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1. Basic Product Description 
 
This product, further referred to as the Loudspeaker Parameter Analyzer, shall compute the 
Thiele-Small parameters of a given loudspeaker. To do so, the product will record certain 
measurements from a speaker. Once the speaker is driven with a sine wave input of varying 
frequencies, the velocity of the speaker cone surface, the voltage across the speaker, and the 
current drawn by the speaker will be captured and used, along with the input diameter of the 
loudspeaker, to compute the Thiele-Small parameters. These parameters will then be exported to 
an Excel spreadsheet. An overall picture of the product is shown in Figure 1.1.  

 
 

Figure 1.1: Product Overview 
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2. Background Information on Loudspeaker Measurements 
 
One particular interest in loudspeaker design and manufacture are the Thiele-Small parameters. 
These parameters describe certain characteristics of the speaker and are best found 
experimentally. Previously, one method used to compute the Thiele-Small parameters was 
cumbersome and slow. 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 that 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: the velocity of the 
speaker diaphragm, the current drawn by the speaker, and the input voltage across the speaker. 
The resonant frequency of a speaker can be determined in a number of ways. If the ratio of 
speaker velocity and input current is plotted against frequency, the resonant frequency occurs at 
the maximum point on the curve as shown in Figure 2.1. The resonant frequency can also be 
determined by plotting the impedance of the speaker against the frequency as shown in Figure 
2.2. Again, the resonant frequency occurs at the maximum point on the curve. Finally, the 
resonant frequency can be determined by locating the frequency at which the voltage across the 
speaker and current drawn by the speaker are in phase. This occurs when the lag between the 
voltage and current is zero as shown in Figure 2.3. This is the method the Loudspeaker 
Parameter Analyzer will utilize. [1] 
 

 
Figure 2.1: Ratio of Speaker Velocity and Input Current vs. Frequency [1] 

 

  
Figure 2.2: Impedance vs. Frequency [1] 
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Figure 2.3: Phase vs. Frequency [1] 

 
From these graphs, fs and QMS, two Thiele-Small parameters, can be measured and calculated. 
The parameter fs is the resonant frequency of the speaker. This is the frequency at which the 
diaphragm movement is maximally reinforced by the suspension portion of the speaker. QMS 
describes the qualitative behavior of the mechanical system of the loudspeaker. Low damping 
loss is indicated by a higher value for QMS, usually greater than 3 [2]. It is calculated as follows: 
 

2 2

3

2 2

3
Re

s dB
MS

h l dB

F Zfs Z
Q

F F Z

! " #
= $ %# #& '

 

where 
 

QMS = quality factor, unitless 

s
F  = resonant freqency, Hertz 

Fh Fl!  = 3dB down bandwidth around 
s
F , Hertz 

Zfs = impedance at 
s
F , Ohms 

3dBZ = impedance 3dB down from Fs, Ohms 
Re = DC resistance of the voice coil, Ohms 
 

Next, Qes,, a unitless value, can be calculated. Qes describes the qualitative behavior of the 
electrical system of the loudspeaker. 
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If the ratio of speaker velocity and input current is plotted against frequency, the Thiele-Small 
parameter QTS can be calculated. QTS is the combined electrical and mechanical damping of the 
driver. An example graph is Figure 2.4. QTS can be computed in the following manner: 
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Figure 2.4: Ratio of Speaker Velocity and Input Current vs. Frequency 

 
All other Thiele-Small parameters can be calculated from the above measurements. 
 
QES is the electrical damping of the speaker. 
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Bl, expressed in Tesla-meters, is the force factor the magnet exerts on the coil. 
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where 
 

fsV = input RMS voltage, volts 

fsVE = velocity at resonant frequency, m/s 

 
MMS, expressed in kilograms, is the cone mass with the acoustic load of the air contact.  
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ER = DC resistance of the voice coil, Ohms 
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RMS, expressed in N*sec/m but considered mechanical ÔohmsÕ, is the damping of the speakerÕs 
moving system. 
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CMS, expressed in m/N, is the compliance of the suspension. 
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Vas, expressed in liters, is the volume of air that has the same compliance as the suspension of the 
speaker. 
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where 
 

0
!    = density of air, kg/m3 
c      = velocity of sound in air, 344 m/s 

MSC = mechanical compliance of driver suspension, m/N 

DS   = effective area of the diaphragm, m2 

 
The parameter n0, expressed in percent, is the reference efficiency of the speaker. 
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Next, airload, expressed in grams, can be calculated. 

