The 551 Student’s Portable Theater System

David Breece, ||
Aaron Krol
Lincoln Westfall

{dcb2, akrol, westfall} @andrew.cmu.edu

18-551 Digital Communications and Signal Processing Design
Spring 2002

Page 1



Table of Contents

[T 070 [ Tox 1 o] o P 3
- Project Motivation
- Dolby Digital Format
- Head-Related Transfer Functions

PIrEVIOUS WOTK ...ttt e ettt e s s et e s s sabe e e s s ssbe e e s sesbeeessenbenessanbenesans 6
- Descriptions
- Differentiating Features

(@ o]z 19 1 oTo [ 7= = NSRS 7
- Dolby Digital streams
- HRTFs

IMPIEMENELION ...t e 9
- PC Back End

- Graphical Interface
- EVM Processing
(@] o111 1 1117= (] 0] 0SS 16
- DMA
- Getting it al onchip
- PC? EVM Communication
- Interrupts
- Other
S TS ST @Y= o0 T 20
- Limited On-Chip Data Memory
- Limited On-Chip Program Memory
- FFT issues
- Stack Overgrowth
- Linker Errors

FULUFE WOTK ...ttt sttt e nae e e 21
(@0 0T0: 111 o] o OSSP 22
APPENTIX A I EVM COUE ...t 23
APPENTIX B: PC COUR ..ottt et s 38
APPENdiX C: GUI COUE .......coceeeee ettt ettt ne e 65

Page 2



Introduction

In recent years, DVDs have increased in popularity as a movie storage medium for
home viewing. As a result, a growing number of people are purchasing home theater
systems that take advantage of the increased sound capabilities that DVD offers over
the traditional VHS format. The DVD format most commonly uses Dolby Digital
encoding, also known as AC-3, to store five discrete channels and one low frequency
effects channel (often referred to as 5.1 channels). The five discrete channels are
positional and are sent by a Dolby Digital receiver to speakers placed at different points
in the home theater (front left, center, front right, surround right, and surround left).

The popularity of DVDs has also become strong in the laptop computer market, where
users often use their laptops to watch movies while traveling. In addition, more
manufacturers are beginning to produce and market portable DVD players. The
increased competition has driven the price down to a point within reach of many
consumers. Home theater systems are not what one would consider portable, however,
leaving traveling movie buffs using headphones without the positional audio they’ve
become used to hearing at home. Furthermore, even technologies that attempt to bring
positional audio to this market often suffer from the fact that headphone audio images
tend to appear as if they were inside the listener’'s head, rather than around it. We aim
to provide a better (and cheaper) solution.

Significant research has been done in the area of human sound perception. Through
digital signal processing, the 5.1 channels can be “down-mixed” using perceptual
techniques to two channels and delivered directly to the ears via headphones in such a
way that the listener perceives sounds to be coming from different places in the room.
We will utilize research in Head-Related Transfer Functions to provide superior
surround sound quality from a pair of headphones. Additional positional cues can be
provided by delay and attenuation effects based on the location of a simulated speaker.
Such a pair of headphones - that can reproduce the entire spectrum of human hearing
(20 Hz - 20 kHz) - can be purchased relatively inexpensively.

Background - Dolby Digital (AC-3)

The perceptual coding algorithm implemented by AC-3 is a data-compression scheme
that seeks to eliminate the data we cannot hear while maintaining most or all of the
information that we can. AC-3 divides the audio spectrum of each channel into narrow
frequency bands that correlate closely to the frequency selectivity of human hearing.
That allows coding noise to be very sharply filtered by taking advantage of the
psychoacoustic phenomenon known as auditory masking. Coding noise stays close in
frequency to the audio signal being coded, so it is effectively masked. AC-3 uses a
"shared bit-pool” arrangement to use data as efficiently as possible. Bits are distributed
among the various channels according to need. AC-3 allows multichannel surround
sound to be encoded at a lower bit rate than required by just one channel on a CD.
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Dolby Digital 5.1 Audio Bitstream Format

DVDs use Dolby Laboratories’ AC-3 format as a coding standard for multi-channel
digital surround sound. AC-3 uses perceptual coding technology for compression
through differential encoding of the exponents and a local psychoacoustic model in the
decoder. “An AC-3 audio bitstream is made up of a sequence of synchronization frames
(see Figure 1). Each frame contains six coded audio blocks (AB), each of which
represents 256 new audio samples, and each frame represents a constant time interval
of 1536 audio samples. The frame size varies with the sample rate and coded data rate.
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Figure 1. AC-3 Frame Format

Each frame starts with SI (sync information) and BSI (bit-stream information). The BSI
has fields describes the sample rate, data rate, number of coded channels, and
information on the coded audio service. There are two CRC words per frame, one at the
beginning and one at the end, for error detection. An optional aux data field is located at
the end of the frame for providing control or status information into the AC-3 bitstream
for system-wide transmission.

The actual audio information consists of the quantized frequency coefficients in floating
point form with an exponent and a mantissa. The mantissas are quantized with a
variable number of bits, based on a psychoacoustic masking. More bits are allocated to
perceptually important frequency bands. The parameters used for bit allocation are
embedded in the bitstream for the decoder to reconstruct the coefficients. The audio
block has information for reconstructing the frequency coefficients.

BELOCK SWITCH, DITHER, DYMNAMIC RANGE.

COUPLING INFO AND OTHER PARAMETERS EXFONENTS BIT ALLOCATION INFO MANTISEAS
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Figure 2. Audio Block Format

Each audio block represents 256 new audio samples per coded channel (see Figure 2).
The audio block contains block switching flags, dither flags, dynamic-range compression
information, coupling information, exponents, bit allocation information and the
mantissas. The information in audio block O can be reused by other blocks in the same
frame, allowing data sharing within a frame.”'

Background - HRTFs

HRTFs (Head-Related Transfer Functions) are attempts to model the human perception
of spatial sound. Not every aspect of this perception is well understood, but there are
three main factors that are generally accepted as influencing our perception of 3D
sound. One is the time delay between when a sound is heard in one ear and when it is
heard in the other. The second factor is the sound intensity difference between ears.
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And the third is the effect of the outer ear’s shape as a filter on the incoming sound (due
to multi-path reflections and diffraction). Sometimes, the reflective and refractive
characteristics of the shoulders and upper body also play a role. HRTFs attempt to
combine all these effects into a pair of filters, one for each ear of the listener. The
transfer functions are acoustic filters that vary in not only frequency, but also in the
azimuth, elevation, and range to the source'.

One problem that HRTFs address is that typically, headphones produce a sound image
located inside the head. Ideally, one would like the image to be located at a specified
spot somewhere outside the user’s head. This gives a true “surround” feeling.

Not all HRTFs are the same. Some are based off of various mathematical equations and
models, with a variety of approximations to simplify the work. Others are constructed
from experimental data using dummy-heads with embedded microphones. Some HRTF
sets are customized to a particular listener, while others are not (customized HRTFs
tend to do slightly better at localization of sound sources, though non-customized ones
do not fare too badly").

A significant choice in the implementation of any processing system is the choice of
which HRTFs to use. One choice would be to use the HRTF measurements provided
free of usage restrictions by the MIT Media Lab". We feel that the ready availability of
this data, and the publication of refined" and real-time"" algorithms based off of this data
makes it a good initial choice for our HRTF model.

Comparison Format- “Stereo” Processing

An output format that was not perceptually-encoded was needed for the purpose of
comparison with the output format that was perceptually-encoded. The term “stereo” is
a bit of a misnomer, however, for two reasons: 1) the perceptually-encoded output
format is stereo (in that it is a two-channel format) and 2) the non-perceptually-encoded
format is also based upon all 5.1 channels of information.

All 5.1 channels of information were used in creating the comparison output to remain
consistent with the perceptually-encoded output. It was desired that any difference
(improvement) in sound be caused by the perceptual encoding techniques, and not just
by the additional information afforded by the extra channels. Each positional channel
contributes a similar amount of information to what is heard by each ear in the “stereo”
format as in the “Dolby Digital 5.1” format, only without the perceptual encoding
techniques.

Essentially, when an off-axis channel is contributing to an ear (i.e., when the left front
speaker is contributing to the right ear), a multiplier of 0.1 is used. This is based on
inspection of the HRTFs and estimation of the energy difference received by the off-axis
ear vs. the on-axis ear. The on-axis ear (the left ear in the above case) receives the full
signal.
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Previous Work

In the realm of processing 3-D positional sound, a significant emphasis has been from
the perspective of 3-D gaming, and the desire of game developers to produce
immersive 3-D environments. The most significant work in this area that we've seen is
the Open Audio Library, or OpenAL", which is a “joint effort to create an open, vendor-
neutral, cross-platform API for interactive, primarily spatialized audio.” Created by
Creative Labs and Loki Entertainment Software and targeted at game audio, OpenAL
provides an easy-to-use API that allows developers to position audio sources around a
listener and get reasonable 3-D effects. Creative Labs has also created an extension to
the API that allows it to read in an AC-3 soundtrack as the game’s background music.
We differentiate ourselves from the OpenAL platform in our targeting of headphone
movie listeners and our use of Head-Related Transfer Functions to model the alteration
of the sound at each ear caused by the listener’s body.

As for previous 551 projects, there is one related project of which we are aware. This is
the Group 2 (Matt Juhasz, Vivek Krishna, and Julie Peoples) project from Spring 2001,
which dealt with the use of HRTFs in positioning a single audio source to create a virtual
audio environment. Our purpose and situation is different, in that we will have multiple
positioned sources (the 5.1 Dolby Digital channels) which themselves are used to create
a surround effect. This surround effect is then enhanced by the HRTFs.

SRS Technologies also has a technology that attempts to encode 6 channel-surround
into 2 channels, and even has a demo one can stream off their website. The technology
supposedly will give some benefits even to standard stereo users without their special
decoder. In listening to the demo, there were some left-right effects, but front-back detalil
seemed to be lacking. Some of the HRTF literature discusses modeling this very thing to
provide the more realistic environment that we hope to implement. (It's unclear whether
SRS is using any HRTFs in this “Circle Surround” system, though they have used them
in some earlier stereo applications)

Sony also offers headphones that provide Dolby surround using headphones. The
headphones sell for around $499.99, and as a consequence we have been unable to
test how well these devices work.

Dolby also has their own specification, appropriately termed “Dolby Headphone,”
althought little is known about this scheme. Although mentioned on their website, we
were unable to find it implemented in any product nor discussion of its processing
methods.
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Obtaining the Data

Dolby Digital 5.1 Audio Channels

Although we would have liked to obtain a Dolby license and implemented a complete
solution for playing DVD movies on the PC’s DVD-ROM drive and process the AC3
audio stream in real-time, we decided to base our positionality processing work on the
assumption that we have the six Dolby Digital 5.1 audio channels in separate PCM-
WAV files. To make this assumption a reality for our work, we ripped the DVD audio
channels to the hard drive and converted them to individual workable PCM data files.
The PCM data also requires more PCI bandwidth for transfers than would the AC-3 data
but allows us to implement a simple and legal mixing algorithm on the six audio
channels.

In order to transfer the DVD audio channels to individual PCM files we could work with,
several steps and a variety of audio tools were required. We chose to use the Dolby
Digital Demo DVD we ordered from Dolby as our source, since it had a number of mink
movies roughly thirty seconds in length that demonstrate the positional capabilities of
Dolby Digital 5.1 rather well. We chose the “City Demo” to work with the most because
we felt it had the most positional elements of all the demos.

We ripped the “City Demo” VOB file to the hard disk using SmartRipper v2.41. Next we
opened the “City Demo” VOB file in VOBrator Beta Release 0.2 and demuxed it into an
MP2 video file and an AC3 5.1 channel audio file using VOBrator. Then we opened the
AC3 file in Sonic Foundry SoftEncode v1.0 using its “Dolby Digital (decode to PCM)
(*.ac3)” file open option. It turns out that at this point SoftEncode saves six files called
AC3xx.TMP (where xx is a hex number) in the current Windows TEMP directory that are
actually WAV-PCM encoded files of the six separate Dolby Digital 5.1 channels. We
just had to find the six latest AC3xx. TMP files (with the highest xx digits; they are
numbered following the order L, C, R, LS, RS, LFE channels) and rename their names
to the audio channel and the extensions to WAV, and we had the six DD5.1 channels of
“City Demo” in six separate PCM-WAV files!

Now, these WAV files all had a sampling rate of 48000 kHz, but our HRTF WAV files
from the MIT Kemar project were all recorded at44.1 kHz. For the project, both were
needed to have the same sampling rate in order to do proper processing between the
HRTFs and the sound channels. FFTs of the “City Demo” WAV files showed that they
really had no audio information above 20 kHz, so we decided to downsample the six
channels to 44.1 kHz. We opened the six files in the audio editor GoldWave v4.12,
resampled them at 44.1 kHz, and resaved them. GoldWave resamples using simple
linear interpolation*"', which may have introduced a tiny bit of distortion, but nothing
significant enough to be audible. For more lossless DVD audio processing in the future
we would hope to get 48 kHz HRTF samples a different source, which would avoid the
need to downsample the audio channels for processing.
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Since the six channel’'s WAV files were about 3 MB apiece and thus nonideal for all our
preliminary work on them, we decided put them into a more workable size. So we
trimmed the WAV files to the same exact 200,000 samples of an action-packed moment
in the middle of the demo that contained data on all six channels. These files were
400044 Bytes each - 16 bits per sample, plus the standard 44 Byte WAV header - which
was a much more practical size to work with until we were ready for final testing and
demonstration. Now the focus shifted to the actual processing of the sound channels.

The HRTFs

We obtained a copy of the HRTF database from the MIT Media Laboratory. The
database was stored conveniently in the WAV format, as a volunteer had converted it
from the original raw data format that MIT had first released. This saved us a significant
amount of work, since the raw data format was in big-endian byte order. While the EVM
can work with big-endian byte order through a setting in Code Composer, both the WAV
file format and the Intel platform use a little-endian byte order. This would have
significantly complicated our implementation.
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| mplementation

Our implementation is comprised of three parts: the PC back end, the GUI, and the EVM
processing. In this section, we describe the implementation of each major component.

The PC Back End

Our PC Back End component is itself composed of three major parts:

1. GUI Integration
2. WAV File I/O
3. PC ? EVM Communication

The implementation of each is described below. See also: pc_comm.c, arrays.h, read.h,
read.c.

GUI Integration

Since the graphical user interface is implemented via a Web-based interface, the GUI is
located in a separate portion of code from the remainder of the project. The GUI and the
GUI Integration code communicate using a shared parameters file that the GUI writes to
and the PC reads from. The two parts utilize a locking mechanism to prevent the
Integration and GUI programs from attempting to access the file at the same time. This
prevents potential parameter-file corruption issues that could arise if both were to
access the file simultaneously.

The GUI Integration code then compares the new set of parameters with the previously
stored parameters, notes any changes, and stores the new parameters. A status-
change word is returned to the PC ? EVM Communication code indicating which
parameters have changed and will need to be re-transferred. See pc_comm.c.

WAV 1/0

Our WAV code was written from scratch after we failed to find a free implementation that
would fit our needs. We don’t doubt that there is suitable code out there somewhere, but
a reasonable search of the Web failed to uncover it. For this reason, we referred to the
readily available WAV file specification. The WAV file format is fairly simple, consisting
of a standard “RIFF” header, followed by an arbitrary number of metadata or data
“chunks.” The two most relevant chunks are the format and data chunks, which contain
all the necessary formatting information (sampling rate, number of channels, etc) and
the data itself. All other chunks are optional under the specification. Our read code
ignores all nonessential chunks, and our write code does as well. See read.h, read.c,
arrays.h.
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PC ? EVM Communication

Our overall scheme for PC ? EVM Communication was based upon requests sent by
the EVM. Periodically the EVM queries the PC using one of several different commands,
asking for information such as parameter changes or new chunks of input data.

There were a couple of different techniques available for transferring data between the
PC and the EVM: synchronous or asynchronous transfers. Our implementation used
synchronous transfers. This approach had two major benefits. The first was that it
enabled us to use the utility functions from lab3, thus simplifying development and
reducing debugging time. The second benefit was that we avoided the transfer stability
problems of some 1/O functions (see the lab 3 handout). This approach also meant that
in the event we wanted to switch to asynchronous transfers, we could do so later by
rewriting the utility functions rather than the whole PC codebase. The downside to
using synchronous transfers is that the processor is not free to perform other operations
while the transfer is happening. This could have yielded a potential boost in speed if
implemented.

We made heavy use of the utility functions and their associated transfer structure (which
used mailboxes 1, 2, and 3 for transferring data, its size, and an associated command,
respectively). The variety of data that needed to be transferred between the PC and
EVM (12 different HRTF buffers, 6 input data buffers, the output, parameter change
indicators, etc.) necessitated over 30 different commands.

The GUI

The goal of the GUI was to give users an option to easily choose the virtual audio
environment to be simulated. We included a variety of options to the user so they could
create their ideal virtual home theater. Figure 3 below shows a screenshot of the GUI
using the default options.
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Figure 3. Screenshot of GUI with default options selected.

The GUI was created as an HTML Web page (default.htm) that sends the user’s
selections as form data to an ASP file (formproc.asp) written in Visual Basic Script
(VBScript). The VBScript code in formproc.asp uses the selected environment settings
to write all necessary processing parameters to a file. The PC back-end then reads this
parameter file. This setup makes future real-time processing possible, even if the user
changes the environment settings while audio is being played and processed at the
moment. See default.htm, formproc.asp. See also example parameters.txt and its
explanatory key paramkey.txt in Appendix C.
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For audio environment settings selectable in the GUI, we decided to include the
horizontal angle (azimuth), elevation angle, and floor distance of each speaker, as well
as temperature of the room being simulated. The azimuth and elevation values
determine which HRTFs are used to process the audio channels, and these angles and
floor distances, along with the room’s temperature, are used to add appropriate delay
and attenuation to the individual channels. We included environment options for the
Subwoofer, since most of the contribution of the LFE channel is usually output through
the subwoofer. The Subwoofer options don’t actually change the positionality of the
sound as bass typically radiates omnidirectionally from the speaker driver. In a typical
home theather setup, because of this and interactions with the room, it is very difficult to
deteremine the position of a low-frequency sound source. We built in the option for
future expansion, however.

Another option is the ear type, normal or large red. The size and density of one’s ear
auricle (or pinna) affects the ear’s frequency response (i.e. the HRTFs). There are two
sets of HRTFs based on different ear types, and this option determines which is used.
Different people will get a better positional effect by choosing one ear type or the other.

The last two options selectable in the GUI are which Demo to use and whether the
output should be a Dolby Digital 5.1 emulation (using our processing) or a simple stereo
downmix. We had four different demos available: Canyon, City, Egypt and Train. The
simple stereo downmix, if selected, is performed by the EVM without any processing
other than channel weighting and direction to the headphones’ two speakers. This can
be used to generate a comparison for testing the Dolby (HRTF-based) processing.

Units for parameters selectable in the GUI are all US-English (feet, Fahrenheit), but our
GUI Integration code converts them to metric units (meters, Celsius) for better
integration with the reference data we had available.

In order to get this implementation of the GUI to work, we had to set up Personal Web
Server 4.0 (installed through the NT Option Pack) on our lab station. Only with such a
web server set up could the VBScript in our ASP files have any permission to write files
to the hard drive, which is necessary to integrate the GUI into the PC back-end of our
EVM code.

EVM Processing

The data from the 5.1 channels goes through a series of steps after arriving on the EVM
before it is finally returned to the computer as 2 stereo channels.

1) The 5.1 channels of data is transferred to the EVM via the PCI bus using a
mailbox transfer (as in lab 3). The channels are represented in the time domain.
They are stored off-chip in storage buffers until they are needed for processing.

2) The HRTF to be used is transferred from an off-chip storage buffer to another off-
chip buffer. Originally, this second buffer was stored on-chip. Due to problems
related to the stack, however, it was moved off-chip.
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3) The channel data to be used is copied from the off-chip storage buffer to an on-
chip buffer. Itis then changed to a complex-interleaved format represented by an
array of floats, and stored in another buffer. During this process it is multiplied by
a windowing function (Hamming Window) to reduce processing artifacts caused
by the small block size, and then attenuated based on distance from the virtual
sound source to the listener.

4) The channel data is then FFTed to bring it into the frequency domain.

5) The channel data is then delayed through multiplication by a complex exponential
representing a linear phase change (delay in time ? phase change in frequency).
After this delay, it is complex multiplied by the appropriate HRTF.

6) The result of this multiplication is then added to the appropriate output buffer (for
either the left or the right ear).

7) Steps 2 through 7 are completed for each chunk of processing being done (the
contribution of one sound source to one ear represents a “chunk”).

8) The resulting 2 channels of perceptually-processed data are then transferred
back to the PC for storage in the output data file.

After all of the data has been processed by the EVM, the PC writes the output file. This
can then be accessed by a PC-based player program and played back to the user.
HRTFs

Convolution with the HRTFs was done in the frequency domain using complex
multiplication. A MATLAB-generated plot of one set of HRTFs is represented below.

Fighd Edr Fespanss of MIT Kemar Dumivy Hiad

Angle (Degrees]

Fregquency [Hz)
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Delay

Our processing required delaying various chunks of input data by an arbitrary number of
samples. Since the data is represented in the frequency domain for much of the
processing, it seemed natural (and easy) to implement the n-sample delay by a complex
multiplication by e”™" . Using Euler’s relation, this is can be represented as a complex
multiplication by cos(?wn) ? j “sn( ?wn) ? cos(wn) ? j“dn( wn). Computations are done
using local (on-chip) variables to minimize the number of off-chip memory references.
Due to storage limitations, the delay computation is done in-place.

