software will then request the Loudgeaker Parameter Andyzer to
enter impedance, velodty, and resistance modes requesting a data point for each. The
Loudgpesker Parameter Andyzer will remain in itslast modeof opeationuntl it has been
powered off, or requested to enter adifferent modeby the PC software. A summary table of daa
packets can befoundin Appendix A.
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6. Processing Procedure on the PC
6.1 Phase Angle Measurements

The PC software shdl begin a predefined packet communication procedure after receiving a
request fromtheuser viatheinterface described in Section 8. Following the proceduresin
Section 5, the PC software will run throughtheinitialization, record the speaker diameter input
fromtheuser, and setup the Loudgpeaker Parameter Andyzer to enter the phase angle mode
Once the Loudgpeaker Parameter Andyzer isready to communicate in the phase angle mode

the PC software will take thefollowing actions

1. Request phase angles at points 10 to 50Hz in increments of 2Hz

2. Findtheresonance frequency by locating the zero phase usng a searching method

6.2 Impedance Measurements
The PC software will then request the Loudgpeaker Parameter Andyzer to enter velodty mode
Once the Loudgeaker Parameter Andyzer isready to communicate in theimpedance mode the
PC software will take thefollowing actions
1. Request theimpedance of the speaker at resonance frequency
2. Findthefrequency giving theclosest valueto 3dB down from theresonance frequency
impedance in either direction usng a searching method
6.2 Velocity Measurements
The PC software will then request the Loudgpeaker Parameter Andyzer to enter velodty mode
Once the Loudgeaker Parameter Andyzer isready to communicate in thevelodty mode the PC
software will take thefollowing actions
1. Request thevelodty of the speaker at resonance frequency
6.3 Resistance Measurements
The PC software will then request the Loudgpeaker Parameter Andyzer to enter resistance
mode Oncetheloudgpeaker Parameter Andyzer isready to communicate in theresistance
mode the PC software will take thefollowing actions
1. Request the DC resistance of the speaker and record it as the DC resistance of the caoill
6.4 Thiele-Small Calculations
The PC software will then calculate the surface area of the speaker usng theinputdiameter and

perform the Thiele-Small calculationsas described in Section 2. These values will bereturned to
theuser as described in Section 8.
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7. Processing Procedure on the Loudspeaker Parameter Analyzer
7.1 Initialization

When the Loudgeaker Parameter Andyzer receivesthe INITIALIZATION REQUEST packet
fromthe PC, the Loudspesker Parameter Andyzer shdl peform thefollowing actions

1. Verify that the connection to thelaser is established by checking for avalid voltage
reading fromthelaser. If theconnectionisnotvalid, the Loudgeaker Parameter Andyzer
shdl return an INITIALIZATION FAILURE packet induding the appropriate error code
to the PC.

2. Verify tha the connection to the speaker is established by checking for a current through
the speaker when an inputvoltageis applied. If theconnectionisnotvalid, the
Loudgpesker Parameter Andyzer shdl return an INITIALIZATION FAILURE packet
induding the appropriate error codeto the PC.

3. Clear, or zero, al appropriate memory registers on the Loudgesker Parameter Andyzer.
4. Initialize all appropriate variables on the Loudgpesker Parameter Andyzer to beused in
the speaker test. If theLoudgpeaker Parameter Andyzer failsto initialize thevariables, the
Loudgpesker Parameter Andyzer shdl returnan INITIALIZATION FAILURE packet
induding the appropriate error codeto the PC.

5. If theinitializationis successful, the Loudgeaker Parameter Andyzer shdl return an
INITIALIZATION SUCCESSFUL packet to the PC.

7.2 Communication Modes

When the Loudgeaker Parameter Andyzer received the ENTER PHASE MODE packet from
the PC, theLoudgpeaker Parameter Andyzer shdl initialize itself to return packets to the PC tha
contain frequency, in Hertz, and phase angle, in degrees. If thisinitializationis successful, the
Loudgpesker Parameter Andyzer shdl return the PHASE MODE ENTERED packet to the PC.
If thisinitidization fails, the Loudgeaker Parameter Andyzer shdl return the PHASE MODE
FAILED packet to the PC induding the appropriate error code

When the Loudgeaker Parameter Anadyzer receivesthe ENTER IMPEDANCE MODE packet
fromthePC, the Loudpeaker Parameter Andyzer shdl initialize itself to return packets to the
PC tha containsfrequency, in Hertz, and impedance, in ohms. If thisinitialization is successful,
the Loudpesker Parameter Andyzer shdl return theIMPEDANCE MODE ENTERED packet
to the PC. If thisinitialization fails, the Loudgeaker Parameter Andyzer shdl return the
IMPEDANCE MODE FAILED packet to the PC induding the appropriate error code