Airload = 1.50.575* *1000SD  

where 

SD = the effective piston area of the speaker, m2 
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Once the airload is calculated, the cone mass without the acoustic load, or Mmd, can be 
calculated. This value has units of grams. 

md msM M airload= !  

 

Finally, the sound pressure level, SPL, can be calculated. This value has units of decibels. 

SPL = ( )010log 1.69 09*E !+  
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3. Background Information on Serial Communication  
 
3.1 Serial Communication Background     

Serial Communication is the process of sending data across a communication line one bit at a 
time.  Transmitting data serially saves money and space when compared to parallel 
communication since less physical material is used for each connection.  To setup a serial 
communication line, the baud rate, number of bits per character, sense of the parity bit and the 
number of stop bits must be specified.  The baud rate is the speed at which data and control 
bits are sent across the serial port.  The parity bit is an optional bit that can be used for error 
handling.  If the connection is set up to use the parity bit, the device transmitting data will add 
the parity bit after the data bits in order to have an even or odd number of ones in the character 
frame being transmitted.  The device transmitting the data signifies that they have reached the 
end of a character by transmitting 1, 1.5, or 2 stop bits after the data and parity bits.    

3.2 USB background     

Universal serial bus (USB) is a type of serial interface between devices.  The standardized 4-pin 
USB connector allows for multiple I/O peripherals to be connected to a host device without 
specialized adapters.  USB was designed to create a fast connection between devices that would 
require a minimum of user input to setup communication between the host and device.  USB 
devices are separated into USB 1.1 and the newer USB 2.0.  USB 1.1 devices can have high 
speed or low speed connections that correspond to USB clock speeds of 12.0MB/s and 1.5MB/s 
respectively.  The clock speed of USB 2.0 is 480MB/s which allows for much faster data transfer 
rates than USB 1.1.     

When the host computer powers on or a new device is connected to he host, the host requests 
configuration information from the device and assigns an address to the device.  The 
configuration information includes the speed of the connection, the current demands of the 
device, and the type of data transfers that the device will perform.  Data can be transferred 
between the host and device in three different modes, Interrupt, in which little data is sent 
between devices, Bulk, in which data is sent in 64 byte packets, and Isochronous, where data is 
continuously streamed across the connection.       

3.3 USB Hardware     

The USB cables and connectors consist of 2 power wires and two twisted pair data wires.  The 
two power wires are used to supply +5VDC and a connection to ground.  These wires are often 
used to supply power to the device being connected to the host.   

During configuration with the host, the USB device must specify if it is a high power, low 
power, or self powered device.  Until the device is configured, the maximum current that the 
device can draw is 100mA, which is also known as one unit load.  Devices configured as low 
power are allowed to draw a maximum of 100mA.  High power devices are capable of drawing 
up to 500mA from the host.  Self-powered devices rely on a different connection to power their 
internal circuitry and as such, are limited to 100mA of current draw from the host.     
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The data wires are labeled as D- and D+.  These wires are called a differential transmission pair.  
In order to transmit a '1', the transmitting device pulls D+ over 2.8V and pulls D- under 0.3V.  A 
transmitted '0' is the opposite, with D- pulled over 2.8V and D+ pulled below 0.3V.  The 
receiving device interprets incoming signals as a '1' bit if D+ is 200 mV above D- or as a '0' bit if 
D- is 200mV above D+.     

3.4 Serial to USB Converter     

In order to avoid having to configure the board with the host computer, a serial to USB converter 
will be used.  This device will allow the microcontroller to communicate with the PC via USB as 
though it were a serial port.  This device will contain firmware that will decode USB commands 
from the host, setup the connection with the host PC, and handle error reporting.    