There are two different types of delay taken into account in perceptually processing the
data stream: delay based on distance from the virtual sound source to the listener, and a
delay from a sound source to one ear relative to the other caused by the angle that the
virtual speaker lies at to the listener.

Range-based Delay

range

The time that a signal takes to traverse a range is: time ? ———
velocity

The velocity of a sound wave in air is dependent upon the temperature, and is
defined as:

Vo ?34470.6T ? 202 m/s
Distance (range) and the sampling rate (44,100 samples/second) are known.
Therefore, the number of samples of delay can be determined as:

: . . r . r
samples ? sampling _ rate?time? sampling _rate? ange ? sampling _rate? ange
velocity Vi

Woodworth Delay

When a sound source is at an angle to the listener’s head, the sound waves
arrive at each ear at a different time. This time difference is based not only on
the angle of incidence, but also on the diameter of the person’s head. This delay
is referred to as “Woodworth Delay””*, and accounts for a portion of how your
mind perceives sound as coming from a certain direction.
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The additional distance that the sound wave must travel to the farther ear

is:d ?agn? . This delay in samples can be determined much in the same way as
it was previously to account for the positioning of the sound sources. The
advancement of the sound wave for the other ear is determined in much the
same way by basically taking the negative of the delay that was calculated for the
other ear (assuming that the head in question is symmetrical).

Attenuation

Attenuation® was also calculated based on the distance from the user to the virtual
sound source. Distance is related to a decrease in relative intensity through the inverse-
square law. Assuming no reflected sound, this law states that the intensity of a sound

2

: , , l, 2r 72

wave decreases proportionally with the square of the dlstance:l—2 ?313
1 ?1?

Furthermore, we know that the intensity of a sound wave is related proportionally to the

_ I, 2A 2
square of the amplitude of the wave: I—Z ?3-23
1 ?

2 A

N
iyl

We can derive from these two equations the relationship: A, ? A ?% where A ?1,

-~
Nﬂ
NIV,

being the reference amplitude of the signal.

Windowing Function

The storage limitations of the on-chip C67 memory limited the size of the data blocks we
could process to 1024 samples. The unfortunate consequence of this is an abundance
of irritating processing artifacts. In attempt to reduce this noise, we used a Hamming
windowing function. The well-known Hamming window is represented by the equation

227
wn] ? 0.54? 0.46 %os v

? . . . .
? where M is the block size. The input data is then
?

multiplied by this function before processing. Use of the windowing function was
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successful in removing many processing artifacts, though it introduced a low-frequency
modulation that some of us found almost as irritating as the artifacts it removed.
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Optimizations
DMA Utilization

Extensive use of DMA (Direct Memory Access) transfers were made in order to increase
the overall processing speed of the EVM program. One convenience of the DMA
transfer is that it is asynchronous, meaning that it can be initiated and the processor can
then be free to do other processing while the transfer takes place in the background.
DMA also is a burst transfer method, meaning that it only suffers the access penalty to
off-chip RAM once. DMA transfers were started before other processing routines not yet
needing this data were run, and then afterwards, when the data was needed, a check
was performed to see if the DMA transfer had finished yet or not. If it had not, the
program waits for it to finish before processing continued. The fact that there were two
DMA channels available was also taken advantage of. In some cases, it was possible to
utilize both DMA channels for background transfers at the same time, thus also
increasing the processing speed.

Memory Allocation (Data)

Reliability and speed problems were in encountered in attempting to determine an
optimal configuration for the placement of variables used in the processing. Initially, all
of the variables most important to processing were located on-chip. These included the
buffers for the HRTFs being used for processing, the buffers for the sections of data
being processed, and the buffers for the output of the data to the Codec. When it
became apparent that buffers large enough to be worthwhile would not fit in this format,
the number of buffers was decreased. The HRTFs were stored off-chip, and then
brought on-chip into a single buffer as they were being processed. The sections of data
were also stored off-chip, and then brought on into a single buffer as they were
necessary for processing. The output buffers remained on-chip, in order to not make
too large of speed sacrifices. Later, as overwriting the stack became a problem (see
later section: Issues Overcome), the HRTF being used was moved off-chip. This
resulted in a significant performance hit, but was necessary in order to get the EVM
program to function properly. An attempt was never made, however, to store the off-
chip variables in SBSRAM (as opposed to SDRAMO). This might have helped
performance a slight amount, for although they both suffer the same access penalty
(~15 processor cycles), the SBSRAM operates at a slightly higher clock rate (133 MHz)
than the SDRAM does (100 MHz).

Memory Allocation (Program)
The C67 DSP Chip only has 64k of on-chip memory dedicated to program code.
Initially, the program code was too large to fit on-chip and had to be stored off-chip in

SBSRAM. A major speed improvement came when the program code was made to fit
on the chip. This way, accesses did not need to be made to off-chip memory in order to
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obtain the program code for execution. By moving the code on-chip, we obtained a
speed improvement up to 15 times our original processing speed.

PC ? EVM Communication

The PC code was written from the beginning to be efficient. The biggest possibility for
optimization would be implementing asynchronous transfers between the PC and the
EVM. Inthe end, we determined that our on-board processing was so computationally
intensive that the PC to EVM communication was not a significant bottleneck, so we
would not benefit greatly from a switch to asynchronous communication.

The only other possible PC-side optimization would be a removal of the current
requirement that the PC allocate a slice of memory equal to the size of the output file.
Currently, these files have tended to be several MB. For really long demos (longer than
ours) this approach is inefficient. Improving the efficiency would require some more
sophisticated WAV-writing code, and very minor modifications to the PC-side transfer-
request processing loop. However, this didn’'t seem to be causing issues for our
performance, so it is left as “future work”.

Interrupts

A significant speed increase was obtained by removing the Codec outputs from the
EVM processing routine. Not only was the speed of the processing increased (by not
having the ~17 processor cycle delay each time that a request was made for a sample
to be outputted), but also the size of the code was decreased. Removing the interrupt
routines and the associated libraries also made it more possible to fit the program code
on-chip.
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Convolutional-based Attempt

A quick aside was taken in the form of a version of the code that did convolution in the
time domain as opposed to in the frequency domain with the FFT. It was thought that
this format of processing would make the implementation of effects like delay and
attenuation easier to implement. The basic formula for discrete convolution was

implemented in this version: y[n] ? ’? x[K] ?H[n? k] . This version was significantly
k???
slower, however, taking roughly three times as much time to process one half of the
amount of information as the FFT based version. It was abandoned after a minimal
amount of experimentation.

Profiling
EVM Program Version 11 11 11 11 11
Demo City - Full City - Full City - Full City - Full City - Full
Processing Type FFT FFT FFT FFT FFT
Down-Mix Type Dolby 5.1 Dolby 5.1 Dolby 5.1 Dolby 5.1 Stereo

Location Given to Linker (.cmd)
Program Code (.text)
Global Variables (.bss)
Stack (.stack)

Malloc Variables (.sysmem)

Location of Declared Variables
Channel_Buffer
FFT_Buffer
HRTF
Temp (left/right) Buffers
Temp_Out

Processing Attributes

Delay

Attentuation

Windowing Function

FFT Version

Number of HRTFs Used

Codec Output

Memory Sizes (bytes)

ONCHIP_PROG

ONCHIP_DATA

SBSRAM_PROG

SDRAMO

Function Times (cycles)

process_data()

get HRTFs()

process_data_stereo( )

Notes

ONCHIP_DATA
ONCHIP_DATA
ONCHIP_DATA

SDRAMO

ONCHIP_DATA
ONCHIP_DATA
SDRAMO
SDRAMO
SDRAMO

Dist. & Wood.
Distance
Hamming
ASM
10
None

41632
27136
0
1048768

13783941
9232705
N/A

ONCHIP_DATA
ONCHIP_DATA
ONCHIP_DATA

SDRAMO

ONCHIP_DATA
ONCHIP_DATA
SDRAMO
SDRAMO
SDRAMO

Dist. & Wood.
Distance
None
ASM
10
None

41536
27136
0
1048768

13548456
8508147
N/A

ONCHIP_DATA
ONCHIP_DATA
ONCHIP_DATA

SDRAMO

ONCHIP_DATA
ONCHIP_DATA
SDRAMO
SDRAMO
SDRAMO

Dist. & Wood.
None
Hamming
ASM
10
None

41120
27136
0
1048768

13631205
3590549
N/A

ONCHIP_DATA
ONCHIP_DATA
ONCHIP_DATA

SDRAMO

ONCHIP_DATA
ONCHIP_DATA
SDRAMO
SDRAMO
SDRAMO

Dist. & Wood.
None
None
ASM

10
None

41024
27136
0
1048768

13434530
8686503
N/A

ONCHIP_DATA
ONCHIP_DATA
ONCHIP_DATA

SDRAMO

ONCHIP_DATA
ONCHIP_DATA
SDRAMO
SDRAMO
SDRAMO

N/A
N/A
N/A
ASM
10
None

41120
27136
0
1048768

N/A
8102605
784463

Page 19



EVM Program Version 10 9 8 8 7
Demo City City City City City
Processing Type FFT FFT Convolution Convolution FFT
Down-Mix Type Dolby 5.1 Dolby 5.1 Dolby 5.1 Stereo Dolby 5.1
Location Given to Linker (.cmd)
Program Code (.text) SBSRAM_PROG|SBSRAM_PROGSBSRAM_PROGSBSRAM_PROGSBSRAM_PROG
Global Variables (.bss) ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA [ ONCHIP_DATA
Stack (.stack) ONCHIP_DATA | ONCHIP_DATA |SBSRAM_DATA|SBSRAM_DATA [SBSRAM_DATA
Malloc Variables (.sysmem) SDRAMO SDRAMO SDRAMO SDRAMO SDRAMO
Location of Declared Variables
Channel_Buffer ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA
FFT_Buffer ONCHIP_DATA | ONCHIP_DATA N/A N/A ONCHIP_DATA
HRTF SDRAMO SDRAMO ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA
Temp (left/right) Buffers SDRAMO SDRAMO ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA
Temp_Out SDRAMO SDRAMO ONCHIP_DATA | ONCHIP_DATA | ONCHIP_DATA
Processing Attributes
Delay Distance None Dist. & Wood. None None
Attentuation None None None None None
Windowing Function Hamming None N/A N/A None
FFT Version C C N/A N/A C
Number of HRTFs Used 10 5 5 5 5
Codec Output N/A 2 Channel 2 Channel 2 Channel 2 Channel
Memory Sizes (bytes)
ONCHIP_PROG N/A 704 704 704 704
ONCHIP_DATA N/A 32993 22917 22917 31985
SBSRAM_PROG N/A 95136 88800 88128 91776
SDRAMO N/A 1050392 1050376 1050376 1050392
Function Times (cycles)
process_data( ) N/A 21034699 129320626 N/A 33837456
get_ HRTFs() N/A 14209275 119633 1306646 22222327
process_data stereo() N/A N/A N/A 281872 N/A
Notes Intermediate Only 512 Only 512
version... not samples samples
really used. processed. processed.

In running the profiler, the first few iterations of any given function were allowed to run
and then the maximum value recorded. Running through the entire processing cycle
would have taken far too long to complete with the profiler running.

The version number above denotes which iteration of our code is represented. Versions
1 through 6 are not worth mentioning. Version 11 was the version that was demoed.
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| ssues Over come
FFT

There were a few different options for the choice of FFT routines. Our initial choice was
the Tl radix-4 FFT routine cfftr4(), due to its speed as hand-optimized assembly code.
We unfortunately ran into problems with this code entering an infinite loop, so we
investigated alternative routines. Tl also provides radix-2 assembly code, which we tried
but could not compile. We also investigated the possibility of using a Tl-supplied radix-2
IFFT routine (also in assembly), but later discovered a workaround for the radix-4
version before we began testing it. Our first workaround for the radix-4 code was to use
the equivalent C code; this seemed to work well (albeit with sub-optimal performance).
We then discovered that the ASM infinite loop was due to the enabling of interrupts.
Since we had come to the conclusion that the computationally intense processing
demanded by our application could not run in real time on the C67, we realized that we
could disable interrupts and write the output to the PC instead of the codec. The
disabled interrupts enabled us to use our preferred FFT routine: TI's optimized radix-4
assembly code.

The Linker and Memory Addressing

When trying to compile some of our code, we would receive (one or more) error
messages from the linker stating that there was a relocation error, and that .text was
being truncated at a given hex address. After some investigation of the Code Composer
help system, and an examination of the linker-generated list file (.Ist- search the second
column for the hex address in the error message), we determined that the error was
related to the addressing of our global arrays. The C67 apparently uses a form of
relative addressing, and the linker was attempting to calculate the difference between
the start of the BSS segment and the start of our array. This difference exceeded the 16
bits that the corresponding instruction could hold, so the linker failed. We guessed that
the linker allocated arrays in the same order that they were declared in the source, so
we simply declared the offending arrays at the top of our C source code. Our hope was
that this would move the arrays closer to the BSS segment. This workaround fixed the
problem. One caveat: if there are too many global (on-chip) arrays, no amount of moving
their declarations around is likely to help.

Stack Growth

Another vexing issue that presented itself was mysterious program code errors. Our
processing function would suddenly jump to the middle of main() for no discernable
reason. We surmised that the stack must have been corrupted, producing a bad return
address. Moving the stack temporarily off-chip eliminated the error, confirming our
suspicion. We found that the problem was due to a declaration of large arrays within the
scope of our processing function. The local arrays were being placed on the stack,
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causing the stack to grow so large that it extended into the space occupied by some
global arrays. When we wrote to these arrays during processing, the stack became
corrupted. It seems that Code Composer does not check for such possibilities at
compile-time. Our workaround to this problem was to instead declare pointers inside the
scope of the function, and use malloc() to assign those pointers. This placed the arrays
in the off-chip SDRAM bank rather than on the stack, eliminating the problem. The
downside to this necessity is that the local arrays in question now require off-chip
accesses.

This workaround could be made more efficient by calling malloc() only once, in main(),
rather than in each call of the processing function. However, we did not have time to
implement this optimization.

Future Work

In order to transform this project into a commercially-viable product, a number of
additional steps would need to be taken.

1) The DSP architecture would need to be integrated with some communications
scheme that would read the Dolby Digital bitstream from whatever source was
desired to be perceptually-encoded. The input of an optical connection could
potentially be tested using the Hoontech ST DB Il Digital I/O Bracket (see
http://www.hoontech.com/). This would allow the input of digital data to a Sound
Blaster sound card, which could then be passed over the PCI bus to the EVM.

2) The Dolby Digital bitstream would need to be decoded directly on the DSP chip.
This could potentially be done by an additional chip, but decoding the data on the
DSP chip would cut out the cost necessitated by the additional chip. This
decoding could be done with optimized assembly code available from TI for the
fixed-point C62 processor (which can also be run on the floating point C67).

3) The processing would naturally need to be real-time in order for this product to be
commercially-viable. This could probably be accomplished through a series of
optimizations in the code written for the EVM. First, all important variables would
need to be stored on-chip for processing. Second, asynchronous transfers would
need to be used wherever possible. Next, further extensive profiling of the code
would need to be performed in order to determine bottlenecks in the processing.
Other general optimizations could also be made. Another possible option would
be to use the fixed point C62 processor instead of the floating-point C67
processor. All of the necessary code (FFT, AC-3 decoding, etc.) is available from
Tl for the C62, and none of the processing techniques performed truly require a
floating-point processor. In addition, the C62 (150 - 300 MHz) can be obtained in
clock speeds faster than the C67 (100- 225 MHz). The faster clock speeds
would give more headroom in making the processing real time.

4) Output of the data would need to be sent to a Codec (D/A) of some sort for
output. Originally, this was done by interrupting the processor on the EVM and
then requesting a sample for the on-board Codec. This proved to be problematic
as it not only incurred a significant speed hit (~17 processor cycles to process
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each interrupt request), but it also led to problems with using the Tl radix-4 FFT
assembly code. This output could be done, however, by transferring the data
over the PCI bus to a sound card. The sound card would be programmed to
buffer the data and then output it via its own Codec.

After these testing issues were resolved, the various pieces could then be integrated
together to form a product that could then be debugged, tested, and eventually brought
to market.

Conclusion

The actual perception of the generated [perceptually-processed] stereo signal varied
from user to user. In general, both versions produced (with and without use of the
windowing function) had annoying processing artifacts. When the windowing function
was used, it caused a periodic variation in the audible volume of the output signal. This
was most likely due to the shape of the windowing function and the frequency with which
it was multiplied by the input signals (44100 samples/second / 1024 samples
processed/piece = 43.07 Hz). A larger processing chunk was not feasible, however,
due to limitations in memory allocation. When the windowing function wasn’t used, an
annoying background static was present throughout the signal. This was most likely
due to the sidelobes caused by multiplication by essentially a rectangular windowing
function.

The HRTFs also had some undesired effects on the processed data. Because of the
way that the HRTFs were originally recorded at the MIT Media Lab, the response of your
ear cavity is already factored into the HRTF. When you listen to the resulting sound
files, however, your ear is still having these effects on the sound. Therefore, you are
essentially getting a “double dose” of ear response in the processed sound. Your ear is
not as responsive to very low (<100 Hz) or very high (>10,000 Hz) frequencies as it is to
ones centered around the vocal range (~1000 Hz). The HRTF also models the effects
of the resonances at approximately 4,000 Hz and 12,000 Hz caused by the ear cavity
itself. This “double duty” effect cause some sounds to sound as if they were pitch-
shifted, and others to not be as audibly loud as they should have been. In a future
revision, the ear response could possibly be removed from the HRTFs using an inverse
filter before they are used in processing.

Overall, the processing did improve the spatial impression caused by the audio to the
user. One significant drawback was the lack of accompanying video. Many cues to the
location of sound are drawn, quite simply, from what your eyes see. Without the
accompanying video, some of the perceptual cues in the audio are decentuated.
Certain negative effects, like front-back reversal (hearing sounds “in front of you” that
are supposed to sound as if they came from “in back of you,” and visa versa) and the
perception that sounds are “inside your head” as opposed to in front of or in back of you
arise without the visual component of the signal. The negative results of processing
also made it difficult to pick up these perceptual cues. Still, the results prove promising
the possibility of this eventually becoming a commercially-viable product.
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These two FFT plots are appended in case you were curious (I was).
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Appendix A R—EVM Code

/****************************************************************

* 18-551 Group 4 Final Project *
* EVM Main.c *
* Aut hor: dcb2@ndrew. crmu. edu *

****************************************************************/

#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>

#i ncl ude <conmon. h>

#i ncl ude <board. h> /* EVM Library */

#i ncl ude <mat hf. h> /* Math Library */

#i ncl ude <dma. h> /* DMA Library */

#i ncl ude <pci . h> [* PClI Library */

#defi ne HRTF_SI ZE 512 /1 # sanples of the MT HRTF

#defi ne TRANSFER _SI ZE 1024 /1l # sanples of data to get from PC at once

#define | NPUT_BUFFER _SI ZE 1024 // # sanples to be processed at once on chip
#defi ne COVPLEX_ | NPUT_BUFFER_SI ZE 2* | NPUT_BUFFER_SI ZE

/1 # bytes of | NPUT_BUFFER_SI ZE
#def i ne MEMORY_BUFFER_SI ZE | NPUT_BUFFER_SI ZE*si zeof (short int)

/'l # bytes of conplex-interleaved HRTF
#def i ne HRTF_MEMORY_SI ZE | NPUT_BUFFER_SI ZE* 2* si zeof (f | oat)

#define WEI GHT 0.75 /* Weighting factor for reconbined signal */
#define HEAD WDTH 7.5 /* Wdth of your head in cm*/
#defi ne STORAGE_SI ZE 1024 /1 # sanples of off-chip data storage

/'l # bytes of STORAGE_SI ZE
#def i ne MEMORY_STORAGE_SI ZE STORAGE_SI ZE*si zeof (short int)

/* transfer comrands */

#defi ne XFER_LF 0x00 /* transfer the LF channel */

#define XFER C 0x01

#def i ne XFER RF 0x02

#defi ne XFER_RS 0x03

#define XFER LS 0x04

#defi ne XFER LFE 0x05

#define XFER HRTF_L LF 0x06 /* transfer the HRTF at Left ear, LF channel */
#define XFER HRTF_R LF 0x07 /* ... Right ear, LF channel */
#define XFER HRTF_L_C 0x08 /* ... */

#define XFER HRTF_R C  0x09

#defi ne XFER HRTF_L_RF 0xOa

#defi ne XFER HRTF_R RF 0xO0b

#defi ne XFER HRTF_L_RS 0xOc

#def i ne XFER HRTF_R RS 0xO0d

#define XFER HRTF_L_ LS O0xO0e

#defi ne XFER HRTF_R LS 0OxOf

#defi ne XFER HRTF_L_LFE 0x10
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#define XFER HRTF_R LFE 0x11

/* transfer status flag whether parans have been updated */
#tdef i ne XFER_UPDATE_FLAG 0x12

#defi ne XFER _DI STANCES 0x13 /* send new di stances */
#defi ne XFER_ANGLES 0x14
#defi ne XFER_TEMPERATURE 0x15
#defi ne XFER_ELEV_ANGLE 0x16

