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1. Модуль AudioFormats.h
// Библиотека функций и структур для работы с форматами

// оцифровки/воспроизведения

#ifndef _AUDIOFORMAT_H_

#define _AUDIOFORMAT_H_

#define NUM_FORMATS         36

#define DEFAULT_FORMAT      4

#include <windows.h>

#include <mmsystem.h>

const int WFXSize = sizeof(WAVEFORMATEX);

void AudioFormatToStr(int Format, char *buf);

void AudioFormatToStr(WAVEFORMATEX *wfx, char *buf);

int GetFormatIndex(WAVEFORMATEX *wfx);

void ConvertAudioData(WAVEFORMATEX *wfxSrc, void *pSrc, DWORD SrcSize,

    WAVEFORMATEX *wfxDst, void *pDst, DWORD DstSize);

void ThrowACMException(MMRESULT mr, char *FunctionName);

extern WAVEFORMATEX AudioFormats[NUM_FORMATS];

#endif


2. Модуль AudioFormats.cpp

#include "AudioFormats.h"

#include "DSPException.h"

#include <stdio.h>

#include <math.h>

#include <mmreg.h>

#include <msacm.h>

WAVEFORMATEX AudioFormats[NUM_FORMATS] = {

{WAVE_FORMAT_PCM, 1, 8000, 8000, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 8000, 16000, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 8000, 16000, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 8000, 32000, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 11025, 11025, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 11025, 22050, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 11025, 22050, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 11025, 44100, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 12000, 12000, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 12000, 24000, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 12000, 24000, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 12000, 48000, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 16000, 16000, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 16000, 32000, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 16000, 32000, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 16000, 64000, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 22050, 22050, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 22050, 44100, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 22050, 44100, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 22050, 88200, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 24000, 24000, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 24000, 48000, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 24000, 48000, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 24000, 96000, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 32000, 32000, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 32000, 64000, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 32000, 64000, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 32000, 128000, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 44100, 44100, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 44100, 88200, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 44100, 88200, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 44100, 176400, 4, 16, WFXSize},

{WAVE_FORMAT_PCM, 1, 48000, 48000, 1, 8, WFXSize},

{WAVE_FORMAT_PCM, 2, 48000, 96000, 2, 8, WFXSize},

{WAVE_FORMAT_PCM, 1, 48000, 96000, 2, 16, WFXSize},

{WAVE_FORMAT_PCM, 2, 48000, 192000, 4, 16, WFXSize}};

void AudioFormatToStr(int Format, char *buf)

{

    AudioFormatToStr(&AudioFormats[Format], buf);

}

void AudioFormatToStr(WAVEFORMATEX *wfx, char *buf)

{

    sprintf(buf, "%d,%03d КГц, %d бит, %s (%d Кб/с)",

        wfx->nSamplesPerSec / 1000, wfx->nSamplesPerSec % 1000,

        wfx->wBitsPerSample,

        wfx->nChannels == 1 ? "моно" : "стерео",

        wfx->nAvgBytesPerSec / 1024); }

int GetFormatIndex(WAVEFORMATEX *wfx) {

    for (int i = 0; i < NUM_FORMATS; i++)

        if (!memcmp(&AudioFormats[i], wfx, WFXSize))

            return i;

    return NULL; }

void ConvertAudioData(WAVEFORMATEX *wfxSrc, void *pSrc, DWORD SrcSize,

    WAVEFORMATEX *wfxDst, void *pDst, DWORD DstSize) {

    HACMSTREAM has;

    MMRESULT mr;

    ACMSTREAMHEADER ash;

    if (!memcmp(wfxSrc, wfxDst, WFXSize)) {

        memcpy(pDst, pSrc, DstSize);

        return; }

    ZeroMemory(&ash, sizeof(ash));

    ash.cbStruct = sizeof(ash);

    ash.pbSrc = (BYTE*)pSrc;

    ash.cbSrcLength = SrcSize;

    ash.pbDst = (BYTE*)pDst;

    ash.cbDstLength = DstSize;

    if ((mr = acmStreamOpen(&has, NULL, wfxSrc, wfxDst,

        NULL, 0, 0, 0)) != MMSYSERR_NOERROR)

        ThrowACMException(mr, "acmStreamOpen");

    if ((mr = acmStreamPrepareHeader(has, &ash, 0)) != MMSYSERR_NOERROR)

        ThrowACMException(mr, "acmStreamPrepareHeader");

    if ((mr = acmStreamConvert(has, &ash, 0)) != MMSYSERR_NOERROR)

        ThrowACMException(mr, "acmStreamConvert");

    acmStreamUnprepareHeader(has, &ash, 0);

    acmStreamClose(has, 0); }

void ThrowACMException(MMRESULT mr, char *FunctionName) {

    TDSPException e;

    e.Notification = false;

    e.Code = mr;

    lstrcpy(e.FileName, "AudioFormats.cpp");

    lstrcpy(e.FunctionName, FunctionName);

    switch (mr) {

        case ACMERR_BUSY: lstrcpy(e.Description, "The stream header specified \

is currently in use and cannot be reused"); break;

        case ACMERR_UNPREPARED: lstrcpy(e.Description, "The stream header \

specified is currently not prepared"); break;

        case ACMERR_NOTPOSSIBLE: lstrcpy(e.Description, "The requested \

operation cannot be performed"); break;

        case MMSYSERR_INVALFLAG: lstrcpy(e.Description, "At least one flag \

is invalid"); break;

        case MMSYSERR_INVALHANDLE: lstrcpy(e.Description, "The specified \

handle is invalid"); break;

        case MMSYSERR_INVALPARAM: lstrcpy(e.Description, "At least one \

parameter is invalid"); break;

        case MMSYSERR_NOMEM: lstrcpy(e.Description, "The system is unable \

to allocate resources"); break;

        default: lstrcpy(e.Description, ""); }

    throw e;

}


3. Модуль CRCfstream.h

#ifndef _CRCFSTREAM_H_

#define _CRCFSTREAM_H_

#include <fstream.h>

#define BUF_SIZE    1024

class CRCofstream: public ofstream {

    unsigned short CRC;

public:

    CRCofstream(char *filename, ios_base::openmode mode);

    void write(const char_type *s, streamsize n);

    void close();

};

class CRCifstream: public ifstream {

public:

    bool CRCOk;

    CRCifstream(char *filename, ios_base::openmode mode);

};

#endif


4. Модуль CRCfstream.cpp

#include "CRCfstream.h"

CRCofstream::CRCofstream(char *filename, ios_base::openmode mode)

    :ofstream(filename, mode)

{

    CRC = 0;

}

void CRCofstream::write(const char_type *s, streamsize n)

{

    unsigned short *t = &CRC;

    asm

    {

        pusha

        xor     ebx, ebx

        mov     esi, dword ptr s

        mov     ecx, n

        cld

m1:     lodsb

        movzx   eax, al

        add     ebx, eax

        loop    m1

        mov     edi, t

        add     [edi], bx

        popa

    }

    ofstream::write(s, n);

}

void CRCofstream::close()

{

    ofstream::write((char *)&CRC, sizeof(CRC));

    ofstream::close();

}

CRCifstream::CRCifstream(char *filename, ios_base::openmode mode)

    :ifstream(filename, mode)

{

    unsigned short CRC = 0;

    char *buf = new char[BUF_SIZE];

    int k;

    ifstream in(filename, mode);

    do

    {

        in.read(buf, BUF_SIZE);

        k = in.gcount();

        if (in.eof()) k -= sizeof(CRC);

        asm

        {

            pusha

            xor     ebx, ebx

            mov     esi, dword ptr buf

            mov     ecx, k

            cld

m1:         lodsb

            movzx   eax, al

            add     ebx, eax

            loop    m1

            add     CRC, bx

            popa

        }

    } while (!in.eof());

    in.close();

    delete buf;

    CRCOk = CRC == *(unsigned short *)(buf + k);

}


5. Модуль Effects.h

// Библиотека эффектов

#ifndef _EFFECTS_H_

#define _EFFECTS_H_

#include "Filters.h"

// максимальное количество линий задержки для эффекта "Реверберация"

#define MAX_DELAY_LINES     32

// максимальное количество линий задержки для эффекта "Хор"

#define MAX_VOICES          4

// Размер ядра для эффекта "Шум"

#define NOISE_KERNEL_SIZE   256

class TEcho: public TFilter {

    int Delay;

    int DecayTime;

    int BufPtr[2];

public:

    TEcho(int SampleRate);

    virtual void Execute(SampleData *Data, int Channel);

    virtual void OnUpdateParameters();

};

class TReverberation: public TFilter {

    double DryLevel;

    double EarlyLevel;

    double ReverbLevel;

    int StartDelay;

    int Delays[MAX_DELAY_LINES];

    int DelayLines;

    int DecayTime;

    SampleType g[MAX_DELAY_LINES];

    int BufPtr[2][MAX_DELAY_LINES];

    int UpdateDelays();

    void UpdateGain();

public:

    TReverberation(int SampleRate);

    virtual void Execute(SampleData *Data, int Channel);

    virtual void OnUpdateParameters();

};

class TSynth: public TFilter {

    int f;

    double Amp;

    int WaveForm;

    double LastPhase[2];

    double (*Wave)(double x);

public:

    TSynth(int SampleRate);

    virtual void Execute(SampleData *Data, int Channel);

    virtual void OnUpdateParameters();

};

class TAmpMod: public TFilter {

    double f;

    double Depth;

    int WaveForm;

    double LastPhase[2];

    double (*Wave)(double x);

public:

    TAmpMod(int SampleRate);

    virtual void Execute(SampleData *Data, int Channel);

    virtual void OnUpdateParameters();

};

class TNoise: public TFilter {

    int f1, f2;

    double Amp;

    SampleType *re_h, *im_h;

    void BuildKernelSpectrum();

public:

    TNoise(int SampleRate);

    virtual void Execute(SampleData *Data, int Channel);

    virtual void SetBuffers(int BufSize);

    virtual void OnUpdateParameters();

};

class TChorus: public TFilter {

    double InputAmp;

    double ChorusAmp;

    int NumVoices;

    double ChorusDelay;

    double ModRate;

    int ModDepth;

    double Phases[2][MAX_VOICES];

    double Delays[2][MAX_VOICES];

    int BufPtr[2];

    double CalcDelay(int Channel, int Voice);

public:

    TChorus(int SampleRate);

    virtual void Execute(SampleData *Data, int Channel);

    virtual void OnUpdateParameters();

};

#endif


6. Модуль Effects.cpp

#include <math.h>

#include "Effects.h"

#include "VirtDevs.h"

#include "Procs.h"

#include "FFT.h"

#include "FIRKernels.h"

TEcho::TEcho(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_ECHO;

    Delay = 100;

    DecayTime = 1000;

    OnUpdateParameters();

    AddParameter(&Delay, sizeof(Delay), "Delay");

    AddParameter(&DecayTime, sizeof(DecayTime), "DecayTime");

}

void TEcho::Execute(SampleData *Data, int Channel)

{

    int M = Delay * 0.001 * SampleRate;

    int *b2 = BufPtr + Channel;

    SampleType *p = Data->Samples, t;

    SampleType *b1 = Buffer[Channel];

    SampleType d = exp(-3 * log(10) * Delay * 0.001 / (DecayTime * 0.001));

    for (int i = 0; i < Data->N; i++)

    {

        *p += d * b1[(*b2 + 1) % M];

        b1[*b2] = *p++;

        (*b2)++;

        *b2 %= M;

    }

}

void TEcho::OnUpdateParameters()

{

    SetBuffers(Delay * 0.001 * SampleRate);

    EnterCriticalSection(&cs);

    BufPtr[0] = BufPtr[1] = 0;

    LeaveCriticalSection(&cs);

}

TReverberation::TReverberation(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_REVERB;

    DecayTime = 500;

    DelayLines = 12;

    StartDelay = 500;

    DryLevel = LogToLin(0.0);

    ReverbLevel = LogToLin(-20.0);

    EarlyLevel = LogToLin(0.0);

    OnUpdateParameters();

    AddParameter(&DryLevel, sizeof(DryLevel), "DryLevel");

    AddParameter(&EarlyLevel, sizeof(EarlyLevel), "EarlyLevel");

    AddParameter(&ReverbLevel, sizeof(ReverbLevel), "ReverbLevel");

    AddParameter(&DecayTime, sizeof(DecayTime), "ReverbTime");

    AddParameter(&DelayLines, sizeof(DelayLines), "DelayLines");

}

int TReverberation::UpdateDelays()

{

    int BufSize, i = 1, t, dt;

    Delays[0] = t = StartDelay;

    BufSize = StartDelay;

    dt = t / DelayLines;

    for (; i < DelayLines; i++)

    {

        Delays[i] = GetClosestPrimeNumber(t);

        BufSize += Delays[i];

        t += dt;

    }

    return BufSize;

}

void TReverberation::UpdateGain()

{

    for (int i = 0; i < DelayLines; i++)

        g[i] = exp(-3 * log(10) * Delays[i] / SampleRate / (DecayTime * 0.001));

}

void TReverberation::Execute(SampleData *Data, int Channel)

{

    SampleType *p = Data->Samples, t, *b;

    int i = 0, j, *m, *d, q, s = 1;

    for (; i < Data->N; i++, p++)

    {

        q = 0;

        d = Delays;

        m = &BufPtr[Channel][0];

        b = Buffer[Channel];

        for (j = 0; j < DelayLines; j++)

        {

            t = g[j] * b[(*m + 1) % *d];

            b[*m] = *p + t;

            (*m)++;

            *m++ %= *d;

            q += t * s;

            b += *d++;

            s ^= 0xFFFFFFFE;

        }

        *p = *p * DryLevel + q * ReverbLevel;

    }

}

void TReverberation::OnUpdateParameters()

{

    EnterCriticalSection(&cs);

    int k = UpdateDelays();

    LeaveCriticalSection(&cs);

    SetBuffers(k);

    EnterCriticalSection(&cs);

    ZeroMemory(BufPtr, sizeof(BufPtr));

    UpdateGain();

    LeaveCriticalSection(&cs);

}

TSynth::TSynth(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_SYNTH;

    f = 1000;

    Amp = LogToLin(-10.0);

    WaveForm = 0;

    Wave = Sin;

    LastPhase[0] = LastPhase[1] = 0.0;

    AddParameter(&f, sizeof(f), "f");

    AddParameter(&Amp, sizeof(Amp), "Amp");

    AddParameter(&WaveForm, sizeof(WaveForm), "WaveForm");

}

void TSynth::Execute(SampleData *Data, int Channel)

{

    int MaxVal = (1 << (Data->Format.wBitsPerSample - 1)) - 1;

    double t = Amp * MaxVal, c = 2 * M_PI * f / SampleRate;

    double x = LastPhase[Channel];

    SampleType *p = Data->Samples;

    for (int i = 0; i < Data->N; i++, x += c)

        *p++ += Wave(x) * t;

    LastPhase[Channel] = fmod(x, 2 * M_PI);

}

void TSynth::OnUpdateParameters()

{

    switch (WaveForm)

    {

        case 0: Wave = Sin; break;

        case 1: Wave = Square; break;

        case 2: Wave = Triangle; break;

        case 3: Wave = Saw; break;

    }

}

TAmpMod::TAmpMod(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_AMPMOD;

    f = 0.2;

    Depth = 1.0;

    WaveForm = 0;

    Wave = Sin;

    LastPhase[0] = LastPhase[1] = 0.0;

    AddParameter(&f, sizeof(f), "f");

    AddParameter(&Depth, sizeof(Depth), "Depth");

    AddParameter(&WaveForm, sizeof(WaveForm), "WaveForm");

}

void TAmpMod::Execute(SampleData *Data, int Channel)

{

    double t = 1 - Depth, c = 2 * M_PI * f / SampleRate;

    double x = LastPhase[Channel];

    SampleType *p = Data->Samples;

    for (int i = 0; i < Data->N; i++, x += c)

        *p++ *= Wave(x) * Depth + t;

    LastPhase[Channel] = fmod(x, 2 * M_PI);

}

void TAmpMod::OnUpdateParameters()

{

    switch (WaveForm)

    {

        case 0: Wave = Sin; break;

        case 1: Wave = Square2; break;

        case 2: Wave = Triangle; break;

        case 3: Wave = Saw; break;

    }

}

TNoise::TNoise(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_NOISE;

    f1 = 0;

    f2 = 1000;

    Amp = LogToLin(-10.0);

    AddParameter(&f1, sizeof(f1), "f1");

    AddParameter(&f2, sizeof(f2), "f2");

    AddParameter(&Amp, sizeof(Amp), "Amp");

    re_h = im_h = NULL;

    SetBuffers(NOISE_KERNEL_SIZE);

    BuildKernelSpectrum();

}

void TNoise::Execute(SampleData *Data, int Channel)

{

    int N = NOISE_KERNEL_SIZE, N2 = N << 1;

    int i, k, M = Data->N / NOISE_KERNEL_SIZE;

    SampleType *re_x, *im_x, tr, ti, *p = Data->Samples;

    int MaxVal = 1 << Data->Format.wBitsPerSample;

    int MaxVal2 = MaxVal >> 1;


re_x = new SampleType[N2];


im_x = new SampleType[N2];

    for (k = 0; k < M; k++)

    {

        memset(re_x + N, 0, N * sizeof(SampleType));

        for (i = 0; i < N; i++)

            re_x[i] = (random(MaxVal) - MaxVal2) * Amp;

        ForwardFFT(N2, re_x, im_x);

        for (i = 0; i <= N; i++)

        {

            tr = re_x[i];

            ti = im_x[i];

            re_x[i] = re_h[i] * tr - im_h[i] * ti;

            im_x[i] = re_h[i] * ti + im_h[i] * tr;

        }

        InverseFFT(N2, re_x, im_x);

        for (i = 0; i < N; i++)

            *p++ += re_x[i] + Buffer[Channel][i];

        memcpy(Buffer[Channel], re_x + N, N * sizeof(SampleType));

    }


delete re_x;


delete im_x;

}

void TNoise::BuildKernelSpectrum()

{

    memset(re_h + NOISE_KERNEL_SIZE, 0, NOISE_KERNEL_SIZE * sizeof(SampleType));

    BandPassFIRKernel(NOISE_KERNEL_SIZE,

        (SampleType)f1 / SampleRate,

        (SampleType)f2 / SampleRate, 0, re_h);

    ForwardFFT(NOISE_KERNEL_SIZE << 1, re_h, im_h);

}

void TNoise::SetBuffers(int BufSize)

{

    int N = BufSize << 1;

    TFilter::SetBuffers(BufSize);

    if (re_h) delete re_h;

    if (im_h) delete im_h;

    re_h = new SampleType[N];

    im_h = new SampleType[N];

    memset(re_h, 0, N * sizeof(SampleType));

    memset(im_h, 0, N * sizeof(SampleType));

}

void TNoise::OnUpdateParameters()

{

    SetBuffers(NOISE_KERNEL_SIZE);

    BuildKernelSpectrum();

}

TChorus::TChorus(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_CHORUS;

    InputAmp = LogToLin(0.0);

    ChorusAmp = LogToLin(-10.0);

    NumVoices = 1;

    ChorusDelay = 20.0;

    ModRate = 0.1;

    ModDepth = 100;

    AddParameter(&InputAmp, sizeof(InputAmp), "InputAmp");

    AddParameter(&ChorusAmp, sizeof(ChorusAmp), "ChorusAmp");

    AddParameter(&NumVoices, sizeof(NumVoices), "NumVoices");

    AddParameter(&ChorusDelay, sizeof(ChorusDelay), "ChorusDelay");

    AddParameter(&ModRate, sizeof(ModRate), "ModRate");

    AddParameter(&ModDepth, sizeof(ModDepth), "ModDepth");

    OnUpdateParameters();

}

void TChorus::Execute(SampleData *Data, int Channel)

{

    SampleType *p = Data->Samples, *b1 = Buffer[Channel], t;

    int M = ChorusDelay * 0.002 * SampleRate;

    int *b2 = BufPtr + Channel;

    int i = 0, j, d1, d2;

    double d, dr, c = 2 * M_PI * ModRate / SampleRate;

    for (; i < Data->N; i++)

    {

        t = 0.0;

        for (j = 0; j < NumVoices; j++)

        {

            d = Delays[Channel][j];

            d1 = (int)d;

            d2 = d1 + 1;

            dr = fmod(d, 1.0);

            t += b1[(*b2 + M - d1) % M] * (1 - dr) + b1[(*b2 + M - d2) % M] * dr;

            Phases[Channel][j] = fmod(Phases[Channel][j] + c, 2 * M_PI);

            Delays[Channel][j] = CalcDelay(Channel, j);

        }

        b1[*b2] = *p;

        *p++ = InputAmp * *p + ChorusAmp * t;

        (*b2)++;

        *b2 %= M;

    }

}

void TChorus::OnUpdateParameters()

{

    SetBuffers(ChorusDelay * 0.002 * SampleRate);

    EnterCriticalSection(&cs);

    for (int i = 0; i < NumVoices; i++)

    {

        Phases[0][i] = i * M_PI / NumVoices;

        Phases[1][i] = Phases[0][i];

        Delays[0][i] = CalcDelay(0, i);

        Delays[1][i] = Delays[0][i];

    }

    BufPtr[0] = BufPtr[1] = 0;

    LeaveCriticalSection(&cs);