To transmit data from a UART device to the host PC, first the UART device will send the data 
that it has collected to the converter through a serial connection.  This data will be stored in a 64-
byte buffer until the converter receives the command to transmit the data across the USB 
connection or until the buffer is filled.  The converter will then transmit the data stored in  the 
buffer using the byte count value stored in the input register of the converter.  When the 
converter has sent the data, it will update its internal registers to signify that the transmission is 
completed.  To transmit data from the host to the UART device, data is received from the host 
and placed in a 64-byte buffer.  When the converter receives a command from the host to start 
transmitting, or the buffer is filled, the converter will send the data to the UART device.  When 
the entire buffer has been transmitted, the converter will update its internal registers to signify 
that the transfer is complete.  

  



9 

4. The Laser and Controller  
 
4.1 Optical Distance Sensor Operation  

  

Figure 4.1.1 Panasonic LM10 Laser Sensor Head and Controller [3] 

The sensor used for this project is a Panasonic ANR12510 sensor head with an ANR5131 
controller.  This sensor head and controller can be seen in Figure 4.1.1.  This sensor uses a laser 
diode to emit a pulsed laser used to measure the distance from a target through triangulation.  A 
laser diode is a p-n junction diode that uses stimulated emission to create a high-energy light 
source.  Stimulated emission is the process of using photons of energy to force an excited 
electron to emit a photon of the same wavelength and direction as the original photon. This 
emitted energy is then focused into a beam by reflecting crystals and emitted from the sensor 
head.     

To calculate the distance that an object is from the sensor head, the sensor emits a light pulse 
from the laser emitter on the front of the sensor head.  This light pulse reflects off the target 
object and is captured by the receiving array on the sensor head.  The sensor determines where 
the laser hits the array to determine the angle between the emitted light and the received light.  
From this angle, the sensor can compute the distance to the target.  The sensor performs this 
measurement several times and then averages the distances in order to obtain measurements of 
a certain resolution.  The more times the sensor repeats a measurement, the higher resolution the 
final measurement will be and the longer it will take for the sensor to output a measurement.  For 
this reason, the resolution of the ANR12510 sensor head depends on the response frequency of 
the laser.  At a frequency of 10 Hz, the highest resolution the sensor head can achieve is 1! m. 

This sensor can be set to analog displacement mode or single comparator mode.  When the 
controller is set to displacement mode, the controller outputs an analog voltage that corresponds 
to the distance calculated by the sensor.  In single comparator mode a potentiometer on the 
controller unit is used to set a reference voltage that corresponds to a certain distance.  When the 
distance calculated is greater than the reference distance, the controller drives one output high.  
When the distance is less than the reference distance, a different output is driven high.     
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4.2 Sensor Specifications      

The data sheet for the ANR12510 sensor head states that the analog displacement voltage varies 
from -5V to +5V over a range of 40mm to 60mm.  Testing of the laser showed that the output 
voltage actually varies from -5V to +6V over the range of 30mm to 60mm.  The distance that 
corresponds to 0V can be adjusted by a potentiometer located on the controller.  The laser will be 
calibrated to provide a 5.0V output displacement for 1.0cm of distance variation using this 
potentiometer.  A calibration block will be created to improve the accuracy of the calibration.  
This calibration block will be one block with two levels cut into one face of the block, one cut 
1cm deeper than the other.  The sensor head will be locked into position with the beam 
perpendicular to that face of the block.  The potentiometer will then be adjusted so that when the 
laser beam is focused on one level, the output voltage is 0V and when the laser is focused on the 
other level, the output voltage is 5V.  Once the sensor is accurately calibrated, the measured 
 voltage can be converted into a distance measurement.  With this calibration, the minimum 
change in voltage that will have to be read is 0.005V. 