#define XFER_ RECV_BEG N 0x17 /* tell PC about to start sending data */
#def i ne XFER_RECV_DATA 0x18 /* send PC data */
#define XFER_RECV_FINISH 0x19 /* tell PC done sending data blocks, wite to
file
*/

#define XFER DOLBY_FLAG 0x20

#def i ne XFER_EXI T_PROGRAM OxFF

/* Communi cati on Vari abl es */

int dev;

unsigned int tenp_nsg = O;

unsi gned int useDol by 1; /* this starts off as 1. The PC assunes the sane.
If you change the default val ue of useDol by,
be sure to change the correspondi ng default in
the PC code get Parans()

*/

/* Delay Variables */
int LF_Delay = 0;

int CDelay =0

i nt RF_Del ay

i nt RS _Del ay

int LS Del ay ;
int LFE Del ay = O;

0
01
0

float V_sound = 344;
unsi gned int sanpling_rate = 44100;

/* Data Buffers */

short int Channel _Buffer[|NPUT_BUFFER_SI ZE] ; /Il size = 2k
float FFT_Buffer[ COMPLEX_| NPUT_BUFFER_SI ZE] ; /1 size = 8k
/* FFT Stuff =/

float Twi ddl e_Fact or s[ COMPLEX | NPUT_BUFFER_SI ZE] ; /1 size = 8k
short int Reverse_Tabl e[ | NPUT_BUFFER_SI ZE] ; [l size = 2k

/* Other process_data( ) Variables */

fl oat Hamm ng_W ndow| | NPUT_BUFFER_SI ZE] ; /'l size = 4k
/1 total size = 24k

/* HRTF Processing Variables */

/* Buffers to store HRTF's -- would be nice on chip, but can't fit */
float *Left_Front_Left_ HRTF; /1 size = 8k
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float *Left_ Front_Ri ght_ HRTF; /1 size = 8k

float *Center Left HRTF; /'l size = 8k

fl oat *Center_Ri ght HRTF; /1 size = 8k

float *Right_Front_Left HRTF; /'l size = 8k

float *Ri ght_Front Ri ght HRTF; /'l size = 8k

float *Right_Surr_Left HRTF; /'l size = 8k

float *Ri ght_Surr_Ri ght HRTF; /'l size = 8k

float *Left _Surr_Left HRTF; /'l size = 8k

float *Left _Surr_Ri ght HRTF; /'l size = 8k

/* Buffers to store unpacked Dol by Digital -- should be off chip */

short int *LF_Chan_Storage;
short int *C_Chan_Storage;

short int *RF_Chan_Storage;
short int *RS_Chan_Storage;
short int *LS Chan_Storage;
short int *LFE_Chan_Storage;

/* Environnment variables */

int tenmperature = 20;

int el evationAngle = 0;

float *distances = NULL; /* distances to LF, C, RF, RS, LS, LFE. 6 floats */
int *angl es = NULL; /* angles (LF, C, RF, RS, LS, LFE) - ints */

/* Function prototypes */

/* Stolen fromlLab 2 */
voi d nkrevtabl e(int n);
void fillwtable(int n);
void cfftr4_dif(float* x, float* w, short n); /* Prototype for FFT routine */

/* Stolen fromLab 3 */
int request_transfer(void *buf, int size, int command);
int wait_transfer( );

/* Witten for Project */

voi d process_data( );

int receive_nessage( );

int receive_data_fromPC( );

void get HRTF(fl oat *HRTF_Location, unsigned int cnd);

/* Other functions present but not prototyped... */

/************************ FUNC"‘I O\IS *****************************/

/* dma_copy_bl ock: Copies nunmBytes fromsrc to dest using DMA channe
chan. chan can be 0 or 1. this function is ASYNCHRONOUS! You nust
pol | DMAO_TRANSFER COUNT (or DMA1 TRANSFER COUNT) to see when the
transfer is conplete */
/[* Only valid for nunBytes < 4 * OXFFFF */
int dma_copy_bl ock(void *src, void *dest, int nunmBytes, int chan)
{
unsi gned int dma_pri_ctrl =0;
unsi gned int dme_tcnt=0;

/* Gve DVA priority over CPU, and increnent src and dest
after each el enent */
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dma_pri_ctrl = 0x01000050;

/* One frame, and we're using 4 byte elenments */
dma_tcnt = 0x00010000 | (numBytes/4);

/* Wite to DVMA channel configuration registers */
dma_i nit (chan,

dma_pri _ctrl,

0,

(unsigned int) src,

(unsigned int) dest,

dma_tcnt);

DVA _START(chan) ;
return(OK);

/* This function creates the | ookup table for digit reversing. After
it is run, Reverse_Table[n] equals the pairwise digit-reversal of n

nis the size of the FFT this table will be used for.*/
voi d nkrevtable(int n) {
int bits, i, j, r, o;
bits= (31 - _Inbd(1, n))/2; [/* _Inbd(1l,n) finds leftnost 1 bit in n */
for(i=0; i<n; i++) {
r=0; o=i

_nassert (bits>=3);
for(j=0; j<bits; j++) {

r <<= 2;
r |= o & 0x03;
0 >>= 2;
}
Reverse_Table[i] =
}
}
/* Function for filling the table of FFT twiddle factors. n is the

size of the FFT to be used */
void fillwable (int n) {
int i;

for (i =0; i < 2*n; i+=2) {
Twi ddl e_Factors[i] = cosf(Pl*i/n);
Twi ddl e_Factors[i + 1] = sinf(Pl*i/n);
}
}

/* function to delay a signal. Inputs are frequency domain representation
of the signal (float array and its length, where length is the nunber
of conplex points), and the nunber of sanples to delay by. Negative
del ays woul d be an advance in tine.

Assunes that fregResponse is conplex interleaved.
*/
void delay(float *freqResponse, int freqLength, int delay)
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0;
B
b

int i =
fl oat A,
fl oat a,

/* basically just multiplying freqResponse by e”(-j*w-delay) */
for(i = 0; i < 2*freqgLength; i+=2)

{
A = cosf (Pl *del ay*i/freqLength);
B = sinf(Pl*delay*i/freqLength);
a = freqResponse[i];
b = freqResponse[i +1];

freqResponse[i] = a*A - b*B;
fregResponse[i +1] = a*B + b*A;

/* use gl obal Input_Buffer, OQutput_Buffer */
void get HRTF(fl oat *HRTF_Locati on, unsigned int cnd) ({

int i;
short int *lnput_Buffer;

I nput _Buffer = mall oc(HRTF_SI ZE*si zeof (short int)); // size = 1k

/* Receive the HRTF */
request _transfer((void *) Input_Buffer, HRTF_SIZE*si zeof (short int),

wait_transfer();

/* Format the HRTF as a conplex interleaved array of floats. */
for (i = 0; i < HRTF_SIZE; i++) {
FFT _Buffer[2 * i] = ((float) Input_Buffer[i]) / 32767.0;
FFT_Buffer[2*i + 1] = 0.0;
}

/* Pad the HRTF with zeros if necessary. */
if (HRTF_SI ZE < | NPUT_BUFFER_SI ZE)
for (; i < COWLEX_ | NPUT_BUFFER SI ZE; i ++)
FFT Buffer[i] = 0.0;

/* FFT the HRTF */
cfftr4_dif(FFT_Buffer, Twi ddle_Factors, (short) |NPUT_BUFFER SI ZE);

/* Mwe it into the appropriate buffer space. */
mencpy(HRTF_Locati on, FFT_Buffer, HRTF_MEMORY_SI ZE);
free(l nput_Buffer);

i nt get HRTFs(voi d)

{

get HRTF(Left _Front _Left HRTF, XFER HRTF_L_LF);
get HRTF(Left _Front _Ri ght _HRTF, XFER HRTF_R _LF);
get HRTF( Cent er _Left HRTF, XFER HRTF_L_O);

get HRTF( Cent er _Ri ght _HRTF, XFER_HRTF_R O):

get HRTF(Ri ght _Front _Left HRTF, XFER HRTF_L_RF):
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get HRTF( Ri ght _Front _Ri ght HRTF, XFER HRTF_R RF);
get HRTF(Ri ght _Surr_Left HRTF, XFER HRTF_L_RS);
get HRTF( R ght _Surr_Ri ght _HRTF, XFER HRTF_R RS);
get HRTF(Left _Surr_Left HRTF, XFER HRTF_L_LS);
get HRTF(Left _Surr_Ri ght HRTF, XFER HRTF_R LS);

return O;

}

/* returns 1 if reached end of data, O otherw se */
int receive_data from PC()

{

unsi gned int num val;

/* Receive the data and place it in the appropriate off-chip storage buffer
*/

request _transfer((unsigned int *) LF_Chan_Storage,
TRANSFER S| ZE*si zeof (short int), XFER _LF);

val = wait_transfer();

request _transfer((unsigned int *) C_Chan_Storage,
TRANSFER_SI ZE*si zeof (short int), XFER C);
num = wait _transfer();
i f(num < val)
val = num

request _transfer((unsigned int *) RF_Chan_Storage,
TRANSFER_SI ZE*si zeof (short int), XFER_RF);
num = wait_transfer();
i f(num < val)
val = num

request _transfer((unsigned int *) RS_Chan_Storage,
TRANSFER_SI ZE*si zeof (short int), XFER_RS);
num = wait _transfer();
i f(num < val)
val = num

request _transfer((unsigned int *) LS Chan_Storage,
TRANSFER_SI ZE*si zeof (short int), XFER_LS);
num = wait_transfer();
i f(num < val)
val = num

request _transfer((unsigned int *) LFE_Chan_Storage,
TRANSFER_SI ZE*si zeof (short int), XFER _LFE);
num = wait_transfer();
i f(num < val)
val = num

i f(val < TRANSFER_SI ZE*si zeof (short int))
return 1;
el se
return O;
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int request_transfer(void *buf, int size, int conmand)

ancc_mail box_wite(2, size);

ancc_nmai |l box_write(3, conmand);
pci _message_sync_send((unsi gned int)buf, FALSE);
return O;

int wait_transfer()

unsi gned int val ue;

pci _message_sync_retrieve(&val ue);
return val ue;

/* Perceptually processes the response of one channel of data to one ear. */
voi d process_piece(float *currHRTF, float *HRTF _Buffer, int currcChannel,
short int *next Channel, float *Left, float *Right, int Delay, float
Attenuation) {

int i;
int j, k, I, m
int rev_i;

/* Bring the HRTF from off-chip nmenory into on-chip nenory. */
dma_copy_bl ock(curr HRTF, HRTF_Buffer, HRTF_MEMORY_SIZE, 0);

/* Wait for the data transfer fromthe previous function call to finish. */
i f(currChannel != 0)
whi | e(DMA1_XFER _COUNTER != 0) {}

/* Copy the short int data for the LF Channel to the buffer. */
for (i = 0; i < INPUT_BUFFER_SI ZE; i++) {
FFT_Buffer[2 * i] = (((float) Channel _Buffer[i]) / 32767.0) *

Hamm ng_Wndowi] /* Attenuation*/;

FFT _Buffer[2 * i + 1] = 0.0;
}

/* Begin the copy of the next piece of data. */
i f(nextChannel != NULL)
dma_copy_bl ock( next Channel , Channel _Buffer, MEMORY_BUFFER_SI ZE, 1);

/* FFT the data */
cfftr4_dif(FFT_Buffer, Tw ddl e_Factors, |NPUT_BUFFER SIZE); [// m ght have

to type-cast data to (float *)

/* Delay the channel data */
del ay( FFT_Buf fer, | NPUT_BUFFER_SI ZE, Del ay);

/* Wait for the DMA transfer of the HRTF to finish. */
whi | e(DMAO_XFER COUNTER ! = 0) {}

[* Conplex nultiplication: (a + bj)(c + dj) = (ac - bd) + (ad + bc)j */
/* FFT --> I FFT: Reverse real & immginary conponents */
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for (i = 0; i < INPUT_BUFFER SI ZE, i++) {

rev_i = Reverse_Table[i];
=2 * i;

k :j + 1;

| =2 * rev_i;

m=1 + 1;

if (Left !'= NULL) {
Left[k] += FFT _Buffer[l] * HRTF_Buffer[I] - FFT_Buffer[n] *
HRTF_Buffer[m;
Left[j] += FFT_Buffer[l] * HRTF_Buffer[nl + FFT_Buffer[n] *
HRTF_Buffer[I];
}
if (Right !'= NULL) {
Right[ k] += FFT_Buffer[l] * HRTF_Buffer[l] - FFT_Buffer[m *
HRTF_Buffer[m;
Right[j] += FFT_Buffer[l] * HRTF_Buffer[n] + FFT_Buffer[m *
HRTF_Buffer[l];
}
}
}

/* Does straight stereo down-nmi x (no perceptual processing) from one channel
to both ears. */

voi d process_stereo_piece(short int *currChannel, int *Left, int *Right, int
| eft Wei ght, int rightWight) {
int i;

dma_copy_bl ock(currChannel, Channel Buffer, MEMORY_BUFFER SIZE, 1);

whi | e(DMAL1_XFER _COUNTER != 0) {}

for (i = 0; i < INPUT_BUFFER_SI ZE; i++) {
Left[i] = Channel _Buffer[i] / |eftWight;
Right[i] = Channel _Buffer[i] / rightWight;
}

}

/* Does straight stereo down-ni x of data (no perceptual processing). */
voi d process_data_stereo( ) {

int *Left_ Ear_Tenp; /'l size = 4k
int *Ri ght_Ear_Tenp; /'l size = 4k
short int *Tenmp_CQut; [l size = 4k
int i;

Left _Ear_Tenp = nmall oc(1 NPUT_BUFFER SI ZE * si zeof (int));
Ri ght _Ear_Tenp = nmall oc(| NPUT_BUFFER_SI ZE * sizeof (int));
Tenp_Qut = nmal | oc( COVPLEX | NPUT_BUFFER _SI ZE * si zeof (short int));

process_stereo_pi ece(LFE _Chan_Storage, Left_ Ear_Tenp, Right_Ear_Tenp, 1,
1);
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process_stereo_pi ece(LF_Chan_Storage, Left_Ear_Tenp, Right_Ear_Tenp, 1,
10);

process_stereo_pi ece(C _Chan_Storage, Left Ear_Tenp, Right_Ear_Tenp, 1, 1);

process_stereo_pi ece(RF_Chan_Storage, Left Ear_Tenp, Right_Ear_ Tenp, 10,
1);

process_stereo_pi ece(RS_Chan_Storage, Left_ Ear_Tenp, Right_Ear_Tenp, 10,
1);

process_stereo_pi ece(LS Chan_Storage, Left_Ear_Tenp, Right_Ear_Tenp, 1,
10);

for (i = 0; i < INPUT_BUFFER SI ZE; i ++) {
Temp_Qut[2 * i] = (short int) (Left_Ear_Tenp[i] / 2);
Tenmp_Qut[2*i + 1] = (short int) (WEIGHT * Right_Ear _Tenp[i] / 2);
}

request _transfer(Tenp_Cut, COMPLEX | NPUT_BUFFER SI ZE * sizeof (short int),
XFER_RECV_DATA) ;
wait_transfer( );

free(Left _Ear_Tenp);
free(Ri ght _Ear_Tenp);
free(Tenp_Qut);

}

/* Calculates delay to an ear in sanmples based on Wodworth's fornula. */
i nt woodworthDel ay(int angle, int onAxis, int velocity) {
i nt sanpl es;

sanmpl es = (HEAD WDTH * sinf(PI/180 * ((float) angle)))/velocity *
sanpl i ng_rate;

if (onAxis == 0)
sanpl es = -sanpl es;

return sanpl es;

}

/* Returns the relative anplitude (decrease) of a sound at distance 2
to that of a sound at distance 1. */

float amplitude(float distancel, float distance2) {
float multiplier;

mul tiplier = distancel/ di stance2;
return nultiplier;

}

/* Does perceptual processing on data. */
voi d process_data( ) {
/* This function assunes that the HRTF s have already been FFTed */
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fl oat *HRTF; /] size = 8k

float *Left_ Ear_Tenp; /'l size = 8k
float *Ri ght_Ear_Tenp; /'l size = 8k
short int *Tenp_CQut; /'l size = 4k

float Attenuation;

int i;
int j, k, I, m
int rev_i;

HRTF = mal | oc( COVPLEX | NPUT_BUFFER_SI ZE * si zeof (fl oat));

Left _Ear_Tenp = nall oc( COMPLEX | NPUT_BUFFER SI ZE * si zeof (float));
Ri ght _Ear_Tenp = mal | oc( COWLEX | NPUT_BUFFER_SI ZE * si zeof (fl oat));
Tenmp_Qut = nmal | oc( COVPLEX | NPUT_BUFFER _SI ZE * si zeof (short int));

/* Low Frequency Effects Channel */

/* Copy the LFE Channel short int data to the buffer and reset output
buffers */

dma_copy_bl ock( LFE_Chan_St orage, Channel Buffer, MEMORY_BUFFER SI ZE, 1);

/* Calculate attenuation factor */
Attenuation = anplitude(1. 4, distances[5]);

whi | e( DMAL_XFER COUNTER ! = 0) {}
= 0; i < INPUT_BUFFER SIZE; i++) {

2 %
i+ 1

—h
o
L=
mn -

FFT _Buffer[j] = (((float) Channel Buffer[i]) / 32767.0) * 0.2 *
Hamm ng_ Wndowi] /* Attenuation */;

FFT_Buffer[k] = 0.0;

/* Resetting doesn't

Left _Ear_Tenp[j] = 0.0;

Left _Ear_Tenp[k] = 0.0;

really need to be done..

Ri ght _Ear_Tenp[j]
Ri ght _Ear_Tenpl[ k]
*/

0.0
0.0

}
dma_copy_bl ock(C_Chan_St orage, Channel Buffer, MEMORY_BUFFER SI ZE, 1);

/* FFT the data */
cfftr4_dif(FFT_Buffer, Tw ddl e_Factors, |NPUT_BUFFER_SI ZE) ;

/* Delay the channel data */
del ay( FFT_Buffer, | NPUT_BUFFER_SI ZE, LFE_Del ay + 25);

/* Currently, no processing is being done on the LFE Channel, so it doesn't
need to be
multiplied by a transfer function. */
for (i = 0; i < INPUT_BUFFER SI ZE; i ++) {
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rev_i = Reverse_Table[i];

=2 * i,
k:j+1;
| =2 * rev_i;
m=1 + 1;

/* Left and right ears are synmetric at this point, so only one needs to
be cal cul ated. */

Left_Ear_Temp[k] = FFT_Buffer[l];

Ri ght _Ear_Tenp[ k] = Left_Ear_Tenp[K];

Left _Ear _Tenp[j] = FFT_Buffer[nl;
Ri ght _Ear_Tenp[j] = Left_Ear_Tenp[j];
}

/* Center Channel -- Left Ear */
process_piece(Center_Left HRTF, HRTF, 1, NULL, Left_ Ear_Tenp, NULL
C Del ay, anplitude(l.4,distances[1]));

/* Center Channel -- Right Ear */
process_pi ece(Center_ Ri ght HRTF, HRTF, 0, LF_Chan_Storage, NULL
Ri ght _Ear_Tenp, C Delay, anplitude(1l.4,distances[1]));

/* Left Front Channel -- Left Ear */

process_piece(Left _Front_Left HRTF, HRTF, 1, NULL, Left_ Ear_Tenp, NULL
LF_Del ay + woodwort hDel ay(360 - angles[0], 1, V_sound),
anplitude(1l.4,distances[0]));

/* Left Front Channel -- Right Ear */

process_pi ece(Left _Front _Ri ght HRTF, HRTF, 0, RF_Chan_Storage, NULL
Ri ght _Ear_Tenp, LF _Delay + woodworthDel ay(360 - angl es[0], 0, V_sound),
anpl itude(1. 4, distances[0]));

/* Right Front Channel -- Left Ear */
process_piece(Ri ght _Front_Left HRTF, HRTF, 1, NULL, Left Ear_ Tenp, NULL
RF_Del ay + woodwort hDel ay(angl es[ 2], 0, V_sound), anplitude(1l.4,distances[2]));

/* Right Front Channel -- Right Ear */
process_pi ece(Ri ght _Front_Ri ght HRTF, HRTF, 0, RS Chan_Storage, NULL
Ri ght _Ear_Tenp, RF _Delay + woodworthDel ay(angles[2], 1, V_sound),
anpl itude(1. 4, distances[2]));

/* Right Surround Channel -- Left Ear */
process_piece(Ri ght _Surr_Left HRTF, HRTF, 1, NULL, Left_ Ear_Tenp, NULL
RS _Del ay + woodwort hDel ay(180 - angles[3],0,V_sound),
anpl itude(1. 4, distances[3]));

/* Right Surround Channel -- Right Ear */

process_piece(Ri ght _Surr_Ri ght HRTF, HRTF, 0, LS Chan_Storage, NULL
Ri ght _Ear_Tenp, RS Delay + woodworthDel ay(180 - angles[3],1,V_sound),
anplitude(1.4,distances[3]));