}

double TChorus::CalcDelay(int Channel, int Voice)

{

    return (ChorusDelay + sin(Phases[Channel][Voice]) *

        ModDepth * ChorusDelay / 100) * 0.001 * SampleRate;

}


7. Модуль FFT.h
// Библиотека алгоритмов Быстрого Преобразования Фурье

#ifndef _FFT_H_

#define _FFT_H_

#include "SampleData.h"

// функция прямого вещественного БПФ
void ForwardFFT(int N, SampleType *re, SampleType *im);

// функция обратного вещественного БПФ
void InverseFFT(int N, SampleType *re, SampleType *im);

// функция прямого комплексного БПФ
void FFT(int N, SampleType *re, SampleType *im);

#endif


8. Модуль FFT.cpp

#include <math.h>

#include "FFT.h"

#include "Procs.h"

void ForwardFFT(int N, SampleType *re_x, SampleType *im_x)

{

    int N2 = N >> 1, N4 = N >> 2;

    int i = 0, im, ip2, ipm;

    for (; i < N2; i++)

    {

        re_x[i] = re_x[i << 1];

        im_x[i] = re_x[(i << 1) + 1];

    }

    FFT(N2, re_x, im_x);

    for (i = 1; i < N4; i++)

    {

        im = N2 - i;

        ip2 = N2 + i;

        ipm = N2 + im;

        re_x[ip2] = 0.5f * (im_x[i] + im_x[im]);

        re_x[ipm] = re_x[ip2];

        im_x[ip2] = -0.5f * (re_x[i] - re_x[im]);

        im_x[ipm] = -im_x[ip2];

        re_x[i] = 0.5f * (re_x[i] + re_x[im]);

        re_x[im] = re_x[i];

        im_x[i] = 0.5f * (im_x[i] - im_x[im]);

        im_x[im] = -im_x[i];

    }

    re_x[N4 * 3] = im_x[N4];

    re_x[N2] = im_x[0];

    im_x[N4 * 3] = 0;

    im_x[N2] = 0;

    im_x[N4] = 0;

    im_x[0] = 0;

    int l = (int)ceil(log(N) / log(2));

    int le = 1 << l;

    int le2 = le >> 1;

    SampleType ur = 1, ui = 0;

    SampleType sr = (SampleType)cos(M_PI / le2);

    SampleType si = (SampleType)-sin(M_PI / le2);

    SampleType tr, ti;

    for (int j = 1; j <= le2; j++)

    {

        for (i = j - 1; i < N; i += le)

        {

            ip2 = i + le2;

            tr = re_x[ip2] * ur - im_x[ip2] * ui;

            ti = re_x[ip2] * ui + im_x[ip2] * ur;

            re_x[ip2] = re_x[i] - tr;

            im_x[ip2] = im_x[i] - ti;

            re_x[i] = re_x[i] + tr;

            im_x[i] = im_x[i] + ti;

        }

        tr = ur;

        ur = tr * sr - ui * si;

        ui = tr * si + ui * sr;

    }

}

void InverseFFT(int N, SampleType *re, SampleType *im)

{

    int i = (N >> 1) + 1, k = N - i;

    SampleType n1 = 1.0f / N;

    for (; i < N; i++, k--)

    {

        re[i] = re[k];

        im[i] = -im[k];

    }

    for (i = 0; i < N; i++)

        re[i] += im[i];

    ForwardFFT(N, re, im);

    for (i = 0; i < N; i++)

        re[i] = (re[i] + im[i]) * n1;

}

void FFT(int N, SampleType *re, SampleType *im)

{


SampleType tr, ti, ur, ui, sr, si;


int nm1 = N - 1, nd2 = N >> 1, m = log2(N);


int i, j = nd2, k, l, le, le2, jm1, ip;


for (i = 1; i < nm1; i++)


{



if (i < j)



{




tr = re[j];




ti = im[j];




re[j] = re[i];




im[j] = im[i];




re[i] = tr;




im[i] = ti;



}



k = nd2;



while (k <= j)



{




j -= k;




k >>= 1;



}



j += k;


}


for (l = 1; l <= m; l++)


{



le = 1 << l;



le2 = le >> 1;



ur = 1.0;



ui = 0.0;



sr = cos(M_PI / le2);



si = -sin(M_PI / le2);



for (j = 1; j <= le2; j++)



{




jm1 = j - 1;




for (i = jm1; i <= nm1; i += le)




{





ip = i + le2;





tr = re[ip] * ur - im[ip] * ui;





ti = re[ip] * ui + im[ip] * ur;





re[ip] = re[i] - tr;





im[ip] = im[i] - ti;





re[i] += tr;





im[i] += ti;




}




tr = ur;




ur = tr * sr - ui * si;




ui = tr * si + ui * sr;



}


}

}


9. Модуль FilterDialogs.cpp

#include <vcl.h>

#include "Filters.h"

#include "TLHPassFilterDlg.h"

#include "TEchoDlg.h"

#include "TReverbDlg.h"

#include "TMultiBandFilterDlg.h"

#include "TBandFilterDlg.h"

#include "TSynthDlg.h"

#include "TAmpModDlg.h"

#include "TNoiseDlg.h"

#include "TChorusDlg.h"

#include "TIIRFilterDlg.h"

void TFilter::SetParametersDlg()

{

    TForm *Dlg = NULL;

    switch (ID)

    {

        case FLTID_LOWPASS:

        case FLTID_HIPASS:

                Dlg = LHPassFilterDlg;

                LHPassFilterDlg->Filter = this;

                break;

        case FLTID_BAND:

                Dlg = BandFilterDlg;

                BandFilterDlg->Filter = this;

                break;

        case FLTID_MULTIBAND:

                Dlg = MultiBandFilterDlg;

                MultiBandFilterDlg->Filter = this;

                break;

        case FLTID_IIR:

                Dlg = IIRFilterDlg;

                IIRFilterDlg->Filter = this;

                break;

        case FLTID_ECHO:

                Dlg = EchoDlg;

                EchoDlg->Filter = this;

                break;

        case FLTID_CHORUS:

                Dlg = ChorusDlg;

                ChorusDlg->Filter = this;

                break;

        case FLTID_REVERB:

                Dlg = ReverbDlg;

                ReverbDlg->Filter = this;

                break;

        case FLTID_AMPMOD:

                Dlg = AmpModDlg;

                AmpModDlg->Filter = this;

                break;

        case FLTID_NOISE:

                Dlg = NoiseDlg;

                NoiseDlg->Filter = this;

                break;

        case FLTID_SYNTH:

                Dlg = SynthDlg;

                SynthDlg->Filter = this;

    }

    if (Dlg && Dlg->ShowModal() == mrOk)

        Update();

}


10. Модуль Filters.h

// Библиотека фильтров

#ifndef _FILTERS_H_

#define _FILTERS_H_

#include <windows.h>

#include "CRCfstream.h"

#include "SampleData.h"

// Общее количество различных фильтров, реализованных в проекте

#define NUM_FILTERS         11

// Максимальное количество последовательно применяемых фильтров

#define MAX_FILTERS         16

// Максимальное количество параметров фильтра

#define MAX_PARAMETERS      16

// Идентификаторы фильтров

#define FLTID_LOWPASS       0

#define FLTID_HIPASS        1

#define FLTID_BAND          2

#define FLTID_MULTIBAND     3

#define FLTID_IIR           4

#define FLTID_ECHO          5

#define FLTID_CHORUS        6

#define FLTID_REVERB        7

#define FLTID_NOISE         8

#define FLTID_AMPMOD        9

#define FLTID_SYNTH         10

// Структура информации о параметре фильтра

struct ParameterInfo {

    void *ptr;

    int size;

    char Name[16];

};

// Базовый класс для всех фильтров

class TFilter {

    ParameterInfo Params[MAX_PARAMETERS];

    int NumParam;

    int BufferSize;

protected:

    int SampleRate;

    CRITICAL_SECTION cs;

    SampleType *Buffer[2];

    void AddParameter(void *ptr, int size, char *Name);

public:

    int ID;

    TFilter(int _SampleRate);

    virtual ~TFilter();

    virtual void SetBuffers(int BufSize);

    virtual void ClearBuffers();

    virtual void Execute(SampleData *Data, int Channel) = 0;

    void SetParametersDlg();

    void Update();

    virtual void OnUpdateParameters() = 0;

    void *GetParameter(char *Name);

    int GetSampleRate() { return SampleRate; }

    void CopyParameters(TFilter *Filter);

    void SaveToStream(CRCofstream &out);

    void LoadFromStream(CRCifstream &in);

    friend class TFilterList;

};

// Класс для работы с последовательностью фильтров

class TFilterList {

    int SampleRate;

    int NumFilters;

    TFilter *Filters[MAX_FILTERS];

    bool Enabled[MAX_FILTERS];

    CRITICAL_SECTION cs;

public:

    TFilterList(int _SampleRate);

    ~TFilterList();

    void Add(TFilter *Filter);

    void Del(int index);

    void Clear();

    void Exchange(int index1, int index2);

    void EnableFilter(int index, bool Enable);

    bool IsEnabled(int index);

    int GetNumFilters();

    int GetSampleRate() { return SampleRate; }

    void Execute(void *Samples, int N, WAVEFORMATEX *wfx);

    TFilter *operator [](int index);

    void SaveToStream(CRCofstream &out);

    void LoadFromStream(CRCifstream &in);

    void ResetFilters();

};

// Функция создания объекта фильтра по заданному типу

TFilter *NewFilter(int Type, int SampleRate);

// Массив с именами всех фильтров и эффектов

extern char FilterNames[NUM_FILTERS][128];

#endif


11. Модуль Filters.cpp

#include "Filters.h"

#include "FIRFilters.h"

#include "IIRFilter.h"

#include "Effects.h"

char FilterNames[NUM_FILTERS][128] = {

"Фильтр нижних частот",

"Фильтр верхних частот",

"Полосовой фильтр",

"Многополосовой фильтр",

"БИХ-фильтр",

"Эффект \"Эхо\"",

"Эффект \"Хор\"",

"Эффект \"Реверберация\"",

"Эффект \"Шум\"",

"Эффект \"Амплитудная модуляция\"",

"Эффект \"Синтез\""};

TFilter::TFilter(int _SampleRate)

{

    SampleRate = _SampleRate;

    InitializeCriticalSection(&cs);

    BufferSize = 0;

    Buffer[0] = NULL;

    Buffer[1] = NULL;

    NumParam = 0;

}

TFilter::~TFilter()

{

    if (Buffer[0]) delete Buffer[0];

    if (Buffer[1]) delete Buffer[1];

    DeleteCriticalSection(&cs);

}

void TFilter::SetBuffers(int BufSize)

{

    if (BufferSize == BufSize) return;

    BufferSize = BufSize;

    EnterCriticalSection(&cs);

    if (Buffer[0]) delete Buffer[0];

    if (Buffer[1]) delete Buffer[1];

    Buffer[0] = new SampleType[BufSize];

    Buffer[1] = new SampleType[BufSize];

    ClearBuffers();

    LeaveCriticalSection(&cs);

}

void TFilter::ClearBuffers()

{

    if (BufferSize)

    {

        EnterCriticalSection(&cs);

        memset(Buffer[0], 0, BufferSize * sizeof(SampleType));

        memset(Buffer[1], 0, BufferSize * sizeof(SampleType));

        LeaveCriticalSection(&cs);

    }

}

void TFilter::AddParameter(void *ptr, int size, char *Name)

{

    Params[NumParam].ptr = ptr;

    Params[NumParam].size = size;

    lstrcpy(Params[NumParam++].Name, Name);

}

void *TFilter::GetParameter(char *Name)

{

    TFilter *f = this;

    for (int i = 0; i < NumParam; i++)

        if (!stricmp(Params[i].Name, Name))

            return Params[i].ptr;

    return NULL;

}

void TFilter::CopyParameters(TFilter *Filter)

{

    for (int i = 0; i < NumParam; i++)

        memcpy(Params[i].ptr, Filter->Params[i].ptr, Params[i].size);

    Update();

}

void TFilter::SaveToStream(CRCofstream &out)

{

    EnterCriticalSection(&cs);

    out.write((char *)&ID, sizeof(ID));

    for (int i = 0; i < NumParam; i++)

        out.write((char *)Params[i].ptr, Params[i].size);

    LeaveCriticalSection(&cs);

}

void TFilter::LoadFromStream(CRCifstream &in)

{

    int t;

    EnterCriticalSection(&cs);

    in.read((char *)&t, sizeof(ID));

    if (t != ID)

    {

        LeaveCriticalSection(&cs);

        throw "Неверный формат файла!";

    }

    for (int i = 0; i < NumParam; i++)

        in.read((char *)Params[i].ptr, Params[i].size);

    OnUpdateParameters();

    LeaveCriticalSection(&cs);

}

void TFilter::Update()

{

    EnterCriticalSection(&cs);

    OnUpdateParameters();

    LeaveCriticalSection(&cs);

}

TFilterList::TFilterList(int _SampleRate)

{

    SampleRate = _SampleRate;

    memset(Filters, 0, sizeof(Filters));

    NumFilters = 0;

    InitializeCriticalSection(&cs);

}

TFilterList::~TFilterList()

{

    Clear();

    DeleteCriticalSection(&cs);

}

void TFilterList::Add(TFilter *Filter)

{

    EnterCriticalSection(&cs);

    Enabled[NumFilters] = true;

    Filter->SampleRate = SampleRate;

    Filters[NumFilters++] = Filter;

    LeaveCriticalSection(&cs);

}

void TFilterList::Del(int index)

{

    EnterCriticalSection(&cs);

    delete Filters[index];

    for (int i = index; i < MAX_FILTERS; i++)

        if (i + 1 < MAX_FILTERS)

        {

            Filters[i] = Filters[i + 1];

            Enabled[i] = Enabled[i + 1];

        }

        else

            Filters[i] = NULL;

    NumFilters--;

    LeaveCriticalSection(&cs);

}

void TFilterList::Clear()

{

    EnterCriticalSection(&cs);

    for (int i = 0; i < NumFilters; i++)

        delete Filters[i];

    memset(Filters, 0, sizeof(Filters));

    NumFilters = 0;

    LeaveCriticalSection(&cs);

}

void TFilterList::Exchange(int index1, int index2)

{

    EnterCriticalSection(&cs);

    TFilter *t = Filters[index1];

    Filters[index1] = Filters[index2];

    Filters[index2] = t;

    bool b = Enabled[index1];

    Enabled[index1] = Enabled[index2];

    Enabled[index2] = b;

    LeaveCriticalSection(&cs);

}

void TFilterList::EnableFilter(int index, bool Enable)

{

    Enabled[index] = Enable;

    if (!Enable)

        Filters[index]->ClearBuffers();

}

bool TFilterList::IsEnabled(int index)

{

    return Enabled[index];

}

int TFilterList::GetNumFilters()

{

    return NumFilters;

}

void TFilterList::Execute(void *Samples, int N, WAVEFORMATEX *wfx)

{

    SampleData Data;

    if (!NumFilters) return;

    EnterCriticalSection(&cs);

    Data.N = N;

    Data.Format = *wfx;

    Data.Samples = new SampleType[N * wfx->nChannels];

    SamplesToSampleData(Samples, &Data);

    for (int k = 0; k < wfx->nChannels; k++)

    {

        for (int i = 0; i < NumFilters; i++)

            if (Filters[i] && Enabled[i])

            {

                EnterCriticalSection(&Filters[i]->cs);

                Filters[i]->Execute(&Data, k);

                LeaveCriticalSection(&Filters[i]->cs);

            }

        Data.Samples += N;

    }

    Data.Samples -= N * wfx->nChannels;

    SampleDataToSamples(&Data, Samples);

    delete Data.Samples;

    LeaveCriticalSection(&cs);

}

TFilter *TFilterList::operator [](int index)

{

    return Filters[index];

}

void TFilterList::SaveToStream(CRCofstream &out)

{

    out.write((char *)&NumFilters, sizeof(NumFilters));

    for (int i = 0; i < NumFilters; i++)

    {

        out.write((char *)&Filters[i]->ID, sizeof(int));

        Filters[i]->SaveToStream(out);

    }

    out.write((char *)Enabled, sizeof(Enabled));

}

void TFilterList::LoadFromStream(CRCifstream &in)

{

    Clear();

    int k, ID;

    TFilter *Filter;

    in.read((char *)&k, sizeof(k));

    for (int i = 0; i < k; i++)

    {

        in.read((char *)&ID, sizeof(ID));

        Filter = NewFilter(ID, SampleRate);

        if (!Filter)

        {

            Clear();

            throw "Неверный формат файла!";

        }

        Filter->LoadFromStream(in);

        Add(Filter);

    }

    in.read((char *)Enabled, sizeof(Enabled));

}

void TFilterList::ResetFilters()

{

    for (int i = 0; i < NumFilters; i++)

    {

        Filters[i]->ClearBuffers();

        Filters[i]->Update();

    }

}

TFilter *NewFilter(int Type, int SampleRate)

{

    switch (Type)

    {

        case FLTID_LOWPASS: return new TLowPassFilter(SampleRate);

        case FLTID_HIPASS: return new THighPassFilter(SampleRate);

        case FLTID_BAND: return new TBandFilter(SampleRate);

        case FLTID_MULTIBAND: return new TMultiBandFilter(SampleRate);

        case FLTID_ECHO: return new TEcho(SampleRate);

        case FLTID_CHORUS: return new TChorus(SampleRate);

        case FLTID_REVERB: return new TReverberation(SampleRate);

        case FLTID_AMPMOD: return new TAmpMod(SampleRate);

        case FLTID_NOISE: return new TNoise(SampleRate);

        case FLTID_SYNTH: return new TSynth(SampleRate);

        case FLTID_IIR: return new TIIRFilter(SampleRate);

    }

    return NULL;

}


12. Модуль FIRFilters.h

// Библиотека КИХ-фильтров

#ifndef _FIRFILTERS_H_

#define _FIRFILTERS_H_

#include "Filters.h"

// Размер ядра по умолчанию для КИХ-фильтров

#define DEF_KERNEL_SIZE     512

// Количество полос многополосового фильтра

#define NUM_BANDS           20

// Базовый класс для всех КИХ-фильтров

class TFIRFilter: public TFilter {

protected:

    SampleType *re_h, *im_h;

    int KernelSize;

public:

    TFIRFilter(int SampleRate);

    ~TFIRFilter();

    virtual void BuildKernel() = 0;

    void BuildKernelSpectrum();

    virtual void Execute(SampleData *Data, int Channel);

    virtual void OnUpdateParameters();

    virtual void SetBuffers(int BufSize);

};

// Класс фильтра нижних частот
class TLowPassFilter: public TFIRFilter {

protected:

    int fc;

    int WindowType;

public:

    TLowPassFilter(int SampleRate);

    virtual void BuildKernel();

};

// Класс фильтра верхних частот
class THighPassFilter: public TLowPassFilter {

public:

    THighPassFilter(int SampleRate);

    virtual void BuildKernel();

};

// Класс фильтра верхних частот
class TBandFilter: public TFIRFilter {

    int fc1, fc2;

    int WindowType;

    bool Reject;

public:

    TBandFilter(int SampleRate);

    virtual void BuildKernel();

};

// Класс многополосового фильтра

class TMultiBandFilter: public TFIRFilter {

    int fc[NUM_BANDS];

    double Gain[NUM_BANDS];

    int WindowType;

public:

    TMultiBandFilter(int SampleRate);

    virtual void BuildKernel();

};

extern int FilterBands[NUM_BANDS];

#endif


13. Модуль FIRFilters.cpp

#include "FIRFilters.h"

#include "FIRKernels.h"

#include "FFT.h"

#include "VirtDevs.h"

int FilterBands[NUM_BANDS] =

{50,100,200,300,400,500,600,700,800,1000,2000,3000,4000,5000,6000,8000,

10000,12000,14000,16000};

TFIRFilter::TFIRFilter(int SampleRate):

    TFilter(SampleRate)

{

    KernelSize = DEF_KERNEL_SIZE;

    re_h = im_h = NULL;

    SetBuffers(KernelSize);

}

TFIRFilter::~TFIRFilter()

{

    delete re_h;

    delete im_h;

}

void TFIRFilter::SetBuffers(int BufSize)

{

    int N = BufSize << 1;

    TFilter::SetBuffers(BufSize);

    if (re_h) delete re_h;

    if (im_h) delete im_h;

    re_h = new SampleType[N];

    im_h = new SampleType[N];

    memset(re_h, 0, N * sizeof(SampleType));

    memset(im_h, 0, N * sizeof(SampleType));

}

void TFIRFilter::Execute(SampleData *Data, int Channel)

{

    int N = KernelSize, N2 = N << 1;

    int i, k, M = Data->N / KernelSize;

    SampleType *re_x, *im_x, tr, ti, *p = Data->Samples;


re_x = new SampleType[N2];


im_x = new SampleType[N2];

    if (!M) M = 1;

    for (k = 0; k < M; k++)

    {

        memset(re_x + N, 0, N * sizeof(SampleType));

        memcpy(re_x, p, N * sizeof(SampleType));

        ForwardFFT(N2, re_x, im_x);

        for (i = 0; i <= N; i++)

        {

            tr = re_x[i];

            ti = im_x[i];

            re_x[i] = re_h[i] * tr - im_h[i] * ti;

            im_x[i] = re_h[i] * ti + im_h[i] * tr;