4.3 Power Transformer Specifications    

The data sheet for the sensor head and controller states that the required input voltage to power 
the sensor is 12VDC to 24VDC.  The data sheet also states that the current draw of the sensor at 
24V is 125mA.  This input current increases as the input voltage drops, up to 250mA at 12V.  
During testing, the laser 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 the amount of power supplied 
by the USB connection, the laser will be powered by a wall-mounted AC to DC transformer.  
The data sheet suggests that 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.  The transformer chosen for this 
project was a CUI EPS180033-P5P, which supplies 18VDC at up to 330mA of current.  This is a 
wall mounted switching power supply whose output voltage varies from 17.1V to 18.9V from 
full load to no load with a maximum peak-peak ripple voltage of 180mV.  The transformer was 
chosen to supply less than 24V since drawing less than 330mA from the transformer will result 
in a higher output voltage that could damage the sensor head or controller.  The connector on this 
transformer is a 5.5mm O.D. positive center barrel plug.  This transformer will be connected to 
the board by a CUI PJ-002AH through hole 3 contact jack.  This jack is capable of withstanding 
24VDC @ 5A which is greater than the voltage and current that will be applied to it in this 
project. 
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5. Communication Protocol 
 
5.1 Master/Slave Configuration  

The PC and the Loudspeaker Parameter Analyzer will exchange information in a master-slave 
configuration in which the PC will dictate the processing.  Information exchange will occur 
through the transmission of packets over a USB interface. Packet communication will commence 
following the procedure in Figure 5.1.1. 

 
 

Figure 5.1.1: Packet Communication Procedure

5.2 Initialization  

Mutual communication will not commence until the PC software has been executed and the 
Loudspeaker Parameter Analyzer has received power.  When these two conditions have been 
met, the user may initiate communication through the PC software using the interface described 
in Section 8.  The PC will then send an INITIALIZATION REQUEST packet over USB to the 
Loudspeaker Parameter Analyzer.  the Loudspeaker Parameter Analyzer will respond with an 
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INITIALIZATION SUCCESSFUL packet back to the PC.  The PC software will not allow the 
further request of data from the Loudspeaker Parameter Analyzer until the INITIALIZATION 
SUCCESSFUL packet has been received.  Once the PC software has obtained a connection to 
the Loudspeaker Parameter Analyzer,  the Loudspeaker Parameter Analyzer will enter a state in 
which it waits for packets from the PC, and the PC will wait for a response after sending a packet 
to the Loudspeaker Parameter Analyzer.  A timeout delay will also be implemented for the event 
that communication between the PC and the Loudspeaker Parameter Analyzer becomes 
interrupted.  

5.3 Communication Modes   

After the successful initialization of the USB connection, the PC will place the Loudspeaker 
Parameter Analyzer into a series of modes and request data from the Loudspeaker Parameter 
Analyzer in each of these modes.  The order of these modes can be seen in Figure 5.1.1.  The 
first mode of operation requires the PHASE MODE REQUEST packet to be sent from the PC to 
the Loudspeaker Parameter Analyzer.  The Loudspeaker Parameter Analyzer will respond with 
the PHASE MODE ENTERED packet.  This indicates that all data points returned from the 
Loudspeaker Parameter Analyzer will be in relation to Hertz and phase angle.  Once the mode 
has been entered, the PC software can request data points by sending the value as a DATA 
POINT REQUEST.  The Loudspeaker Parameter Analyzer will then return the DATA POINT 
RETURN packet with its corresponding value. This exchange of data will continue at the PC 
software's request.  The PC software will then request the Loudspeaker Parameter Analyzer to 
enter impedance, velocity, and resistance modes requesting a data point for each.  The 
Loudspeaker Parameter Analyzer will remain in its last mode of operation until it has been 
powered off, or requested to enter a different mode by the PC software.  A summary table of data 
packets can be found in Appendix A.
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6. Processing Procedure on the PC 
 
6.1 Phase Angle Measurements 
 
The PC software shall begin a predefined packet communication procedure after receiving a 
request from the user via the interface described in Section 8.  Following the procedures in 
Section 5, the PC software will run through the initialization, record the  speaker diameter input 
from the user, and setup the Loudspeaker Parameter Analyzer to enter the phase angle mode. 
 Once the Loudspeaker Parameter Analyzer is ready to communicate in the phase angle mode, 
the PC software will take the following actions:  

