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Watts/cm® | Decibels SPL Example sound

1o* 140 dB Pain
1o 130 dB
i 120 dB Discomfort

T 1o 110 dB Jack hammers and rock concerts
10~ 100 dB

_ 1o a0 dB O5HA himat for industrial nomse

3 10* 80 dB

3 1o 70 dB

3 Lo 60 dB Normal conversation

§ 10 50 dB

‘ Lot 40 dB Weakest andible at 100 hertz
K 30 dB
K 20 dB Weakest audible at 10kH=z
Lo 10 dB
L 0 dB Weakest audible at 3 kHz
117 10 dB
1ot 20dB
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Amplitude

b. Frequency spectrum

| a. Time domain waveform |
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Number

Data rate

Sound Quality Required Bandwidth sal::::;'eiﬂg of bits (bits/see) Comments
High fidelity music 5Hzto 44.1 kHz 16 bit TO6k Satisfies even the most picky
{compact dise) 20 kHz audiophile. Better than
human hearing.
Telephone guality speech 200 Hz to 8 kHz 12 bt 96k Good speech quality, but
3.2 kHz very poor for music.
{with companding) 200 Hz to 8 kHz & bit Gdk Nonlinear ADC reduces the
3.2 kHz data rate by 50%. A very
common technigque.
Speech encoded by Linear 200 Hz to 8 kHz 12 bit 4k DSP speech compression
Predictive Coding 3.2kHz technique. Very low data

rates, poor voice guality.
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typedef struct {

WORD wFormatTag;

WORD nChannels;

DWORD nSamplesPerSec;

DWORD nAvgBytesPerSec;

WORD nBlockAlign;

WORD wBitsPerSample;

WORD cbSize;
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class Hsound

{

public:

/lconstructor and destructor:
HSound();

virtual ~HSound();

/[setting wave data:

void SetBitsPerSample(int bps);
void SetSamplesPerSecond(int sps);
void SetNumberOfChannels(int nchan);
/retrieving wave data:
WAVEFORMATEX* GetFormat();
int GetSamplesPerSecond();

int GetBitsPerSample();

int GetNumberOfChannels();
protected:

WAVEFORMATEX m_wfData;
private:

void Update();

}
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void HSound::SetBitsPerSample(int bps)
{

m_wfData.wBitsPerSample = bps;
Update();
}
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int HSound::GetBitsPerSample()
{

return m_wfData.wBitsPerSample;

}
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void HSound::SetSamplesPerSecond(int sps)

{
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m_wfData.nSamplesPerSec = sps;
Update();
b

1) Hlade 8l wie

int HSound::GetSamplesPerSecond()
{

return m_wfData.nSamplesPerSec;

}

JUI S5 lalas oS o asin |y See zee kU slaws NChannels olLs
aLs u.:‘ Lg)\;\f)l..\.ﬁ.a Xo

void HSound::SetNumberOfChannels(int nchan)
{

m_wfData.nChannels = nchan;
Update();
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int HSound::GetNumberOfChannels()
{

return m_wfData.nChannels;

}
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void HSound::Update()

{
m_wfData.nBlockAlign=
m_wfData.nChannels
*
(m_wfData.wBitsPerSample/8);
m_wfData.nAvgBytesPerSec=
m_wrfData.nSamplesPerSec

*

m_wfData.nBlockAlign;
}
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WAVEFORMATEX* HSound::GetFormat()

{
return &m_wfData;
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HSound::HSound()

{
m_wfData.wFormatTag = WAVE_FORMAT_PCM,;
m_wfData.cbSize =0;
SetBitsPerSample(16);
SetSamplesPerSecond(44100);
SetNumberOfChannels(1);

b
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class HSoundRunner:

public CWinThread,
public HSound

{
public:
DECLARE_DYNCREATE(HSoundRunner)

62 thread
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HSoundRunner();
~HSoundRunner();

void SetBufferSize(int nSamples);
int  GetBufferSize();

/lthis metheods should be overriden:

void AddBuffer();

BOOL Start(WAVEFORMATEX* pwfex=NULL);
BOOL Stop();

/[for graphical display:
void SetOwner(CWnd* pWnd);
void ClearOwner(COLORREF crBkColor=0x000000);

public:

I{{AFX_VIRTUAL(HSoundRecorder)
public:

virtual BOOL InitInstance();
INYAFX_VIRTUAL

protected:
DWORD m_dwThreadID;

int m_iBufferSize; // number of samples per each period

int m_nBuffers; /Inumber of buffers remained to be run

int m_nSamples; /Inumber of samples stored
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short* m_pSamples; //[samples stored

BOOL m_bRunning; /lindicated running or not

//if graphical display is intended set this value
CWnd* m_pOwner,

void DrawBuffer(
int nSamples,
short* pSamples,
COLORREF crBkColor=0x000000,
COLORREF crLineColor=0x00FF00

);

ol o1 Basms lis aS m_iBufferSize sols sac ais0s Ol 4 g ol wales Lis 1) e

Se1 2 Bl oatsS J 7S 8,y (N 50 ply B3l @l diged iz Giu b bard jlam o5
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void HSoundRunner::SetBufferSize(int nSamples)

{

m_iBufferSize=nSamples;
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int HSoundRunner::GetBufferSize()
{

return m_iBufferSize;

05w WIS 5o aS 1 o sloul &t ) dwlis Jlaie M_dWThreadlD sols guac
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BOOL HSoundRunner::Initinstance()

{
m_dwThreadID = ::GetCurrentThreadld();

return TRUE;
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void HSoundRunner::DrawBuffer(
int nSamples,
short* pSamples,

COLORREF crBkColor,
COLORREEF crLineColor

)

if(m_pOwner==NULL)

return;

CRect rc;
m_pOwner->GetClientRect(&rc);
int iWidth=rc.Width();

int iHeight=rc.Height();

CDC* pDC=m_pOwner->GetDC();

CBitmap Bitmap;
Bitmap.CreateCompatibleBitmap(pDC, iWidth, iHeight);

64 Device Context (DC)
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CDC dc;
dc.CreateCompatibleDC(pDC);

dc.SelectObject(&Bitmap);

CBrush Brush(crBkColor);

dc.FillRect(&rc,&Brush);

CPen Pen(PS_SOLID,1,crLineColor);

dc.SelectObject(&Pen);

dc.SetBkColor(crBkColor);

if(GetBitsPerSample()==16)

{
float x=iWidth/float(nSamples);
float fy=float(iHeight/32767.0);
dc.MoveTo(0, iHeight/2);
int i=0;
for(

float f=0; f<iWidth&&i<nSamples; f+=fx, i++

)

dc.LineTo(

int(f), int(iHeight/2+fy*pSamples[i])

);

pDC->BitBlt(
0,0,
iWidth, iHeight,
&dc,
0,0,
SRCCOPY

)i
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void HSoundRunner::ClearOwner(COLORREF crBkColor)

{
DrawBuffer(0,NULL,crBkColor);
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void HSoundRunner::AddBuffer()
{

m_nBuffers++;
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BOOL HSoundRunner::Start(WAVEFORMATEX* pwfex)

{
if(m_bRunning)
return FALSE;
if(pwfex '= NULL)
m_wfData = *pwfex;
return TRUE;

BOOL HSoundRunner::Stop()

{
if(m_bRunning)
{
m_bRunning=FALSE;
Sleep(500);
return TRUE;
}
return FALSE;
¥
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HSoundRunner::HSoundRunner()

{
m_iBufferSize= 2048;

m_nBuffers = 0;
m_bRunning = FALSE;
m_nSamples=0;

m_pSamples=NULL;

m_pOwner=NULL,

CreateThread();
}
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HSoundRunner::~HSoundRunner()

{
if(m_bRunning)

Stop();
}

8 destructor
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class HSoundRecorder :

public HSoundRunner

{
DECLARE_DYNCREATE(HSoundRecorder)
public:
HSoundRecorder();
virtual ~HSoundRecorder();
protected:
void AddBuffer();
//Message Map For WM_WIM_DATA:
afx_msg void OnDataReady(UINT uParm, LONG IWaveHdr);
private:

HWAVEIN m_hWaveln;
HShortQueue* m_pQueue;

public:

51



BOOL Start(WAVEFORMATEX* pwfex=NULL);
BOOL Stop();

short* GetSamples(int& nSamples);

BOOL IsRecording();