        }

        InverseFFT(N2, re_x, im_x);

        for (i = 0; i < N; i++)

            *p++ = re_x[i] + Buffer[Channel][i];

        memcpy(Buffer[Channel], re_x + N, N * sizeof(SampleType));

    }


delete re_x;


delete im_x;

}

void TFIRFilter::BuildKernelSpectrum()

{

    memset(re_h + KernelSize, 0, KernelSize * sizeof(SampleType));

    BuildKernel();

    ForwardFFT(KernelSize << 1, re_h, im_h);

}

void TFIRFilter::OnUpdateParameters()

{

    SetBuffers(KernelSize);

    BuildKernelSpectrum();

}

TLowPassFilter::TLowPassFilter(int SampleRate):

    TFIRFilter(SampleRate)

{

    ID = FLTID_LOWPASS;

    fc = 1000;

    WindowType = 0;

    KernelSize = DEF_KERNEL_SIZE;

    BuildKernelSpectrum();

    AddParameter(&fc, sizeof(fc), "fc");

    AddParameter(&WindowType, sizeof(WindowType), "WindowType");

    AddParameter(&KernelSize, sizeof(KernelSize), "KernelSize");

}

void TLowPassFilter::BuildKernel()

{

    LowPassFIRKernel(KernelSize, (SampleType)fc / SampleRate, WindowType, re_h);

}

THighPassFilter::THighPassFilter(int SampleRate):

    TLowPassFilter(SampleRate)

{

    ID = FLTID_HIPASS;

    BuildKernelSpectrum();

}

void THighPassFilter::BuildKernel()

{

    HighPassFIRKernel(KernelSize, (SampleType)fc / SampleRate, WindowType, re_h);

}

TBandFilter::TBandFilter(int SampleRate):

    TFIRFilter(SampleRate)

{

    ID = FLTID_BAND;

    fc1 = 500;

    fc2 = 1000;

    WindowType = 0;

    KernelSize = DEF_KERNEL_SIZE;

    Reject = false;

    BuildKernelSpectrum();

    AddParameter(&fc1, sizeof(fc1), "fc1");

    AddParameter(&fc2, sizeof(fc2), "fc2");

    AddParameter(&WindowType, sizeof(WindowType), "WindowType");

    AddParameter(&KernelSize, sizeof(KernelSize), "KernelSize");

    AddParameter(&Reject, sizeof(Reject), "Reject");

}

void TBandFilter::BuildKernel()

{

    if (Reject)

        BandRejectFIRKernel(KernelSize,

            (SampleType)fc1 / SampleRate,

            (SampleType)fc2 / SampleRate, WindowType, re_h);

    else

        BandPassFIRKernel(KernelSize,

            (SampleType)fc1 / SampleRate,

            (SampleType)fc2 / SampleRate, WindowType, re_h);

}

TMultiBandFilter::TMultiBandFilter(int SampleRate):

    TFIRFilter(SampleRate)

{

    ID = FLTID_MULTIBAND;

    WindowType = 1;

    KernelSize = 1024;

    SetBuffers(KernelSize);

    for (int i = 0; i < NUM_BANDS; i++)

    {

        fc[i] = FilterBands[i];

        Gain[i] = 1.0;

    }

    BuildKernelSpectrum();

    AddParameter(&Gain, sizeof(Gain), "Gain");

}

void TMultiBandFilter::BuildKernel()

{

    SampleType *buf;

    int i = 0, j, fc1, fc2;

    buf = new SampleType[KernelSize + 1];

    memset(re_h, 0, KernelSize * sizeof(SampleType));

    fc1 = 0;

    for (; i < NUM_BANDS; i++)

    {

        fc2 = i < NUM_BANDS - 1 ? (fc[i] + fc[i + 1]) >> 1 : SampleRate >> 1;

        if (fc2 >= (SampleRate >> 1))

            fc2 = SampleRate >> 1;

        BandPassFIRKernel(KernelSize, (SampleType)fc1 / SampleRate,

            (SampleType)fc2 / SampleRate, WindowType, buf);

        for (j = 0; j < KernelSize; j++)

            re_h[j] += buf[j] * Gain[i];

        if (fc2 == (SampleRate >> 1)) break;

        fc1 = fc2;

    }

    delete buf;

}


14. Модуль FIRKernels.h
// Библиотека импульсных характеристик КИХ-фильтров
#ifndef _FIRKERNELS_H_

#define _FIRKERNELS_H_

// Функция получения значения функции окна Хамминга в заданной точке

SampleType Hamming(int M, int i);

// Функция получения значения функции окна Блэкмэна в заданной точке

SampleType Blackman(int M, int i);

// Функция формирования ядра низкочастотного КИХ-фильтра

void LowPassFIRKernel(int M, SampleType fc, int WindowType, SampleType *kernel);

// Функция формирования ядра высокочастотного КИХ-фильтра

void HighPassFIRKernel(int M, SampleType fc, int WindowType, SampleType *kernel);

// Функция формирования ядра полосового пропускающего КИХ-фильтра

void BandPassFIRKernel(int M, SampleType fc1, SampleType fc2, int WindowType, SampleType *kernel);

// Функция формирования ядра полосового вырезающего КИХ-фильтра

void BandRejectFIRKernel(int M, SampleType fc1, SampleType fc2, int WindowType, SampleType *kernel);

#endif


15. Модуль FIRKernels.cpp

#include "Filters.h"

#include "Math.h"

SampleType Hamming(int M, int i)

{


return SampleType(0.54 - 0.46 * cos(2 * M_PI * i / M));

}

SampleType Blackman(int M, int i)

{


return SampleType(0.42 - 0.5 * cos(2 * M_PI * i / M) +



0.08 * cos(4 * M_PI * i / M));

}

void LowPassFIRKernel(int M, SampleType fc, int WindowType, SampleType *kernel)

{


SampleType K = 0.0, c = 2 * M_PI * fc;


int m2 = M >> 1, i;


for (i = 0; i <= M; i++)


{



if (!(i - m2))




kernel[i] = c;



else




kernel[i] = sin(c * (i - m2)) / (i - m2);



if (!WindowType)




kernel[i] *= Hamming(M, i);



else




kernel[i] *= Blackman(M, i);



K += kernel[i];


}


if (K)


for (i = 0; i <= M; i++)



kernel[i] /= K;

}

void HighPassFIRKernel(int M, SampleType fc, int WindowType, SampleType *kernel)

{


LowPassFIRKernel(M, fc, WindowType, kernel);


for (int i = 0; i <= M; i++)



kernel[i] = -kernel[i];


kernel[M >> 1]++;

}

void BandPassFIRKernel(int M, SampleType fc1, SampleType fc2, int WindowType, SampleType *kernel)

{


SampleType *buf = new SampleType[M + 1];


if (fc1 > fc2)


{



SampleType t = fc1;



fc1 = fc2;



fc2 = t;


}


LowPassFIRKernel(M, fc1, WindowType, buf);


LowPassFIRKernel(M, fc2, WindowType, kernel);


for (int i = 0; i <= M; i++)



kernel[i] -= buf[i];


delete buf;

}

void BandRejectFIRKernel(int M, SampleType fc1, SampleType fc2, int WindowType, SampleType *kernel)

{


SampleType *buf = new SampleType[M + 1];


if (fc1 > fc2)


{



SampleType t = fc1;



fc1 = fc2;



fc2 = t;


}


LowPassFIRKernel(M, fc1, WindowType, buf);


HighPassFIRKernel(M, fc2, WindowType, kernel);


for (int i = 0; i <= M; i++)



kernel[i] += buf[i];


delete buf;

}


16. Модуль Graph.h

#ifndef _GRAPH_H_

#define _GRAPH_H_

#include <windows.h>

#include <math.h>

class TGraph {

    char Name[128];

    char LabelX[128];

    char LabelY[128];

    int MinGridX, MinGridY;

    double MinStepX, MinStepY;

    bool DrawTitle;

    RECT r, r2;

    HFONT TitleFont, AxisLabelsFont[2], LabelsFont;

    void PaintTitle(HDC hDC);

    void PaintAxisLabels(HDC hDC);

    void PaintAxis(HDC hDC);

    double AlignStep(double Step, double MinStep);

    void LinToLog(double x, char* buf);

public:

    double MinX, MaxX;

    double MinY, MaxY;

    double StepX, StepY;

    int LineWidth;

    bool Logarithmic;

    bool Polar;

    bool DrawTicks;

    bool DrawGrid;

    bool DrawXLabels;

    bool DrawYLabels;

    bool DrawAxisLabels;

    bool DrawAxis;

    COLORREF TitleColor;

    COLORREF GraphColor;

    COLORREF GridColor;

    TGraph(RECT* _r,

        char* _LabelX, double _MaxX,

        char* _LabelY, double _MaxY,

        double _MinX = 0, double _MinStepX = 1,

        double _MinY = 0, double _MinStepY = 1,

        char* _Name = "", bool _DrawTitle = false,

        int _MinGridX = 50, int _MinGridY = 30);

    ~TGraph();

    void Redraw(HDC hDC);

    template <class T> void DrawGraph(HDC hDC, T* Data, int N,

        bool DrawHistogram);

    void SetRect(RECT* NewRect);

    RECT GetGraphRect()

    {

        RECT r = r2;

        r.left++;

        r.top++;

        r.bottom -= 2;

        return r;

    }

};

template <class T> void TGraph::DrawGraph(HDC hDC, T* Data, int N,

    bool DrawHistogram)

{

    int x, y, k = r2.right - r2.left - 1;

    int i_inc = N / k;

    double c = (double)(r2.bottom - r2.top) / (MaxY - MinY);

    double p = 0, p_inc = fmod((double)N / k, 1);

    T t, *q = Data;

    if (DrawAxis || DrawXLabels || DrawYLabels) PaintAxis(hDC);

    HPEN hPen = CreatePen(PS_SOLID, LineWidth, GraphColor);

    SelectObject(hDC, hPen);

    for (x = r2.left + 1; x < r2.right; x++, p += p_inc)

    {

        if (p >= 1.0)

        {

            p -= 1.0;

            q++;

        }

        if (q - Data == N - 1)

            t = *q + p * (*q - *(q - 1));

        else

            t = *q * (1 - p) + *(q + 1) * p;

        y = int(r2.bottom - (t - MinY) * c);

        if (y < r2.top) y = r2.top;

        if (y > r2.bottom - 2) y = r2.bottom - 2;

        if (DrawHistogram)

            MoveToEx(hDC, x, r2.bottom - 1, NULL);

        else if (x == r2.left + 1)

            MoveToEx(hDC, x, y, NULL);

        LineTo(hDC, x, y);

        q += i_inc;

    }

    DeleteObject(SelectObject(hDC, GetStockObject(BLACK_PEN)));

}

#endif


17. Модуль Graph.cpp

#include "graph.h"

#include "Procs.h"

#include <math.h>

TGraph::TGraph(RECT* _r,

    char* _LabelX, double _MaxX,

    char* _LabelY, double _MaxY,

    double _MinX, double _MinStepX,

    double _MinY, double _MinStepY,

    char* _Name, bool _DrawTitle,

    int _MinGridX, int _MinGridY)

{

    lstrcpy(Name, _Name);

    LineWidth = 1;

    Logarithmic = false;

    Polar = false;

    DrawTitle = _DrawTitle;

    DrawXLabels = true;

    DrawYLabels = true;

    DrawAxisLabels = true;

    DrawAxis = true;

    DrawTicks = true;

    DrawGrid = true;

    TitleColor = RGB(0, 0, 255);

    GraphColor = RGB(0, 0, 128);

    GridColor = RGB(192, 192, 192);

    MinX = _MinX;

    MaxX = _MaxX;

    MinStepX = _MinStepX;

    MinGridX = _MinGridX;

    lstrcpy(LabelX, _LabelX);

    MinY = _MinY;

    MaxY = _MaxY;

    MinStepY = _MinStepY;

    MinGridY = _MinGridY;

    lstrcpy(LabelY, _LabelY);

    SetRect(_r);

    LOGFONT lf;

    lf.lfHeight = -16;

    lf.lfWidth = 0;

    lf.lfEscapement = 0;

    lf.lfOrientation = 0;

    lf.lfWeight = FW_BOLD;

    lf.lfItalic = 0;

    lf.lfUnderline = 0;

    lf.lfStrikeOut = 0;

    lf.lfCharSet = DEFAULT_CHARSET;

    lf.lfOutPrecision = OUT_DEFAULT_PRECIS;

    lf.lfClipPrecision = OUT_TT_PRECIS;

    lf.lfQuality = DEFAULT_QUALITY;

    lf.lfPitchAndFamily = DEFAULT_PITCH;

    lstrcpy(lf.lfFaceName, "Arial Cyr");

    TitleFont = CreateFontIndirect(&lf);

    lf.lfHeight = -14;

    AxisLabelsFont[0] = CreateFontIndirect(&lf);

    lf.lfEscapement = lf.lfOrientation = 900;

    AxisLabelsFont[1] = CreateFontIndirect(&lf);

    lf.lfEscapement = lf.lfOrientation = 0;

    lf.lfWeight = FW_NORMAL;

    LabelsFont = CreateFontIndirect(&lf);

}

TGraph::~TGraph()

{

    DeleteObject(TitleFont);

    DeleteObject(AxisLabelsFont[0]);

    DeleteObject(AxisLabelsFont[1]);

    DeleteObject(LabelsFont);

}

void TGraph::Redraw(HDC hDC)

{

    if (DrawTitle) PaintTitle(hDC);

    if (DrawAxisLabels) PaintAxisLabels(hDC);

    if (DrawAxis || DrawXLabels || DrawYLabels)

        PaintAxis(hDC);

}

void TGraph::PaintTitle(HDC hDC)

{

    SIZE Size;

    RECT tr;

    DWORD l = lstrlen(Name);

    HBRUSH hBrush = CreateSolidBrush(TitleColor);

    SelectObject(hDC, TitleFont);

    SelectObject(hDC, GetStockObject(BLACK_PEN));

    SelectObject(hDC, GetStockObject(WHITE_BRUSH));

    GetTextExtentPoint32(hDC, Name, l, &Size);

    Rectangle(hDC, r.left, r.top, r.right, r.bottom);

    tr.left = r.left + 1;

    tr.top = r.top + 1;

    tr.right = r.right - 1;

    tr.bottom = r.top + Size.cy + 8;

    FillRect(hDC, &tr, hBrush);

    DeleteObject(hBrush);

    SetBkColor(hDC, TitleColor);

    SetTextColor(hDC, 0x00FFFFFF);

    TextOut(hDC, (r.right + r.left - Size.cx) >> 1, r.top + 4, Name, l);

    SelectObject(hDC, GetStockObject(SYSTEM_FONT));

}

void TGraph::PaintAxisLabels(HDC hDC)

{

    SIZE Size;

    SetTextAlign(hDC, TA_CENTER);

    SetTextColor(hDC, 0);

    SetBkColor(hDC, 0x00FFFFFF);

    SelectObject(hDC, AxisLabelsFont[0]);

    DWORD l = lstrlen(LabelX);

    GetTextExtentPoint32(hDC, LabelX, l, &Size);

    TextOut(hDC, (r2.left + r2.right) / 2, r.bottom - Size.cy - 8, LabelX, l);

    SelectObject(hDC, AxisLabelsFont[1]);

    TextOut(hDC, r.left + 8, (r2.bottom + r2.top) / 2,

        LabelY, lstrlen(LabelY));

    SelectObject(hDC, GetStockObject(SYSTEM_FONT));

}

void TGraph::PaintAxis(HDC hDC)

{

    SIZE Size;

    int x, y, w, h, dir = 1;

    double c1 = (r2.right - r2.left) / (MaxX - MinX);

    double c2 = (r2.bottom - r2.top) / (MaxY - MinY);

    double t;

    char buf[32];

    _gcvt(MaxX, 10, buf);

    DWORD l = lstrlen(buf);

    SelectObject(hDC, LabelsFont);

    GetTextExtentPoint32(hDC, buf, l, &Size);

    SelectObject(hDC, GetStockObject(SYSTEM_FONT));

    if (DrawAxis)

    {

        SelectObject(hDC, CreatePen(PS_SOLID, 2, 0));

        SelectObject(hDC, GetStockObject(WHITE_BRUSH));

        Rectangle(hDC, r2.left, r2.top, r2.right, r2.bottom);

        DeleteObject(SelectObject(hDC, GetStockObject(BLACK_PEN)));

    }

    x = StepX * c1 + r2.left;

    y = r2.bottom;

    w = r2.right - Size.cx / 2 - 8;

    h = Size.cy / 2;

    t = MinX;

    HPEN hPen = CreatePen(PS_SOLID, 1, GridColor);

    SetTextColor(hDC, 0);

    SetBkColor(hDC, 0x00FFFFFF);

    SelectObject(hDC, LabelsFont);

    if (DrawXLabels)

    {

        SetTextAlign(hDC, TA_CENTER);

        TextOut(hDC, r2.right, y + 4, buf, lstrlen(buf));

        _gcvt(MinX, 10, buf);

        TextOut(hDC, r2.left, y + 4, buf, lstrlen(buf));

    }

    while (x < w)

    {

        if (DrawTicks)

        {

            SelectObject(hDC, GetStockObject(BLACK_PEN));

            MoveToEx(hDC, x, y + 2, NULL);

            LineTo(hDC, x, y - 5);

        }

        if (DrawGrid)

        {

            SelectObject(hDC, hPen);

            MoveToEx(hDC, x, y - 5, NULL);

            LineTo(hDC, x, r2.top);

        }

        if (DrawXLabels)

        {

            _gcvt(t, 10, buf);

            TextOut(hDC, x, y + 4, buf, lstrlen(buf));

        }

        t += StepX;

        x = (t - MinX) * c1 + r2.left;

    }

    x = r2.left;

    w = r2.top + h + 4;

    t = Polar ? 0 : MinY + StepY;

    y = r2.bottom - (t - MinY) * c2;

    SetTextAlign(hDC, TA_RIGHT);

    if (DrawYLabels)

    {

        LinToLog(MaxY, buf);

        TextOut(hDC, x - 6, r2.top - h, buf, lstrlen(buf));

        LinToLog(MinY, buf);

        TextOut(hDC, x - 6, r2.bottom - h, buf, lstrlen(buf));

    }

    for (int n = 0; n < (Polar ? 2 : 1); n++)

    {

        while ((y > w && dir > 0) || (y < w && dir < 0))

        {

            if (DrawTicks)

            {

                SelectObject(hDC, GetStockObject(BLACK_PEN));

                MoveToEx(hDC, x - 3, y, NULL);

                LineTo(hDC, x + 4, y);

            }

            if (DrawGrid)

            {

                SelectObject(hDC, hPen);

                MoveToEx(hDC, x + 4, y, NULL);

                LineTo(hDC, r2.right - 2, y);

            }

            if (DrawYLabels)

            {

                LinToLog(t, buf);

                TextOut(hDC, x - 6, y - h,  buf, lstrlen(buf));

            }

            t += dir * StepY;

            y = r2.bottom - (t - MinY) * c2;

        }

        w = r2.bottom - h - 4;

        t = -StepY;

        y = r2.bottom - (t - MinY) * c2;

        dir = -1;

    }

    SelectObject(hDC, GetStockObject(BLACK_PEN));

    SelectObject(hDC, GetStockObject(SYSTEM_FONT));

    DeleteObject(hPen);

}

void TGraph::SetRect(RECT* NewRect)

{

    SIZE Size;

    Size.cx = 32;

    Size.cy = 16;

    r = *NewRect;

    r2.left = r.left + Size.cy + 56;

    r2.top = r.top + 16;

    if (DrawTitle) r2.top += Size.cy + 8;

    r2.right = r.right - (Size.cx >> 1) - 16;

    r2.bottom = r.bottom - (Size.cy << 1) - 20;

    StepX = AlignStep((MaxX - MinX) * MinGridX / (r2.right - r2.left), MinStepX);

    StepY = AlignStep((MaxY - MinY) * MinGridY / (r2.bottom - r2.top), MinStepY);

}

double TGraph::AlignStep(double Step, double MinStep)

{

    double t = fmod(Step, MinStep);

    return Step < MinStep ? MinStep : t ? Step - t + MinStep : Step;

}

void TGraph::LinToLog(double y, char* buf)

{

    if (!Logarithmic)

    {

        _gcvt(y, 10, buf);

        return;

    }

    if (!y)

        lstrcpy(buf, "-Inf.");

    else if (y == MaxY)

        lstrcpy(buf, "0");

    else

        _gcvt(RoundN(::LinToLog(fabs(y / MaxY)), 1), 10, buf);

}


18. Модуль IIRFilters.h

#ifndef IIRFilterH

#define IIRFilterH

#include "Filters.h"

#include <complex.h>

// максимальное количество полюсов и нулей

#define MAX_POLESZEROS  32

#define MAX_BUF_SIZE    (MAX_POLESZEROS * 2 + 1)

class TIIRFilter: public TFilter {

    complex<double> Poles[MAX_POLESZEROS];

    complex<double> Zeros[MAX_POLESZEROS];

    int NumPoles, NumZeros;

    bool Normalize;

    double a[MAX_BUF_SIZE];

    double b[MAX_BUF_SIZE];

    double x[2][MAX_BUF_SIZE];

    double y[2][MAX_BUF_SIZE];

    int XPtr[2];

    int YPtr[2];

    void CalcCoeff();

public:

    TIIRFilter(int SampleRate);

    void Execute(SampleData *Data, int Channel);

    void OnUpdateParameters();

};

#endif


19. Модуль IIRFilters.cpp

#include "IIRFilter.h"

TIIRFilter::TIIRFilter(int SampleRate)

    :TFilter(SampleRate)

{

    ID = FLTID_IIR;

    NumPoles = NumZeros = 0;

    Normalize = true;

    AddParameter(Poles, sizeof(Poles), "Poles");

    AddParameter(Zeros, sizeof(Zeros), "Zeros");

    AddParameter(&NumPoles, sizeof(NumPoles), "NumPoles");

    AddParameter(&NumZeros, sizeof(NumZeros), "NumZeros");

    AddParameter(&Normalize, sizeof(Normalize), "Normalize");

    OnUpdateParameters();

}

void TIIRFilter::Execute(SampleData *Data, int Channel)

{

    int num_a = (NumZeros << 1) + 1;

    int num_b = NumPoles << 1, i = 0, j;

    int *px = XPtr + Channel;

    int *py = YPtr + Channel;

    double *x = this->x[Channel];

    double *y = this->y[Channel], t;

    SampleType *p = Data->Samples;

    for (; i < Data->N; i++)

    {

        t = 0.0;

        x[*px] = *p;

        for (j = 0; j < num_a; j++)

            t += a[j] * x[(*px + MAX_BUF_SIZE - j) % MAX_BUF_SIZE];

        for (j = 1; j <= num_b; j++)

            t += b[j] * y[(*py + MAX_BUF_SIZE - j) % MAX_BUF_SIZE];

        (*px)++;

        *px %= MAX_BUF_SIZE;

        y[*py] = t;

        (*py)++;

        *py %= MAX_BUF_SIZE;

        *p++ = t;

    }

}

void TIIRFilter::OnUpdateParameters()

{

    EnterCriticalSection(&cs);

    CalcCoeff();

    XPtr[0] = XPtr[1] = 0;

    YPtr[0] = YPtr[1] = 0;

    ZeroMemory(x, sizeof(x));

    ZeroMemory(y, sizeof(y));

    LeaveCriticalSection(&cs);

}

void TIIRFilter::CalcCoeff()

{


int i;

    double rp[MAX_POLESZEROS], wp[MAX_POLESZEROS];

    double r0[MAX_POLESZEROS], w0[MAX_POLESZEROS];


double ta[MAX_POLESZEROS + 3];


double tb[MAX_POLESZEROS + 3];


double a0, a1, a2, b1, b2, g, sa, sb;

    ZeroMemory(rp, sizeof(rp));

    ZeroMemory(wp, sizeof(rp));

    ZeroMemory(r0, sizeof(rp));

    ZeroMemory(w0, sizeof(rp));

    for (i = 0; i < NumPoles; i++)

    {

        rp[i] = abs(Poles[i]);

        if (rp[i]) wp[i] = arg(Poles[i]);

    }

    for (i = 0; i < NumZeros; i++)

    {

        r0[i] = abs(Zeros[i]);

        if (r0[i]) w0[i] = arg(Zeros[i]);

    }


for (i = 0; i <= MAX_POLESZEROS + 2; i++)


{



a[i] = 0;



b[i] = 0;


}


a[2] = 1.0;


b[2] = 1.0;


for (int p = 1; p <= max(NumPoles, NumZeros); p++)


{



i = p - 1;



a0 = 1.0;



if (p <= NumZeros)



{




a1 = -2 * r0[i] * cos(w0[i]);




a2 = r0[i];



}



else



{




a1 = 0.0;




a2 = 0.0;



}



if (p <= NumPoles)



{




b1 = 2 * rp[i] * cos(wp[i]);




b2 = -rp[i] * rp[i];



}



else



{




b1 = 0.0;




b2 = 0.0;



}



for (i = 0; i <= MAX_POLESZEROS + 2; i++)



{




ta[i] = a[i];




tb[i] = b[i];



}



for (i = 2; i <= MAX_POLESZEROS + 2; i++)



{




a[i] = a0 * ta[i] + a1 * ta[i - 1] + a2 * ta[i - 2];




b[i] = tb[i] - b1 * tb[i - 1] - b2 * tb[i - 2];



}


}


b[2] = 0.0;


for (i = 0; i <= MAX_POLESZEROS; i++)


{



a[i] = a[i + 2];



b[i] = -b[i + 2];


}


if (Normalize)


{



sa = 0.0;



sb = 0.0;



for (i = 0; i <= MAX_POLESZEROS; i++)



{




sa += a[i];




sb += b[i];



}



g = sa / (1 - sb);



for (i = 0; i <= MAX_POLESZEROS; i++)




a[i] /= g;


}

}


20. Модуль LevelGauge.h

#ifndef _LEVELGAUGE_H_

#define _LEVELGAUGE_H_

#include <windows.h>

class TLevelGauge {

    double MaxLevel;

    double MinLevel;

    double Level;

    RECT r, r2;

    void DrawMaxLevel(HDC hDC);

public:

    TLevelGauge(RECT* r, double _MinLevel);

    void SetRect(RECT* NewRect);

    void Draw(HDC hDC);

    void DrawLevel(HDC hDC);

    void SetLevel(double _Level) {

        Level = _Level; }

};

#endif


21. Модуль LevelGauge.cpp

#include "LevelGauge.h"

#include <values.h>

#include <stdio.h>

TLevelGauge::TLevelGauge(RECT* r, double _MinLevel)

{

    SetRect(r);

    MinLevel = _MinLevel;

    MaxLevel = -MAXFLOAT;

    Level = MinLevel;

}

void TLevelGauge::SetRect(RECT* NewRect)

{

    r2 = r = *NewRect;

    r2.left += 24;

    r2.top += 16;

    r2.right -= 8;

    r2.bottom -= 8;

}

void TLevelGauge::Draw(HDC hDC)

{

    SIZE Size;

    int LevelInc;

    int Level = 0, y;

    char s[8];

    GetTextExtentPoint32(hDC, " ", 1, &Size);

    LevelInc = MinLevel / ((r2.bottom - r2.top) / (Size.cy * 2));

    SelectObject(hDC, GetStockObject(BLACK_PEN));

    SelectObject(hDC, GetStockObject(WHITE_BRUSH));

    Rectangle(hDC, r2.left, r2.top, r2.right, r2.bottom);

    DrawMaxLevel(hDC);

    SetTextAlign(hDC, TA_RIGHT);

    for (y = r2.top; y < r2.bottom;)

    {

        if (y != r2.top)

        {

            MoveToEx(hDC, r2.left, y, NULL);

            LineTo(hDC, r2.left - 2, y);

            itoa(Level, s, 10);

            TextOut(hDC, r2.left - 4, y - (Size.cy >> 1), s, lstrlen(s));

        }

        Level += LevelInc;

        y = r2.top + (r2.bottom - r2.top) * Level / MinLevel;

    }

    DrawLevel(hDC);

}

void TLevelGauge::DrawMaxLevel(HDC hDC)

{

    char s[16];

    SIZE Size;

    DWORD l;

    if (MaxLevel <= MinLevel)

        lstrcpy(s, "-Inf.");

    else

        sprintf(s, "  %.1f  ", MaxLevel);

    l = lstrlen(s);

    GetTextExtentPoint32(hDC, s, l, &Size);

    SetTextAlign(hDC, TA_CENTER);

    TextOut(hDC, (r2.right + r2.left) >> 1, (r.top + 16 - Size.cy) >> 1, s, l);

}

void TLevelGauge::DrawLevel(HDC hDC)

{

    HBRUSH hBr = CreateSolidBrush(RGB(0, 255, 0));

    RECT r;

    r.left = r2.left + 1;

    r.right = r2.right - 1;

    r.bottom = r2.bottom - 1;

    if (Level <= MinLevel) r.top = r2.bottom - 2;

    else r.top = r2.top + (r2.bottom - r2.top) * Level / MinLevel;

    SelectObject(hDC, GetStockObject(BLACK_PEN));

    SelectObject(hDC, GetStockObject(WHITE_BRUSH));

    Rectangle(hDC, r2.left, r2.top, r2.right, r2.bottom);

    FillRect(hDC, &r, hBr);

    DeleteObject(hBr);

    if (Level > MaxLevel)

    {

        MaxLevel = Level;

        DrawMaxLevel(hDC);

    }

    r.top = r2.top + (r2.bottom - r2.top) * MaxLevel / MinLevel;

    if (MaxLevel <= MinLevel) r.top = r2.bottom - 2;

    SelectObject(hDC, CreatePen(PS_SOLID, 1, RGB(255, 0, 0)));

    MoveToEx(hDC, r2.left + 1, r.top, NULL);

    LineTo(hDC, r2.right - 1, r.top);

    DeleteObject(SelectObject(hDC, GetStockObject(BLACK_PEN)));

}


22. Модуль Procs.h
// Библиотека дополнительных функций

#ifndef _PROCS_H_

#define _PROCS_H_

#include <windows.h>

#include "DSPException.h"

// функция минимума

template <class _T> inline const _T _FAR &min( const _T _FAR &__t1, const _T _FAR &__t2 )

{

    if  (__t1 < __t2)

        return __t1;

    else

        return __t2;

}

// функция максимума

template <class _T> inline const _T _FAR &max( const _T _FAR &__t1, const _T _FAR &__t2 )

{

    if  (__t1 > __t2)

        return __t1;

    else
        return __t2;

}

// функция чтения значения счетчика тактов процессора (Pentium+)

__int64 ReadTimeStampCounter();

// функция преобразования значения из линейной в логарифмическую шкалу

double LinToLog(double val);

// функция преобразования значения из логарифмической в линейную шкалу

double LogToLin(double val);

// функция округления вещественного числа до ближайшего целого

double Round(double x);

// функция округления вещественного числа до заданного знака после запятой

double RoundN(double x, int N);

// функция для получения ближайшего простого числа к заданному

int GetClosestPrimeNumber(int n);

// функция установки стиля ES_NUMBER для поля ввода

void SetNumberStyle(HWND hWnd);

// функция установки стиля WS_EX_CLIENTEDGE для окна

void SetClientEdgeStyle(HWND hWnd);

// функция быстрого вычисления двоичного логарифма

int log2(int x);

// функция вывода информации об ошибке

void DisplayDSPException(HWND hWnd, TDSPException *e);

// периодическая синусоидальная функция

double Sin(double x);

// периодическая прямоугольная функция

double Square(double x);

// периодическая прямоугольная функция 2

double Square2(double x);

// периодическая треугольная функция

double Triangle(double x);

// периодическая пилообразная функция

double Saw(double x);

#endif


23. Модуль Procs.cpp

#include "Procs.h"

#include <math.h>

#include <values.h>

extern int PrimeNumbers[];

__int64 ReadTimeStampCounter()

{

    __asm rdtsc

}

double LinToLog(double val)

{

    return val ? 20 * log10(val) : -MAXFLOAT;

}

double LogToLin(double val)

{

    return exp(M_LN10 * val / 20);

}

double Round(double x)

{

    double f = floor(x);

    if (fabs(x - f) < 0.5) return f;

    return ceil(x);

}

double RoundN(double x, int N)

{

    double p = pow(10, N), p1 = 1 / p;

    double t = fmod(x, p1);

    if (fabs(t) < p1 / 2) return x - t;

    return x - t + (x < 0 ? -p1 : p1);

}

int GetClosestPrimeNumber(int n)

{

    int i = 0;

    while (PrimeNumbers[i++] < n);

    return PrimeNumbers[i];

}

void SetNumberStyle(HWND hWnd)

{

    LONG l = GetWindowLong(hWnd, GWL_STYLE);

    SetWindowLong(hWnd, GWL_STYLE, l | ES_NUMBER);

}

void SetClientEdgeStyle(HWND hWnd)

{

    LONG l = GetWindowLong(hWnd, GWL_EXSTYLE);

    SetWindowLong(hWnd, GWL_EXSTYLE, l | WS_EX_CLIENTEDGE);

}

int log2(int x)

{

    __asm bsr eax, x

}

void DisplayDSPException(HWND hWnd, TDSPException *e)

{

    if (e->Notification)

    {

        MessageBox(hWnd, e->Description, "Ñîîáùåíèå",

            MB_OK | MB_ICONINFORMATION);

    }

    else

    {

        char ErrMsg[512];

        wsprintf(ErrMsg,

"Îïèñàíèå îøèáêè: %s\n\

Êîä îøèáêè: 0x%08X\n\

Ôàéë \"%s\"\n\

Ôóíêöèÿ: %s", e->Description[0] ? e->Description : "Íåò" , e->Code, e->FileName,

e->FunctionName[0] ? e->FunctionName : "Íåò");

        MessageBox(hWnd, ErrMsg, "Îøèáêà", MB_OK | MB_ICONSTOP);

    }

}

double Sin(double x)

{


return sin(x);

}

double Square(double x)

{


return (fmod(x, 2 * M_PI) > M_PI ? -1.0 : 1.0);

}

double Square2(double x)

{


return (fmod(x, 2 * M_PI) > M_PI ? 0.0 : 1.0);

}

double Triangle(double x)

{


double p = fmod(x, 2 * M_PI);


if (p < M_PI) return 2.0 * p / M_PI - 1.0;


p -= M_PI;


return 1.0 - 2.0 * p / M_PI;

}

double Saw(double x)

{


return fmod(x, 2 * M_PI) / (2 * M_PI) - 1.0;

}


24. Модуль RealTimeDSP.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "VirtDevs.h"

//---------------------------------------------------------------------------

USEFORM("TMainForm.cpp", MainForm);

USEFORM("TSelectDevicesDlg.cpp", SelectDevicesDlg);

USEFORM("TDSPForm.cpp", DSPForm);

USEFORM("TSelectFilterDialog.cpp", SelectFilterDialog);

USEFORM("TLHPassFilterDlg.cpp", LHPassFilterDlg);

USEFORM("TFilterSpectrumForm.cpp", FilterSpectrumForm);

USEFORM("TEchoDlg.cpp", EchoDlg);

USEFORM("TReverbDlg.cpp", ReverbDlg);

USEFORM("TMultiBandFilterDlg.cpp", MultiBandFilterDlg);

USEFORM("TDevParamDlg.cpp", DevParamDlg);

USEFORM("TDSPGraphFrm.cpp", DSPGraphFrm);

USEFORM("TDSPPerfForm.cpp", DSPPerfForm);

USEFORM("TBandFilterDlg.cpp", BandFilterDlg);

USEFORM("TSynthDlg.cpp", SynthDlg);

USEFORM("TAmpModDlg.cpp", AmpModDlg);

USEFORM("TNoiseDlg.cpp", NoiseDlg);

USEFORM("TChorusDlg.cpp", ChorusDlg);

USEFORM("TIIRFilterDlg.cpp", IIRFilterDlg);

USEFORM("TPoleZeroDlg.cpp", PoleZeroDlg);

USEFORM("TZPlaneFrm.cpp", ZPlaneFrm);

//---------------------------------------------------------------------------

WINAPI WinMain(HINSTANCE, HINSTANCE, LPSTR, int)

{

    try

    {

         Application->Initialize();

         Application->Title = "Ïðîãðàììà öèôðîâîé îáðàáîòêè çâóêîâûõ ñèãíàëîâ â ðåæèìå ðåàëüíîãî âðåìåíè";

         Application->CreateForm(__classid(TMainForm), &MainForm);

         Application->CreateForm(__classid(TSelectDevicesDlg), &SelectDevicesDlg);

         Application->CreateForm(__classid(TSelectFilterDialog), &SelectFilterDialog);

         Application->CreateForm(__classid(TLHPassFilterDlg), &LHPassFilterDlg);

         Application->CreateForm(__classid(TEchoDlg), &EchoDlg);

         Application->CreateForm(__classid(TReverbDlg), &ReverbDlg);

         Application->CreateForm(__classid(TMultiBandFilterDlg), &MultiBandFilterDlg);

         Application->CreateForm(__classid(TDevParamDlg), &DevParamDlg);

         Application->CreateForm(__classid(TBandFilterDlg), &BandFilterDlg);

         Application->CreateForm(__classid(TSynthDlg), &SynthDlg);

         Application->CreateForm(__classid(TAmpModDlg), &AmpModDlg);

         Application->CreateForm(__classid(TNoiseDlg), &NoiseDlg);

         Application->CreateForm(__classid(TChorusDlg), &ChorusDlg);

         Application->CreateForm(__classid(TIIRFilterDlg), &IIRFilterDlg);

         Application->CreateForm(__classid(TPoleZeroDlg), &PoleZeroDlg);

         Application->CreateForm(__classid(TZPlaneFrm), &ZPlaneFrm);

         Application->Run();

    }

    catch (Exception &exception)

    {

         Application->ShowException(&exception);

    }

    catch (...)

    {

         try

         {

             throw Exception("");

         }

         catch (Exception &exception)

         {

             Application->ShowException(&exception);

         }

    }

    return 0;

}

//---------------------------------------------------------------------------


25. Модуль SampleData.h

// Библиотека функций и структур для работы с выборками

#ifndef _SAMPLEDATA_H_

#define _SAMPLEDATA_H_

#include <windows.h>

#include <mmsystem.h>

// Тип значений выборок в процессе обработки

#define SampleType          float
// Класс для хранения информации о выборках

struct SampleData {

    WAVEFORMATEX Format;

    SampleType *Samples;

    int N;

};

// функция преобразования значений выборок в формат SampleType
void SamplesToSampleData(void *Input, SampleData *Data);

// Функция преобразования значений SampleType в значения выборок

void SampleDataToSamples(SampleData *Data, void *Output);

#endif


26. Модуль SampleData.cpp

#include "SampleData.h"

void SamplesToSampleData(void *Input, SampleData *Data)

{

    SampleType *Samples = Data->Samples;

    int k = Data->Format.nChannels, i, n = 0;

    BYTE *pbInput;

    short *pwInput;

    for (; n < Data->Format.nChannels; n++)

    {

        pbInput = ((BYTE *)Input) + n;

        pwInput = ((short *)Input) + n;

        if (Data->Format.wBitsPerSample == 8)

            for (i = 0; i < Data->N; i++, pbInput += k)

                *Samples++ = (SampleType)(-128 + *pbInput);

        else

            for (i = 0; i < Data->N; i++, pwInput += k)

                *Samples++ = (SampleType)*pwInput;

    }

}

void SampleDataToSamples(SampleData *Data, void *Output)

{

    SampleType *Samples = Data->Samples;

    int k = Data->Format.nChannels, i, n = 0;

    BYTE *pbOutput;

    short *pwOutput;

    for (; n < Data->Format.nChannels; n++)

    {

        pbOutput = ((BYTE *)Output) + n;

        pwOutput = ((short *)Output) + n;

        if (Data->Format.wBitsPerSample == 8)

            for (i = 0; i < Data->N; i++, pbOutput += k)

            {

                if (*Samples > 127.0f) *Samples = 127.0f;

                if (*Samples < -128.0f) *Samples = -128.0f;

                *pbOutput = (BYTE)(*Samples++ + 128);

            }

        else

            for (i = 0; i < Data->N; i++, pwOutput += k)

            {

                if (*Samples > 32767.0f) *Samples = 32767.0f;

                if (*Samples < -32768.0f) *Samples = -32768.0f;

                *pwOutput = (short)*Samples++;

            }

    }

}


27. Модуль TAmpModDlg.h

//----------------------------------------------------------------------------

#ifndef TAmpModDlgH

#define TAmpModDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <ComCtrls.hpp>

#include "Filters.h"

//----------------------------------------------------------------------------

class TAmpModDlg : public TForm

{

__published:        


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TButton *ApplyBtn;

    TLabel *Label1;

    TEdit *FreqEdit;

    TTrackBar *DepthTrackBar;

    TLabel *Label2;

    TLabel *DepthLabel;

    TRadioGroup *WaveFormGroup;

    TBevel *Bevel2;

    void __fastcall FreqEditChange(TObject *Sender);

    void __fastcall WaveFormGroupClick(TObject *Sender);

    void __fastcall DepthTrackBarChange(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

private:

    double *f;

    double *Depth;

    int *WaveForm;

    bool __fastcall Apply();

public:

    TFilter *Filter;


virtual __fastcall TAmpModDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TAmpModDlg *AmpModDlg;

//----------------------------------------------------------------------------

#endif


28. Модуль TAmpModDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TAmpModDlg.h"

#include "Procs.h"

#include "VirtDevs.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TAmpModDlg *AmpModDlg;

//---------------------------------------------------------------------

__fastcall TAmpModDlg::TAmpModDlg(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------

bool __fastcall TAmpModDlg::Apply()

{

    char msg[128];

    double t;

    try

    {

        if (FreqEdit->Text == "")

            throw "Введите значение частоты";

        try

        {

            t = StrToFloat(FreqEdit->Text);

        }

        catch (EConvertError &e)

        {

            throw "Значение частоты должно быть вещественным числом";

        }

        if (t < 0.01 || t > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение частоты должно быть в пределах от 0.01 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *f = t;

    *Depth = LogToLin(-DepthTrackBar->Position);

    *WaveForm = WaveFormGroup->ItemIndex;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------

void __fastcall TAmpModDlg::FreqEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TAmpModDlg::WaveFormGroupClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TAmpModDlg::DepthTrackBarChange(TObject *Sender)