1.  Request phase angles  at points 10 to 50Hz in increments of 2Hz 
2.  Find the resonance frequency by locating the zero phase using a searching method  

6.2 Impedance Measurements 
 
The PC software will then request the Loudspeaker Parameter Analyzer to enter velocity mode.  
Once the Loudspeaker Parameter Analyzer is ready to communicate in the impedance mode, the 
PC software will take the following actions: 

 
1.  Request the impedance of the speaker at resonance frequency 
2.  Find the frequency giving the closest value to 3dB down from the resonance frequency 
impedance in either direction using a searching method 

 
6.2 Velocity Measurements 
 
The PC software will then request the Loudspeaker Parameter Analyzer to enter velocity mode.  
Once the Loudspeaker Parameter Analyzer is ready to communicate in the velocity mode, the PC 
software will take the following actions:  
 

1.  Request the velocity of the speaker at resonance frequency  

6.3 Resistance Measurements  

The PC software will then request the Loudspeaker Parameter Analyzer to enter resistance 
mode.  Once the Loudspeaker Parameter Analyzer is ready to communicate in the resistance 
mode, the PC software will take the following actions:  

1.  Request the DC resistance of the speaker and record it as the DC resistance of the coil  

6.4 Thiele-Small Calculations 
 
The PC software will then calculate the surface area of the speaker using the input diameter and 
perform the Thiele-Small calculations as described in Section 2.  These values will be returned to 
the user as described in Section 8.
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7. Processing Procedure on the Loudspeaker Parameter Analyzer 
 
7.1 Initialization  

When the Loudspeaker Parameter Analyzer receives the INITIALIZATION REQUEST packet 
from the PC, the Loudspeaker Parameter Analyzer shall perform the following actions:  

1. Verify that the connection to the laser is established by checking for a valid voltage 
reading from the laser. If the connection is not valid, the Loudspeaker Parameter Analyzer 
shall return an INITIALIZATION FAILURE packet including the appropriate error code 
to the PC. 
2. Verify that the connection to the speaker is established by checking for a current through 
the speaker when an input voltage is applied. If the connection is not valid, the 
Loudspeaker Parameter Analyzer shall return an INITIALIZATION FAILURE packet 
including the appropriate error code to the PC. 
3. Clear, or zero, all appropriate memory registers on the Loudspeaker Parameter Analyzer. 
4. Initialize all appropriate variables on the Loudspeaker Parameter Analyzer to be used in 
the speaker test. If the Loudspeaker Parameter Analyzer fails to initialize the variables, the 
Loudspeaker Parameter Analyzer shall return an INITIALIZATION FAILURE packet 
including the appropriate error code to the PC. 
5. If the initialization is successful, the Loudspeaker Parameter Analyzer shall return an 
INITIALIZATION SUCCESSFUL packet to the PC.  

7.2 Communication Modes   

When the Loudspeaker Parameter Analyzer received the ENTER PHASE MODE packet from 
the PC, the Loudspeaker Parameter Analyzer shall initialize itself to return packets to the PC that 
contain frequency, in Hertz, and phase angle, in degrees.  If this initialization is successful, the 
Loudspeaker Parameter Analyzer shall return the PHASE MODE ENTERED packet to the PC.  
If this initialization fails, the Loudspeaker Parameter Analyzer shall return the PHASE MODE 
FAILED packet to the PC including the appropriate error code.  

When the Loudspeaker Parameter Analyzer receives the ENTER IMPEDANCE MODE packet 
from the PC, the Loudspeaker Parameter Analyzer shall initialize itself to return packets to the 
PC that contains frequency, in Hertz, and impedance, in ohms. If this initialization is successful, 
the Loudspeaker Parameter Analyzer shall return the IMPEDANCE MODE ENTERED packet 
to the PC. If this initialization fails, the Loudspeaker Parameter Analyzer shall return the 
IMPEDANCE MODE FAILED packet to the PC including the appropriate error code.   