When the Loudgeaker Parameter Andyzer receivestheENTER VELOCITY MODE packet
fromthePC, the Loudpeaker Parameter Andyzer shdl initialize itself to return packets to the
PC tha contain frequency, in Hertz, and velodty, in meters per second.If thisinitializationis
successful, the Loudspeaker Parameter Andyzer shdl return the VELOCITY MODE ENTERED
packet to the PC. If thisinitialization fails, the Loudgpeaker Parameter Andyzer shdl return the
VELOCITY MODE FAILED packet to the PC induding the appropriate error code More
information regarding packet communication can befoundin Appendix A.
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When the Loudgeaker Parameter Andyzer receivesthe ENTER RESISTANCE MODE packet
fromthePC, the Loudpeaker Parameter Andyzer shdl initialize itself to return packets to the
PC tha contain DC resistance, in Ohms. If thisinitialization is successful, the Loudsgpeaker
Parameter Andyzer shdl return the RESISTANCE MODE ENTERED packet to the PC. If this
initialization fails, the Loudgeaker Parameter Andyzer shdl return the RESISTANCE MODE
FAILED packet to the PC induding the appropriate error code

7.3 Data Requests

When the Loudgeaker Parameter Andyzer receivesthe DATA POINT REQUEST packet
fromthe PC, the Loudpesker Parameter Andyzer shdl perform thefollowing computation:

¥ |f theLoudgpesker Parameter Andyzer isin phase angle mode the Loudgeaker
Parameter Andyzer shdl:

1. Sendthedesired sinewave to the speaker with at least 256 stepsof resolution. The
frequency of thesinewaveisgivenintheDATA POINT REQUEST packet
received fromthe PC. Theamplitudeof thesinewave is determined by the
hardware of the Loudgeaker Parameter Andyzer.

2. Record the current to voltage phase angle

3. Endthetrangmission of thesinewave inputto the speaker.

4. TheLoudgeaker Parameter Andyzer shdl return the phase angleto thePCina
DATA POINT RETURN packet.

¥ |f theLoudpeaker Parameter Andyzer isinimpedance mode the Loudgeaker
Parameter Andyzer shdl:

1. Sendthedesired sinewave to the speaker with at least 256 steps of resolution. The
frequency of thesinewaveisgivenintheDATA POINT REQUEST packet
received fromthe PC. Theamplitudeof thesinewave is determined by the
hardware of the Loudgeaker Parameter Andyzer.

2. Record the speaker inputimpedance, in ohis.

3. Endthetrangmission of thesinewave inputto the speaker.

4. TheLoudgeaker Parameter Andyzer shdl return theimpedanceto thePCina
DATA POINT RETURN packet.

¥ |f theLoudpesker Parameter Andyzer isin velodty mode the Loudgeaker Parameter
Andyzer shdl:

1. Sendthedesired sinewave to the speaker with at least 256 stepsof resolution. The
frequency of thesinewaveisgivenintheDATA POINT REQUEST packet
received fromthe PC. Theamplitudeof thesinewave is determined by the
hardware of the Loudgeaker Parameter Andyzer.

. Record the RM S voltage outputfromthelaser.

3. Record the RM S voltage across the speaker.

4. Endthetranamission of thesinewave inputto the spesker.

N
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5. Calculate the RMS Distance, in meters, fromthe RMS voltage output as.

RMS Distance: RMS Voltager =X+ 1M
5.0v 100crmr

6. Calculate the RMS velodty, in meters per second, at this point as:

RMS Velocity = 2! *Frequency * RMS Distance

7. TheLoudgpeaker Parameter Andyzer shdl record the RMS voltage across the
speaker, the current drawn by the speaker, andthe RM S Velodty of the speaker.

8. TheLoudgeaker Parameter Andyzer shdl return the RMS Velodty of the speaker
tothePCinaDATA POINT RETURN packet.

¥ |f theLoudpesker Parameter Andyzer isin resistance mode the Loudgeaker Parameter
Andyzer shdl:

1. Send acondant voltage of 1V to the speaker and measure the current to calculate
the DC resistance of the speaker for any nonzero inputvalue

2. TheLoudgpesker Parameter Andyzer shdl return the DC resistance of the speaker
inaDATA POINT RETURN packet.
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8. PC User Interface
8.1 Python Language

Pythonis an open source programming languaye tha will be used to create the PC software
program. It can easily interface with USB udng the pySerial package and create asimple
graphical user interface usngthe PythonCard package. Pythonprograms can be compiled into
stand-aloneexecutables fundioning on any Microsoft Windows capable PC.

