Tech Note 0132
WAV FILE FORMAT

The WAV file format is commonly used in pcs that use the Micrasoft Windows operating system.
Thesefiles are sometimes aso used in acoustic experiments.  This tech note describes how to convert a
16-hit integer sound fileto a . WAV file, and explains some of the technicad details of the WAV file
congruction.

CONVERTING TO A WAV FILE

To convert a 16-hit integer fileto WAV format, add a 44-byte header to the binary file as shown
below. Note that four-byte numbers (unsigned longints) are stored on disk as 11 22 33 44 where 44 is
msb and two-byte numbers (unsigned integers) are stored as 11 22 where 22 isthe msb. These are
Intel conventions and are taken care of automaticaly by compiled programs.

4 bytes "RIFF"

4 bytes number of bytes following this field (size of sound file + 36)

4 bytes "WAVE"

4 bytes "fmt " (last character is a space)

4 bytes 16 (size of the format chunk)

2 bytes 1 (data format code, 1 = PCM)

2 bytes 1 (number of channels)

4 bytes samples per second

4 bytes number of bytes sent per second (same as previous, since it's played
as mono)

2 bytes 2 (number of bytes in a sample)

2 bytes 16 ("alignment": number of bits per sample)

4 bytes "data"

4 bytes number of bytes of wave data (should be even for 16-bit samples)

CONVERTING A WAV FILE TO 16-BIT

Converting a WAV fileto 16-bit integer format isalittle bit trickier for any of the following ressons:
additiona fields can be included in the file besides the sound data (see RIFF format details,
below)
data can be in stereo and must be split to separate files
data may only be 8-hit, requiring a converson to 16-bit in your program

Fortunatdy, dl this information is encoded in the file and can be dedlt with as needed.

TECHNICAL DETAILS OF WAV FILES

The WAV waveform file isin standard Microsoft RIFF format (Resource Interchange File Format).
The RIFF format is a tagged-file structure.
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The building block of aRIFF fileis cdled a chunk, defined usng C syntax, looks like the following:

t ypedef unsigned | ong DWORD; /'l 4 bytes
t ypedef unsigned char BYTE; /1 1 byte
t ypedef DWORD FOURCC; /1 four-character code
typedef struct {
FOURCC ckl D /1 four character chunk ID
DWORD cksi ze; /1 the size of field <ckdata>

BYTE ckDat a[ ckSi ze]; // the actual data of the chunk. |If the size of the
chunk is an odd nunber of bytes, a pad byte with val ue
zero is witten after ckdata, which is not counted in
cksi ze

Two types of chunks, the "LIST" and "RIFF" chunks, may contain nested chunks, or subchunks. The
LIST and RIFF chunks have an additiona four-byte field, the form type, which identify the format of the
data gored in thefile.

Typically:
RIFF (size) (form-type) <chunk-data>
LIST (size) (list-type) <chunk-data>
The <chunk-data> could be a WAVE form data chunk. If the form-type is WAVE:

<chunk-data> = <fmt-chunk><data-chunk>
<fmt-chunk> = <wave-format><format-specific>

<wave-format>

struct {
WORD wfor mat Tag; /1 format category
WORD nchannel s; /1 nunmber of channels

DWORD nSanpl esPer Sec; /] sanpling Rate
DWORD nAvgByt esPer Sec; // bytes per second

WORD nBIl ockAl i gn; /1 bl ock alignnents
}
<format-specific>
struct {
UNI T nBitsPer Sanpl e; /] sanple size
}

<data-chunk> = data( <wave-data> ), currently the dataare in PCM (Pulse Code Modulation) format.
For 8-bit WAVE files, mono data are saved byte-by-byte, and stereo data are saved as channel- 1-
byte, channel-2-byte. Each data byte is saved as unsigned char. For 16-hit (or more than 8 bits)
WAVE files, the channd orders are the same, but since every datum has two bytes, the lower-order
byte is saved first. Data more than 8-bit are saved asint.
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Every chunk has a stlandard tag (8 bytes, 4 bytes for chunk 1D, four bytes for chunk data size in bytes).

Beow isatypicd examples showing RIFF chunk and a subchunk:
RIFF {sizel} WAVE
fmt { 9ze2}{ wave-format- chunk- body}
data { size3} { data- chunk-body}

where
sizel: tota szeinthis RIFF chunk, right after this sze DWORD;

Sze2: szeof the wave format chunk after Sze 2, 16-byte, as mentioned above;
Size3: totd dze of the wave data after Sze3.

The Microsoft Multimedia Development Kit (MDK) includes a RIFF file-viewing utility caled
FileWalker.
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