When the Loudspeaker Parameter Analyzer receives the ENTER VELOCITY MODE packet 
from the PC, the Loudspeaker Parameter Analyzer shall initialize itself to return packets to the 
PC that contain frequency, in Hertz, and velocity, in meters per second. If this initialization is 
successful, the Loudspeaker Parameter Analyzer shall return the VELOCITY MODE ENTERED 
packet to the PC. If this initialization fails, the Loudspeaker Parameter Analyzer shall return the 
VELOCITY MODE FAILED packet to the PC including the appropriate error code.  More 
information regarding packet communication can be found in Appendix A. 
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When the Loudspeaker Parameter Analyzer receives the ENTER RESISTANCE MODE packet 
from the PC, the Loudspeaker Parameter Analyzer shall initialize itself to return packets to the 
PC that contain DC resistance, in Ohms. If this initialization is successful, the Loudspeaker 
Parameter Analyzer shall return the RESISTANCE MODE ENTERED packet to the PC. If this 
initialization fails, the Loudspeaker Parameter Analyzer shall return the RESISTANCE MODE 
FAILED packet to the PC including the appropriate error code. 

7.3 Data Requests  

When the Loudspeaker Parameter Analyzer receives the DATA POINT REQUEST packet 
from the PC, the Loudspeaker Parameter Analyzer shall perform the following computation: 

¥ If the Loudspeaker Parameter Analyzer is in phase angle mode, the Loudspeaker 
Parameter Analyzer shall:  

1. Send the desired sine wave to the speaker with at least 256 steps of resolution. The 
frequency of the sine wave is given in the DATA POINT REQUEST packet 
received from the PC. The amplitude of the sine wave is determined by the 
hardware of the Loudspeaker Parameter Analyzer.  

2. Record the current to voltage phase angle  
3. End the transmission of the sine wave input to the speaker.  
4. The Loudspeaker Parameter Analyzer shall return the phase angle to the PC in a 

DATA POINT RETURN packet.   

¥ If the Loudspeaker Parameter Analyzer is in impedance mode, the Loudspeaker 
Parameter Analyzer shall:    

1. Send the desired sine wave to the speaker with at least 256 steps of resolution. The 
frequency of the sine wave is given in the DATA POINT REQUEST packet 
received from the PC. The amplitude of the sine wave is determined by the 
hardware of the Loudspeaker Parameter Analyzer.  

2. Record the speaker input impedance, in ohms.  
3. End the transmission of the sine wave input to the speaker.  
4. The Loudspeaker Parameter Analyzer shall return the impedance to the PC in a 

DATA POINT RETURN packet.   

¥ If the Loudspeaker Parameter Analyzer is in velocity mode, the Loudspeaker Parameter 
Analyzer shall:    

1. Send the desired sine wave to the speaker with at least 256 steps of resolution. The 
frequency of the sine wave is given in the DATA POINT REQUEST packet 
received from the PC. The amplitude of the sine wave is determined by the 
hardware of the Loudspeaker Parameter Analyzer.  

2. Record the RMS voltage output from the laser.  
3. Record the RMS voltage across the speaker.  
4. End the transmission of the sine wave input to the speaker.  
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5. Calculate the RMS Distance, in meters, from the RMS voltage output as: 
 

!  

RMS Distance= RMS Voltage*
1.0cm
5.0V

*
1m

100cm
  

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

RMS Velocity 2 *Frequency * RMS Distance!=  
 

7. The Loudspeaker Parameter Analyzer shall record the RMS voltage across the 
speaker, the current drawn by the speaker, and the RMS Velocity of the speaker.  

8. The Loudspeaker Parameter Analyzer shall return the RMS Velocity of the speaker 
to the PC in a DATA POINT RETURN packet.  