DECLARE_MESSAGE_MAP()
o
Sl Sleddie (S 4 5Ls o] o Shae 3955 JalS S0
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oS oo o0liinl lao (34,9 I3

MMRESULT wavelnOpen(

LPHWAVEIN phwi,

UINT uDevicelD,

LPWAVEFORMATEX pwfX,

DWORD dwcCallback,

DWORD dwcCallbacklInstance,

DWORD fdwOpen

);
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MMRESULT wavelnStart(
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HWAVEIN hwi
);

phwi . wavelnOpen lss1,3 jlaie b cuiS b el )b les 69,9 5l )b
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BOOL HSoundRecorder::Start(WAVEFORMATEX* pwfex)
{
iIf("HSoundRunner::Start(pwfex))
return FALSE;

m_pQueue=new HShortQueue;

//Open the wave device:
if(
::wavelnOpen(

&m_hWaveln,
WAVE_MAPPER,
&m_wifData,
m_dwThreadID,
OL,
CALLBACK_THREAD

)

return FALSE;
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//Add several buffers to queue:

for(int i=0;i<3;i++)
AddBuffer();

if(::wavelnStart(m_hWaveln))
return FALSE;

m_bRunning=TRUE;
return TRUE;
by
Snlyge a5 Wls Bl 9,5 a8lol gl (gl Bg5le jeang slailejuiz alys Ll
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MMRESULT wavelnPrepareHeader(
HWAVEIN hwi,
LPWAVEHDR pwh,
UINT cbwh
)i

S5 0 5 a5 |, m_hWaveln ssls o—ac hwi jl Ly sl> oy
LSlw b g pmiie a0 ,50,Lal G pgo yialyl o o 1,8 0 (5,135 laie WaveINOpen

typedef struct {
LPSTR IpData;
DWORD dwBufferLength;
DWORD dwBytesRecorded:;
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DWORD dwuUser;
DWORD dwrFlags;
DWORD dwLoops;
struct wavehdr_tag * IpNext;
DWORD reserved;

} WAVEHDR,;
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MMRESULT wavelnAddBuffer(
HWAVEIN hwi,
LPWAVEHDR pwh,

UINT cbwh

);
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void HSoundRecorder:: AddBuffer()
{

/Inew a buffer:
char *sBuf=

new char[m_wfData.nBlockAlign*m_iBufferSize];

//Inew a header:

LPWAVEHDR  pHdr=new WAVEHDR;
if('pHdr)  return;
ZeroMemory(pHdr,sizeof(WAVEHDR));

pHdr->IpData=sBuf;
pHdr->dwBufferLength=

m_wfData.nBlockAlign*m_iBufferSize;

llprepare it:
::wavelnPrepareHeader(
m_hWaveln,

pHdr,

sizeof(WAVEHDR)

)i
/ladd it:
-:wavelnAddBuffer(m_hWaveln, pHdr, sizeof( WAVEHDR));
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HSoundRunner::AddBuffer();
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void
HSoundRecorder::OnDataReady(UINT uParm, LONG IWaveHdr)

{
LPWAVEHDR  pHdr=(LPWAVEHDR)IWaveHdr,;
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-:wavelnUnprepareHeader(
m_hWaveln,
pHdr,
sizeof( WAVEHDR)
);
if(m_bRunning)
{
//Save Input Data:
m_pQueue->Insertltem(
pHdr->dwBytesRecorded/2,
(short*)pHdr->IpData

);

//Draw Buffer:

DrawBuffer(
pHdr->dwBytesRecorded/2,
(short*)pHdr->IpData

);

/lreuse the header:
-:wavelnPrepareHeader(
m_hWaveln,
pHdr,
sizeof(WAVEHDR)
);
::wavelnAddBuffer(
m_hWaveln,
pHdr,
sizeof( WAVEHDR)
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);
return;

}

//we are stopping:
delete pHdr->IpData;
delete pHdr;

m_nBuffers--;
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BOOL HSoundRecorder::Stop()

{
if("HSoundRunner::Stop())

return FALSE;

-:wavelnStop(m_hWaveln);

::wavelnClose(m_hWaveln);

m_pSamples=m_pQueue->ConvertToArray(m_nSamples);

delete m_pQueue;