{

    int Pos = -DepthTrackBar->Position;

    double t = LogToLin(Pos);

    DepthLabel->Caption = AnsiString(Pos) + " дБ";

    if (*Depth == t) return;

    *Depth = t;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TAmpModDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TAmpModDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TAmpModDlg::FormShow(TObject *Sender)

{

    f = (double *)Filter->GetParameter("f");

    Depth = (double *)Filter->GetParameter("Depth");

    WaveForm = (int *)Filter->GetParameter("WaveForm");

    WaveFormGroup->ItemIndex = *WaveForm;

    DepthTrackBar->Position = -Round(LinToLog(*Depth));

    FreqEdit->Text = *f;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------


29. Модуль TBandFilterDlg.h

//----------------------------------------------------------------------------

#ifndef TBandFilterDlgH

#define TBandFilterDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <ComCtrls.hpp>

#include "FIRFilters.h"

//----------------------------------------------------------------------------

class TBandFilterDlg : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TTrackBar *FreqTrackBar1;

    TTrackBar *FreqTrackBar2;

    TLabel *Label1;

    TEdit *FreqEdit1;

    TLabel *Label2;

    TEdit *FreqEdit2;

    TRadioButton *IsHammingBtn;

    TRadioButton *IsBlackmanBtn;

    TLabel *Label3;

    TListBox *KernelSizeList;

    TCheckBox *IsBandReject;

    TButton *ApplyBtn;

    void __fastcall FormShow(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall FreqEdit1Change(TObject *Sender);

    void __fastcall FreqEdit2Change(TObject *Sender);

    void __fastcall IsHammingBtnClick(TObject *Sender);

    void __fastcall IsBlackmanBtnClick(TObject *Sender);

    void __fastcall IsBandRejectClick(TObject *Sender);

    void __fastcall KernelSizeListClick(TObject *Sender);

    void __fastcall FreqTrackBar1Change(TObject *Sender);

    void __fastcall FreqTrackBar2Change(TObject *Sender);

private:

    int *fc1, *fc2;

    int *WindowType;

    int *KernelSize;

    bool *Reject;

    bool __fastcall Apply();

public:

    TFilter *Filter;


virtual __fastcall TBandFilterDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TBandFilterDlg *BandFilterDlg;

//----------------------------------------------------------------------------

#endif


30. Модуль TBandFilterDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TBandFilterDlg.h"

#include "Procs.h"

#include "VirtDevs.h"

#include <math.h>

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TBandFilterDlg *BandFilterDlg;

//---------------------------------------------------------------------

__fastcall TBandFilterDlg::TBandFilterDlg(TComponent* AOwner)


: TForm(AOwner)

{

    SetNumberStyle(FreqEdit1->Handle);

    SetNumberStyle(FreqEdit2->Handle);

}

//---------------------------------------------------------------------

void __fastcall TBandFilterDlg::FormShow(TObject *Sender)

{

    fc1 = (int *)Filter->GetParameter("fc1");

    fc2 = (int *)Filter->GetParameter("fc2");

    WindowType = (int *)Filter->GetParameter("WindowType");

    KernelSize = (int *)Filter->GetParameter("KernelSize");

    IsHammingBtn->Checked = !WindowType[0];

    IsBlackmanBtn->Checked = WindowType[0];

    Reject = (bool *)Filter->GetParameter("Reject");

    FreqTrackBar1->OnChange = NULL;

    FreqTrackBar1->Position =

        log((double)*fc1 * 2 / Filter->GetSampleRate() * (exp(5) - 1) + 1) * 20;

    FreqTrackBar1->OnChange = FreqTrackBar1Change;

    FreqTrackBar2->OnChange = NULL;

    FreqTrackBar2->Position =

        log((double)*fc2 * 2 / Filter->GetSampleRate() * (exp(5) - 1) + 1) * 20;

    FreqTrackBar2->OnChange = FreqTrackBar2Change;

    FreqEdit1->Text = *fc1;

    FreqEdit2->Text = *fc2;

    KernelSizeList->ItemIndex = ceil(log(*KernelSize) / log(2)) - 3;

    ApplyBtn->Enabled = false;

    IsBandReject->Checked = *Reject;

}

//---------------------------------------------------------------------------

bool __fastcall TBandFilterDlg::Apply()

{

    char msg[128];

    int t1, t2;

    try

    {

        if (FreqEdit1->Text == "")

            throw "Введите значение нижней частотной границы";

        if (FreqEdit2->Text == "")

            throw "Введите значение верхней частотной границы";

        t1 = StrToInt(FreqEdit1->Text);

        if (t1 < 0 || t1 > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение нижней частотной границы должно быть в пределах от 0 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

        t2 = StrToInt(FreqEdit2->Text);

        if (t2 < 0 || t2 > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение верхней частотной границы должно быть в пределах от 0 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *WindowType = !IsHammingBtn->Checked;

    *fc1 = t1;

    *fc2 = t2;

    *KernelSize = 1 << (KernelSizeList->ItemIndex + 3);

    *Reject = IsBandReject->Checked;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------

void __fastcall TBandFilterDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::FreqEdit1Change(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::FreqEdit2Change(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::IsHammingBtnClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::IsBlackmanBtnClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::IsBandRejectClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::KernelSizeListClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::FreqTrackBar1Change(TObject *Sender)

{

    *fc1 = (exp(FreqTrackBar1->Position * 0.05) - 1) /

        (exp(5) - 1) * Filter->GetSampleRate() / 2;

    FreqEdit1->Text = *fc1;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TBandFilterDlg::FreqTrackBar2Change(TObject *Sender)

{

    *fc2 = (exp(FreqTrackBar2->Position * 0.05) - 1) /

        (exp(5) - 1) * Filter->GetSampleRate() / 2;

    FreqEdit2->Text = *fc2;

    Filter->Update();

}

//---------------------------------------------------------------------------


31. Модуль TChorusDlg.h

//----------------------------------------------------------------------------

#ifndef TChorusDlgH

#define TChorusDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include "ComctlLib_OCX.h"

#include <OleCtrls.hpp>

#include <ComCtrls.hpp>

#include "Filters.h"

//----------------------------------------------------------------------------

class TChorusDlg : public TForm

{

__published:        


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TSlider *InputAmpSlider;

    TLabel *Label1;

    TLabel *InputAmpLabel;

    TLabel *ChorusAmpLabel;

    TSlider *ChorusAmpSlider;

    TLabel *Label4;

    TBevel *Bevel2;

    TLabel *Label5;

    TEdit *VocEdit;

    TUpDown *Voices;

    TLabel *Label6;

    TEdit *ChorusDelayEdit;

    TSlider *ChorusDelaySlider;

    TSlider *ModRateSlider;

    TLabel *Label7;

    TEdit *ModRateEdit;

    TLabel *Label8;

    TSlider *ModDepthSlider;

    TLabel *ModDepthLabel;

    TButton *ApplyBtn;

    void __fastcall FormShow(TObject *Sender);

    void __fastcall InputAmpSliderChange(TObject *Sender);

    void __fastcall ChorusAmpSliderChange(TObject *Sender);

    void __fastcall VoicesClick(TObject *Sender, TUDBtnType Button);

    void __fastcall ChorusDelayEditChange(TObject *Sender);

    void __fastcall ModRateEditChange(TObject *Sender);

    void __fastcall ModDepthSliderChange(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall ChorusDelaySliderChange(TObject *Sender);

    void __fastcall ModRateSliderChange(TObject *Sender);

private:

    double *InputAmp;

    double *ChorusAmp;

    int *NumVoices;

    double *ChorusDelay;

    double *ModRate;

    int *ModDepth;

    bool __fastcall Apply();

public:

    TFilter *Filter;


virtual __fastcall TChorusDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TChorusDlg *ChorusDlg;

//----------------------------------------------------------------------------

#endif


32. Модуль TChorusDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TChorusDlg.h"

#include "Procs.h"

#include <math.h>

//---------------------------------------------------------------------

#pragma link "ComctlLib_OCX"

#pragma resource "*.dfm"

TChorusDlg *ChorusDlg;

//---------------------------------------------------------------------

__fastcall TChorusDlg::TChorusDlg(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------

void __fastcall TChorusDlg::FormShow(TObject *Sender)

{

    InputAmp = (double *)Filter->GetParameter("InputAmp");

    ChorusAmp = (double *)Filter->GetParameter("ChorusAmp");

    NumVoices = (int *)Filter->GetParameter("NumVoices");

    ChorusDelay = (double *)Filter->GetParameter("ChorusDelay");

    ModRate = (double *)Filter->GetParameter("ModRate");

    ModDepth = (int *)Filter->GetParameter("ModDepth");

    InputAmpSlider->SelStart = -(int)LinToLog(*InputAmp);

    ChorusAmpSlider->SelStart = -(int)LinToLog(*ChorusAmp);

    Voices->Position = *NumVoices;

    ChorusDelaySlider->SelStart = (int)*ChorusDelay;

    ChorusDelayEdit->Text = *ChorusDelay;

    ModRateSlider->SelStart = (log10(*ModRate) + 3) * 23.25;

    ModRateEdit->Text = *ModRate;

    ModDepthSlider->SelStart = *ModDepth;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::InputAmpSliderChange(TObject *Sender)

{

    int Pos = -InputAmpSlider->SelStart;

    InputAmpLabel->Caption = AnsiString(Pos) + " дБ";

    *InputAmp = LogToLin(Pos);

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ChorusAmpSliderChange(TObject *Sender)

{

    int Pos = -ChorusAmpSlider->SelStart;

    ChorusAmpLabel->Caption = AnsiString(Pos) + " дБ";

    *ChorusAmp = LogToLin(Pos);

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::VoicesClick(TObject *Sender, TUDBtnType Button)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ChorusDelayEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ModRateEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ModDepthSliderChange(TObject *Sender)

{

    *ModDepth = ModDepthSlider->SelStart;

    ModDepthLabel->Caption = AnsiString(*ModDepth) + '%';

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

bool __fastcall TChorusDlg::Apply()

{

    double t1, t2;

    try

    {

        if (ChorusDelayEdit->Text == "")

            throw "Введите значение задержки";

        try
        {

            t1 = StrToFloat(ChorusDelayEdit->Text);

        }

        catch (EConvertError &e)

        {

            throw "Значение задержки должно быть вещественным числом";

        }

        if (t1 < 0.1 || t1 > 100.0)

            throw "Значение задержки должно быть в пределах от 0,1 до 100 мс.";

        if (ModRateEdit->Text == "")

            throw "Введите значение частоты модуляции";

        try

        {

            t2 = StrToFloat(ModRateEdit->Text);

        }

        catch (EConvertError &e)

        {

            throw "Значение частоты модуляции должно быть вещественным числом";

        }

        if (t2 < 0.001 || t2 > 20.0)

            throw "Значение частоты модуляции должно быть в пределах от 0,001 до 20 Гц";

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *NumVoices = Voices->Position;

    *ChorusDelay = t1;

    *ModRate = t2;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ChorusDelaySliderChange(TObject *Sender)

{

    int Pos = ChorusDelaySlider->SelStart;

    ChorusDelayEdit->Text = Pos;

    *ChorusDelay = Pos;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TChorusDlg::ModRateSliderChange(TObject *Sender)

{

    double t = pow(10, ModRateSlider->SelStart / 23.25 - 3);

    char s[32];

    if (t > 20) t = 20;

    sprintf(s, "%.4f", t);

    *(strchr(s, '.')) = ',';

    ModRateEdit->Text = s;

    *ModRate = t;

    Filter->Update();

}

//---------------------------------------------------------------------------


33. Модуль TDevParamDlg.h

//----------------------------------------------------------------------------

#ifndef TDevParamDlgH

#define TDevParamDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <ComCtrls.hpp>

#include "VirtDevs.h"

#include <Dialogs.hpp>

//----------------------------------------------------------------------------

class TDevParamDlg : public TForm

{

__published:        


TButton *OKBtn;


TButton *CancelBtn;

    TPageControl *PageControl;

    TTabSheet *DataFormatSheet;

    TButton *ApplyBtn;

    TLabel *Label1;

    TListBox *FormatsList;

    TTabSheet *FileNameSheet;

    TLabel *Label2;

    TEdit *FileName;

    TButton *BrowseBtn;

    TOpenDialog *OpenDialog;

    TSaveDialog *SaveDialog;

    void __fastcall FormCreate(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

    void __fastcall Apply();

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall FormatsListClick(TObject *Sender);

    void __fastcall FileNameChange(TObject *Sender);

    void __fastcall BrowseBtnClick(TObject *Sender);

private:

    WAVEFORMATEX *DataFormat;

public:

    TAudioDevice *Dev;


virtual __fastcall TDevParamDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TDevParamDlg *DevParamDlg;

//----------------------------------------------------------------------------

#endif


34. Модуль TDevParamDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TDevParamDlg.h"

#include "AudioFormats.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TDevParamDlg *DevParamDlg;

//---------------------------------------------------------------------

__fastcall TDevParamDlg::TDevParamDlg(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------

void __fastcall TDevParamDlg::FormCreate(TObject *Sender)

{

    char buf[128];

    for (int i = 0; i < NUM_FORMATS; i++)

    {

        AudioFormatToStr(i, buf);

        FormatsList->Items->Add(buf);

    }

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::FormShow(TObject *Sender)

{

    DataFormat = Dev->GetBuffer()->GetDataFormat();

    FormatsList->ItemIndex = GetFormatIndex(DataFormat);

    switch (Dev->Type)

    {

        case DEV_TYPE_DSPLAYBACK:

        case DEV_TYPE_DSRECORDING:

        case DEV_TYPE_WAVEAUDIOPLAYBACK:

        case DEV_TYPE_WAVEAUDIORECORDING:

            DataFormatSheet->TabVisible = true;

            FileNameSheet->TabVisible = false;

            break;

        case DEV_TYPE_WAVEFILEPLAYBACK:

            FileName->Text = ((TWAVEFilePlaybackDevice *)Dev)->GetFileName();

            DataFormatSheet->TabVisible = true;

            FileNameSheet->TabVisible = true;

            break;

        case DEV_TYPE_WAVEFILERECORDING:

            FileName->Text = ((TWAVEFileRecordingDevice *)Dev)->GetFileName();

            DataFormatSheet->TabVisible = false;

            FileNameSheet->TabVisible = true;

    }

    ApplyBtn->Enabled = false;

    if (DataFormatSheet->TabVisible)

        PageControl->ActivePage = DataFormatSheet;

    OKBtn->SetFocus();

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::Apply()

{

    *DataFormat = AudioFormats[FormatsList->ItemIndex];

    if (Dev->Type == DEV_TYPE_WAVEFILEPLAYBACK)

        lstrcpy(((TWAVEFilePlaybackDevice *)Dev)->GetFileName(), FileName->Text.c_str());

    else if (Dev->Type == DEV_TYPE_WAVEFILERECORDING)

        lstrcpy(((TWAVEFileRecordingDevice *)Dev)->GetFileName(), FileName->Text.c_str());

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::ApplyBtnClick(TObject *Sender)

{

    Apply();

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::OKBtnClick(TObject *Sender)

{

    Apply();

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::FormatsListClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::FileNameChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TDevParamDlg::BrowseBtnClick(TObject *Sender)

{

    if (Dev->Type == DEV_TYPE_WAVEFILERECORDING)

    {

        if (OpenDialog->Execute())

            FileName->Text = OpenDialog->FileName;

    }

    else if (Dev->Type == DEV_TYPE_WAVEFILEPLAYBACK)

    {

        if (SaveDialog->Execute())

            FileName->Text = SaveDialog->FileName;

    }

}

//---------------------------------------------------------------------------


35. Модуль TDSPForm.h

//---------------------------------------------------------------------------

#ifndef TDSPFormH

#define TDSPFormH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <Controls.hpp>

#include <StdCtrls.hpp>

#include <Forms.hpp>

#include <Buttons.hpp>

#include <ComCtrls.hpp>

#include <ToolWin.hpp>

#include <ExtCtrls.hpp>

#include "VirtDevs.h"

#include "TProcessingThread.h"

#include <CheckLst.hpp>

#include <Dialogs.hpp>

#include "Filters.h"

#include <ImgList.hpp>

#include "LevelGauge.h"

//---------------------------------------------------------------------------

class TDSPForm : public TForm

{

__published:
// IDE-managed Components

    TControlBar *ControlBar;

    TSaveDialog *SaveDialog1;

    TOpenDialog *OpenDialog1;

    TSaveDialog *SaveDialog2;

    TOpenDialog *OpenDialog2;

    TToolBar *ToolBar2;

    TToolBar *ToolBar1;

    TToolButton *AddBtn;

    TToolButton *DelBtn;

    TToolButton *UpBtn;

    TToolButton *DownBtn;

    TToolButton *ToolButton5;

    TToolButton *BuildGraphBtn;

    TToolButton *BuildGraphAllBtn;

    TToolButton *ToolButton8;

    TToolButton *SaveBtn;

    TToolButton *LoadBtn;

    TToolButton *SaveAllBtn;

    TToolButton *LoadAllBtn;

    TImageList *ToolBarImageList;

    TToolButton *PlayBtn;

    TToolButton *PauseBtn;

    TPanel *Panel1;

    TCheckListBox *FilterListBox;

    TSplitter *Splitter1;

    TTreeView *DSPGraphView;

    TPanel *LevelGaugePanel;

    TBevel *Bevel1;

    TPaintBox *PaintBox;

    TImageList *TreeImageList;

    void __fastcall FormClose(TObject *Sender, TCloseAction &Action);

    void __fastcall DSPGraphViewDblClick(TObject *Sender);

    void __fastcall AddBtnClick(TObject *Sender);

    void __fastcall DelBtnClick(TObject *Sender);

    void __fastcall UpBtnClick(TObject *Sender);

    void __fastcall DownBtnClick(TObject *Sender);

    void __fastcall FilterListBoxClick(TObject *Sender);

    void __fastcall SaveBtnClick(TObject *Sender);

    void __fastcall LoadBtnClick(TObject *Sender);

    void __fastcall SaveAllBtnClick(TObject *Sender);

    void __fastcall LoadAllBtnClick(TObject *Sender);

    void __fastcall FilterListBoxDblClick(TObject *Sender);

    void __fastcall BuildGraphBtnClick(TObject *Sender);

    void __fastcall FilterListBoxClickCheck(TObject *Sender);

    void __fastcall FilterListBoxKeyDown(TObject *Sender, WORD &Key,

          TShiftState Shift);

    void __fastcall BuildGraphAllBtnClick(TObject *Sender);

    void __fastcall PlayBtnClick(TObject *Sender);

    void __fastcall PauseBtnClick(TObject *Sender);

    void __fastcall LevelGaugePanelResize(TObject *Sender);

    void __fastcall PaintBoxPaint(TObject *Sender);

private:
// User declarations

    TLevelGauge* LevelGauge[2];

    TFilterList* FilterList;

    TRecordingDevice* InputDevice;

    TPlaybackDevsList* OutputDevices;

    TProcessingThread *ProcessingThread;

    void __fastcall ProcessThreadMsg(TMessage &Message);

    void __fastcall UpdateLevels();

public:

// User declarations

    __fastcall TDSPForm(TComponent* Owner,

        TRecordingDevice* _InputDevice, TPlaybackDevsList* _OutputDevices);

    __fastcall ~TDSPForm();

    BEGIN_MESSAGE_MAP

        MESSAGE_HANDLER(MSG_THREAD, TMessage, ProcessThreadMsg)

    END_MESSAGE_MAP(TForm)

};

//---------------------------------------------------------------------------

#endif


36. Модуль TDSPForm.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TDSPForm.h"

#include "DSPException.h"

#include "TDSPGraphFrm.h"

#include "TDSPPerfForm.h"

#include "TSelectFilterDialog.h"

#include "TFilterSpectrumForm.h"

#include "CRCfstream.h"

#include "Procs.h"

#include <math.h>

#define INPUT_GRAPH         0

#define OUTPUT_GRAPH        1

#define LEVELGAUGE_WIDTH    48

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

//---------------------------------------------------------------------------

__fastcall TDSPForm::TDSPForm(TComponent* Owner,

    TRecordingDevice* _InputDevice, TPlaybackDevsList* _OutputDevices)

    : TForm(Owner)

{

    InputDevice = _InputDevice;

    OutputDevices = _OutputDevices;

    try

    {

        InputDevice->Create();

        OutputDevices->Create();

    }

    catch (TDSPException e)

    {

        delete InputDevice;

        delete OutputDevices;

        throw e;

    }

    int nChannels = _InputDevice->GetBuffer()->GetDataFormat()->nChannels;

    LevelGauge[0] = LevelGauge[1] = NULL;

    FilterList = new TFilterList(

        InputDevice->GetBuffer()->GetDataFormat()->nSamplesPerSec);

    ProcessingThread = new TProcessingThread(true, Handle,

        InputDevice, OutputDevices, FilterList);

    RECT r = {0,0,0,0};

    for (int i = 0; i < nChannels; i++)

        LevelGauge[i] = new TLevelGauge(&r, LinToLog(1.0 /

            (1 << InputDevice->GetBuffer()->GetDataFormat()->wBitsPerSample)));

    LevelGaugePanel->ClientWidth = LEVELGAUGE_WIDTH * nChannels;

}

//---------------------------------------------------------------------------

__fastcall TDSPForm::~TDSPForm()

{

    ProcessingThread->Resume();