¥ If the Loudspeaker Parameter Analyzer is in resistance mode, the Loudspeaker Parameter 
Analyzer shall:    

1. Send a constant voltage of 1V to the speaker and measure the current to calculate 
the DC resistance of the speaker for any non-zero input value  

2. The Loudspeaker Parameter Analyzer shall return the DC resistance of the speaker 
in a DATA POINT RETURN packet. 
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8. PC User Interface 
 
8.1 Python Language 
 
Python is an open source programming language that will be used to create the PC software 
program.  It can easily interface with USB using the pySerial package and create a simple 
graphical user interface using the PythonCard package.  Python programs can be compiled into 
stand-alone executables functioning on any Microsoft Windows capable PC. 
 
8.2 User Interface  

The user will execute a software program written in Python from a PC with a USB port.  The 
software program will appear as a window with multiple buttons and text fields as well as a 
menu bar.  There will be a combo box to select the correct communication port next to a 
"Connect" button.  Clicking the connect button will respond with a window indicating whether 
or not a connection has been established.  At this point, the "Get Speaker Parameters" button will 
become enabled.  Once clicked, a window will appear requesting the diameter of the speaker in 
meters, and a progress bar will appear while the PC software communicates with the 
Loudspeaker Parameter Analyzer using the predefined packet communication procedure 
described in Section 6.  This progress bar window will have the option to cancel the current 
process.  Once the communication with the Loudspeaker Parameter Analyzer has completed, the 
appropriate Thiele-Small speaker parameters will be displayed in a text field.  A button labeled 
"Export..." will then become enabled.  If clicked it will allow the parameters to be exported in a 
tab-delimited format capable of being copied into a spreadsheet.  There will also be a 
"Disconnect" button to release the communication port.  A possible layout for these requirements 
can be seen in Figure 8.2.1 

 
 

Figure 8.2.1: Sample PC Interface 
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Appendix A: Packet Communication  

The PC to Device packets will be in the following format with each one-byte word in 
hexadecimal: 

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

After the Loudspeaker Parameter Analyzer has received a packet, it will respond in the following 
format:  

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

The contents of each specific packet can be found in Table A.1.  

Table A.1: Communication Packets  

 

Packet Name Recipient Value (Hexadecimal Unless Noted) 

INITIALIZATION REQUEST Device F0 | F0 

INITIALIZATION 
SUCCESSFUL 

PC 10 | F0 | 00 | 10 | 10 | 03 

INITIALIZATION FAILURE PC 10 | F0 | 01 - 03 | 0F - 0D | 10 | 03 
(01 - Laser Failure, 02 - Speaker Failure, 03 - Device Failure) 

ENTER PHASE MODE Device F1 | F1 

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

PHASE MODE FAILURE PC 10 | F1 | 01 | 0E  | 10 | 03 

ENTER IMPEDANCE MODE Device F2 | F2 

IMPEDANCE MODE ENTERED PC 10 | F2 | 00 | 0E | 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 

RESISTANCE MODE 
ENTERED 

PC 10 | F4 | 00 | 0C | 10 | 03 

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

DATA POINT REQUEST Device ## (10 - 150d) | ## (0 - 99d) 

DATA POINT RETURN PC 10 | DATA POINT REQUEST | ## | ## n | Checksum | 10 | 03 
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The first word of the DATA POINT REQUEST represents the integer portion of the desired 
frequency, while the second word represents the decimal portion in hundredths of a Hertz.  The 
DATA POINT RETURN packet includes at least 2 hexadecimal output words that will be 
converted a signed decimal according to Word 03 of the DATA RETURN PACKET as defined 
in Table A.2. 

Table A.2: The DATA POINT RETURN Packet 

Word Bit Value (Hexadecimal Unless Noted) 

00 - 10 

01 - 10 to 150d 

02 - 0 to 99d 

0 0 = positive, 1 = negative 

1 to 4 0 to 15d = multiplier: 1 x 10-# 03 

5 to 7 1 to 7d = # of hex words (n) 

04 to 03+n 0 to 7 0 to FF 

04+n - 0 to FF = checksum 

04+n+1 - 10 

04+n+2  3 

 

Words 04 to 04+n represent the output value, where Word 04 is the MSW and Word 04+n is the 
LSW.  This value is retrieved from the packet and converted to a signed decimal using the 
parameters in Word 03. 
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