/* Left Surround Channel -- Left Ear */

process_piece(Left _Surr_Left HRTF, HRTF, 1, NULL, Left_ Ear_Tenp, NULL
LS Del ay + woodwort hDel ay(angl es[ 4] - 180, 1, V_sound),
anpl i tude(1.4,distances[4]));
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/* Left Surround

process_piece(Left_Surr_Ri ght _HRTF, HRTF, 0, NULL, NULL, Right_Ear _

Channel -- Right Ear */

LS Delay + woodwort hDel ay(angl es[4] - 180, 0, V_sound),

anpl i tude(1. 4, di st
/* 1 FFT the buff

cfftr4_dif(Left_

ances[4]));
ers */

Ear _Tenp, Twi ddl e_Factors, | NPUT_BUFFER Sl ZE) ;

cfftr4_dif(Ri ght_Ear_Tenp, Twi ddl e_Factors, |NPUT_BUFFER Sl ZE) ;

/* Send data to

/* Magnitude va
for (i =0; i <
rev_i = Revers

out put buffer */

ues stored in ... ? */
| NPUT_BUFFER_SI ZE; i ++) {
e _Table[i];

Tenp,

Tenmp_Qut[2 * i] = (short int) (WEIGHT * Left_Ear_Tenp[2*rev_i + 1] *

32767 / | NPUT_BUFF

Tenmp_Qut[2*i +

32767 / 1 NPUT_BUFF
}

request _transfer
XFER_RECV_DATA) ;
wait_transfer( )

free( HRTF) ;
free(Left _Ear_Te
free(Ri ght _Ear_T
free(Temp_Qut);

ER_SI ZE) ;
1] = (short int) (VEIGHT * Ri ght_Ear_Tenp[2*rev_i
ER_SI ZE) ;

(Tenp_CQut, COWVPLEX | NPUT_BUFFER SI ZE * si zeof (short

) ;
enp) ;

/***************************** NAI N *****************************/

int mai n(void) {

int i;

unsigned int exit_program= 0

float d_scal e;
evminit();

pci _driver _init(
dev = pci _fifo_o

/* Allocate neno
di stances = mall
angl es = mal |l oc(

/* All ocate menp
LF_Chan_St or age
C Chan_Storage =
RF_Chan_St or age
RS_Chan_St or age
LS Chan_St or age
LFE_Chan_St or age

/* Standard board initialization */

); /* Call before using any PClI code */
pen(); /* Open FIFO */

ry off-chip for distances */
oc(6*sizeof (fl oat));
6*sizeof (int));

ry off-chip for input data storage */

= (short int *) mall oc( MEMORY_STORACE_SI ZE) ;
(short int *) mall oc( MEMORY_STORACE_SI ZE) ;

= (short int *) mall oc( MEMORY_STORACE_SI ZE) ;
= (short int *) mall oc( MEMORY_STORACE_SI ZE) ;
= (short int *) mall oc( MEMORY_STORACE_SI ZE) ;
= (short int *) mall oc( MEMORY_STORACE SI ZE) ;
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/* Allocate nmenory off-chip for HRTF storage */
Left_Front_Left HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;
Left_Front _Right _HRTF = (float *) mall oc(HRTF_MEMORY_SI ZE);
Center _Left HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;
Center Right HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;

Ri ght _Front _Left HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;
Ri ght _Front _Right _HRTF = (float *) nmall oc(HRTF_MEMORY_SI ZE) ;
Ri ght _Surr_Left HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;
Ri ght _Surr_Right _HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;
Left_Surr_Left _HRTF = (float *) mall oc(HRTF_MEMORY_SI ZE) ;
Left _Surr_Right _HRTF = (float *) mall oc( HRTF_MEMORY_SI ZE) ;

/* Check that menory was successfully allocated */

i f( LF_Chan_Storage == NULL || C_Chan_Storage == NULL ||
RF_Chan_Storage == NULL || LFE_Chan_Storage == NULL ||
LS Chan_Storage == NULL || RS_Chan_Storage == NULL ||
Left _Front _Left HRTF == NULL || Left_Front_Ri ght HRTF == NULL ||
Center_Left HRTF == NULL || Center_Ri ght HRTF == NULL ||
Ri ght _Front Left HRTF == NULL || Right_Front_Right HRTF == NULL ||
Right _Surr_Left HRTF == NULL || Right_Surr_Right HRTF == NULL ||
Left_Surr_Left HRTF == NULL || Left_Surr_Right_ HRTF == NULL ||
di stances == NULL || angles == NULL)

/* This section commented out so that programcode will fit on chip.

printf("Menmory Allocation Failure. Exiting...\n");

if(angles !'= NULL) free(angl es);

i f(distances !'= NULL) free(distances);

i f(LF_Chan_Storage != NULL) free(LF_Chan_Storage);

i f(C_Chan_Storage !'= NULL) free(C_Chan_Storage);

i f(RF_Chan_Storage !'= NULL) free(RF_Chan_Storage);

i f(RS_Chan_Storage != NULL) free(RS_Chan_Storage);

i f(LS _Chan_Storage != NULL) free(LS _Chan_Storage);

i f(LFE_Chan_Storage != NULL) free(LFE_Chan_Storage);
if(Left_Front_Left HRTF !'= NULL) free(Left_ Front_Left_ HRTF);
if(Left_Front_Right HRTF != NULL) free(Left_Front_Ri ght_ HRTF);
if(Center_Left_ _HRTF !'= NULL) free(Center_Left_ HRTF);
if(Center_Right_HRTF ! = NULL) free(Center_Ri ght_HRTF);

i f(Right_Front_Left_HRTF !'= NULL) free(Ri ght_Front_Left_HRTF);

i f(Ri ght_Front _Ri ght _HRTF !'= NULL) free(Ri ght_Front_ Ri ght HRTF);
if(Right _Surr_Left HRTF !'= NULL) free(Right_Surr_Left HRTF);
if(Right_Surr_Right HRTF != NULL) free(Ri ght_Surr_Ri ght HRTF);
if(Left_Surr_Left HRTF != NULL) free(Left_Surr_Left HRTF);
if(Left_Surr_Right HRTF !'= NULL) free(Left_Surr_Ri ght HRTF); */
exit(1l);

}

/* Cal cul ate Hamm ng W ndow */
for (i = 0; i < INPUT_BUFFER SI ZE; i ++) {
Hanmm ng Wndow[i] = 0.54 + 0.46*cosf(2*PlI*(i -
| NPUT_BUFFER_SI ZE/ 2) / | NPUT_BUFFER_SI ZE) ;
}

/* CGenerate Reverse_Table & Twi ddl e Factors */
nmkr evt abl e( | NPUT_BUFFER_SI ZE) ;
fillwtabl e(l NPUT_BUFFER _SI ZE) ;
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*/

request _transfer(NULL, 0, XFER _RECV_BEG N);

wait_transfer();

/* Basic Program Fl ow */

/* Get HRTF's from PC, FFT them and place themin the appropriate buffers

/* Get block of data from PC, place in storage off-chip */

[* Start by getting initial data and HRTF' s

get HRTFs() ;

receive_data _from PC();

request _transfer(di stances, 6*sizeof(float),

wait_transfer();

request _transfer (& enperature, sizeof(int),

wait_transfer();

request _transfer(&el evati onAngl e,
wait_transfer();

d_scal e
V_sound

RF_Del ay
RS_Del ay
LS Del ay

1/ cosf(el evati onAngle * PI/180);
344 + 0.6 * (tenperature - 20);
LF Delay = (int) (d_scale * (distances[0]
C Delay = (int) (d_scale *(distances[1] -
(int) (d_scale * (distances][2]
(int) (d_scale * (distances][ 3]
(int) (d_scale * (distances]4]
LFE Delay =(int) (d_scale * (distances[5]

1 L S

fromPC */

XFER_DI STANCES) ;

XFER_TEMPERATURE) ;

sizeof (int), XFER_ELEV_ANGLE);

1.4) / V_sound)* sanpling_rate;

.4) | V_sound) * sanpling_rate,;

1.4) / V_sound)* sanpling_rate;
1.4) / V_sound)* sanpling_rate;
1.4) / V_sound)* sanpling_rate;
1.4) / V_sound)* sanpling_rate;

request _transfer(&useDol by, sizeof(int), XFER DOLBY_FLAG) ;

wait_transfer();

exit_program = 0;

whi |l e(exit_program == 0)

{
/* Check for

tenp_nsg = O;

request _transfer (& enp_nsg,

wait_transfer();
[lprintf("Update check conpleted. Update flag = %\n", tenp_nsg);

/* tenp_nsg

L

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x10
0x20

->
->
->
->
->
->
->
->
->
->
->

updat ed paraneters - HRTFs,

no updates
HRTFs updated (i.e.

nputs, or distances */

4, XFER_UPDATE_FLAG):

LSB set)

I nputs updated for new denp (i.e. second-LSB set)
HRTFs & inputs updated

di stances updated (i

.e. third-LSB set)

di stances, HRTFs updated
di stances, inputs updated

everyt hi ng updat ed
t enper at ure changed

(fourth LSB set)

el evation changed (fifth LSB set)

Use Stereo M x, not
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if(tenmp_nmsg & 0x01)

get HRTFs() ;
}

/* if(tenp_meg & 0x02) — don't really need to do anything */

if(temp_nmsg & 0x04) /* updated di stances */

{
request _transfer(di stances, 6*sizeof(float), XFER DI STANCES);

wait_transfer();

}

if(tenmp_nmsg & 0x08) /* updated tenperature */

{
request _transfer (& enperature, sizeof(int), XFER TEMPERATURE);
wait_transfer();

}

if(temp_msg & 0x10) /* updated el evation */

{
request _transfer(&el evati onAngle, sizeof(int), XFER_ELEV_ANGLE);

wait_transfer();

}
i f(useDol by == 0)

/* do Plain Od Stereo nmix here */
process_data_stereo( );

}

el se

{
/* Perceptually process data here */
d_scale = 1/ cosf(elevationAngle * PI/180);
V_sound = 344 + 0.6 * (tenperature - 20);
LF _Delay =(int) (d_scale*(distances[0] - 1.4)/ V_sound)* sanpling_rate;
C Delay = (int) (d_scale*(distances[1] - 1.4)/ V_sound)* sanpling_rate;
RF_Del ay =(int) (d_scal e*(distances[2] - 1.4) / V_sound)*sanpling_rate;
RS Del ay =(int) (d_scal e*(distances[3] - 1.4)/ V_sound)* sanpling_rate;
LS Delay =(int) (d_scal e*(distances[4] - 1.4)/ V_sound)* sanpling_ rate;
LFE Delay =(int) (d_scal e*(distances[5] - 1.4)/ V_sound)*sanpling_rate;
process_data();

}

/[* ...now get data... */

exit_program = receive_data_from PC();

}

request _transfer(NULL, 1, XFER RECV_FINI SH);
wait_transfer();

request _transfer(NULL, O, XFER EXIT_PROGRAM ; /* command to exit PC program
*/
return O,

}
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Appendix B —PC Back End Code

#i f ndef _ARRAYS H_
#define _ARRAYS H_

/* sinple generic array of elenments */
struct GenericArray

{

unsi gned int bytesPerEl ement;
unsi gned int nunBytes; /[* total bytes in array */
unsi gned int nunEl enents; /* total number of objects in array */
voi d *dat a;
b
typedef struct GenericArray GenericArray;

/* sinple array of shorts */
struct ShortArray

{
unsi gned int |ength;
short int *data;

b

typedef struct ShortArray ShortArray;

[* sinple array of ints */
struct IntArray

{

unsi gned int |ength;
int *data;

}s

typedef struct IntArray IntArray;

/* sinple array of floats */
struct FloatArray

{

unsi gned int |ength;
float *data;

}1
typedef struct FloatArray FloatArray;

#endi f
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———————————————————————————————— File: pc_comm.C---------—————mm oo

/*****************************************************/

/* 18-551 Final Project */
/* pc_commc: Commruni cation routines for project */
/* (PC side) */
/* Aut hor: <akrol @ndrew. cnu. edu> */

/*****************************************************/

#i ncl ude <stdio. h>

#i ncl ude <wi ndows. h>
#i ncl ude "evnbxdl |l . h"
#include "arrays. h"
#i ncl ude "read. h"

#undef LOAD FI LE

/| #define LOAD FILE /* Uncoment to autommtically |oad program */

/* transfer comrands */
#define XFER_LF 0x00 /* transfer the LF channel */
#define XFER_C 0x01
#defi ne XFER_RF 0x02
#defi ne XFER_RS 0x03
#define XFER LS 0x04
#define XFER_LFE 0x05

#define XFER HRTF_L_LF 0x06 /* transfer the HRTF at Left ear,

#defi ne XFER HRTF_R LF 0x07
#define XFER HRTF_L _C  0x08
#tdefi ne XFER_HRTF_R C  0x09
#define XFER HRTF_L_RF O0x0a
#defi ne XFER_HRTF_R _RF 0x0b
#define XFER HRTF_L_RS 0x0c
#defi ne XFER_HRTF_R RS 0x0d
#define XFER_HRTF_L_LS O0x0e
#defi ne XFER HRTF_R LS O0xOf
#defi ne XFER HRTF_L_LFE 0x10
#defi ne XFER HRTF_R LFE 0x11

LF channel

*/

#defi ne XFER _UPDATE _FLAG 0x12 /* status flag — have parans been updated */
#defi ne XFER_DI STANCES 0x13 /* 6 floats — distances to speakers*/

#defi ne XFER_ANGLES 0x14
#defi ne XFER_TEMPERATURE 0x15
#defi ne XFER_ELEV_ANGLE 0x16

#define XFER_RECV_BEG N  0x17 /* get ready to receive data from EVM */

#defi ne XFER_RECV_DATA 0x18 /* get data from EVM */

#defi ne XFER_RECV_FI NI SH 0x19 /* EVMis done sending data, wite file */

#defi ne XFER_DOLBY_FLAG 0x20 /* use Dol by, or plain old stereo? */

#def i ne XFER_EXI T_PROGRAM OxFF
#def i ne PARAM FI LE "D:\\ wwwr oot \\ paraneters.txt"

#defi ne UPDATE_FLAG FI LE "D:\\ wwww oot \\ updat ed. t xt "
#define N _USE FLAG FILE "D:\\wwwroot\\inuse.txt"
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/* Structure for holding transfer information */
struct transfer_s {
void *buffer;
unsi gned | ong si ze;
unsi gned | ong comuand,;
/* command will indicate which buffer to transfer:
see the defined XFER xx |istings above
*/
b

/*******************FUNC"’I G\I PRO‘"O‘"YPES*********************/
#i f def LOAD_FI LE

int |oad fil e(HANDLE hBd, LPVO D hHpi);

#endi f

int wait_request(struct transfer_s *ts);

int send_data(struct transfer_s *ts, void *local _buf);

int get_data(struct transfer_s *ts, void *local _buf);

void hpi _wite_word(ULONG addr, ULONG data);

/*********************G_wAL VARI ABLES ********************/

/* input files */

char | NFILE_LF[80];
char | NFILE_C[ 80];

char | NFI LE_RF[ 80];
char | NFI LE_RS[ 80] ;
char I NFILE_LS[ 80];
char | NFI LE_LFE[ 80];

/* HRTF input files - these should be variables set by getParans(),
Nam ng i s HRTF_FI LE _<ear >_<channel >

*/

char HRTF_FILE L _LF[80];

char HRTF_FILE R LF[80];

char HRTF_FILE L ([ 80];

char HRTF_FILE_R (] 80];

char HRTF_FILE_L_RF[ 80];

char HRTF_FI LE_R RF[ 80];

char HRTF_FI LE_L_RS[ 80];

char HRTF_FI LE_R RS[ 80];

char HRTF_FILE_L_LS[80];

char HRTF_FILE R LS[80];

char HRTF_FILE L_LFE[ 80];

char HRTF_FILE R LFE[ 80];

/* input data. See arrays.h for GenericArray structure definition */
/* To use buffered file I/O change this to CircBuffer el enents.
For now, just use these so we can test that the basic stuff
wor ks.
*/
Generi cArray LF_Storage;
GenericArray C_Storage;
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Generi cArray RF_Storage;
GenericArray RS_Storage
GenericArray LS Storage
Ceneri cArray LFE_Storage

/* HRTF storage - these will be loaded in their entirety in
the set HRTF() function

*/
GenericArray HRTF_L _LF_Storage
GenericArray HRTF_R LF_Storage
GenericArray HRTF_L_C Storage
Ceneri cArray HRTF_R _C Storage;
Generi cArray HRTF_L_RF_Storage;
Generi cArray HRTF_R RF_Storage
GenericArray HRTF_L_ RS Storage
Generi cArray HRTF_R _RS_Storage;
GenericArray HRTF_L LS Storage
GenericArray HRTF_R LS Storage;
GenericArray HRTF_L _LFE_Storage
GenericArray HRTF_R LFE_St or age;
i nt parans_updated = 0; /* val ue 0x00 -> no updates
0x01 -> HRTFs updated
0x02 -> | nputs updated
0x03 -> HRTFs & inputs updated
0x04 -> di stances updated
0x05 -> distances, HRTFs updated
0x06 -> distances, inputs updated
0x07 -> everything updated

= 0x08 -> tenperature

changed
= 0x10 -> el evati on changed
This is set by call to getParans()
*/
/* input WAV info ... these are opened with open_wav() inside the

set _input() function, we need to call close_wav() on these after
we're done with the input file!
*/

WAVFi | el nfo w_LF;

WAVFi | el nfo w_C;

WAVFi | el nfo w_RF;

WAVFi | el nfo w_RS;

WAVFi | el nfo w_LS;

WAVFi | el nfo w LFE

float distances[6] = {1.4, 1.4, 1.4, 1.4, 1.4, 1.4};

i nt angl es[6];

int tenperature = 0O;

int elevationAngle[6] = {0, 0, 0, 0, 0, O};

int useDolby = 1; /* note that the EVM assunes a default value of 1 for this,
so if you change this default value you need to nodify
the EVM si de too

*/
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WAVFi | el nfo w_out;

HANDLE hBd = NULL
LPVAO D hHpi = NULL;
HANDLE h_event;

char s_buffer[80];

/*******************FUNC‘I’I O\IS BEG l\l**********************************/

/* Gets paraneters from GUl -generated text file.
Returns >= 1 if changes, 0 if not

*/

i nt get Parans(voi d)

{
FILE *fi, *fi2, *fi3;
float doO, d1,d2,d3, d4, d5;
int dO_i, dl1_ i, d2_i, d3_i, d4_i, d5_i;
int a0, al, a2, a3, a4, ab;
int tenp, elevAng0, elevAngl, el evAng2, el evAng3, el evAng4, el evAng5;
unsigned int local _flag = O;

char | ocal HRTF_FILE L _LF[80];
char | ocal HRTF_FILE_R LF[ 80];
char | ocal HRTF_FILE L_C[ 80];
char | ocal HRTF_FILE_R ([ 80];
char | ocal HRTF_FI LE_L_RF[ 80];
char | ocal HRTF_FI LE_R RF[ 80];
char | ocal HRTF_FILE_L_RS[ 80] ;
char | ocal HRTF_FI LE_R RS[ 80];
char | ocal HRTF_FILE L _LS[80];
char | ocal HRTF_FILE_R LS[80];
char | ocal HRTF_FILE_L_LFE[ 80];
char | ocal HRTF_FILE_R _LFE[ 80];
char | ocal I NFI LE_LF[ 80];

char | ocal I NFI LE_C[ 80];

char | ocal I NFI LE_RF[ 80];

char | ocal I NFI LE_RS[ 80] ;

char | ocal INFILE LS[80];

char | ocal | NFI LE_LFE[ 80];

char useDol byString[ 80];

/* check if files are in use (if so, IN_USE_FLAGFILE will exist) */
fi = fopen(l N_USE_FLAG FILE, "r");

if( fi !'= NULL)
{
/* then we need to wait a bit for the GU to conplete 10 */
fclose(fi);
return 0; /* the EVM will check again anyway, let's not nake it wait
for slow 10O
*/
}
el se
/* then files aren't in use, so set in_use flag and read */
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fi = fopen(l N_USE_FLAG FI LE,
f open( UPDATE_FLAG FI LE,
== NULL) /* then no updates, so renpve in_use |ock and
return O

fi2 =
if(fi2

*/

fclose(fi);

W)
e

remove( | N_USE_FLAG FI LE);

return O;

el se /* have updates,

{

read them */

| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
| ocal
&d0_i
&d1 i
&d2 i
&d3 i
&d4 i
&d5 i
&ao0) ;
&al);
&az2);
&a3);
&ad) ;
&as) ;

Tt

| NFI LE_LF);

| NFI LE_O) ;

| NFI LE_RF) ;

| NFI LE_RS) ;

| NFI LE_LS);

| NFI LE_LFE) ;
HRTF_FILE_L_LF);
HRTF_FI LE_R LF);
HRTF_FILE_L_O);
HRTF_FILE_R O);
HRTF_FI LE_L_RF);
HRTF_FI LE_R_RF);
HRTF_FI LE_L_RS);
HRTF_FI LE_R_RS);
HRTF_FILE_L_LS);
HRTF_FI LE_R LS);
HRTF_FI LE_L_LFE);
HRTF_FI LE_R_LFE);
)

)

)

)

)

)

&el evAngO) ;

&el evAngl);

&el evAng2) ;

&el evAng3);

&el evAng4) ;

&el evAngb) ;