    ProcessingThread->Terminate();

    ProcessingThread->WaitFor();

    delete ProcessingThread;

    delete InputDevice;

    delete OutputDevices;

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::FormClose(TObject *Sender, TCloseAction &Action)

{

    delete this;

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::ProcessThreadMsg(TMessage &Message)

{

    TForm *MDIFrm = Application->MainForm, *ChildFrm;

    TDSPGraphFrm* GraphFrm;

    if (Message.WParam == TRUE)

    {

        Close();

        return;

    }

    for (int i = MDIFrm->MDIChildCount - 1; i >= 0; i--)

    {

        ChildFrm = MDIFrm->MDIChildren[i];

        if (ChildFrm->InheritsFrom(__classid(TDSPGraphFrm)))

        {

            GraphFrm = (TDSPGraphFrm*)ChildFrm;

            if (GraphFrm->ParentDSPForm != this) continue;

            if (GraphFrm->GraphID == INPUT_GRAPH)

                GraphFrm->DrawGraph(ProcessingThread->InBuf);

            else

            if (GraphFrm->GraphID == OUTPUT_GRAPH)

                GraphFrm->DrawGraph(ProcessingThread->OutBuf);

        }

        else if (ChildFrm->InheritsFrom(__classid(TDSPPerfForm)))

            ((TDSPPerfForm*)ChildFrm)->DrawGraph(ProcessingThread->dt);

    }

    UpdateLevels();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::DSPGraphViewDblClick(TObject *Sender)

{

    TTreeNode* Node = DSPGraphView->Selected;

    if (!Node) return;

    if (!Node->Parent->Index)

    {

        TDSPGraphFrm* Graph;

        switch (Node->Index)

        {

            case 0:

                Graph = new TDSPGraphFrm(this, "Входной сигнал");

                Graph->GraphID = INPUT_GRAPH;

                break;

            case 1:

                Graph = new TDSPGraphFrm(this, "Выходной сигнал");

                Graph->GraphID = OUTPUT_GRAPH;

                break;

            case 2:

            {

                TDSPPerfForm* PerfForm = new TDSPPerfForm(this,

                    InputDevice->GetBuffer()->GetSamples() * 1000 /

                    InputDevice->GetBuffer()->GetDataFormat()->nSamplesPerSec,

                    0);

                PerfForm->ParentDSPForm = this;

                return;

            }

            case 3:

                if (BuildGraphBtn->Enabled)

                    BuildGraphBtnClick(NULL);

                return;

            case 4:

                if (BuildGraphAllBtn->Enabled)

                    BuildGraphAllBtnClick(NULL);

                return;

            default: return;

        }

        Graph->ParentDSPForm = this;

        Graph->SetGraphInfo(InputDevice->GetBuffer()->GetDataFormat(),

            InputDevice->GetBuffer()->GetSamples());

    }

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::AddBtnClick(TObject *Sender)

{

    TFilter *Filter = NULL;

    if (SelectFilterDialog->ShowModal() != mrOk) return;

    int index = SelectFilterDialog->FilterListBox->ItemIndex;

    if ((Filter = NewFilter(index,

        InputDevice->GetBuffer()->GetDataFormat()->nSamplesPerSec)) == NULL)

        return;

    Filter->SetParametersDlg();

    FilterList->Add(Filter);

    FilterListBox->Checked[FilterListBox->

        Items->Add(FilterNames[index])] = true;

    FilterListBoxClick(NULL);

    SaveAllBtn->Enabled = true;

    BuildGraphAllBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::DelBtnClick(TObject *Sender)

{

    FilterList->Del(FilterListBox->ItemIndex);

    FilterListBox->Items->Delete(FilterListBox->ItemIndex);

    FilterListBoxClick(NULL);

    SaveAllBtn->Enabled = FilterList->GetNumFilters();

    BuildGraphAllBtn->Enabled = FilterList->GetNumFilters();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::UpBtnClick(TObject *Sender)

{

    int k = FilterListBox->ItemIndex;

    if (k == 1)

    {

        UpBtn->Enabled = false;

        DownBtn->Enabled = true;

    }

    FilterList->Exchange(k, k - 1);

    FilterListBox->Items->Exchange(k, k - 1);

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::DownBtnClick(TObject *Sender)

{

    int k = FilterListBox->ItemIndex;

    if (k == FilterList->GetNumFilters() - 2)

    {

        DownBtn->Enabled = false;

        UpBtn->Enabled = true;

    }

    FilterList->Exchange(k, k + 1);

    FilterListBox->Items->Exchange(k, k + 1);

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::BuildGraphBtnClick(TObject *Sender)

{

    new TFilterSpectrumForm(this, NULL,

        (*FilterList)[FilterListBox->ItemIndex], false);

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::BuildGraphAllBtnClick(TObject *Sender)

{

    new TFilterSpectrumForm(this, FilterList, NULL, true);

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::FilterListBoxClick(TObject *Sender)

{

    FilterListBox->SetFocus();

    int k = FilterListBox->ItemIndex;

    bool b = k != -1;

    DelBtn->Enabled = b;

    LoadBtn->Enabled = b;

    SaveBtn->Enabled = b;

    BuildGraphBtn->Enabled = b;

    UpBtn->Enabled = b && k;

    DownBtn->Enabled = b && k < FilterList->GetNumFilters() - 1;

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::SaveBtnClick(TObject *Sender)

{

    if (!SaveDialog1->Execute()) return;

    CRCofstream out(SaveDialog1->FileName.c_str(), ios::binary);

    if (!out)

    {

        Application->MessageBox("Невозможно создать файл!", "Ошибка",

            MB_OK | MB_ICONSTOP);

        return;

    }

    (*FilterList)[FilterListBox->ItemIndex]->SaveToStream(out);

    out.close();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::LoadBtnClick(TObject *Sender)

{

    if (!OpenDialog1->Execute()) return;

    CRCifstream in(OpenDialog1->FileName.c_str(), ios::binary);

    try
    {

        if (!in) throw "Невозможно открыть файл!";

        if (!in.CRCOk) throw "Ошибка контрольной суммы!";

        (*FilterList)[FilterListBox->ItemIndex]->LoadFromStream(in);

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONSTOP);

    }

    in.close();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::SaveAllBtnClick(TObject *Sender)

{

    if (!SaveDialog2->Execute()) return;

    CRCofstream out(SaveDialog2->FileName.c_str(), ios::binary);

    if (!out)

    {

        Application->MessageBox("Невозможно создать файл!", "Ошибка",

            MB_OK | MB_ICONSTOP);

        return;

    }

    FilterList->SaveToStream(out);

    out.close();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::LoadAllBtnClick(TObject *Sender)

{

    if (!OpenDialog2->Execute()) return;

    CRCifstream in(OpenDialog2->FileName.c_str(), ios::binary);

    try
    {

        if (!in) throw "Невозможно открыть файл!";

        if (!in.CRCOk) throw "Ошибка контрольной суммы!";

        FilterList->LoadFromStream(in);

        FilterListBox->Items->Clear();

        int i = 0, k = FilterList->GetNumFilters();

        SaveAllBtn->Enabled = k;

        BuildGraphAllBtn->Enabled = k;

        for (; i < k; i++)

            FilterListBox->Checked[FilterListBox->Items->Add(

                FilterNames[(*FilterList)[i]->ID])] =

                FilterList->IsEnabled(i);

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONSTOP);

    }

    in.close();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::FilterListBoxDblClick(TObject *Sender)

{

    (*FilterList)[FilterListBox->ItemIndex]->SetParametersDlg();

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::FilterListBoxClickCheck(TObject *Sender)

{

    int k = FilterListBox->ItemIndex;

    FilterList->EnableFilter(k, FilterListBox->Checked[k]);

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::FilterListBoxKeyDown(TObject *Sender, WORD &Key,

      TShiftState Shift)

{

    switch (Key)

    {

        case VK_INSERT: AddBtnClick(NULL); break;

        case VK_DELETE: DelBtnClick(NULL);

    }

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::PlayBtnClick(TObject *Sender)

{

    ProcessingThread->Start();

    PlayBtn->Enabled = false;

    PauseBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::PauseBtnClick(TObject *Sender)

{

    ProcessingThread->Stop();

    PlayBtn->Enabled = true;

    PauseBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::UpdateLevels()

{

    TAudioBuffer *Buffer = ProcessingThread->InBuf;

    WAVEFORMATEX* wfx = Buffer->GetDataFormat();

    void* buf = Buffer->GetBuffer();

    int i, n, k = Buffer->GetSamples(), MaxLevel, t;

    int m = wfx->nChannels;

    int MaxVal = 1 << wfx->wBitsPerSample;

    double MinLevel = LinToLog(1.0 / MaxVal), Level;

    for (n = 0; n < m; n++)

    {

        MaxLevel = 0;

        i = 0;

        if (wfx->wBitsPerSample == 8)

        {

            char* p;

            p = ((char*)buf) + n;

            for (; i < k; i++, p += m)

            {

                t = (char)(*p - 128);

                if (t < 0) t = -t;

                if (t > MaxLevel) MaxLevel = t;

            }

        }

        else

        {

            short* p;

            p = ((short*)buf) + n;

            for (; i < k; i++, p += m)

            {

                t = *p;

                if (t < 0) t = -t;

                if (t > MaxLevel) MaxLevel = t;

            }

        }

        Level = LinToLog((double)MaxLevel / (MaxVal / 2));

        if (Level < MinLevel) Level = MinLevel;

        LevelGauge[n]->SetLevel(Level);

        LevelGauge[n]->DrawLevel(PaintBox->Canvas->Handle);

    }

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::LevelGaugePanelResize(TObject *Sender)

{

    RECT r;

    r.left = 0;

    r.top = 0;

    r.right = LEVELGAUGE_WIDTH;

    r.bottom = PaintBox->Height;

    for (int i = 0; i < 2; i++)

    {

        if (LevelGauge[i])

            LevelGauge[i]->SetRect(&r);

        r.left += LEVELGAUGE_WIDTH;

        r.right += LEVELGAUGE_WIDTH;

    }

}

//---------------------------------------------------------------------------

void __fastcall TDSPForm::PaintBoxPaint(TObject *Sender)

{

    for (int i = 0; i < 2; i++)

        if (LevelGauge[i])

            LevelGauge[i]->Draw(PaintBox->Canvas->Handle);

}

//---------------------------------------------------------------------------


37. Модуль TDSPGraphFrm.h

//---------------------------------------------------------------------------

#ifndef TDSPGraphFrmH

#define TDSPGraphFrmH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <Controls.hpp>

#include <StdCtrls.hpp>

#include <Forms.hpp>

#include <mmsystem.h>

#include "VirtDevs.h"

#include "Graph.h"

#include <Menus.hpp>

//---------------------------------------------------------------------------

class TDSPGraphFrm : public TForm

{

__published:
// IDE-managed Components

    TPopupMenu *PopupMenu;

    TMenuItem *iSamples;

    TMenuItem *iHistogram;

    TMenuItem *iSpectrogram;

    void __fastcall FormCreate(TObject *Sender);

    void __fastcall FormClose(TObject *Sender, TCloseAction &Action);

    void __fastcall FormResize(TObject *Sender);

    void __fastcall GraphTypeClick(TObject *Sender);

private:
// User declarations

    TImage* Images[2];

    int GraphType;

    int GraphW, GraphH;

    int MaxTime;

    int GraphPos;

    AnsiString GraphName;

    TGraph* Graph[2];

    WAVEFORMATEX DataFormat;

    DWORD BlockSamples;

    void __fastcall OnUpdateInfo();

    void __fastcall UpdateCaption();

public:

// User declarations

    TForm *ParentDSPForm;

    int GraphID;

    __fastcall TDSPGraphFrm(TComponent* Owner, AnsiString _GraphName);

    void __fastcall SetGraphInfo(WAVEFORMATEX* wfx, DWORD _BlockSamples);

    void __fastcall DrawGraph(TAudioBuffer* Buffer);

};

//---------------------------------------------------------------------------

extern PACKAGE TDSPGraphFrm *DSPGraphFrm;

//---------------------------------------------------------------------------

#endif


38. Модуль TDSPGraphFrm.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#define GRAPH_TYPE_SAMPLES          0

#define GRAPH_TYPE_HISTOGRAM        1

#define GRAPH_TYPE_SPECTROGRAM      2

#define MIN_GRAPH_WIDTH             320

#define MIN_GRAPH_HEIGHT            224

#define GRAPH_SPACE                 16

#include "TDSPGraphFrm.h"

#include "Procs.h"

#include "FFT.h"

#include "FIRKernels.h"

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

TDSPGraphFrm *DSPGraphFrm;

//---------------------------------------------------------------------------

__fastcall TDSPGraphFrm::TDSPGraphFrm(TComponent* Owner, AnsiString _GraphName)

    : TForm(Owner)

{

    GraphName = _GraphName;

    GraphW = ClientWidth;

    GraphH = ClientHeight;

    GraphType = GRAPH_TYPE_SAMPLES;

    Graph[0] = Graph[1] = NULL;

    Images[0] = Images[1] = NULL;

    OnResize(NULL);

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::FormCreate(TObject *Sender)

{

    SetClientEdgeStyle(Handle);

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::FormClose(TObject *Sender,

      TCloseAction &Action)

{

    delete this;

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::SetGraphInfo(WAVEFORMATEX* wfx, DWORD _BlockSamples)

{

    BlockSamples = _BlockSamples;

    DataFormat = *wfx;

    MaxTime = BlockSamples * 1000 / DataFormat.nSamplesPerSec;

    OnUpdateInfo();

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::DrawGraph(TAudioBuffer* Buffer)

{

    int i = 0, j, k = Buffer->GetSamples();

    double c = 4.0 / (k * (1 << (DataFormat.wBitsPerSample - 1)));

    int k4 = k >> 2, m, v;

    double p, q = -LinToLog(c * k * 0.5), s = 255.0 / q;

    int n = DataFormat.nChannels;

    BYTE *buf, *p_buf;

    char *p8, *t8;

    short *p16, *t16;

    RECT r;

    int w, h;

    for (; i < n; i++)

    {

        if (!Graph[i]) continue;

        r = Graph[i]->GetGraphRect();

        w = r.right - r.left;

        h = r.bottom - r.top;

        t8 = ((char*)Buffer->GetBuffer()) + i;

        t16 = ((short*)Buffer->GetBuffer()) + i;

        switch (GraphType)

        {

            case GRAPH_TYPE_SAMPLES:

                buf = new BYTE[k * DataFormat.nBlockAlign];

                p8 = (char*)buf;

                p16 = (short*)buf;

                if (DataFormat.wBitsPerSample == 8)

                {

                    for (j = 0; j < k; j++, t8 += n)

                        *p8++ = *t8 - 128;

                    Graph[i]->DrawGraph(Images[i]->Canvas->Handle,

                        (char*)buf, k, false);

                }

                else

                {

                    for (j = 0; j < k; j++, t16 += n)

                        *p16++ = *t16;

                    Graph[i]->DrawGraph(Images[i]->Canvas->Handle,

                        (short*)buf, k, false);

                }

                delete buf;

                break;

            case GRAPH_TYPE_SPECTROGRAM:

            case GRAPH_TYPE_HISTOGRAM:

            {

                SampleType *re_x = new SampleType[k << 1], *tr = re_x;

                SampleType *im_x = new SampleType[k << 1], *ti = im_x;

                if (GraphType == GRAPH_TYPE_HISTOGRAM)

                {

                    if (DataFormat.wBitsPerSample == 8)

                        for (j = 0; j < k; j++, t8 += n)

                            *tr++ = (char)(*t8 - 128);

                    else

                        for (j = 0; j < k; j++, t16 += n)

                            *tr++ = *t16;

                    tr = re_x;

                    for (j = 0; j < k; j++)

                        *tr++ *= Blackman(k, j);

                    ForwardFFT(k, re_x, im_x);

                    tr = re_x;

                    ti = im_x;

                    for (j = 0; j < k; j++, tr++)

                    {

                        *tr = LinToLog(sqrt(*tr * *tr + *ti * *ti) * c);

                        if (*tr < -100) *tr = -100;

                    }

                    Graph[i]->DrawGraph(Images[i]->Canvas->Handle,

                        (SampleType*)re_x, k >> 1, true);

                }

                else

                {

                    HDC hDC = Images[i]->Canvas->Handle;

                    int x = r.left + GraphPos;

                    double u, u_inc = (double)k4 / 2 / h;

                    HDC hMemDC = CreateCompatibleDC(hDC);

                    HBITMAP hBm = CreateCompatibleBitmap(hDC, 4, h);

                    BITMAPINFO* bi =

                        (BITMAPINFO*)new BYTE[sizeof(BITMAPINFO) + 1024];

                    ZeroMemory(bi, sizeof(BITMAPINFO) + 1024);

                    buf = new BYTE[h << 2];

                    p_buf = buf;

                    for (m = 0; m < 4; m++)

                    {

                        p_buf = buf + m;

                        tr = re_x;

                        if (DataFormat.wBitsPerSample == 8)

                            for (j = 0; j < k4; j++, t8 += n)

                                *tr++ = (char)(*t8 - 128);

                        else

                            for (j = 0; j < k4; j++, t16 += n)

                                *tr++ = *t16;

                        tr = re_x;

                        for (j = 0; j < k4; j++)

                            *tr++ *= Blackman(k4, j);

                        ForwardFFT(k4, re_x, im_x);

                        for (j = 0, u = 0; j < h; j++, u += u_inc)

                        {

                            v = (int)u;

                            p = -LinToLog(sqrt(re_x[v] * re_x[v] +

                                im_x[v] * im_x[v]) * c);

                            if (p > q) p = q;

                            *p_buf = s * p;

                            p_buf += 4;

                        }

                    }

                    bi->bmiHeader.biSize = sizeof(BITMAPINFOHEADER);

                    bi->bmiHeader.biWidth = 4;

                    bi->bmiHeader.biHeight = h;

                    bi->bmiHeader.biPlanes = 1;

                    bi->bmiHeader.biBitCount = 8;

                    bi->bmiHeader.biCompression = BI_RGB;

                    for (j = 0; j < 256; j++)

                    {

                        bi->bmiColors[j].rgbRed = j;

                        bi->bmiColors[j].rgbGreen = j;

                        bi->bmiColors[j].rgbBlue = j;

                    }

                    SetDIBits(hDC, hBm, 0, -h, buf, bi, DIB_RGB_COLORS);

                    SelectObject(hMemDC, hBm);

                    SelectObject(hDC, GetStockObject(BLACK_PEN));

                    if ((m = r.right - x - 2) < 4)

                    {

                        BitBlt(hDC, x, r.top, m, h, hMemDC, 0, 0, SRCCOPY);

                        BitBlt(hDC, r.left, r.top, 4 - m, h,

                            hMemDC, 0, 0, SRCCOPY);

                        x = r.left + 4 - m;

                    }

                    else

                        BitBlt(hDC, x, r.top, 4, h, hMemDC, 0, 0, SRCCOPY);

                    MoveToEx(hDC, x + 4, r.bottom, NULL);

                    LineTo(hDC, x + 4, r.top - 1);

                    DeleteDC(hMemDC);

                    DeleteObject(hBm);

                    delete bi;

                    delete buf;

                }

                delete re_x;

                delete im_x;

            }

        }

    }

    GraphPos += 4;

    GraphPos %= w;

    InvalidateRect(Handle, NULL, FALSE);

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::FormResize(TObject *Sender)

{

    GraphW = ClientWidth;

    GraphH = ClientHeight;

    if (GraphW < MIN_GRAPH_WIDTH) GraphW = MIN_GRAPH_WIDTH;

    if (GraphH < MIN_GRAPH_HEIGHT) GraphH = MIN_GRAPH_HEIGHT;

    RECT r;

    r.top = r.left = 0;

    r.right = GraphW;

    r.bottom = GraphH;

    for (int i = 0; i < 2; i++)

    {

        if (Images[i]) delete Images[i];

        Images[i] = new TImage(this);

        InsertControl(Images[i]);

        Images[i]->Width = GraphW;

        Images[i]->Height = GraphH;

        Images[i]->Left = i * (GraphW + GRAPH_SPACE);

        if (Graph[i])

        {

            Graph[i]->SetRect(&r);

            if (GraphType == GRAPH_TYPE_SPECTROGRAM)

            {

                GraphPos = 0;

                Graph[i]->MaxX = (r.right - r.left) / 4 * MaxTime / 1000;

            }

            Graph[i]->Redraw(Images[i]->Canvas->Handle);

        }

    }

    if (Graph[0])

        HorzScrollBar->Range = GraphW * DataFormat.nChannels +

            GRAPH_SPACE * (DataFormat.nChannels - 1);

    VertScrollBar->Range = GraphH;

    HorzScrollBar->Position = 0;

    VertScrollBar->Position = 0;

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::OnUpdateInfo()

{

    char name[128] = "";

    bool DrawTitle = DataFormat.nChannels > 1;

    int i = 0, MaxVal = 1 << DataFormat.wBitsPerSample;

    RECT r;

    r.top = r.left = 0;

    r.right = GraphW;

    r.bottom = GraphH;

    for (; i < DataFormat.nChannels; i++)

    {

        if (Graph[i])

        {

            delete Graph[i];

            Graph[i] = NULL;

        }

        if (DataFormat.nChannels > 1)

        {

            if (!i) lstrcpy(name, "Правый");

            else lstrcpy(name, "Левый");

            lstrcat(name, " канал");