60



return TRUE;
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short* HSoundRecorder::GetSamples(int& nSamples)
{

nSamples=m_nSamples;

return m_pSamples;
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HSoundRecorder::~HSoundRecorder()

{
if(m_pSamples)
delete [Jm_pSamples;
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HSoundRecorder::HSoundRecorder()

{
m_hWaveln =NULL,;
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class HSoundPlayer:
public HSoundRunner
{
public:
HSoundPlayer();
~HSoundPlayer();

void SetData(int nSamples, short* pSamples);
BOOL Start(WAVEFORMATEX* format=NULL);
BOOL Start(

int iSize,
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short* pData,
WAVEFORMATEX* pwfex=NULL

)i
BOOL Stop();
BOOL IsPlaying();

void AddBuffer();

DECLARE_MESSAGE_MAP()
afx_msg void OnMM_WOM_DONE(UINT parml, LONG

parm2);
private:

HWAVEOUT m_hWaveOut;

int m_nSamplesPlayed,;
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void HSoundPlayer::SetData(int iSize, short* pData)
{
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m_nSamples=iSize;

m_pSamples=pData;

ged b ,o 5 StArt aie yo 1) ools opl (lg5 oo (5 pdydllan! ial33l jglate 4

BOOL HSoundPlayer::Start (
int iSize,
short* pData,
WAVEFORMATEX* format

)

SetData(iSize, pData);

return Start(format);

el lao >9,5 sl 1|, WavelnOpen wlis JLee WaveOutOpen g8

BOOL HSoundPlayer::Start(WAVEFORMATEX* format)
{
if(m_pSamples==NULL)
return FALSE;
iIf("HSoundRunner::Start(format))
return FALSE;
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else

{
/[ open wavein device
MMRESULT mmReturn = 0;
mmReturn = ::waveOutOpen(
&m_hWaveOut,
WAVE_MAPPER,
&m_wifData,
m_dwThreadID,
NULL,
CALLBACK_THREAD
);
if(mmReturn)
return FALSE;
else
{
m_bRunning = TRUE;
m_nSamplesPlayed=0;
for(int i=0; i1<3; i++)
AddBuffer();
by
¥

return TRUE;
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void HSoundPlayer::AddBuffer()

{
MMRESULT mmReturn = 0;

/] create the header
LPWAVEHDR pHdr = new WAVEHDR,;
iIf(pHdr == NULL) return;

Il new a buffer
pHdr->IpData=
(char*)(m_pSamples+
m_nSamplesPlayed);//buffer;
pHdr->dwBufferLength = m_iBufferSize;
pHdr->dwFlags = 0;

I prepare it

mmReturn=

::waveOutPrepareHeader(
m_hWaveOut,
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pHdr,
sizeof(WAVEHDR)
);

Il write the buffer to output queue
mmReturn =
::waveOutWrite(

m_hWaveOut,

pHdr,

sizeof( WAVEHDR)

);

if(mmReturn) return;
/[ increment the number of waiting buffers

m_nSamplesPlayed+=m_iBufferSize/2;

HSoundRunner::AddBuffer();

Al b S e iy Lb 5l e (ol 5 i Se Jes pladl o
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void
HSoundPlayer::OnMM_WOM_DONE(UINT parml1, LONG parmz2)
{
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LPWAVEHDR pHdr = (LPWAVEHDR) parmz2;
//Draw Buffer:
DrawBuffer(
pHdr->dwBufferLength/2,
(short*)pHdr->IpData

);

if(

::waveOutUnprepareHeader(
m_hWaveOut,
pHdr,
sizeof( WAVEHDR)

)

return;

m_nBuffers--;

if(m_bRunning)
{

If('(m_nSamplesPlayed+m_iBufferSize/2>=m_nSamples))

{
AddBuffer();
I/ delete old header
delete pHdr;
return;

by

else
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Stop();

// we are closing the waveOut handle,
/I all data must be deleted

/I this buffer was allocated in Start()
delete pHdr;

if(m_nBuffers == 0 && m_bRunning == false)

{
if (::waveOutClose(m_hWaveOut))

return;
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BOOL HSoundPlayer::Stop()

{
if(HSoundRunner::Stop())

return (::waveOutReset(m_hWaveOut)!=0);
return FALSE;
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HSoundPlayer::HSoundPlayer()

{
m_hWaveOut = NULL,;
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