& enp) ;

useDol byString);

fclose(fi2);

fi3 = fopen( PARAM FI LE
fscanf(fi3, "u%"
fscanf(fi3, "u%"
fscanf (fi3, "u%"
fscanf (fi3, "%"
fscanf (fi3, "%"
fscanf (fi 3, "u%"
fscanf(fi3, "%%"
fscanf(fi 3, "u%"
fscanf(fi 3, "u%"
fscanf(fi3, "u%"
fscanf(fi3, "u%"
fscanf (fi3, "u%"
fscanf (fi3, "%"
fscanf (fi3, "%"
fscanf (fi 3, "u%"
fscanf(fi3, "%%"
fscanf(fi 3, "u%"
fscanf(fi 3, "u%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf (fi3, "%"
fcanf (fi3, "%",
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf (fi3, "%"
fscanf(fi3, "%'
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "%"
fscanf(fi3, "u%"
fclose(fi3);
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renove( UPDATE_FLAG FI LE);
fclose(fi); // renove in_use |cck
remove( | N_USE_FLAG FI LE);

/* do unit conversions fromEnglish to nmetric */

/* convert tenperature from Fahrenheit to Cel sius */
temp = (tenp - 32) * 5/ 9;

/* convert distances fromfeet to neters */
d0o = 0.3048 * dO_i;
dl = 0.3048 * dl1 i;
d2 = 0.3048 * d2_i;
d3 = 0.3048 * d3_i;
d4 = 0.3048 * d4_i;
d5 = 0.3048 * d5 i;

/* now check to see what's changed, and set gl obal variables */

/* have HRTFs/ angl es changed? (angles will necessarily change the
HRTFs, so we don't have to explicitly conpare angle val ues too
*/
i f(strcnmp(local HRTF_FILE L_LF, HRTF_FILE L_LF) !=0)

local _flag = local _flag | Ox01

i f(strcnp(local HRTF_FILE_R LF, HRTF_FILE R LF) !=0)
local _flag = local _flag | Ox01

if(strcnmp(local HRTF_FILE L _C, HRTF_FILE L_C) !=0)
| ocal _flag = local _flag | 0xO01;

if(strenp(local HRTF_FILE R C, HRTF_FILE_R C) !=0)
| ocal _flag = local _flag | 0x01;

i f(strcnp(local HRTF_FILE L_RF, HRTF_FILE L_RF) !=0)
local _flag = local _flag | Ox01

i f(strcnp(local HRTF_FILE_R RF, HRTF_FILE R RF) !=0)
|l ocal _flag = local _flag | Ox01

i f(strcmp(local HRTF_FILE L_RS, HRTF_FILE L_RS) !=0)
local _flag = local _flag | 0x01

i f(strcnp(local HRTF_FILE R RS, HRTF_FILE R RS) !=0)
| ocal _flag = local _flag | 0xO01;

if(strcnp(local HRTF_FILE L LS, HRTF_FILE L_LS) !=0)
local _flag = local _flag | 0x01

i f(strcnmp(local HRTF_FILE_ R LS, HRTF_FILE R LS) !=0)
|l ocal _flag = local _flag | Ox01

i f(strcnp(local HRTF_FILE L_LFE, HRTF_FILE_L_LFE) !=0)
local _flag = local _flag | Ox01

i f(strcnp(local HRTF_FILE R LFE, HRTF_FILE R LFE) !=0)
| ocal _flag = local _flag | 0xO01;

/* have inputs (i.e. which denmo we're using) changed? */
i f(strcnp(local INFILE LF, INFILE LF) !'=0)

local _flag = local _flag | 0x02;

i f(strcnp(local INFILE_C, INFILE C) !=0)
local _flag = local _flag | 0x02;

i f(strcmp(local INFILE_RF, |NFILE_RF) !=0)
| ocal _flag = local _flag | 0x02;

if(strcnp(local INFILE_RS, |INFILE RS) !=0)
| ocal _flag = local _flag | 0x02;
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i f (strenp(local | NFILE_LS, |NFILE_LS) !=0)

| ocal _flag = local _flag | 0x02;
i f(strcnp(local INFILE LFE, |INFILE_LFE) !=0)
| ocal _flag = local _flag | 0x02;

/* have di stances changed? */
i f(dOo !'= distances[0])

local _flag = local _flag | 0x04;
if(dl !'= distances[1])

local _flag = local _flag | 0x04;
if(d2 !'= distances[2])

| ocal _flag = local _flag | 0x04;
i f(d3 !'= distances[3])

| ocal _flag = local _flag | 0x04;
if(d4 !'= distances[4])

local _flag = local _flag | 0x04;
if(d5 !'= distances[5])

local _flag = local _flag | 0x04;

/* has tenperature changed? */
if(tenperature != tenp)
| ocal _flag = local _flag | 0x08;

/* has el evation changed? */

i f(el evAng0 ! = el evati onAngl e[ 0] |

el evAngl ! = el evati onAngl e[ 1] |

el evAng2 ! = el evati onAngl e[ 2] |

el evAng3 ! = el evati onAngl e[ 3] |

el evAng4 ! = el evati onAngl e[ 4] |

el evAng5 !'= el evati onAngl e[ 5] )
{

| ocal _flag = local _flag | 0x10;

}

/* have we switched between Dol by and Plain O d Stereo? */
if(strcnp("stereo”, useDol byString) == 0)

useDol by = 0;
el se

useDol by = 1;

/* now copy |l ocal versions to global versions (if changes) */

if(local _flag !'= 0)

{
mencpy(HRTF_FILE L LF, local HRTF_FILE L LF, 80);
mencpy(HRTF_FILE R LF, local HRTF_FILE R LF, 80);
mencpy(HRTF_FILE L _C, local HRTF_FILE L_C, 80);
mencpy(HRTF_FILE R C, local HRTF_FILE R C, 80);
mencpy(HRTF_FILE L_RF, local HRTF_FILE L_RF, 80);
mencpy(HRTF_FILE R RF, |ocal HRTF_FILE R RF, 80);
mencpy(HRTF_FILE L_RS, |ocal HRTF_FILE L_RS, 80);
mencpy(HRTF_FILE_ R RS, | ocal HRTF_FILE R RS, 80);
mencpy(HRTF_FILE L_LS, local HRTF_FILE L_LS, 80);
mencpy(HRTF_FILE R LS, local HRTF_FILE R LS, 80);
mencpy(HRTF_FILE L _LFE, |ocal HRTF_FILE L LFE, 80);
mencpy(HRTF_FI LE R LFE, |ocal HRTF_FILE R LFE, 80);

memcpy(| NFI LE_LF, |ocal I NFILE_LF, 80);
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mencpy (I NFILE_C, local INFILE C, 80);
mencpy (| NFI LE_RF, |ocal I NFI LE_RF, 80);
mencpy (I NFI LE_RS, |ocal INFILE_ RS, 80);
mencpy (I NFI LE_LS, local INFILE_ LS, 80);
mencpy (| NFI LE_LFE, |ocal I NFILE LFE, 80);

do;
di;
d2;
d3;
d4;
d5;

di st ances[ 0]
di st ances[ 1]
di st ances] 2]
di st ances] 3]
di st ances|[ 4]
di st ances[ 5]

ao;
al;
az;
a3;
a4,
ab;

angl es[ 0]
angl es[ 1]
angl es][ 2]
angl es| 3]
angl es|[ 4]
angl es[ 5]

el evat i onAngl e[ 0]
el evati onAngl e[ 1]
el evati onAngl e[ 2]
el evati onAngl e[ 3]
el evat i onAngl e[ 4]
el evat i onAngl e[ 5]

el evAngO;
el evAngl;
el evAng2;
el evAng3;
el evAng4;
el evAng5;

tenperature = tenp;

}

return | ocal flag;
} // end else (have updates)

} /1 end else (files aren't in use)
} /1 end getParans()

/[* init() - set up board connections and wi ndows events, default filenanes */
int init(void)
{

int tenmp = 0O;

int i;

[ ***** SETUP EVM COWM STUFF ****/

/* Open the board */
#i fdef LOAD FI LE

hBd = evnbx_open(0, 1);
#el se
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hBd = evnbx_open(0, 0);
#endi f

if ( hBd == | NVALI D_HANDLE VALUE )

{
fprintf(stderr, "Couldn't open board\n");
exit(1l);

}

fprintf(stderr, "Opened connection to board...\n");

/* Al'so open connection to HPlI */
hHpi = evnbx_hpi _open(hBd);
if ( hHpi == NULL ) exit(4);

#i f def LOAD_FI LE
| oad_file(hBd, hHpi);
fprintf(stderr, "Loaded program..\n");
#el se
/* Set DMA AUX priority greater than CPU priority, so we
don't lock the PClI bus */
hpi _write_word(0x01840070 /*Addr*/, 0x00000010 /*Data*/);

/* Reset the mail boxes and FI FO */
hpi _write_word(0x0170003C, 0x0e000000);
#endi f

/* Setup a wi ndows event so we don't have to poll for inconm ng nessages */
evnbx_cl ear _nmessage_event (hBd) ;

sprintf( s_buffer, "%% ", EVM6X_GLOBAL_MESSAGE_EVENT_BASE_NAME, 0);
h_event = OpenEvent ( SYNCHRONI ZE, FALSE, s_buffer );

/******* INITIALIZE DATA ************/

/* set pointers to be NULL initially */
LF_Storage.data = NULL;
C_Storage. data = NULL;

RF_St orage. data = NULL;
RS _Storage.data = NULL;
LS Storage.data = NULL;

LFE_Storage.data = NULL;

HRTF_L _LF_Storage.data = NULL;

HRTF_R LF_Storage. data = NULL;
HRTF_L_C Storage.data = NULL;
HRTF_R C Storage.data = NULL;
HRTF_L_RF_Storage. data = NULL;
HRTF_R _RF_St orage. data = NULL;
HRTF_L_RS Storage.data = NULL;
HRTF_R _RS_Storage. data = NULL;
HRTF_L LS Storage.data = NULL;
HRTF_R LS Storage.data = NULL;
HRTF_L_LFE Storage.data = NULL;
HRTF_R LFE_St orage. data = NULL;
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w_LF.isOpen = mall oc(sizeof(int));
w_C.isOpen = mal |l oc(sizeof (int));

w_RF.isOpen = mall oc(sizeof(int));
W_RS.isOpen = mal |l oc(sizeof(int));
w LS. isOpen = mall oc(sizeof(int));

w_LFE. i sOpen = nmal | oc(sizeof (int));

*(w_LF.isOpen) = 0;
*(w_C.isOpen) = 0;

*(wW_RF.isOpen) = 0;
*(W_RS. i sOpen) = 0;
*(w_LS.isOpen) = 0;

*(w_LFE.isOpen) = O

/* use default input file locations */

strecpy(I NFI LE_LF, "c:\\WNNT\\ Profil es\\551\\ Deskt op\\ gr oup4\\ LF. wav") ;
strcpy(I NFILE_C, "c:\\WNNT\\Profil es\\551\\ Desktop\\group4\\C. wav");
strcpy(I NFILE_RF, "c:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ RF. wav") ;
strcpy(I NFILE_RS, "c:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ RS. wav") ;
strcpy(INFILE LS, "c:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ LS. wav");
strcpy(I NFI LE_LFE, "c:\\WNNT\\ Profil es\\551\\ Desktop\\group4\\LFE. wav");

strcpy(HRTF_FILE L_LF,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_L_LF. wav");
strcpy(HRTF_FILE R LF,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ gr oup4\\ HRTF_R _LF. wav");
strcpy(HRTF_FILE L_C,

"C:V\WNNT\\ Profil es\\551\\ Desktop\\group4\\ HRTF_L_C. wav");
strcpy( HRTF_FI LE_R _C,

"C:V\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_R C. wav");
strcpy( HRTF_FI LE_L_RF,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_L_RF. wav");
strcpy(HRTF_FI LE_R RF,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_R_RF. wav") ;
strcpy(HRTF_FILE L_RS,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\group4\\ HRTF_L_RS. wav") ;
strcpy( HRTF_FI LE_R RS,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_R_RS. wav") ;
strcpy(HRTF_FILE L_LS,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_L_LS. wav");
strcpy(HRTF_FILE R LS,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_R LS. wav");
strcpy(HRTF_FILE L_LFE,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ gr oup4\\ HRTF_L_LFE. wav") ;
strcpy( HRTF_FI LE_R_LFE,

"C:\\WNNT\\ Profil es\\551\\ Deskt op\\ group4\\ HRTF_R LFE. wav");

for(i =0; i < 6; i++)
di stances[i] = 1.4;

angl es[ 0]
angl es[ 4]

315; angl es[1]
225; angl es[ 5]

45; angl es[2] = 135;
180;
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get Parans() ;

return O;
} /1 end init()

/* set_input() - set what our new input data is based upon a GUI setting.
Open input files.

*/
int set_input(void)
{
/* FIXME - may do buffering for performance optim zation...for now
just straight file I/O
*/
/* if previous files still open, close them*/

i f(*(w_LF.isOpen) == 1)
cl ose_wav(w_LF);

if(*(w_C. isOpen) == 1)
cl ose_wav(w_C);

i f(*(w_RF.isOpen) == 1)
cl ose_wav(w_RF);

if(*(w_RS.isOpen) == 1)
cl ose_wav(w_RS);

if(*(w_LS.isOpen) == 1)
cl ose_wav(w_LS);

i f(*(w_LFE.isOpen) == 1)
cl ose_wav(w_LFE);

/* open new files */
w_LF = open_wav (| NFI LE_LF);
w_C = open_wav(Il NFILE_C)

w_RF = open_wav(| NFI LE_RF);
w_RS = open_wav(I| NFI LE_RS);
w_LS = open_wav(INFILE_LS);

w_LFE = open_wav(I| NFI LE_LFE);

return O;

/* set _HRTFs() - determ ne what HRTFs we need, |oad them signal EVM */
int set_ HRTFs(void)
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WAVFi l elnfo w_ L_LF;
WAVFi | el nfo w_R_LF;
WAVFi lelnfo w L_C,
WAVFi lelnfo w R C;
WAVFi | el nfo w_L_RF;
WAVFi | el nfo w_R_RF;
WAVFi l el nfo w_L_RS;
WAVFi | el nfo w_R_RS;
WAVFi | el nfo w_L_LS;
WAVFi l elnfo w R LS;
WAVFi | el nfo w_L_LFE;
WAVFi | el nfo w_ R _LFE;

/* FIXME - needs paraneters, and sonme code to figure out which
files to | oad based on those paraneters/nunbers. For now j ust
use #defined HRTF files

*/

/* check for previous HRTF storage el enents being all ocated,
and free them before reassigning the vari abl es.

*/

i f(HRTF_L_LF _Storage.data != NULL)
free(HRTF_L_LF_Storage. data);

i f(HRTF_R_LF_Storage.data != NULL)
free(HRTF_R LF_Storage. data);

i f(HRTF_L_C Storage.data != NULL)
free(HRTF_L_C Storage. data);

i f(HRTF_R_C _Storage.data != NULL)
free(HRTF_R _C Storage. data);

i f(HRTF_L_RF_Storage.data != NULL)
free(HRTF_L_RF_Storage. data);

i f(HRTF_R_RF_Storage.data != NULL)
free( HRTF_R _RF_St orage. data);

i f(HRTF_L_RS Storage.data != NULL)
free(HRTF_L_RS_Storage. data);

i f(HRTF_R_RS St orage.data != NULL)
free(HRTF_R RS_St or age. dat a) ;

i f(HRTF_L_LS Storage.data != NULL)
free(HRTF_L_LS Storage.data);

i f(HRTF_R LS Storage.data != NULL)
free(HRTF_R LS Storage.data);

i f(HRTF_L_LFE_Storage.data != NULL)
free(HRTF_L_LFE _Storage. data);

i f(HRTF_R LFE_Storage.data != NULL)
free(HRTF_R LFE_St orage. dat a) ;

/* now open the new HRTFs */

w L LF = open_wav(HRTF_FILE L_LF);

HRTF_L LF _Storage = read_wav(w_L_LF, w L _LF.sanpl esOfDat a) ;
cl ose_wav(w_ L _LF);

/ R LF = open_wav(HRTF_FILE_R LF);

w_R
HRTF_R LF_Storage = read_wav(w_ R LF, w R LF. sanpl esOf Dat a) ;
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cl ose_wav(w_R LF);

w L C = open_wav(HRTF_FILE L_O);
HRTF_L _C Storage = read _wav(w L _C, w_ L C sanplesO Data);
close_wav(w L _C);

w R C = open_wav(HRTF_FILE R O);
HRTF_R C Storage = read_wav(w_R C, w_R C. sanpl esO Data);
cl ose_wav(w_R C);

w_ L RF = open_wav(HRTF_FILE L_RF);
HRTF_L RF_Storage = read_wav(w_L_RF, w L _RF.sanpl esOf Dat a) ;
cl ose_wav(w_L_RF);

w_R RF = open_wav(HRTF_FILE R RF);
HRTF_R RF_Storage = read_wav(w_R RF, w R RF.sanpl esOfDat a) ;
cl ose_wav(w_R _RF);

w L RS = open_wav(HRTF_FILE L_RS);
HRTF_L RS Storage = read_wav(w_L_RS, w L_RS. sanpl esOf Dat a) ;
cl ose_wav(w_L_RS);

w_R RS = open_wav(HRTF_FILE R RS);
HRTF_R RS Storage = read_wav(w_R RS, w R RS. sanpl esOfDat a) ;
cl ose_wav(w_R_RS);

w L LS = open_wav(HRTF_FILE L_LS);
HRTF_L LS Storage = read_wav(w_L_LS, w L LS. sanpl esOf Dat a) ;
cl ose_wav(w_L_LS);

W R LS = open_wav(HRTF_FILE R LS);
HRTF_R LS Storage = read_wav(w_R LS, w R LS. sanpl esOfDat a) ;
cl ose_wav(w_R LS);

w L LFE = open_wav(HRTF_FILE L_LFE);
HRTF_L _LFE Storage = read_wav(w_ L _LFE, w_ L_LFE. sanpl esOf Dat a) ;
cl ose_wav(w_L_LFE);

w_R LFE = open_wav(HRTF_FILE R LFE);
HRTF_R LFE Storage = read_wav(w_R LFE, w_R LFE. sanpl esOf Dat a) ;
cl ose_wav(w_R _LFE);

par ans_updated = 1;

return O;

/* main program | oop */
i nt process(void)
{
i nt program exit=0;
unsigned int result_counter = 0, result_size = 0;
struct transfer_s ts;
char * result; [/ byte array
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/* Loop... Waits for nessages fromthe EVM and does a transfer
dependi ng on the val ue of the nessage received */
whil e(! programexit) {
wait_request (&ts);
[*fprintf(stderr, "Transfer request: CMVMD %, SIZE %, ADDRESS %\n",
ts. cormand,
ts.size, ts.buffer);*/

/* Now based on the command that was sent, transfer "size" # of sanples
froma particular buffer. For the input channels, we read from disk
and then send the data, passing along how many sanples we read
successfully. For the HRTFs, we've already read the HRTFs previously,
so just send them and their |ength.