        }

        switch (GraphType)

        {

            case GRAPH_TYPE_SAMPLES:

                Graph[i] = new TGraph(&r,

                    "Время, мс", MaxTime,

                    "Амплитуда, дБ", MaxVal / 2,

                    0, 1, -MaxVal / 2, MaxVal / 16,

                    name, DrawTitle);

                Graph[i]->Logarithmic = true;

                Graph[i]->Polar = true;

                break;

            case GRAPH_TYPE_HISTOGRAM:

                Graph[i] = new TGraph(&r,

                    "Частота, Гц", DataFormat.nSamplesPerSec / 2,

                    "Амплитуда, дБ", 0,

                    0, 500, ceil(LinToLog(1.0 / MaxVal)), 1,

                    name, DrawTitle);

                break;

            case GRAPH_TYPE_SPECTROGRAM:

                Graph[i] = new TGraph(&r,

                    "Время, с", (r.right - r.left) / 4 * MaxTime / 1000,

                    "Частота, Гц", DataFormat.nSamplesPerSec / 2,

                    0, 1, 0, 100,

                    name, DrawTitle);

                Graph[i]->DrawGrid = false;

                GraphPos = 0;

        }

        Images[i]->Canvas->FillRect(TRect(0, 0, GraphW, GraphH));

        if (Graph[i])

            Graph[i]->Redraw(Images[i]->Canvas->Handle);

        InvalidateRect(Handle, NULL, FALSE);

    }

    UpdateCaption();

    HorzScrollBar->Range = GraphW * DataFormat.nChannels +

        16 * (DataFormat.nChannels - 1);

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::GraphTypeClick(TObject *Sender)

{

    int OldType = GraphType;

    if (Sender == iSamples)

        GraphType = GRAPH_TYPE_SAMPLES;

    else if (Sender == iHistogram)

        GraphType = GRAPH_TYPE_HISTOGRAM;

    else if (Sender == iSpectrogram)

        GraphType = GRAPH_TYPE_SPECTROGRAM;

    else return;

    if (OldType != GraphType)

    {

        iSamples->Checked = GraphType == GRAPH_TYPE_SAMPLES;

        iHistogram->Checked = GraphType == GRAPH_TYPE_HISTOGRAM;

        iSpectrogram->Checked = GraphType == GRAPH_TYPE_SPECTROGRAM;

        OnUpdateInfo();

    }

}

//---------------------------------------------------------------------------

void __fastcall TDSPGraphFrm::UpdateCaption()

{

    AnsiString s;

    switch (GraphType)

    {

        case GRAPH_TYPE_SAMPLES: s = "Значения выборок"; break;

        case GRAPH_TYPE_HISTOGRAM: s = "Гистограмма частот"; break;

        case GRAPH_TYPE_SPECTROGRAM: s = "Звуковая спектрограмма";

    }

    Caption = GraphName + " - " + s;

}

//---------------------------------------------------------------------------


39. Модуль TDSPPerfForm.h

//---------------------------------------------------------------------------

#ifndef TDSPPerfFormH

#define TDSPPerfFormH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <Controls.hpp>

#include <StdCtrls.hpp>

#include <Forms.hpp>

#include "Graph.h"

//---------------------------------------------------------------------------

class TDSPPerfForm : public TForm

{

__published:
// IDE-managed Components

    void __fastcall FormCreate(TObject *Sender);

    void __fastcall FormClose(TObject *Sender, TCloseAction &Action);

    void __fastcall FormResize(TObject *Sender);

private:
// User declarations

    TImage* Image;

    TGraph* Graph;

    int N;

    int* PerfBuf;

    __int64 Time100ms;

public:

// User declarations

    int MaxTime;

    TForm *ParentDSPForm;

    __fastcall TDSPPerfForm(TComponent* Owner, int _MaxTime, int);

    __fastcall ~TDSPPerfForm();

    void __fastcall DrawGraph(__int64 dt);

};

//---------------------------------------------------------------------------

#endif


40. Модуль TDSPPerfForm.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#define MIN_TIME1_STEP  2

#define MIN_TIME2_STEP  2

#include "TDSPPerfForm.h"

#include "Procs.h"

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

//---------------------------------------------------------------------------

__fastcall TDSPPerfForm::TDSPPerfForm(TComponent* Owner, int _MaxTime, int)

    : TForm(Owner)

{

    int t = _MaxTime * 3 / 2;

    MaxTime = _MaxTime;

    RECT r = GetClientRect();

    Image = NULL;

    Graph = NULL;

    PerfBuf = NULL;

    Graph = new TGraph(&r, "Время, с",

        MaxTime * (r.right - r.left) / 1000, "Время обработки, мс", t - t % 10);

    Time100ms = ReadTimeStampCounter();

    Sleep(100);

    Time100ms = ReadTimeStampCounter() - Time100ms;

    OnResize(NULL);

}

//---------------------------------------------------------------------------

__fastcall TDSPPerfForm::~TDSPPerfForm()

{

    delete PerfBuf;

}

//---------------------------------------------------------------------------

void __fastcall TDSPPerfForm::FormCreate(TObject *Sender)

{

    SetClientEdgeStyle(Handle);

}

//---------------------------------------------------------------------------

void __fastcall TDSPPerfForm::FormClose(TObject *Sender,

      TCloseAction &Action)

{

    delete this;

}

//---------------------------------------------------------------------------

void __fastcall TDSPPerfForm::FormResize(TObject *Sender)

{

    RECT r = GetClientRect();

    int OldN = N;

    if (Image) delete Image;

    Image = new TImage(this);

    Image->Width = ClientWidth;

    Image->Height = ClientHeight;

    InsertControl(Image);

    Graph->SetRect(&r);

    r = Graph->GetGraphRect();

    N = r.right - r.left;

    Graph->MaxX = MaxTime * N / 1000;

    Graph->Redraw(Image->Canvas->Handle);

    int* t = new int[N];

    ZeroMemory(t, N * sizeof(int));

    if (PerfBuf)

    {

        memcpy(t, PerfBuf, min(N, OldN) * sizeof(int));

        delete PerfBuf;

    }

    PerfBuf = t;

}

//---------------------------------------------------------------------------

void __fastcall TDSPPerfForm::DrawGraph(__int64 dt)

{

    RECT r = Graph->GetGraphRect();

    int i, y = r.bottom - MaxTime * (r.bottom - r.top) / Graph->MaxY;

    HDC hDC;

    for (i = N - 1; i; i--)

        PerfBuf[i] = PerfBuf[i - 1];

    PerfBuf[0] = dt * 100 / Time100ms;

    hDC = Image->Canvas->Handle;

    Graph->DrawGraph(hDC, PerfBuf, N, false);

    SelectObject(hDC, CreatePen(PS_SOLID, 2, RGB(255, 0, 0)));

    MoveToEx(hDC, r.left - 1, y, NULL);

    LineTo(hDC, r.right - 2, y);

    DeleteObject(SelectObject(hDC, GetStockObject(BLACK_PEN)));

    InvalidateRect(Handle, NULL, FALSE);

}

//---------------------------------------------------------------------------


41. Модуль TEchoDlg.h

//----------------------------------------------------------------------------

#ifndef TEchoDlgH

#define TEchoDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include "Filters.h"

#include <ComCtrls.hpp>

//----------------------------------------------------------------------------

class TEchoDlg : public TForm

{

__published:        


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TButton *ApplyBtn;

    TLabel *Label1;

    TEdit *DecayEdit;

    TLabel *Label2;

    TEdit *DelayEdit;

    TTrackBar *DelayTrackBar;

    TTrackBar *DecayTrackBar;

    void __fastcall FormShow(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall DecayEditChange(TObject *Sender);

    void __fastcall DelayEditChange(TObject *Sender);

    void __fastcall DelayTrackBarChange(TObject *Sender);

    void __fastcall DecayTrackBarChange(TObject *Sender);

private:

    int *Delay;

    int *DecayTime;

    bool __fastcall Apply();

public:

    TFilter *Filter;


virtual __fastcall TEchoDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TEchoDlg *EchoDlg;

//----------------------------------------------------------------------------

#endif


42. Модуль TEchoDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TEchoDlg.h"

#include "Procs.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TEchoDlg *EchoDlg;

//---------------------------------------------------------------------

__fastcall TEchoDlg::TEchoDlg(TComponent* AOwner)


: TForm(AOwner)

{

    SetNumberStyle(DelayEdit->Handle);

    SetNumberStyle(DecayEdit->Handle);

}

//---------------------------------------------------------------------

void __fastcall TEchoDlg::FormShow(TObject *Sender)

{

    Delay = (int *)Filter->GetParameter("Delay");

    DecayTime = (int *)Filter->GetParameter("DecayTime");

    int t1 = *Delay;

    DelayEdit->Text = t1;

    int t2 = *DecayTime;

    DecayEdit->Text = t2;

    DelayTrackBar->OnChange = NULL;

    DelayTrackBar->Position = t1;

    DelayTrackBar->OnChange = DelayTrackBarChange;

    DecayTrackBar->OnChange = NULL;

    DecayTrackBar->Position = t2;

    DecayTrackBar->OnChange = DecayTrackBarChange;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

bool __fastcall TEchoDlg::Apply()

{

    int t1, t2;

    try

    {

        if (DelayEdit->Text == "")

            throw "Введите время задержки в миллисекундах";

        if (DecayEdit->Text == "")

            throw "Введите время затухания в миллисекундах";

        t1 = StrToInt(DelayEdit->Text);

        t2 = StrToInt(DecayEdit->Text);

        if (!t1 || t1 > 1000)

            throw "Задержка между эхосигналами должна быть в пределах от 1 до 1000 мс.";

        if (t2 < 10 || t2 > 10000)

            throw "Время затухания должно быть в пределах от 10 до 10000 мс.";

    }

    catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *Delay = t1;

    *DecayTime = t2;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TEchoDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TEchoDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TEchoDlg::DecayEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TEchoDlg::DelayEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TEchoDlg::DelayTrackBarChange(TObject *Sender)

{

    DelayEdit->Text = DelayTrackBar->Position;

    *Delay = DelayTrackBar->Position;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TEchoDlg::DecayTrackBarChange(TObject *Sender)

{

    DecayEdit->Text = DecayTrackBar->Position;

    *DecayTime = DecayTrackBar->Position;

    Filter->Update();

}

//---------------------------------------------------------------------------


43. Модуль TFilterSpectrumForm.h

//---------------------------------------------------------------------------

#ifndef TFilterSpectrumFormH

#define TFilterSpectrumFormH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <Controls.hpp>

#include <StdCtrls.hpp>

#include <Forms.hpp>

#include <ExtCtrls.hpp>

#include "Filters.h"

#include "Graph.h"

//---------------------------------------------------------------------------

class TFilterSpectrumForm : public TForm

{

__published:
// IDE-managed Components

    void __fastcall FormClose(TObject *Sender, TCloseAction &Action);

    void __fastcall FormCreate(TObject *Sender);

    void __fastcall FormResize(TObject *Sender);

private:
// User declarations

    TImage* Image;

    TGraph* Graph;

    double *GraphData;

public:

// User declarations

    __fastcall TFilterSpectrumForm(TComponent* Owner,

        TFilterList* FilterList, TFilter *Filter, bool TotalSpectrum);

    __fastcall ~TFilterSpectrumForm();

};

//---------------------------------------------------------------------------

#endif


44. Модуль TFilterSpectrumForm.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include <math.h>

#include "TFilterSpectrumForm.h"

#include "TSelectDevicesDlg.h"

#include "AudioFormats.h"

#include "SampleData.h"

#include "VirtDevs.h"

#include "Procs.h"

#include "FFT.h"

#include "values.h"

#define GRAPH_SAMPLES       512

#define MAX_LEVEL           +30.0f

#define MIN_LEVEL           -120.0f

#define MIN_LEVEL_STEP      5

#define MIN_FREQ_STEP       500

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

//---------------------------------------------------------------------------

__fastcall TFilterSpectrumForm::TFilterSpectrumForm(TComponent* Owner,

    TFilterList* FilterList, TFilter *Filter, bool TotalSpectrum)

    : TForm(Owner)

{

    RECT r = GetClientRect();

    int N = GRAPH_SAMPLES << 1, SampleRate;

    TFilter* f;

    SampleData Data;

    Caption = TotalSpectrum ?

        "Амплитудно-частотная характеристика системы фильтров":

        "Амплитудно-частотная характеристика фильтра";

    Image = NULL;

    SampleType* re_x = new SampleType[N];

    SampleType* im_x = new SampleType[N];

    Data.Samples = re_x;

    Data.N = N;

    ZeroMemory(re_x, N * sizeof(SampleType));

    re_x[0] = 1.0;

    if (TotalSpectrum)

    {

        int i = 0, k = FilterList->GetNumFilters();

        SampleRate = FilterList->GetSampleRate();

        for (; i < k; i++)

        {

            if (!FilterList->IsEnabled(i)) continue;

            f = NewFilter((*FilterList)[i]->ID, SampleRate);

            f->CopyParameters((*FilterList)[i]);

            f->Execute(&Data, 0);

            delete f;

        }

    }

    else

    {

        SampleRate = Filter->GetSampleRate();

        f = NewFilter(Filter->ID, Filter->GetSampleRate());

        f->CopyParameters(Filter);

        f->Execute(&Data, 0);

        delete f;

    }

    ForwardFFT(N, re_x, im_x);

    GraphData = new double[GRAPH_SAMPLES];

    for (int i = 0; i < GRAPH_SAMPLES; i++)

        GraphData[i] = LinToLog(sqrt(re_x[i] * re_x[i] + im_x[i] * im_x[i]));

    delete re_x;

    delete im_x;

    Graph = new TGraph(&r,

        "Частота, Гц", SampleRate / 2,

        "Амплитуда, дБ", MAX_LEVEL, 0, 500, MIN_LEVEL, 5);

    Graph->LineWidth = 2;

    OnResize(NULL);

}

//---------------------------------------------------------------------------

__fastcall TFilterSpectrumForm::~TFilterSpectrumForm()

{

    delete GraphData;

}

//---------------------------------------------------------------------------

void __fastcall TFilterSpectrumForm::FormClose(TObject *Sender,

      TCloseAction &Action)

{

    delete this;

}

//---------------------------------------------------------------------------

void __fastcall TFilterSpectrumForm::FormCreate(TObject *Sender)

{

    SetClientEdgeStyle(Handle);

}

//---------------------------------------------------------------------------

void __fastcall TFilterSpectrumForm::FormResize(TObject *Sender)

{

    RECT r = GetClientRect();

    if (Image) delete Image;

    Image = new TImage(this);

    Image->Width = ClientWidth;

    Image->Height = ClientHeight;

    InsertControl(Image);

    Graph->SetRect(&r);

    r = Graph->GetGraphRect();

    Graph->Redraw(Image->Canvas->Handle);

    Graph->DrawGraph(Image->Canvas->Handle, GraphData, GRAPH_SAMPLES, false);

}

//---------------------------------------------------------------------------


45. Модуль TIIRFilterDlg.h

//----------------------------------------------------------------------------

#ifndef TIIRFilterDlgH

#define TIIRFilterDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include "IIRFilter.h"

#include <complex.h>

//----------------------------------------------------------------------------

class TIIRFilterDlg : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TButton *ApplyBtn;

    TLabel *Label1;

    TListBox *PolesList;

    TSpeedButton *AddPole;

    TSpeedButton *DelPole;

    TLabel *Label2;

    TListBox *ZerosList;

    TSpeedButton *DelZero;

    TSpeedButton *AddZero;

    TCheckBox *NormalizeBtn;

    TButton *ZPlaneBtn;

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

    void __fastcall NormalizeBtnClick(TObject *Sender);

    void __fastcall AddPoleClick(TObject *Sender);

    void __fastcall DelPoleClick(TObject *Sender);

    void __fastcall DelZeroClick(TObject *Sender);

    void __fastcall PolesListKeyDown(TObject *Sender, WORD &Key,

          TShiftState Shift);

    void __fastcall PolesListDblClick(TObject *Sender);

    void __fastcall ZerosListKeyDown(TObject *Sender, WORD &Key,

          TShiftState Shift);

    void __fastcall ZPlaneBtnClick(TObject *Sender);

private:

    complex<double> *Poles, *Zeros;

    complex<double> P[MAX_POLESZEROS];

    complex<double> Z[MAX_POLESZEROS];

    int *NumPoles, *NumZeros;

    int NumP, NumZ;

    bool *Normalize;

    bool __fastcall Apply();

    void __fastcall AddPoleZero(TListBox *List, complex<double> Val);

    bool __fastcall CheckStability();

public:

    TFilter *Filter;


virtual __fastcall TIIRFilterDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TIIRFilterDlg *IIRFilterDlg;

//----------------------------------------------------------------------------

#endif


46. Модуль TIIRFilterDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TIIRFilterDlg.h"

#include "TPoleZeroDlg.h"

#include "TZPlaneFrm.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TIIRFilterDlg *IIRFilterDlg;

//---------------------------------------------------------------------

__fastcall TIIRFilterDlg::TIIRFilterDlg(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------

void __fastcall TIIRFilterDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::FormShow(TObject *Sender)

{

    Poles = (complex<double> *)Filter->GetParameter("Poles");

    Zeros = (complex<double> *)Filter->GetParameter("Zeros");

    NumPoles = (int *)Filter->GetParameter("NumPoles");

    NumZeros = (int *)Filter->GetParameter("NumZeros");

    Normalize = (bool *)Filter->GetParameter("Normalize");

    NormalizeBtn->Checked = *Normalize;

    PoleZeroDlg->SampleRate = Filter->GetSampleRate();

    ApplyBtn->Enabled = false;

    NumP = NumZ = 0;

    PolesList->Clear();

    ZerosList->Clear();

    int i = 0;

    for (; i < *NumPoles; i++)

        AddPoleZero(PolesList, Poles[i]);

    for (i = 0; i < *NumZeros; i++)

        AddPoleZero(ZerosList, Zeros[i]);

}

//---------------------------------------------------------------------------

bool __fastcall TIIRFilterDlg::Apply()

{

    if (!CheckStability())

    {

        Application->MessageBox("Фильтр является неустойчивым.\n\

Применение фильтра невозможно!", "Ошибка", MB_OK | MB_ICONSTOP);

        return false;

    }

    memcpy(Poles, P, sizeof(P));

    memcpy(Zeros, Z, sizeof(Z));

    *NumPoles = NumP;

    *NumZeros = NumZ;

    *Normalize = NormalizeBtn->Checked;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::NormalizeBtnClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::AddPoleClick(TObject *Sender)

{

    if (NumP >= MAX_POLESZEROS && Sender == AddPole)

    {

        Application->MessageBox("Достигнуто максимальное количество полюсов",

            "Ошибка", MB_OK | MB_ICONWARNING);

        return;

    }

    if (NumZ >= MAX_POLESZEROS && Sender == AddZero)

    {

        Application->MessageBox("Достигнуто максимальное количество нулей",

            "Ошибка", MB_OK | MB_ICONWARNING);

        return;

    }

    PoleZeroDlg->Val._M_re = 0.0;

    PoleZeroDlg->Val._M_im = 0.0;

    if (PoleZeroDlg->ShowModal() != mrOk) return;

    AddPoleZero(Sender == AddPole ? PolesList : ZerosList, PoleZeroDlg->Val);

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::AddPoleZero(TListBox *List, complex<double> Val)

{

    double a = abs(Val) ? arg(Val) : 0;

    List->Items->Add(AnsiString("r = ") + abs(Val) + ", w = " + a);

    if (List == PolesList)

    {

        P[List->Items->Count - 1] = Val;

        NumP++;

    }

    else

    {

        Z[List->Items->Count - 1] = Val;

        NumZ++;

    }

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::DelPoleClick(TObject *Sender)

{

    int i, index = PolesList->ItemIndex;

    if (index == -1) return;

    PolesList->Items->Delete(index);

    for (i = index; i < NumP - 1; i++)

        P[i] = P[i + 1];

    NumP--;

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::DelZeroClick(TObject *Sender)

{

    int i, index = ZerosList->ItemIndex;

    if (index == -1) return;

    ZerosList->Items->Delete(index);

    for (i = index; i < NumZ - 1; i++)

        Z[i] = Z[i + 1];

    NumZ--;

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::PolesListKeyDown(TObject *Sender, WORD &Key,

      TShiftState Shift)

{

    switch (Key)

    {

        case VK_INSERT: AddPoleClick(AddPole); break;

        case VK_DELETE: DelPoleClick(NULL); break;

        case VK_RETURN: PolesListDblClick(PolesList);

    }

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::PolesListDblClick(TObject *Sender)

{

    TListBox *List = (TListBox *)Sender;

    int index = List->ItemIndex;

    if (index == -1) return;

    PoleZeroDlg->Val = List == PolesList ? P[index] : Z[index];

    if (PoleZeroDlg->ShowModal() != mrOk) return;

    double a = abs(PoleZeroDlg->Val) ? arg(PoleZeroDlg->Val) : 0;

    if (List == PolesList)

    {

        P[index] = PoleZeroDlg->Val;

        List->Items->Strings[index] =

            AnsiString("r = ") + abs(P[index]) + ", w = " + a;

    }

    else

    {

        Z[index] = PoleZeroDlg->Val;

        List->Items->Strings[index] =

            AnsiString("r = ") + abs(Z[index]) + ", w = " + a;