8.2 User Interface

Theuser will execute a software program written in Pythonfroma PC withaUSB port. The
software program will appear as a windowwith multiple buttonsand text fieldsas well asa
menu ba. There will beacombo box to select the correct communication port next to a
"Connet” button. Clicking theconnect button will respondwith awindowindicating whether
or not aconnection has been established. At this point, the"Get Speaker Parameters' button will
become enabled. Once clicked, awindowwill appear requesting the diameter of the speaker in
meters, and a progress bar will appear while the PC software communicates with the
Loudgpesker Parameter Andyzer usngthe predefined packet communication procedure
described in Section 6. This progress ba windowwill have the optionto cancel the current
process. Once the communicationwith the Loudpeaker Parameter Andyzer has completed, the
appropriate Thiele-Small speaker parameters will bedisplayed in atext field. A buttonlabded
"Export..." will then become enabled. If clicked it will allow the parametersto beexported in a
tab-ddimited format capable of being copied into a spreadsheet. Therewill also bea
"Disconnect” button to release the communication port. A possible layoutfor these requirements
can beseenin Figure8.2.1

—IPC Interface g@

File

Port: 1 : [ Connect ][Disconnect ]

[Get Speaker Parameters][ Clear ][ Export... ]

Figure 8.2.1: Sample PC Interface
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Appendix A: Packet Communication

ThePC to Device packets will bein thefollowing format with each onebyte word in

hexadecimal:

PC to Device Packet Format: Frequency (integer) or Mode | Frequency (decimal) or Mode

After theLoudgeaker Parameter Anadyzer has received a packet, it will respondin thefollowing

format:

Device to PC Packet Format: 104 | Input Value or Mode | Output Value or Failure | Checksum | 10h | 03h

The contents of each specific packet can befoundin Table A.1.

Table A.1: Communication Packets

Packet Name Recipient |Value (Hexadecimal Unless Noted)

INITIALIZATION REQUEST Device |FO|FO

Isl\Ug::AELs!sZFAUT_I ON PC |10|F0|00|10|10]03

INITIALIZATION FAILURE PC (1(?1I —Fl?altglr Fgfulrglz dquslpth!egsFailure, 03 - Device Failure)
ENTER PHASE MODE Device |F1|F1

PHASE MODE ENTERED PC |10|F1|00|0OF|10|03

PHASE MODE FAILURE PC |10|F1|01|OE |10|03

ENTER IMPEDANCE MODE Device |F2|F2

IMPEDANCE MODE ENTERED PC 10|F2|00|0OE|10]03

IMPEDANCE MODE FAILURE PC 10|F2|01]|0D | 10|03

ENTER VELOCITY MODE Device |F3|F3

VELOCITY MODE ENTERED PC 10|F3|00|0D | 10|03

VELOCITY MODE FAILURE PC 10|F3|01|0C|10]|03

ENTER RESISTANCE MODE Device |F4|F4

EE?.E;?SCE MODE PC 10|F4|00|0C|10|03

RESISTANCE MODE FAILURE PC 10|F4|01|0B|10|03

DATA POINT REQUEST Device |## (10 - 150d) | ## (O - 99d)

DATA POINT RETURN PC 10 | DATA POINT REQUEST | ## | ## | Checksum | 10 | 03
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Thefirst word of theDATA POINT REQUEST represents theinteger portion of thedesired
frequency, while the secondword represents the decimal portionin hundedthsof aHertz. The
DATA POINT RETURN packet indudes at least 2 hexadecimal output wordstha will be

convated asigned decimal accordingto Word 03 of the DATA RETURN PACKET asddined
in Table A.2.

Table A.2: TheDATA POINT RETURN Packet

Word Bit | Value (Hexadecimal Unless Noted)

00 - 10
01 - 10to 150d
02 - 0to 99d
0 0 = postive, 1 = negdive

03 1to 4 0to 15d = multiplier: 1 x 10"
5to07 1to 7d=# of hex words(n)

04to 03+ | 0to 7 Oto FF
04+ - 0 to FF = checksum
04-n+1 - 10
04-n+2 3

Words 04 to 04+ represent the output value, where Word 04 isthe MSW and Word 04+ isthe
LSW. Thisvaueisretrieved from the packet and converted to a signed decimal usng the
parametersin Word 03.
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