*/

switch(ts. command) {
case(XFER_LF): /* Send LF */
LF_Storage = read_wav(w_LF, ts.size /2); /* read_wav takes # sanpl es,
ts.size is # bytes */
if(ts.size = LF_Storage. nunBytes) /* reached end, don't have full
ts.size to xfer*/
ts.size = LF_Storage. nunByt es;
send_data(&s, LF_Storage.data);
free(LF_Storage. data);
printf("."); /* cheesy progress neter :) */
br eak;
case(XFER_C): /* Send C */
C Storage = read_wav(w_C, ts.sizel2);
if(ts.size = C_Storage. nunByt es)
ts.size = C_Storage. nunByt es;
send_data(& s, C Storage.data);
free(C_Storage. data);
br eak;
case(XFER_RF): /* Send RF */
RF_Storage = read_wav(w_RF, ts.sizel2);
if(ts.size = RF_Storage. nunBytes)
ts.size = RF_Storage. nunByt es;
send_data( & s, RF_Storage.data);
free( RF_St orage. dat a) ;
br eak;
case(XFER_RS): /* Send RS */
RS _Storage = read_wav(w_RS, ts.sizel2);
if(ts.size = RS_Storage. nunByt es)
ts.size = RS_Storage. nunByt es;
send_data(& s, RS _Storage.data);
free(RS_Storage. data);
br eak;
case(XFER_LS): /* Send LS */
LS Storage = read_wav(w_LS, ts.sizel2);
if(ts.size = LS Storage. nunByt es)
ts.size = LS _Storage. nunByt es;
send_data(&s, LS Storage.data);
free(LS_Storage. data);
br eak;
case(XFER LFE): /* Send LFE */
LFE_Storage = read_wav(w_LFE, ts.size [2);
if(ts.size != LFE_Storage. nunByt es)
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ts.size = LFE_Storage. nunByt es;
send_data( & s, LFE_Storage.data);
free(LFE_St orage. data) ;
br eak;
case( XFER_UPDATE _FLAG : /* HRTF update status flag - a 32-bit word */
par ans_updat ed = get Parans();
send_data(&'s, &parans_updated);
i f((paranms_updated & 0x01) !'= 0)
set _HRTFs();
i f((paranms_updated & 0x02) !
set _input ();
params_updated = 0; /* reset flag, now that EVM has checked it */
br eak;
case(XFER HRTF_ L LF): [/* HRTFs should already by read, so send them */
ts.size = HRTF_L_LF_Storage. nunByt es;
send_data(& s, HRTF_L_LF_Storage.data);
br eak;
case( XFER_HRTF_R LF):
ts.size = HRTF_R_LF_St orage. nunByt es;
send_data( & s, HRTF_R LF_Storage. data);
br eak;
case(XFER HRTF_L_C):
ts.size = HRTF_L_C Storage. nunByt es;
send_data(& s, HRTF_L_C Storage.data);
br eak;
case(XFER_HRTF_R O):
ts.size = HRTF_R _C_St or age. nunByt es;
send_data(& s, HRTF_R C _Storage. data);
br eak;
case( XFER_HRTF_L_RF):
ts.size = HRTF_L_RF_St orage. nunByt es;
send_data(& s, HRTF_L_RF_Storage.data);
br eak;
case( XFER_HRTF_R RF):
ts.size = HRTF_R_RF_St orage. nunByt es;
send_data( & s, HRTF_R RF_Storage. data);
br eak;
case( XFER_HRTF_L_RS):
ts.size = HRTF_L_RS St orage. nunByt es;
send _data(& s, HRTF_L_RS Storage.data);
br eak;
case( XFER_HRTF_R RS):
ts.size = HRTF_R_RS_St orage. nunByt es;
send_data(& s, HRTF_R RS _Storage. data);
br eak;
case(XFER HRTF L _LS):
ts.size = HRTF_L_LS Storage. nunByt es;
send_data(& s, HRTF_L_LS Storage.data);
br eak;
case(XFER_HRTF_R LS):
ts.size = HRTF_R LS St orage. nunByt es;
send_data(& s, HRTF_R LS Storage.data);
br eak;
case( XFER_HRTF_L_LFE):
ts.size = HRTF_L_LFE_St or age. nunByt es;
send_data(& s, HRTF_L_LFE _Storage. data);
br eak;

0)
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case( XFER_HRTF_R LFE):
ts.size = HRTF_R_LFE_St or age. nunByt es;
send_data(& s, HRTF_R LFE_Storage. data);
br eak;

case( XFER DI STANCES): /* send di stances to each speaker */
send_data(&ts, distances);
br eak;

case( XFER_ANGLES) :
send_data( & s, angles);
br eak;

case( XFER_TEMPERATURE) :
send_data(&'s, &t enperature);
br eak;

case( XFER_ELEV_ANGLE) :

send_data(&ts, &(elevationAngle[0]));
br eak;

case(XFER_RECV_BEGIN): /* EVMis about to start sending data */

/* EVMis witing the filtered version of input */
result = (char *) calloc((w_LF.bytesOiData) * 2,1); // 2 channels

result_size = (w_LF. bytesOfData) * 2;

result_counter = 0;
/1 now send some nonsense to nmke the EVM happy
ts.size = 4;
send_data(&ts, & esult_counter);
br eak;

case( XFER_RECV_DATA): /* EVMis sending a block of data */
if(result_counter >= result_size)

{
printf("result_counter exceeding size of result array\n");
exit(l);
}

get _data(&s, (result + result_counter));
result_counter += ts.size;
br eak;
case(XFER_RECV_FINISH): /* wite the collection of blocks to disk */
/* wite to file */
w_out . nChannels = 2; // stereo
w_out . nBl ockAl'i gn = w_out.nChannels * (w_LF.nBitsPerSanple / 8) ;
w_out . nBi t sPer Sanpl e = w_LF. nBi t sPer Sanpl e;
w_out . nSanpl esPer Sec = w_LF. nSanpl esPer Sec;
w_out . wFor mat Tag = w_LF. wFor mat Tag;
w_out.sanplesOfData = w_LF. sanpl esCf Dat a;
w_out. bytesOfData = result_size;
w_out . nAvgByt esPer Sec = w_out.nChannels * w_LF. nAvgByt esPer Sec;
write wav(w out, result, "output.wav");
if(result !'= NULL)
free(result);
result_counter = 0;
result_size = 0;
ts.size = 4;
/* send sone nonsense to keep the EVM happy */
send_data(&ts, &result_counter);
br eak;
case( XFER_DOLBY_FLAQG) :
send_dat a( & s, &useDol by);
br eak;
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case( XFER_EXIT_PROGRAM : /* Exit program */

programexit = 1;
br eak;
defaul t:
fprintf(stderr, "Unknown command\n");
br eak;
}
}

return O;

i nt cleanup()

{

/* free data storage */

i f(LF_Storage.data != NULL)
free(LF_Storage. data);

i f(C Storage.data != NULL)
free(C_Storage. data);

i f(RF_Storage.data != NULL)
free(RF_Storage. data);

i f(RS_Storage.data != NULL)
free(RS_Storage. data);

i f(LS_Storage.data != NULL)
free(LS_Storage. data);

i f (LFE_Storage.data != NULL)
free(LFE_Storage. data);

i f(HRTF_L_LF_Storage.data != NULL)
free(HRTF_L_LF_Storage. data);

i f(HRTF_R _LF_Storage.data != NULL)
free(HRTF_R LF_Storage. data);

i f(HRTF_L_C Storage.data != NULL)
free(HRTF_L_C Storage. data);

i f(HRTF_R C Storage.data != NULL)
free(HRTF_R C Storage. data);

i f(HRTF_L_RF_Storage.data != NULL)
free(HRTF_L_RF_Storage. data);

i f(HRTF_R_RF_Storage.data != NULL)
free(HRTF_R RF_St orage. data);

i f(HRTF_L_RS St orage.data != NULL)
free(HRTF_L_RS_Storage. data);

i f(HRTF_R_RS St orage.data != NULL)
free(HRTF_R_RS_St orage. dat a) ;

i f(HRTF_L_LS Storage.data != NULL)
free(HRTF_L_LS Storage.data);

i f(HRTF_R_ LS Storage.data != NULL)
free(HRTF_R LS Storage.data);

i f(HRTF_L_LFE_Storage.data != NULL)
free(HRTF_L_LFE_Storage. data);

i f(HRTF_R_LFE_Storage.data != NULL)
free(HRTF_R LFE_St or age. dat a) ;
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/* close input files */
cl ose_wav(w_LF);

cl ose_wav(w_C);

cl ose_wav(w_RF);

cl ose_wav(w_RS);

cl ose_wav(w_LS);

cl ose_wav(w_LFE);

/[* Clean up and exit */
if (!evnbx_hpi _close(hHpi)) exit(9);
if (!evnbx_close(hBd)) exit(16);

return(0);

/* main() - just here for now. Once we maeke a DLL, we won't need this

and will call the other function fromthe GU
*/
int main(int argc, char** argv)
{
init();
set _HRTFs();
set _input ();
printf("Begi nning processing.\n");
process();
printf("\nProcessing finished.\n");
[ *cl eanup(); conmented out - need to rewite cleanup a bit to avoid
crash*/
}

/* Waits for wi ndows event signalling incom ng message. Then reads
address frommail box 1, size frommailbox 2, and command from
mai | box 3 */

int wait_request(struct transfer_s *ts)

{
/* wait for event signaling a nessage fromthe DSP */
Wi t For Si ngl eObj ect( h_event, INFINITE );
i f(!evimbx_retrieve_nessage(hBd, (unsigned |ong *)&ts->buffer))
fprintf(stderr, "Error retrieving 1...\n");
i f(!'evmbx_mail box_read(hBd, 2, (unsigned |long *)&ts->size))
fprintf(stderr, "Error retrieving 2...\n");
i f(!evmbx_nmmil box_read(hBd, 3, (unsigned long *)& s->commnd))
fprintf(stderr, "Error retrieving 3...\n");
return(0);
}
/* Size and address are given in struct ts. local_buf is the address of
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the PC buffer to send. Also tells the EVM how much actually transferred
*/
int send_data(struct transfer_s *ts, void *l|ocal _buf)
{

unsi gned long int ullLength = ts->size;

/* Wite the data to EVM nenory*/
if ('evnbx_hpi _write(hHpi, (PULONG) I ocal _buf, (PULONG &ul Length,
(ULONG) t s- >buffer)) {
fprintf(stderr, "HPI wite error\n");

exit(1l);

if (ulLength = ts->size) {
fprintf(stderr, "HPlI only wote % bytes\n");
exit(1l);

}

/* Use a nessage to signhal the EVMthat the transfer is done, and
how much was transferred (in some cases nmay not be the sane
as the amount requested

*/

if (!evnbx_send_nessage(hBd, (PULONG) &ts->size)) {
fprintf(stderr, "Send nessage error!\n");
exit(1l);

return(0);

}

/* Same format as send_data */
int get_data(struct transfer_s *ts, void *|ocal _buf)

{

unsi gned long int ullLength = ts->size;

/* Read data from EVM nenory */
if (!evnbx_hpi _read(hHpi, (PULONG) I ocal buf, (PULONG) &ul Lengt h,
(ULONG) t s- >buffer)) {
fprintf(stderr, "HPI wite error\n");

exit(1l);

if (ulLength = ts->size) {
fprintf(stderr, "HPlI only wote % bytes\n");
exit(1l);

}

/* Signal EVMthat transfer is done */

if (!evnbx_send_nessage(hBd, (PULONG) &t s->conmand)) {
fprintf(stderr, "Send nessage error!\n");
exit(l);

return(0);

}

/* Wite a single 32-bit word to EVM nenory */
void hpi _wite_word(ULONG addr, ULONG dat a)

ULONG ul Length = 4;
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if (levmbx_hpi _wite(hHpi, &data, &ullLength, addr)) ({
fprintf(stderr, "Error witing word via HPI\n");
exit(l);

}

if (ullLength !'=4) {
fprintf(stderr, "Error witing word via HPI\n");
exit(1l);

}

#i f def LOAD FI LE
/* Load the .out file and run the program Code Conposer must not
be running */
int |oad file(HANDLE hBd, LPVO D hHpi)
{
if ( levnbx_reset _board(hBd) ) exit(2);
if ( levmbx_reset _dsp(hBd, HPI _BOOT) ) exit(3);
if ( levmbx_init_emf(hBd, hHpi) ) exit(5);

/* Load program */
if (!evnbx_coff_| oad(hBd, hHpi , EVM FI LE, 0,0,0)) exit(8);

/* Set HPI priority and reset nmmil boxes */
hpi _write_word(0x01840070 /*Addr*/, 0x00000010 /*Data*/ );
hpi _write_word(0x0170003C, 0x0e000000);

if (!evnbx_unreset _dsp(hBd)) exit(10);
if (!evnbx_set _tineout(hBd, 1000)) exit(11);
return(0);
}

#endi f
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———————————————————————————————— File: read.h -----——-—- -

/****************************************************************************

* %

* Read. h - header file for sone easy-to-use WAV readi ng functions

* Usage: First call open_wav(<filenane>) to get a WAVFilelnfo struct. Then

* use this struct as the argument (along with nunber of sanmples to
*

* read) to read_wav(<WAVFi |l el nfo struct>, <nunSanples>). Wen done
*

* after sonme arbitrary nunber of read wav() calls, use close_wav()
*

* on the struct.

LR R R R SRR R R R R R SRR R RS E RS EEEEEE SRR R EREEEREEEREEEEREEEREREEEREEEREESEERE SRR ERER]

/
#include "arrays. h"

struct WAVFi |l el nfo

{
FI LE *fi;
/* isOpen - is the file still open? Declared as a pointer so that
when passing the structure between functions (call-by-value) the
val ue pointed to may be nodified by the called function. This is used
particularly in closing the file, and to ensure the file is cl osed
exactly once. The pointed-to integer is 1 if file is open, 0 else
*/
int* isOpen;
unsi gned short int wFormat Tag; /* wave format. Standard format is 1 */
unsi gned short int nChannels; /* nunber of audio channels in file */
unsi gned int nSanpl esPerSec; [/* sanpling rate in sanples per second */
unsi gned int nAvgByt esPer Sec; /* average nunber of bytes per second */
unsi gned short int nBl ockAlign
unsi gned short int nBitsPerSanple; /* # of bits/sanple. Typically 16 */
unsi gned int bytesCf Dat a; /* how many bytes of data present */
unsi gned int sanplesCfbData; /* how many sanples of data */
1

typedef struct WAVFi | el nfo WAVFi | el nf o;

/* function prototypes */

WAVFi | el nfo open_wav(char *infile);

int close_wav(WAVFi | el nfo w);

GenericArray read _wav(WAVFi | el nfo w, unsigned int nunSanpl es);
int wite wav(WAVFilelnfo w, void *buf, char *fil enane);
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———————————————————————————————— File: read.c -------—-—--—————mmmmmmm

/**********************************************************************

* Read.c - sone easy-to-use WAV readi ng functions *

* *
* Usage: First call open_wav(<filenanme>) to get a WAVFil el nfo *
* struct. Then use this struct as the argunent (along with nunber of *
* sanples to read) to read_wav(<WAVFi | el nfo struct>, <nunSanples>). *
* When done after sonme arbitrary nunber of read _wav() calls, use *
* close_wav() on the struct. *
* *

LR R R R SRR SRR R EEEEEEEEREE SRR EEREEEREEEEEREEREEEREEEREEERE SRR SRR EERE SRR EEEES

/

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude "arrays. h"
#i ncl ude "read. h"

/* open a wav file so it can be read. Return structure
with sonme basic info about the file.

*/
WAVFi | el nfo open_wav(char *infile)
{

FILE *fi;

unsi gned int tenp;

/* header information variables */
char chunk_nane[ 4];
unsi gned int chunk_size;

/* output struct */
WAVFi | el nfo wav_i nfo;

/* open file */

fi = fopen(infile,"rb");

wav_info.fi = fi;

if (fi == NULL)

{
printf("ERROR. Can not open %\n",infile);
exit(1l);

}

wav_info.isOpen = calloc(1l, sizeof(int));

*(wav_i nfo.isOpen) = 1;

khkkkhkhrkkhkhkkhhxkkhhkkkkx EEE R I R R I O R O
/ READ HEADER | NFO /

/* Rl FF header */
temp = fread( (void *) chunk_nane, sizeof(char), 4, fi); /* RFFid */
if(temp !'= 4)
{
printf("Error: Failed to read file header (name field)\n");
printf("fread returned: %\n", tenp);
if(ferror(fi)) perror("File error ");
if(feof (fi)) printf("End of file\n");
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exit(1):

}

i f(strncnmp(chunk_nanme, "RIFF", 4) 1= 0)
printf("Error: Input file is not a valid WAV RIFF filel\n");
exit(1l);

}

temp = fread( (void *) &chunk_size, 4, 1, fi);

if(tenp = 1)

{

temp = fread( (void *) chunk_nane, sizeof(char), 4, fi);

printf("Error: Failed to read RIFF header residua
printf("fread returned: %\n", tenp);
if(ferror(fi)) perror("File error ");
if(feof(fi)) printf("End of file\n");

exit(1l);

if(temp !'= 4)

{

l ength\n");

/* wave_id */

printf("Error: Failed to read file header (wave_id field)\n");

printf("fread returned: %\n", tenp);
if(ferror(fi)) perror("File error ");
if(feof (fi)) printf("End of file\n");

exit(1);

}
i f(strncmp(chunk_nane, "WAVE", 4) 1= 0)

printf("Error: Input file is not a WAVE file.\n");

printf (" Chunk_nane: %\ n", chunk_nane);

exit(1l);
}
/* RIFF chunks ... arbitrarily many before the "data" chunk */
whil e(1)
{
/* get chunk nane and size (each is 4 bytes) */

temp = fread( (void *) chunk_nane,

if(temp !'= 4)

{

—

—~——

}

e
f

printf("Error: Failed to read RIFF chunk nanme.\n");
printf("fread returned: %\n", tenp);
if(ferror(fi)) perror("File error ");
if(feof (fi)) printf("End of file\n");
exit(l);

si zeof (char), 4, fi);

np = fread( &chunk_size, sizeof(unsigned int), 1, fi);

(tenmp '= 1)

printf("Error: Failed to read RIFF chunk size.\n");
exit(1l);
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[* first check if this is the format (fmt) chunk */
i f(strncmp(chunk_nane, "fnt", 3) == 0)

/* read file format information */
temp = fread( & wav_info.wFormatTag), sizeof(unsigned short int), 1,

fi);
if(temp !'= 1)
{
printf("Error: Failed to read wrFormt Tag\ n");
exit(1l);
i f(wav_info.wFormat Tag ! = 0x01)
{
printf("Error: File not in standard WAV/ PCM format!\n");
exit(1l);
}
temp = fread( &(wav_info.nChannels), sizeof(unsigned short int), 1,
fi);
if(tenp = 1)
{
printf("Error: Failed to read nChannel s\n");
exit(l);
}
temp = fread( &(wav_info.nSanpl esPerSec), sizeof(unsigned int), 1, fi);
if(temp !'= 1)
{
printf("Error: Failed to read nSanmpl esPer Sec\n");
exit(1l);
}
temp = fread( &(wav_info.nAvgBytesPerSec), sizeof(unsigned int), 1,
fi);
if(temp !'= 1)
{
printf("Error: Failed to read nAvgBytesPerSec\n");
exit(1l);
}
temp = fread( &(wav_info.nBlockAlign), sizeof(unsigned short int), 1,
fi);
if(tenp = 1)
{
printf("Error: Failed to read nBl ockAlign\n");
exit(1l);
}
temp = fread( &(wav_info.nBitsPerSanple), sizeof(unsigned short int),
1, fi);
if(tenp = 1)
{
printf("Error: Failed to read nBitsPerSanple\n");
exit(l);
}
/* done reading fnmt chunk */
conti nue;
}
/* next check for data chunk */
i f(strncmp(chunk_nane, "data", 4) != 0)
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}

/* then we have sonme other (non-fnt, non-data) RIFF chunk
here, not "standard" per se but allowed by the specification
So just ignore the extension chunk, seek past it, and go back
to beginning of loop to see if the next chunk is the data

*/

fseek(fi, chunk_size, SEEK CUR)

conti nue;

el se

/* we're to the last chunk - the data. Chunk_size therefore is the
length in bytes of the remaining data in the file. Exit this | oop

and nove on to the audi o-data-reading code in read_wav().
*/
wav_i nfo. bytesOf Data = chunk_si ze;
wav_i nfo. sanpl esOf Data = chunk_size * 8/ wav_i nfo. nBitsPer Sanpl e;
br eak;

}
} /* end while(1) */

return wav_i nfo;

int close_wav(WAVFi | el nfo w)

{

}

*(w.isOpen) = 0;
return fclose(w.fi);

/* read_wav() -- read nunmSanples of the input file.

*/

Returns GenericArray with length set to the nunber of sanples
actually read fromthe file. Check that the Iength of the returned
array is the sanme as the nunber of sanples requested - if not,

it likely means that we've reached the end of file. (Caller

shoul d check this).

For now, the nunSanples is the total anount read (so if there
are 2 channels in the file, there are nunfSanples/2 read from
each channel into one output array. W can change that behavi or
fairly easily later if necessary.

Generi cArray read_wav(WAVFi l el nfo w, unsigned i nt nunSanpl es)

{

GenericArray thearray; /* array of sanples read fromfile */
t hearray. byt esPer El enent = w. nBitsPerSanple / 8;

thearray.data = (void *) calloc(numSanpl es, thearray. bytesPerEl enent);
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/* Read num sanpl es of input data */

t hearray. nunkl ements = fread(thearray.data, thearray. bytesPerEl enent,
nunBSanpl es, w.fi);

t hearray. nunBytes = thearray. nunkl enents * thearray. byt esPer El enent;

return thearray;

}

/* wite WAV file to filenane. buf should contain data for all channels */
int wite_wav(WAVFilelnfo w, void *buf, char* fil ename)
{

FILE *fi;

char tenp[4];

unsi gned int itenp;

fi = fopen(filenanme, "wbh");
i f(fi == NULL)

printf("Couldn't open % for witing \n", filenane);
exit(l);
}

[****x%* write WAV header *******%x/

/* RIFF chunk */

tenp[0] = 'R ; tenp[l] ="'1"; tenp[2] ="'F; temp[3] ="F;
fwite(tenp, sizeof(char), 4, fi);

itemp = 36 + w. bytesCOf Dat a;

fwite(& tenp, sizeof(int), 1, fi);

temp[0] = "W, tenp[l] = "A; tenp[2] ="'V, temp[3] ="FE;
fwite(tenmp, sizeof(char), 4, fi);

[* fm chunk */

tenp[O0] = 'f'; temp[1] = "'m; tenp[2] = "t'; tenp[3] ="' ";

fwite(tenp, sizeof(char), 4, fi);

itenmp = 16;

fwite(& tenp, sizeof(int), 1, fi);

fwite(& w wFormat Tag), sizeof(unsigned short int), 1, fi);
fwrite(& w. nChannel s), sizeof(unsigned short int), 1, fi);
fwrite(& w. nSanpl esPerSec), sizeof(unsigned int), 1, fi);
fwrite(& w nAvgByt esPer Sec), sizeof(unsigned int), 1, fi);
fwite(& w. nBl ockAlign), sizeof(unsigned short int), 1, fi);
fwite(& w. nBitsPerSanpl e), sizeof(unsigned short int), 1, fi);

/* data chunk */

temp[0] = 'd'; tenp[l] = 'a'; tenp[2] ="'t'; temp[3] ="a';
fwite(tenp, sizeof(char), 4, fi);
fwite(& w bytesOfData), sizeof(unsigned int), 1, fi);

/******* \erte data *******/
fwite(buf, 1, w bytesOData, fi);

fclose(fi);
return 0O;
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Appendix C — GUI Code and Sample Parameter File

—————— File: parameters.txt (with default parameters) ------

:\\ Group4Dat a\\ Ci t yDeno\\ L. wav

»\\ Group4Dat a\\ Ci t yDeno\ \ C. wav

»\\ Group4Dat a\\ Ci t yDeno\ \ R wav

-\ \ Group4Dat a\ \ Ci t yDeno\ \ RS. wav

\\ Group4Dat a\\ Ci t yDemp\ \ LS. wav

\\ Group4Dat a\\ Ci t yDenmo\ \ LFE. wav

\\ G oup4Dat a\\ HRTFs\ \ el evO\\ LOe330a. wav
\\ G oup4Dat a\ \ HRTFs\ \ el evO\\ LOe030a. wav
\\ G oup4Dat a\ \ HRTFs\ \ el evO\\ LOe000a. wav
\\ Group4Dat a\ \ HRTFs\ \ el evO\\ LOe000a. wav
\\ Group4Dat a\ \ HRTFs\ \ el evO\\ LOe030a. wav
\\ Group4Dat a\ \ HRTFs\ \ el evO\\ LOe330a. wav
\\ Group4Dat a\\ HRTFs\ \ el evO\\ LOel120a. wav
\\ Group4Dat a\ \ HRTFs\ \ el evO\\ LOe240a. wav
-\ \ G oup4Dat a\ \ HRTFs\ \ el evO\\ LOe240a. wav
:\\ Group4Dat a\\ HRTFs\ \ el evO\\ LOel20a. wav
:\\ Group4Dat a\\ HRTFs\ \ el evO\\ LOe000a. wav
:\\ Group4Dat a\\ HRTFs\ \ el evO\\ LOe000a. wav

©s5000000000000000000

[cNeoNoNoNoNoNe]

Dol by
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1 Lef t Front

2 Center

3 Ri ght Front

4 Ri ght Surround

5 Left Surround

6 LowFr equencyEf fect s

7 Left Front/ Left Ear

8 Left Front/ Ri ght Ear

9 Center/ Left Ear

10 Center/Ri ght Ear

11 RightFront/LeftEar

12 RightFront/Ri ght Ear

13 RightSurround/ LeftEar

14 Ri ght Surround/ Ri ght Ear

15 LeftSurround/ Left Ear

16 Left Surround/ Ri ght Ear

17 LowFrequencyEffects/ LeftEar
18 LowFrequencyEffects/Ri ght Ear
19 LeftFront

20 Center

21 RightFront

22 RightSurround

23 Left Surround

24 LowFrequencyEffects

25 LeftFront

26 Center

27 Right Front

28 Ri ght Surround

29 Left Surround

30 LowFrequencyEffects

31 LeftFront

32 Center

33 RightFront

34 Right Surround

35 LeftSurround

36 LowFrequencyEffects

37 Tenperature (in degrees Fahr
38 Play Mode (Dol by or stereo)

(Li ne nunbers are of course not

File: paramkey.txt (explanatory key to parameters.txt)

Denmo Channel WAV files (with full path)

HRTF WAV files (with full path)

Speaker Distances (in feet)

Speaker Horizontal Angles (in degrees)

Speaker El evation Angles (in degrees)

enhei t)

i ncluded in paranmeters.txt)
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—————— File: default.htm ------

<htm xmns:v="urn:schemas-nicrosoft-comvm " xm ns:o="urn:schemas-ni crosoft-
comoffice:office" xmns="http://ww. w3. org/ TR/ REC- ht M 40" >

<head>

<nmet a name=" GENERATOR' content="M crosoft FrontPage 5.0">

<met a name="AUTHOR"' content="Lincoln Westfall">

<neta name="Progld" content="FrontPage. Edi t or. Docunent ">

<neta http-equi v="Content-Type" content="text/htm ; charset=wi ndows-1252">
<title>551 Group 4 - Dolby Digital 5.1 Enulation GQUI</title>

</ head>

<body>
<f orm nmet hod="post" nane="Speaker Data" acti on="fornproc.asp">

<IMG alt="" border=0 hei ght =693 hspace=0 src="background. gi f" styl e="HEl GHT:
693px; LEFT: Opx; POSITION absolute; TOP: Opx; WDTH 689px" useMap=""

wi dt h=689 > <!-- Buttons --!>

<i nput type="subnmt" val ue="Subm t" nanme="Subm tBut" style="LEFT: 283px;
POSI TI ON:  absol ute; TOP: 570px" tabi ndex="0">

<i nput type="reset" val ue="Reset" nane="ResetBut" style="LEFT: 358px;
POSI TI ON:  absol ute; TOP: 569px">

<P></P><!-- Ceneral Options --!>
<sel ect size="1" nanme="Pl ayMde" style="LEFT: 288px; POSITION: absolute; TOP
485px" >

<option val ue="stereo">Stereo</option>
<option selected val ue="Dol by">Dol by Digital 5.1</option>
</ sel ect >

<sel ect size="1" name="Denmp" style="LEFT: 294px; POSITION: absolute; TOP
513px" >

<option val ue="CanyonDenp" >Canyon Denp</opti on>

<option selected value="CityDenmn">City Denob</option>

<option val ue="Egypt Demp" >Egypt Denp</ opti on>

<option val ue="Trai nDemd" >Tr ai n Denp</ option>

</sel ect >

<sel ect size="1" name="Ear Type" style="LEFT: 498px; POCSITION: absolute; TOP
313px" >

<option sel ected val ue="L">Nor nal </ opti on>

<option val ue="R'>Large Red</option>

</ sel ect >

<SELECT nane=Tenperature size=1 style="LEFT: 485px; POSITION: absolute; TOP
371px" >

<OPTI ON val ue ="32">32 degrees F</ OPTI ON>

<OPTI ON val ue="40">40 degrees F</ OPTI ON>

<OPTI ON val ue="50">50 degrees F</ OPTI ON>

<OPTI ON val ue="60">60 degrees F</ OPTI ON>

<OPTI ON sel ected val ue="70">70 degrees F</ OPTI ON>

<OPTI ON val ue="80">80 degrees F</OPTI ON\>

<OPTI ON val ue="90">90 degrees F</ OPTI ON>

<OPTI ON val ue="100">100 degrees F</ OPTI ON>
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<OPTI ON val ue="110">110 degrees F</ OPTI ON>
<OPTI ON val ue="120">120 degrees F</ OPTI ON>
</ SELECT>

<l -- Speaker Horizontal Angles (radio buttons) --!>

<i nput type="radi 0" val ue="300" nane="Left Ang" styl e="LEFT: 69px; PQCSI TI ON
absol ute; TOP: 185px"><i nput type="radi 0" val ue="275" nanme="LeftAng"

styl e="LEFT: 29px; POSITION: absolute; TOP: 313px"><input type="radi 0"

val ue="345" nanme="Left Ang" style="LEFT: 256px; POCSITION: absolute; TOP
40px" ><i nput type="radi 0" val ue="340" name="Left Ang" style="LEFT: 231px;
POSI TI ON:  absol ute; TOP: 48px"><input type="radi 0" val ue="335" nane="Left Ang"
styl e="LEFT: 207px; POSI TION: absol ute; TOP: 59px"><i nput type="radi o"

val ue="330" name="Left Ang" style="LEFT: 182px; POSITION: absolute; TOP: 71px"
checked><i nput type="radi 0" val ue="325" name="Left Ang" style="LEFT: 159px;
POSI TI ON: absol ute; TOP: 86px"><i nput type="radi 0" val ue="320" nane="Left Ang"
styl e="LEFT: 139px; POSITION: absolute; TOP: 102px"><input type="radio"

val ue="315" name="Left Ang" style="LEFT: 119px; POCSITION: absol ute; TOP
120px" ><i nput type="radi 0" val ue="310" nanme="Left Ang" style="LEFT: 100px;
POSI TI ON:  absol ute; TOP: 141px"><i nput type="radi 0" val ue="295"
nane="Left Ang" style="LEFT: 57px; POSITION: absolute; TOP: 209px"><i nput
type="radi 0" val ue="290" nane="Left Ang" style="LEFT: 47px; POSITI ON
absolute; TOP: 234px"><i nput type="radi 0" val ue="285" nane="Left Ang"

styl e="LEFT: 39px; POSITION: absolute; TOP: 259px"><input type="radi o"

val ue="280" nanme="Left Ang" style="LEFT: 33px; POSITION: absolute; TOP
285px" ><i nput type="radi 0" val ue="305" nane="LeftAng" style="LEFT: 83px;
POSI TI ON:  absol ute; TOP: 162px"><i nput type="radi 0" val ue="350"
nanme="Cent er Ang" styl e="LEFT: 282px; POCSITION: absolute; TOP: 34px"><input
type="radi 0" val ue="355" nane="Center Ang" style="LEFT: 309px; POSITI ON
absol ute; TOP: 31px"><input type="radi 0" val ue="000" nane="Center Ang"

styl e="LEFT: 336px; POSITION: absolute; TOP: 30px" checked><input
type="radi 0" val ue="005" nanme="Center Ang" style="LEFT: 362px; POSI TI ON
absol ute; TOP: 31px"><input type="radi 0" val ue="010" nane="Cent er Ang"

styl e="LEFT: 389px; POSITION: absol ute; TOP: 35px"><input type="radi 0"

val ue="085" nanme="Ri ght Ang" style="LEFT: 642px; POSITION: absolute; TOP
311px"><i nput type="radi 0" val ue="015" nane="Ri ght Ang" styl e="LEFT: 416px;
POSI TI ON:  absol ute; TOP: 41px"><input type="radi o" val ue="020"
nanme="Ri ght Ang" styl e="LEFT: 441px; POSITION: absolute; TOP: 49px"><i nput
type="radi 0" val ue="025" nane="Ri ght Ang" styl e="LEFT: 466px; POSITION
absol ute; TOP: 60px"><input type="radi 0" val ue="030" name="Ri ght Ang"

styl e="LEFT: 490px; POSITION:. absolute; TOP: 72px" checked

cl ass="Ri ght Ang" ><i nput type="radi 0" val ue="035" nane="Ri ght Ang" styl e="LEFT:
513px; POSI TI ON: absol ute; TOP: 87px"><input type="radi 0" val ue="040"
nanme="Ri ght Ang" styl e="LEFT: 534px; POSITION: absolute; TOP: 103px"><i nput
type="radi 0" val ue="045" nanme="Ri ght Ang" style="LEFT: 553px; POCSI TI ON
absol ute; TOP: 121px"><input type="radi 0" val ue="050" nanme="Ri ght Ang"

styl e="LEFT: 572px; POSITION: absolute; TOP: 142px"><input type="radio"

val ue="055" name="Ri ght Ang" style="LEFT: 587px; POSITION: absolute; TOP
163px" ><i nput type="radi 0" val ue="060" nane="Ri ght Ang" styl e="LEFT: 602px;
POSI TI ON: absol ute; TOP: 186px"><i nput type="radi 0" val ue="065"
name="Ri ght Ang" styl e="LEFT: 615px; POSITION: absolute; TOP: 209px"><i nput
type="radi 0" val ue="070" name="Ri ght Ang" style="LEFT: 625px; POCSI TI ON
absol ute; TOP: 235px"><i nput type="radi 0" val ue="075" nanme="Ri ght Ang"

styl e="LEFT: 633px; POSITION: absolute; TOP: 260px"><input type="radio"

val ue="080" nanme="Ri ght Ang" style="LEFT: 638px; POSITION: absolute; TOP
285px" ><i nput type="radi 0" val ue="240" nanme="Left SurroundAng" styl e="LEFT:
70px; POSITION: absolute; TOP: 493px" checked><i nput type="radi o" val ue="180"
name="Left SurroundAng" styl e="LEFT: 330px; POSITION: absolute; TOP
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647px" ><i nput type="radi 0" val ue="185" nanme="Left SurroundAng" styl e="LEFT:
308px; POSI TION: absol ute; TOP: 645px"><i nput type="radi 0" val ue="190"
nanme="Left SurroundAng" style="LEFT: 282px; POSITION: absolute; TOP
641px" ><i nput type="radi 0" val ue="195" nane="Left SurroundAng" styl e="LEFT:
256px; POSITION: absolute; TOP: 635px"><input type="radi 0" val ue="200"
name="Left SurroundAng" styl e="LEFT: 230px; POSITION: absolute; TOP
627px" ><i nput type="radi 0" val ue="235" nane="Left SurroundAng" styl e="LEFT:
84px; POSITION: absol ute; TOP: 515px"><input type="radi 0" val ue="210"
name="Left SurroundAng" style="LEFT: 182px; POCSITION: absolute; TOP
605px" ><i nput type="radi 0" val ue="215" nanme="Left SurroundAng" styl e="LEFT:
158px; POSI TI ON: absolute; TOP: 590px"><i nput type="radi o" val ue="220"
name="Lef t SurroundAng" styl e="LEFT: 139px; POSITION: absol ute; TOP
575px" ><i nput type="radi 0" val ue="225" nane="Left SurroundAng" styl e="LEFT:
118px; POSITION: absolute; TOP: 556px"><input type="radio" val ue="230"
name="Left SurroundAng" style="LEFT: 101lpx; POCSITION: absolute; TOP
536px" ><i nput type="radi 0" val ue="205" nane="Left SurroundAng" styl e="LEFT:
206px; POSI TION: absolute; TOP: 617px"><i nput type="radi 0" val ue="245"
name="Left SurroundAng" styl e="LEFT: 57px; POSITION: absolute; TOP
468px" ><i nput type="radi 0" val ue="250" nane="Left SurroundAng" styl e="LEFT:
47px; POSITION: absolute; TOP: 445px"><input type="radi o" val ue="255"
name="Lef t SurroundAng" styl e="LEFT: 39px; POSITION: absolute; TOP
418px" ><i nput type="radi 0" val ue="260" nane="Left SurroundAng" styl e="LEFT:
33px; POSITION: absolute; TOP: 392px"><input type="radio" val ue="265"
name="Left SurroundAng" styl e="LEFT: 29px; POSITION: absolute; TOP
365px" ><i nput type="radi 0" val ue="270" nane="Left SurroundAng" styl e="LEFT:
28px; POSITION: absol ute; TOP: 339px"><input type="radi 0" val ue="125"
nanme="Ri ght SurroundAng" styl e="LEFT: 587px; POSITION: absolute; TOP
516px" ><i nput type="radi 0" val ue="175" nane="Ri ght SurroundAng" styl e="LEFT:
363px; POSI TION: absol ute; TOP: 645px"><i nput type="radi 0" val ue="180"
nanme="Ri ght SurroundAng" styl e="LEFT: 341px; POSITION: absolute; TOP
647px" ><i nput type="radi 0" val ue="090" nane="Ri ght SurroundAng" styl e="LEFT:
643px; POSITION: absolute; TOP: 340px"><i nput type="radi 0" val ue="095"
name="Ri ght SurroundAng" styl e="LEFT: 641px; POSITION: absol ute; TOP
366px" ><i nput type="radi 0" val ue="100" nane="Ri ght SurroundAng" styl e="LEFT:
638px; POSI TI ON: absol ute; TOP: 392px"><i nput type="radi 0" val ue="105"
nanme="Ri ght SurroundAng" styl e="LEFT: 632px; POSITION: absolute; TOP
418px" ><i nput type="radi 0" val ue="110" nane="Ri ght SurroundAng" styl e="LEFT:
624px; POSI TION: absol ute; TOP: 443px"><i nput type="radi o" val ue="115"
nanme="Ri ght SurroundAng" styl e="LEFT: 614px; POSITION: absolute; TOP
469px" ><i nput type="radi 0" val ue="120" nane="Ri ght SurroundAng"” styl e="LEFT:
602px; POSITION: absol ute; TOP: 492px" checked><i nput type="radi 0"

val ue="130" nanme="Ri ght SurroundAng" styl e="LEFT: 571px; POSITION: absol ute;
TOP: 536px"><i nput type="radi 0" val ue="135" name="Ri ght SurroundAng"

styl e="LEFT: 552px; POSITION: absolute; TOP: 556px"><input type="radio"

val ue="140" nanme="Ri ght SurroundAng" styl e="LEFT: 534px; POSITION: absol ute;
TOP: 574px"><i nput type="radi 0" val ue="145" nanme="Ri ght SurroundAng"

styl e="LEFT: 513px; POSITION: absolute; TOP: 591px"><input type="radio"

val ue="150" name="Ri ght SurroundAng" styl e="LEFT: 490px; POSI TI ON: absol ute;
TOP: 604px"><i nput type="radi 0" val ue="155" name="Ri ght SurroundAng"

styl e="LEFT: 466px; POSITION: absolute; TOP: 617px"><input type="radio"

val ue="160" nanme="Ri ght SurroundAng" styl e="LEFT: 441px; POSITION: absol ute;
TOP: 627px"><i nput type="radi 0" val ue="165" name="Ri ght SurroundAng"

styl e="LEFT: 415px; POSITION: absolute; TOP: 635px"><input type="radio"

val ue="170" nanme="Ri ght SurroundAng" styl e="LEFT: 389px; POSITION: absol ute;
TOP: 641px">

<sel ect size="1" name="LFEAng" style="LEFT: 97px; POCSITION: absolute; TOP
340px" >
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<option val ue="000" sel ected>Hori zontal Angle 0</option>
<option val ue="000">0 (straight ahead)</option>

<option val ue="090">90 (to right)</option>

<option val ue="180">180 (straight back)</option>
<OPTI ON val ue="270">270 (to |eft) </ OPTI ON>

</ sel ect >

<l-- Speaker Distances --!>
<sel ect size="1" name="LeftDist" style="LEFT: 125px; POSITION: absolute; TOP
187px" >

<option value="1">1 ft. away</option>
<option value="2">2 ft. away</option>
<option value="3">3 ft. away</option>
<option value="4">4 ft. away</option>
<option value="5">5 ft. away</option>
<option value="6">6 ft. away</option>
<option value="7">7 ft. away</option>
<option value="8">8 ft. away</option>
<option value ="9">9 ft. away</option>
<option val ue="10" sel ected>10 ft. away</option>
<option value="11">11 ft. away</option>
<option value="12">12 ft. away</option>
<option value="13">13 ft. away</option>
<option value="14">14 ft. away</option>
<option value="15">15 ft. away</option>
<option value="16">16 ft. away</option>
<option value="17">17 ft. away</option>
<option value="18">18 ft. away</option>
<option value="19">19 ft. away</option>
<option val ue="20">20 ft. away</option>
</sel ect >

<sel ect size="1" name="CenterDist" style="LEFT: 306px; POSITION: absol ute;
TOP: 84px">

<option value="1">1 ft. away</option>
<option value="2">2 ft. away</option>
<option value="3">3 ft. away</option>
<option value="4">4 ft. away</option>
<option value="5">5 ft. away</option>
<option value="6">6 ft. away</option>
<option value="7">7 ft. away</option>
<option value="8">8 ft. away</option>
<option selected value="9">9 ft. away</option>
<option value="10">10 ft. away</option>
<option value="11">11 ft. away</option>
<option value="12">12 ft. away</option>
<option value="13">13 ft. away</option>
<option value="14">14 ft. away</option>
<option value="15">15 ft. away</option>
<option value="16">16 ft. away</option>
<option value="17">17 ft. away</option>
<option value="18">18 ft. away</option>
<option value="19">19 ft. away</option>
<option value="20">20 ft. away</option>
</ sel ect >
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<sel ect size="1" name="RightDi st" style="LEFT: 482px; POSITION: absol ute;
TOP: 187px" >

<option value="1">1 ft. away</option>
<option value="2">2 ft. away</option>
<option value="3">3 ft. away</option>
<option value="4">4 ft. away</option>
<option value="5">5 ft. away</option>
<option value="6">6 ft. away</option>
<option value="7">7 ft. away</option>
<option value="8">8 ft. away</option>
<option value ="9">9 ft. away</option>
<option val ue="10" sel ected>10 ft. away</option>
<option value="11">11 ft. away</option>
<option value="12">12 ft. away</option>
<option value="13">13 ft. away</option>
<option value="14">14 ft. away</option>
<option value="15">15 ft. away</option>
<option value="16">16 ft. away</option>
<option value="17">17 ft. away</option>
<option value="18">18 ft. away</option>
<option value="19">19 ft. away</option>
<option value="20">20 ft. away</option>
</ sel ect >

<sel ect size="1" name="LeftSurroundDi st" style="LEFT: 123px; POSI TI ON
absol ute; TOP:. 485px">

<option value="1">1 ft. away</option>
<option value="2">2 ft. away</option>
<option value="3" selected>3 ft. away</option>
<option value="4">4 ft. away</option>
<option value="5">5 ft. away</option>
<option value="6">6 ft. away</option>
<option value="7">7 ft. away</option>
<option value="8">8 ft. away</option>
<option value="9">9 ft. away</option>
<option value="10">10 ft. away</option>
<option value="11">11 ft. away</option>
<option value="12">12 ft. away</option>
<option value="13">13 ft. away</option>
<option value="14">14 ft. away</option>
<option value="15">15 ft. away</option>
<option value="16">16 ft. away</option>
<option value="17">17 ft. away</option>
<option value="18">18 ft. away</option>
<option value="19">19 ft. away</option>
<option val ue="20">20 ft. away</option>
</ sel ect >

<sel ect size="1" nanme="Ri ght SurroundDi st" style="LEFT: 482px; POSI TI ON
absol ute; TOP: 485px">

<option value="1">1 ft. away</option>

<option value="2">2 ft. away</option>

<option value="3" selected>3 ft. away</option>

<option value="4">4 ft. away</option>

<option value="5">5 ft. away</option>

<option value="6">6 ft. away</option>

<option value="7">7 ft. away</option>
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<option value="8">8 ft. away</option>
<option value="9">9 ft. away</option>
<option val ue="10">10 ft. away</option>
<option value="11">11 ft. away</option>
<option value="12">12 ft. away</option>
<option value="13">13 ft. away</option>
<option value="14">14 ft. away</option>
<option value="15">15 ft. away</option>
<option value="16">16 ft. away</option>
<option value="17">17 ft. away</option>
<option value="18">18 ft. away</option>
<option value="19">19 ft. away</option>
<option value="20">20 ft. away</option>
</ sel ect >

<sel ect size="1" name="LFEDi st" style="LEFT: 119px; POCSITION: absolute; TOP
31l1lpx" >

<option value="1">1 ft. away</option>
<option value="2">2 ft. away</option>
<option value="3">3 ft. away</option>
<option value="4">4 ft. away</option>
<option value="5">5 ft. away</option>
<option value="6">6 ft. away</option>
<option value="7">7 ft. away</option>
<option value="8">8 ft. away</option>
<option selected value="9">9 ft. away</option>
<option value="10">10 ft. away</option>
<option value="11">11 ft. away</option>
<option value="12">12 ft. away</option>
<option value="13">13 ft. away</option>
<option value="14">14 ft. away</option>
<option value="15">15 ft. away</option>
<option value="16">16 ft. away</option>
<option value="17">17 ft. away</option>
<option value="18">18 ft. away</option>
<option value="19">19 ft. away</option>
<option val ue="20">20 ft. away</option>

</ sel ect> <!-- Speaker Elevation Angles --!>
<SELECT nane=LeftEl ev size=1 style="LEFT:. 102px; POCSITION:. absolute; TOP
215px" >

<OPTI ON val ue="0" sel ect ed>El evati on Angle 0</ OPTI ON>
<OPTI ON val ue=-40>-40 (down) </ OPTI ON\>
<OPTI ON val ue=-30>- 30 (down) </ OPTI ON\N>
<OPTI ON val ue=-20>-20 (down) </ OPTI ON\N>
<OPTI ON val ue=-10>- 10 (down) </ OPTI ON>
<OPTI ON val ue="0">0 (I evel )</ OPTI ON>
<OPTI ON val ue=10>10 (up) </ OPTI ON>
<OPTI ON val ue=20>20 (up) </ OPTI ON\>
<OPTI ON val ue=30>30 (up) </ OPTI ON>
<OPTI ON val ue=40>40 (up) </ OPTI ON>

</ SELECT>

<SELECT nane=CenterEl ev size=1 styl e="LEFT: 284px; POSITION: absolute; TOP
112px" >

<OPTI ON val ue="0" sel ect ed>El evati on Angl e 0</ OPTI ON>

<OPTI ON val ue=-40>-40 (down) </ OPTI ON\>
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<OPTI ON val ue=- 30>- 30 (down) </ OPTI ON>
<OPTI ON val ue=-20>- 20 (down) </ OPTI ON>
<OPTI ON val ue=-10>- 10 (down) </ OPTI ON>
<OPTI ON val ue="0">0 (Il evel) </ OPTI ON>
<OPTI ON val ue=10>10 (up) </ OPTI ON>
<OPTI ON val ue=20>20 (up) </ OPTI ON>
<OPTI ON val ue=30>30 (up) </ OPTI ON>
<OPTI ON val ue=40>40 (up) </ OPTI ON\>

</ SELECT>

<SELECT name=Ri ght El ev size=1 style="LEFT: 461px; POSITION: absolute; TOP:
215px" >

<OPTI ON val ue="0" sel ect ed>El evati on Angl e 0</ OPTI ON>
<OPTI ON val ue=-40>-40 (down) </ OPTI ON\>

<OPTI ON val ue=-30>-30 (down) </ OPTI ON\>

<OPTI ON val ue=-20>-20 (down) </ OPTI ON\>

<OPTI ON val ue=-10>-10 (down) </ OPTI ON\N>

<OPTI ON val ue="0">0 (I evel) </ OPTI ON>

<OPTI ON val ue=10>10 (up) </ OPTI ON>

<OPTI ON val ue=20>20 (up) </ OPTI ON>

<OPTI ON val ue=30>30 (up) </ OPTI ON>

<OPTI ON val ue=40>40 (up) </ OPTI ON\>

</ SELECT>

<SELECT nane=Left SurroundEl ev size=1 styl e="LEFT: 141px; POSITION: absol ute;
TOP: 513px">

<OPTI ON val ue="0" sel ect ed>El evati on Angl e 0</ OPTI ON>
<OPTI ON val ue=-40>- 40 (down) </ OPTI ON>

<OPTI ON val ue=- 30>- 30 (down) </ OPTI ON>

<OPTI ON val ue=-20>- 20 (down) </ OPTI ON>

<OPTI ON val ue=-10>- 10 (down) </ OPTI ON>

<OPTI ON val ue="0">0 (Il evel) </ OPTI O\>

<OPTI ON val ue=10>10 (up) </ OPTI ON>

<OPTI ON val ue=20>20 (up) </ OPTI ON\N>

<OPTI ON val ue=30>30 (up) </ OPTI ON\N>

<OPTI ON val ue=40>40 (up) </ OPTI ON\>

</ SELECT>

<SELECT nanme=Ri ght SurroundEl ev size=1 style="LEFT: 418px; POSITI ON: absol ute;
TOP: 513px">

<OPTI ON val ue="0" sel ect ed>El evati on Angle 0</ OPTI ON>
<OPTI ON val ue=-40>-40 (down) </ OPTI ON\>

<OPTI ON val ue=-30>-30 (down) </ OPTI ON\N>

<OPTI ON val ue=-20>-20 (down) </ OPTI ON\N>

<OPTI ON val ue=-10>-10 (down) </ OPTI ON>

<OPTI ON val ue="0">0 (I evel )</ OPTI ON>

<OPTI ON val ue=10>10 (up) </ OPTI ON>

<OPTI ON val ue=20>20 (up) </ OPTI ON>

<OPTI ON val ue=30>30 (up) </ OPTI ON\>

<OPTI ON val ue=40>40 (up) </ OPTI ON>

</ SELECT>

<SELECT nane=LFEEl ev size=1 style="LEFT: 98px; POSITION: absolute; TOP:
369px" >

<OPTI ON val ue="0" sel ect ed>El evati on Angl e 0</ OPTI ON>

<OPTI ON val ue=-40>-40 (down) </ OPTI ON\N>

<OPTI ON val ue=-30>- 30 (down) </ OPTI ON>
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<OPTI ON val ue=-20>- 20 (down) </ OPTI ON>
<OPTI ON val ue=-10>- 10 (down) </ OPTI ON>
<OPTI ON val ue="0">0 (I evel )</ OPTI ON>
<OPTI ON val ue=10>10 (up) </ OPTI ON\>
<OPTI ON val ue=20>20 (up) </ OPTI ON>
<OPTI ON val ue=30>30 (up) </ OPTI ON>
<OPTI ON val ue=40>40 (up) </ OPTI ON>

</ SELECT>

</ fornme
</ body>

</htm >
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<HTM_>

<HEAD>

<TI TLE>Wite Paraneters</ Tl TLE>

</ HEAD>

<BODY>

Witing your selections to paraneters.txt

<%

Dim fso

Set fso = Server.CreateObject("Scripting.FileSystembbject")

If fso.FileExists("d:\wwwoot\inuse.txt") then
Set fso = Nothing
%>
<pP>
UNSUCCESSFUL - paraneters.txt is currently being accessed! (inuse.txt
found in wwwoot directory)

<p>
<P>**************************************************************************

* k%

<P>Pl ease hit Back and Subnit again.
<p>

<%
El se
set InUseFile = fso.CreateTextFile("d:\wwroot\inuse.txt", true)
"true here neans that file will be overwitten if it already exists.
InUseFile. WiteLine("Data /O with parameters.txt is in progress.")
I nUseFi | e. Cl ose

'Decl are vari abl es

Di m Pl ayMode, Denp, EarType, Tenperature

Di m Left Ang, CenterAng, Ri ghtAng, LeftSurroundAng, Ri ghtSurroundAng, LFEAng

Di m Left Ang2, Center Ang2, Ri ghtAng2, Left SurroundAng2, Ri ght SurroundAng2,
LFEANng2

Dim LeftDist, CenterDist, RightDi st, LeftSurroundDi st, RightSurroundDi st,
LFED st

Dim LeftEl ev, CenterElev, RightElev, LeftSurroundEl ev, Ri ghtSurroundEl ev,
LFEEI ev

"Put formdata into variables
Pl ayMode = Request. Form( " Pl ayMode")
Denmp = Request. For n(" Denp")
Ear Type = Request. Form("Ear Type")
Tenper ature = Request. Form(" Tenper at ure")

Left El ev = Request. Forn("LeftEl ev")

CenterEl ev = Request. Forn{" CenterEl ev")

Ri ght El ev = Request. Form("Ri ght El ev")

Left SurroundEl ev = Request. Forn("Left SurroundEl ev")
Ri ght SurroundEl ev = Request. For m(" Ri ght SurroundEl ev")
LFEElI ev = Request. Form("LFEEl ev")

Left Ang = Request. Forn("LeftAng")
Cent er Ang = Request. Forn(" Cent er Ang")
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Ri ght Ang = Request. For m(" Ri ght Ang")

Left SurroundAng = Request. Forn("Left SurroundAng")
Ri ght SurroundAng = Request. For m(" Ri ght SurroundAng")
LFEAng = Request. For m( " LFEANng")

Left Ang2 = 360 - LeftAng

Center Ang2 = 360 - CenterAng

Ri ght Ang2 = 360 - Ri ght Ang

Left SurroundAng2 = 360 - Left SurroundAng
Ri ght SurroundAng2 = 360 - Ri ght SurroundAng
LFEAng2 = 360 - LFEAng

Left Di st = Request. Forn("LeftDist")

CenterDi st = Request. Forn("CenterDist")

Ri ght Di st = Request. Form("Ri ghtDi st")

Left SurroundDi st = Request. Forn("Left SurroundDi st")

Ri ght SurroundDi st = Request. For m(" Ri ght SurroundDi st")
LFEDi st = Request. Form("LFEDi st")

"Pad 2nd set of angles to have three digits for proper fil enanes

If Left Ang2 = 360 then LeftAng2 = "000"
If Left Ang2 = 5 then Left Ang2 = "005"

If Left Ang2 = 10 then LeftAng2 = "010"
If Left Ang2 = 20 then LeftAng2 = "020"
If Left Ang2 = 30 then LeftAng2 = "030"
If Left Ang2 = 40 then LeftAng2 = "040"
If Left Ang2 = 50 then LeftAng2 = "050"
If LeftAng2 = 60 then LeftAng2 = "060"
If LeftAng2 = 70 then LeftAng2 = "070"
If Left Ang2 = 80 then LeftAng2 = "080"
If Left Ang2 = 90 then LeftAng2 = "090"

I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2
I f CenterAng2

360 then Center Ang2 = "000"
5 then CenterAng2 = "005"

10 then Center Ang2 "010"
20 then Center Ang2 "020"
30 then Center Ang2 "030"
40 then Center Ang2 " 040"
50 then Center Ang2 " 050"
60 then Center Ang2 " 060"
70 then CenterAng2 "070"
80 then CenterAng2 " 080"
90 then Center Ang2 "090"

I f Ri ght Ang2
I f Ri ght Ang2
I f Ri ght Ang2
I f Ri ght Ang2
I f Ri ght Ang2
I f Ri ght Ang2
I f Ri ght Ang2
I f Ri ght Ang2
Ri ght Ang2
Ri ght Ang2
Ri ght Ang2

360 then Ri ght Ang2 " 000"
5 then Ri ght Ang2 = "005"

10 then Ri ght Ang2 "010"
20 then Ri ght Ang2 "020"
30 then Ri ght Ang2 "030"
40 then Ri ght Ang2 " 040"
50 then Ri ght Ang2 " 050"
60 then Ri ght Ang2 "060"
70 then Ri ght Ang2 "070"
80 then Ri ght Ang2 " 080"
90 then Ri ght Ang2 " 090"

—h —h —h

I
I
I
If LeftSurroundAng2 = 360 then Left SurroundAng2 = "000"
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Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2

Ri ght SurroundAng2
Ri ght Sur r oundAng2
Ri ght Surr oundAng2
Ri ght Surr oundAng2
Ri ght Surr oundAng2
Ri ght Surr oundAng2
Ri ght Surr oundAng2
Ri ght Surr oundAng2
Ri ght Surr oundAng2
Ri ght SurroundAng2
Ri ght Sur r oundAng2

5 then Left SurroundAng2

10
20
30
40
50
60
70
80
90

10
20
30
40
50
60
70
80
90

t hen
t hen
t hen
t hen
t hen
t hen
t hen
t hen
t hen

Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2
Left SurroundAng2

t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2
t hen Ri ght SurroundAng2

" 005"
“010"
" 020"
" 030"
" 040"
" 050"
" 060"
"070"
" 080"
" 090"

360 then Ri ght SurroundAng2 = "000"
5 then Ri ght SurroundAng2 = "005"

"010"
" 020"
" 030"
" 040"
" 050"
" 060"
"070"
" 080"
" 090"

If LFEAng2 = 360 then LFEAng2 = "000"
If LFEAng2 = 5 then LFEAng2 = "005"
If LFEAng2 = 10 then LFEAng2 = "010"
| f LFEAng2 = 20 then LFEAng2 = "020"
I f LFEAng2 = 30 then LFEAng2 = "030"
I f LFEAng2 = 40 then LFEAng2 = " 040"
If LFEAng2 = 50 then LFEAng2 = "050"
| f LFEAng2 = 60 then LFEAng2 = "060"
If LFEAng2 = 70 then LFEAng2 = "070"
If LFEAng2 = 80 then LFEAng2 = "080"
If LFEAng2 = 90 then LFEAng2 = "090"
'"Wite data to parameters.txt
set Parantile = fso.CreateTextFile("d:\wwroot\paranmeters.txt", true)
ParanFile.witeLine("D:\\G oup4Data\\" + Deno + "\\L.wav")
ParanFile.witeLine("D:\\G oup4Data\\" + Denmo + "\\C. wav")
Parantil e.writeLine("D:\\G oup4Data\\" + Denp + "\\R wav")
ParanfFile.witeLine("D:\\ G oupd4Data\\" + Denp + "\\RS.wav")
ParanfFile.witeLine("D:\\ G oupd4Data\\" + Deno + "\\LS.wav")
Paranfile.witeLine("D:\\Goup4Data\\" + Demo + "\\LFE. wav")
I f EarType = "L" then
Paranfile.witeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + LeftElev + "\\"
Ear Type + LeftElev + "e" + LeftAng + "a.wav")
Paranfile.witeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + LeftElev + "\\"
Ear Type + LeftElev + "e" + Cstr(LeftAng2) + "a.wav")
Parantil e.writeLine("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + CenterElev + "\\"
Ear Type + CenterElev + "e" + CenterAng + "a.wav")
Paranfile.witeLine("D:\\ G oupd4Data\\ HRTFs\\ el ev" + CenterElev + "\\"
Ear Type + CenterElev + "e" + Cstr(CenterAng2) + "a.wav")
Paranfile.witeLine("D:\\ G oup4Data\\ HRTFs\\el ev" + RightElev + "\\"
Ear Type + RightElev + "e" + RightAng + "a.wav")
Paranfile.witeLine("D:\\ G oup4Data\\ HRTFs\\ el ev" + RightElev + "\\"

Ear Type + RightElev +

e
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Paranfil e. witeLine("D:\\G oup4Dat a\\ HRTFs\\ el ev" + Ri ght SurroundEl ev +
"\\" + EarType + Ri ghtSurroundElev + "e" + Ri ghtSurroundAng + "a.wav")
Paranfil e.witeLine("D:\\G oup4Dat a\\ HRTFs\\ el ev" + Ri ght SurroundEl ev +
"\\" + EarType + RightSurroundElev + "e" + Cstr(Ri ght SurroundAng2) + "a.wav")
Paranfile.witeLine("D:\\ G oupd4Dat a\\ HRTFs\\ el ev" + LeftSurroundEl ev + "\\"
+ Ear Type + LeftSurroundElev + "e" + LeftSurroundAng + "a.wav")
Paranfile.witeLine("D:\\ G oupd4Dat a\\ HRTFs\\ el ev" + LeftSurroundElev + "\\"
+ EarType + LeftSurroundElev + "e" + Cstr(LeftSurroundAng2) + "a.wav")
ParanFile.witeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + LFEEl ev + "\\" +
Ear Type + LFEElev + "e" + LFEAng + "a.wav")
ParanFil e.witeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev* + LFEEl ev + "\\" +
Ear Type + LFEElev + "e" + Cstr(LFEAng2) + "a.wav")
End If
If EarType = "R' then
Paranfile.witeLine("D:\\ G oupd4Data\\ HRTFs\\ el ev" + LeftElev + "\\" +
Ear Type + LeftElev + "e" + Cstr(LeftAng2) + "a.wav")
Paranfile.witeLine("D:\\G oup4Data\\ HRTFs\\ el ev" + LeftElev + "\\" +
Ear Type + LeftElev + "e" + LeftAng + "a.wav")
Paranfile.witeLine("D:\\G oup4Data\\ HRTFs\\ el ev" + CenterElev + "\\" +
Ear Type + CenterElev + "e" + Cstr(CenterAng2) + "a.wav")
ParanFil e.witeLine("D:\\G oup4Dat a\\ HRTFs\\ el ev* + CenterElev + "\\" +
Ear Type + CenterElev + "e" + CenterAng + "a.wav")
Paranfile.witeLine("D:\\ G oupd4Data\\ HRTFs\\el ev" + RightElev + "\\" +
Ear Type + RightElev + "e" + Cstr(Ri ght Ang2) + "a.wav")
Paranfile.witeLine("D:\\ G oupd4Data\\ HRTFs\\el ev" + RightElev + "\\" +
Ear Type + RightElev + "e" + RightAng + "a.wav")
Paranfil e.witeLine("D:\\G oup4Dat a\\ HRTFs\\ el ev" + Ri ght SurroundEl ev +
"\\" + EarType + Ri ghtSurroundElev + "e" + Cstr(RightSurroundAng2) + "a.wav")
Paranfil e.witeLine("D:\\G oup4Dat a\\ HRTFs\\ el ev" + Ri ght SurroundEl ev +
"\\" + EarType + Ri ghtSurroundElev + "e" + Ri ghtSurroundAng + "a.wav")
Parantil e.writeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + LeftSurroundEl ev + "\\"
+ Ear Type + LeftSurroundElev + "e" + Cstr(LeftSurroundAng2) + "a.wav")
Paranfile.witeLine("D:\\ G oupd4Dat a\\ HRTFs\\ el ev" + LeftSurroundElev + "\\"
+ Ear Type + LeftSurroundElev + "e" + LeftSurroundAng + "a.wav")
Paranfile.witeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + LFEEl ev + "\\" +
Ear Type + LFEElev + "e" + Cstr(LFEAng2) + "a.wav")
ParanFile.witeLi ne("D:\\ G oup4Dat a\\ HRTFs\\ el ev" + LFEEl ev + "\\" +
Ear Type + LFEElev + "e" + LFEAng + "a.wav")
End If
Parantil e.writeLine(lnt(LeftDist))
Paranfile.witeLine(lnt(CenterDist))
Paranfile.witeLine(lnt(Ri ghtDist))
Parantil e. witeLine(lnt(Ri ghtSurroundDist))
Paranfil e.witeLine(lnt(LeftSurroundDi st))
Paranfil e.witeLine(lnt(LFED st))

ParanfFil e.witeLine(Int(LeftAng))

Par anfFi | e.writeLine(lnt(CenterAng))
Parantil e.writeLine(lnt(R ght Ang))

Parantil e. witeLine(lnt(Ri ghtSurroundAng))
Parantil e. witeLi ne(lnt(LeftSurroundAng))
Parantil e. witeLi ne(lnt(LFEANQ))

ParanFile.witeLine(Int(LeftElev))

ParanfFil e.witeLine(lnt(CenterElev))

Par anFil e.witeLine(lnt(RightElev))

Par anfFi |l e.writeLine(lnt(Ri ghtSurroundEl ev))
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Paranfil e.witeLine(lnt(LeftSurroundEl ev))
Par anfFi |l e.writeLine(lnt(LFEElev))

Parantil e.writeLine(lnt(Tenperature))
Parantil e. Wi teLi ne( Pl ayMde)
Par anfi |l e. Cl ose

set UpdateFile = fso.CreateTextFile("d:\wwoot\updated.txt", true)
Updat eFil e. WitelLine("paranmeters.txt has been updated since |ast use.")
Updat eFi | e. Cl ose

fso.DeleteFile "d:\wwroot\inuse.txt", fal se

"false here nmeans that file will not be deleted if it is read-only.
%
<p>
SUCCESS!
<pP>
L o

<P>Hit Back to select and submit another set of paraneters.
<%
End If

Set fso = Nothing

Set Elev = Not hi ng

%>

<P>You can vi ew downl oad <A HREF="paraneters.txt">paranmeters.txt</A> (set
browser to Refresh every time) or its <A HREF="parankey.txt">expl anatory
key</ A>.

</ BODY>

</ HTML>
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