    }

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::ZerosListKeyDown(TObject *Sender, WORD &Key,

      TShiftState Shift)

{

    switch (Key)

    {

        case VK_INSERT: AddPoleClick(AddZero); break;

        case VK_DELETE: DelZeroClick(NULL); break;

        case VK_RETURN: PolesListDblClick(ZerosList);

    }

}

//---------------------------------------------------------------------------

void __fastcall TIIRFilterDlg::ZPlaneBtnClick(TObject *Sender)

{

    memcpy(ZPlaneFrm->Poles, P, sizeof(P));

    memcpy(ZPlaneFrm->Zeros, Z, sizeof(Z));

    ZPlaneFrm->NumPoles = NumP;

    ZPlaneFrm->NumZeros = NumZ;

    if (ZPlaneFrm->ShowModal() != mrOk) return;

    PolesList->Clear();

    ZerosList->Clear();

    int i = 0;

    NumP = NumZ = 0;

    for (; i < ZPlaneFrm->NumPoles; i++)

        AddPoleZero(PolesList, ZPlaneFrm->Poles[i]);

    for (i = 0; i < ZPlaneFrm->NumZeros; i++)

        AddPoleZero(ZerosList, ZPlaneFrm->Zeros[i]);

}

//---------------------------------------------------------------------------

bool __fastcall TIIRFilterDlg::CheckStability()

{


int i = 0;

    for (; i < NumP; i++)

        if (abs(P[i]) >= 1.0) return false;

    return true;

}

//---------------------------------------------------------------------------


47. Модуль TLHPassFilterDlg.h

//----------------------------------------------------------------------------

#ifndef TLHPassFilterDlgH

#define TLHPassFilterDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <ComCtrls.hpp>

#include "FIRFilters.h"

//----------------------------------------------------------------------------

class TLHPassFilterDlg : public TForm

{

__published:        


TButton *OKBtn;


TBevel *Bevel1;

    TLabel *Label1;

    TEdit *FreqEdit;

    TRadioButton *IsHammingBtn;

    TRadioButton *IsBlackmanBtn;

    TButton *CancelBtn;

    TButton *ApplyBtn;

    TTrackBar *FreqTrackBar;

    TLabel *Label2;

    TListBox *KernelSizeList;

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall FreqEditChange(TObject *Sender);

    void __fastcall IsHammingBtnClick(TObject *Sender);

    void __fastcall IsBlackmanBtnClick(TObject *Sender);

    void __fastcall FreqTrackBarChange(TObject *Sender);

    void __fastcall KernelSizeListClick(TObject *Sender);

private:

    int *fc;

    int *WindowType;

    int *KernelSize;

    bool __fastcall Apply();

public:

    TFilter *Filter;


virtual __fastcall TLHPassFilterDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TLHPassFilterDlg *LHPassFilterDlg;

//----------------------------------------------------------------------------

#endif


48. Модуль TLHPassFilterDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include <math.h>

#include "TLHPassFilterDlg.h"

#include "VirtDevs.h"

#include "Procs.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TLHPassFilterDlg *LHPassFilterDlg;

//---------------------------------------------------------------------

__fastcall TLHPassFilterDlg::TLHPassFilterDlg(TComponent* AOwner)


: TForm(AOwner)

{

    SetNumberStyle(FreqEdit->Handle);

}

//---------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::FormShow(TObject *Sender)

{

    fc = (int *)Filter->GetParameter("fc");

    WindowType = (int *)Filter->GetParameter("WindowType");

    KernelSize = (int *)Filter->GetParameter("KernelSize");

    IsHammingBtn->Checked = !WindowType[0];

    IsBlackmanBtn->Checked = WindowType[0];

    FreqTrackBar->OnChange = NULL;

    FreqTrackBar->Position =

        log((double)*fc * 2 / Filter->GetSampleRate() * (exp(5) - 1) + 1) * 20;

    FreqTrackBar->OnChange = FreqTrackBarChange;

    FreqEdit->Text = *fc;

    KernelSizeList->ItemIndex = ceil(log(*KernelSize) / log(2)) - 3;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

bool __fastcall TLHPassFilterDlg::Apply()

{

    char msg[128];

    int t;

    try

    {

        if (FreqEdit->Text == "")

            throw "Введите значение частоты среза";

        t = StrToInt(FreqEdit->Text);

        if (t < 0 || t > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение частоты среза должно быть в пределах от 0 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *WindowType = !IsHammingBtn->Checked;

    *fc = t;

    *KernelSize = 1 << (KernelSizeList->ItemIndex + 3);

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::FreqEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::IsHammingBtnClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::IsBlackmanBtnClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::KernelSizeListClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TLHPassFilterDlg::FreqTrackBarChange(TObject *Sender)

{

    *fc = (exp(FreqTrackBar->Position * 0.05) - 1) /

        (exp(5) - 1) * Filter->GetSampleRate() / 2;

    FreqEdit->Text = *fc;

    Filter->Update();

}

//---------------------------------------------------------------------------


49. Модуль TMainForm.h

//---------------------------------------------------------------------------

#ifndef TMainFormH

#define TMainFormH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <Controls.hpp>

#include <StdCtrls.hpp>

#include <Forms.hpp>

#include <Menus.hpp>

#include <ComCtrls.hpp>

#include <ImgList.hpp>

//---------------------------------------------------------------------------

class TMainForm : public TForm

{

__published:
// IDE-managed Components

    TMainMenu *MainMenu;

    TMenuItem *iFile;

    TMenuItem *iExit;

    TStatusBar *StatusBar;

    TMenuItem *iSeparator;

    TMenuItem *iBeginDSP;

    TMenuItem *iWindows;

    TMenuItem *iCascade;

    TMenuItem *iTileHoriz;

    TMenuItem *iTileVert;

    TMenuItem *iNext;

    TMenuItem *iPrevious;

    void __fastcall iExitClick(TObject *Sender);

    void __fastcall iBeginDSPClick(TObject *Sender);

    void __fastcall iCascadeClick(TObject *Sender);

    void __fastcall iTileHorizClick(TObject *Sender);

    void __fastcall iTileVertClick(TObject *Sender);

    void __fastcall iNextClick(TObject *Sender);

    void __fastcall iPreviousClick(TObject *Sender);

private:
// User declarations

public:

// User declarations

    __fastcall TMainForm(TComponent* Owner);

};

//---------------------------------------------------------------------------

extern PACKAGE TMainForm *MainForm;

//---------------------------------------------------------------------------

#endif


50. Модуль TMainForm.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TMainForm.h"

#include "TSelectDevicesDlg.h"

#include "TDSPForm.h"

#include "Procs.h"

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

TMainForm *MainForm;

//---------------------------------------------------------------------------

__fastcall TMainForm::TMainForm(TComponent* Owner)

    : TForm(Owner)

{

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iExitClick(TObject *Sender)

{

    Close();

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iBeginDSPClick(TObject *Sender)

{

    if (SelectDevicesDlg->ShowModal() != mrOk) return;

    try

    {

        TDSPForm *DSPForm = new TDSPForm(this,

            SelectDevicesDlg->InputDevice, SelectDevicesDlg->OutputDevices);

        DSPForm->Caption = AnsiString("Обработка сигнала - ") +

            SelectDevicesDlg->DSPName;

    } catch (TDSPException e)

    {

        DisplayDSPException(Handle, &e);

    }

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iCascadeClick(TObject *Sender)

{

    Cascade();

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iTileHorizClick(TObject *Sender)

{

    TileMode = tbVertical;

    Tile();

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iTileVertClick(TObject *Sender)

{

    TileMode = tbHorizontal;

    Tile();

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iNextClick(TObject *Sender)

{

    Next();

}

//---------------------------------------------------------------------------

void __fastcall TMainForm::iPreviousClick(TObject *Sender)

{

    Previous();

}

//---------------------------------------------------------------------------


51. Модуль TMultiBandFilterDlg.h

//----------------------------------------------------------------------------

#ifndef TMultiBandFilterDlgH

#define TMultiBandFilterDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include "FIRFilters.h"

#include <ComCtrls.hpp>

//----------------------------------------------------------------------------

class TMultiBandFilterDlg : public TForm

{

__published:


TButton *OKBtn;


TBevel *Bevel1;

    TTrackBar *TrackBar1;

    TLabel *Label1;

    TLabel *Label2;

    TTrackBar *TrackBar2;

    TTrackBar *TrackBar3;

    TTrackBar *TrackBar4;

    TTrackBar *TrackBar5;

    TTrackBar *TrackBar6;

    TTrackBar *TrackBar7;

    TTrackBar *TrackBar8;

    TTrackBar *TrackBar9;

    TLabel *Label3;

    TLabel *Label4;

    TLabel *Label5;

    TLabel *Label6;

    TLabel *Label7;

    TLabel *Label8;

    TLabel *Label9;

    TLabel *Label10;

    TLabel *Label11;

    TTrackBar *TrackBar10;

    TTrackBar *TrackBar11;

    TTrackBar *TrackBar12;

    TTrackBar *TrackBar13;

    TTrackBar *TrackBar14;

    TTrackBar *TrackBar15;

    TTrackBar *TrackBar16;

    TTrackBar *TrackBar17;

    TTrackBar *TrackBar18;

    TTrackBar *TrackBar19;

    TTrackBar *TrackBar20;

    TLabel *Label12;

    TLabel *Label13;

    TLabel *Label14;

    TLabel *Label15;

    TLabel *Label16;

    TLabel *Label17;

    TLabel *Label18;

    TLabel *Label19;

    TLabel *Label20;

    TLabel *Label21;

    TLabel *Label22;

    TLabel *Label23;

    TLabel *Label24;

    TButton *iReset;

    TLabel *Label25;

    TLabel *Label26;

    void __fastcall FormShow(TObject *Sender);

    void __fastcall TrackBarChange(TObject *Sender);

    void __fastcall iResetClick(TObject *Sender);

private:

    TTrackBar *TrackBars[NUM_BANDS];

    double *Gain;

public:

    TFilter *Filter;


virtual __fastcall TMultiBandFilterDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TMultiBandFilterDlg *MultiBandFilterDlg;

//----------------------------------------------------------------------------

#endif


52. Модуль TMultiBandFilterDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TMultiBandFilterDlg.h"

#include "Procs.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TMultiBandFilterDlg *MultiBandFilterDlg;

//---------------------------------------------------------------------

__fastcall TMultiBandFilterDlg::TMultiBandFilterDlg(TComponent* AOwner)


: TForm(AOwner)

{

    TrackBars[0] = TrackBar1;

    TrackBars[1] = TrackBar2;

    TrackBars[2] = TrackBar3;

    TrackBars[3] = TrackBar4;

    TrackBars[4] = TrackBar5;

    TrackBars[5] = TrackBar6;

    TrackBars[6] = TrackBar7;

    TrackBars[7] = TrackBar8;

    TrackBars[8] = TrackBar9;

    TrackBars[9] = TrackBar10;

    TrackBars[10] = TrackBar11;

    TrackBars[11] = TrackBar12;

    TrackBars[12] = TrackBar13;

    TrackBars[13] = TrackBar14;

    TrackBars[14] = TrackBar15;

    TrackBars[15] = TrackBar16;

    TrackBars[16] = TrackBar17;

    TrackBars[17] = TrackBar18;

    TrackBars[18] = TrackBar19;

    TrackBars[19] = TrackBar20;

}

//---------------------------------------------------------------------

void __fastcall TMultiBandFilterDlg::FormShow(TObject *Sender)

{

    Gain = (double *)Filter->GetParameter("Gain");

    for (int i = 0; i < NUM_BANDS; i++)

    {

        TrackBars[i]->OnChange = NULL;

        TrackBars[i]->Position = -Round(LinToLog(Gain[i]));

        TrackBars[i]->OnChange = TrackBarChange;

    }

}

//---------------------------------------------------------------------------

void __fastcall TMultiBandFilterDlg::TrackBarChange(TObject *Sender)

{

    for (int i = 0; i < NUM_BANDS; i++)

        if (Sender == TrackBars[i])

            Gain[i] = LogToLin(-TrackBars[i]->Position);

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TMultiBandFilterDlg::iResetClick(TObject *Sender)

{

    for (int i = 0; i < NUM_BANDS; i++)

    {

        TrackBars[i]->OnChange = NULL;

        TrackBars[i]->Position = 0;

        Gain[i] = 1.0f;

        TrackBars[i]->OnChange = TrackBarChange;

    }

    Filter->Update();

}

//---------------------------------------------------------------------------


53. Модуль TNoiseDlg.h

//----------------------------------------------------------------------------

#ifndef TNoiseDlgH

#define TNoiseDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <ComCtrls.hpp>

#include "Filters.h"

//----------------------------------------------------------------------------

class TNoiseDlg : public TForm

{

__published:        


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TButton *ApplyBtn;

    TTrackBar *AmpTrackBar;

    TLabel *AmpLabel;

    TLabel *Label2;

    TBevel *Bevel2;

    TTrackBar *FreqTrackBar1;

    TTrackBar *FreqTrackBar2;

    TLabel *Label1;

    TEdit *FreqEdit1;

    TLabel *Label3;

    TEdit *FreqEdit2;

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall AmpTrackBarChange(TObject *Sender);

    void __fastcall FreqTrackBar1Change(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

    void __fastcall FreqEdit1Change(TObject *Sender);

    void __fastcall FreqEdit2Change(TObject *Sender);

    void __fastcall FreqTrackBar2Change(TObject *Sender);

private:

    bool __fastcall Apply();

    int *f1, *f2;

    double *Amp;

public:

    TFilter *Filter;


virtual __fastcall TNoiseDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TNoiseDlg *NoiseDlg;

//----------------------------------------------------------------------------

#endif


54. Модуль TNoiseDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TNoiseDlg.h"

#include "Procs.h"

#include <math.h>

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TNoiseDlg *NoiseDlg;

//---------------------------------------------------------------------

__fastcall TNoiseDlg::TNoiseDlg(TComponent* AOwner)


: TForm(AOwner)

{

    SetNumberStyle(FreqEdit1->Handle);

    SetNumberStyle(FreqEdit2->Handle);

}

//---------------------------------------------------------------------

void __fastcall TNoiseDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

bool __fastcall TNoiseDlg::Apply()

{

    char msg[128];

    int t1, t2;

    try

    {

        if (FreqEdit1->Text == "")

            throw "Введите значение частоты";

        t1 = StrToInt(FreqEdit1->Text);

        if (t1 < 0 || t1 > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение частоты должно быть в пределах от 0 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

        if (FreqEdit2->Text == "")

            throw "Введите значение частоты";

        t2 = StrToInt(FreqEdit2->Text);

        if (t2 < 0 || t2 > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение частоты должно быть в пределах от 0 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *f1 = t1;

    *f2 = t2;

    *Amp = LogToLin(-AmpTrackBar->Position);

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::AmpTrackBarChange(TObject *Sender)

{

    int Pos = -AmpTrackBar->Position;

    double t = LogToLin(Pos);

    AmpLabel->Caption = AnsiString(Pos) + " дБ";

    if (*Amp == t) return;

    *Amp = t;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::FreqTrackBar1Change(TObject *Sender)

{

    *f1 = (exp(FreqTrackBar1->Position * 0.05) - 1) /

        (exp(5) - 1) * Filter->GetSampleRate() / 2;

    FreqEdit1->Text = *f1;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::FreqTrackBar2Change(TObject *Sender)

{

    *f2 = (exp(FreqTrackBar2->Position * 0.05) - 1) /

        (exp(5) - 1) * Filter->GetSampleRate() / 2;

    FreqEdit2->Text = *f2;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::FormShow(TObject *Sender)

{

    f1 = (int *)Filter->GetParameter("f1");

    f2 = (int *)Filter->GetParameter("f2");

    Amp = (double *)Filter->GetParameter("Amp");

    AmpTrackBar->Position = -Round(LinToLog(*Amp));

    FreqTrackBar1->OnChange = NULL;

    FreqTrackBar1->Position =

        log((double)*f1 * 2 / Filter->GetSampleRate() * (exp(5) - 1) + 1) * 20;

    FreqTrackBar1->OnChange = FreqTrackBar1Change;

    FreqEdit1->Text = *f1;

    FreqTrackBar2->OnChange = NULL;

    FreqTrackBar2->Position =

        log((double)*f2 * 2 / Filter->GetSampleRate() * (exp(5) - 1) + 1) * 20;

    FreqTrackBar2->OnChange = FreqTrackBar2Change;

    FreqEdit2->Text = *f2;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::FreqEdit1Change(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TNoiseDlg::FreqEdit2Change(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------


55. Модуль TPoleZeroDlg.h

//----------------------------------------------------------------------------

#ifndef TPoleZeroDlgH

#define TPoleZeroDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <fstream.h>

#include <complex.h>

//----------------------------------------------------------------------------

class TPoleZeroDlg : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TLabel *Label1;

    TEdit *ModEdit;

    TLabel *Label2;

    TEdit *ArgEdit;

    TRadioGroup *ArgRadioGroup;

    void __fastcall FormShow(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

private:

    double __fastcall GetMaxVal();

public:

    int SampleRate;

    complex<double> Val;


virtual __fastcall TPoleZeroDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TPoleZeroDlg *PoleZeroDlg;

//----------------------------------------------------------------------------

#endif


56. Модуль TPoleZeroDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TPoleZeroDlg.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TPoleZeroDlg *PoleZeroDlg;

//---------------------------------------------------------------------

__fastcall TPoleZeroDlg::TPoleZeroDlg(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------

void __fastcall TPoleZeroDlg::FormShow(TObject *Sender)

{

    ModEdit->Text = abs(Val);

    char *c = strchr(ModEdit->Text.c_str(), '.');

    if (c) *c = ',';

    if (!abs(Val))

        ArgEdit->Text = "0";

    else

    {

        ArgEdit->Text = arg(Val) / M_PI * GetMaxVal();

        c = strchr(ArgEdit->Text.c_str(), '.');

        if (c) *c = ',';

    }

    ArgRadioGroup->Items->Strings[3] = AnsiString("Частота (0 - ") +

        SampleRate / 2 + " Гц)";

}

//---------------------------------------------------------------------------

void __fastcall TPoleZeroDlg::OKBtnClick(TObject *Sender)

{

    double mod, arg, max;

    try

    {

        if (ModEdit->Text == "")

            throw "Введите значение модуля";

        try

        {

            mod = StrToFloat(ModEdit->Text);

        } catch (EConvertError &e)

        {

            throw "Значение модуля должно быть вещественным числом";

        }

        if (ArgEdit->Text == "")

            throw "Введите значение аргумента";

        try

        {

            arg = StrToFloat(ArgEdit->Text);

        } catch (EConvertError &e)

        {

            throw "Значение аргумента должно быть вещественным числом";

        }

        max = GetMaxVal();

        if (arg < 0 || arg > max)

        {

            char s[128];

            sprintf(s, "Значение аргумента должно быть в пределах от 0 до %f", max);

            throw s;

        }

    }

    catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONSTOP);

        return;

    }

    arg = arg / max * M_PI;

    Val._M_re = mod * cos(arg);

    Val._M_im = mod * sin(arg);

    ModalResult = mrOk;

}

//---------------------------------------------------------------------------

double __fastcall TPoleZeroDlg::GetMaxVal()

{

    switch (ArgRadioGroup->ItemIndex)

    {

        case 0: return M_PI;

        case 1: return 180;

        case 2: return 0.5;

        case 3: return SampleRate / 2;

    }

}

//---------------------------------------------------------------------------


57. Модуль TProcessingThread.h

//---------------------------------------------------------------------------

#ifndef TProcessingThreadH

#define TProcessingThreadH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <mmsystem.h>

#include "VirtDevs.h"

#include "DSPException.h"

#include "Filters.h"

#define MSG_THREAD      WM_APP + 100

//---------------------------------------------------------------------------

class TProcessingThread : public TThread

{

private:

    HWND hWnd;

    TFilterList* FilterList;

    TRecordingDevice* InputDevice;

    TPlaybackDevsList* OutputDevices;

    TDSPException Exception;

    void __fastcall ShowException();

protected:

    void __fastcall Execute();

    bool Stopped;

public:

    TAudioBuffer *InBuf, *OutBuf;

    __int64 dt;

    __fastcall TProcessingThread(bool CreateSuspended, HWND _hWnd,

        TRecordingDevice* _InputDevice, TPlaybackDevsList* _OutputDevices,

        TFilterList* _FilterList);

    __fastcall ~TProcessingThread();

    void __fastcall Start();

    void __fastcall Stop();

};

//---------------------------------------------------------------------------

#endif


58. Модуль TProcessingThread.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TProcessingThread.h"

#pragma package(smart_init)

#include "Procs.h"

#include "AudioFormats.h"

#include "TDSPForm.h"

//---------------------------------------------------------------------------

__fastcall TProcessingThread::TProcessingThread(bool CreateSuspended,

    HWND _hWnd, TRecordingDevice* _InputDevice,

    TPlaybackDevsList* _OutputDevices, TFilterList* _FilterList)

    : TThread(CreateSuspended)

{

    hWnd = _hWnd;

    InputDevice = _InputDevice;

    OutputDevices = _OutputDevices;

    FilterList = _FilterList;

    InBuf = NULL;

    OutBuf = new TAudioBuffer(InputDevice->GetBuffer());

    Stopped = false;

}

//---------------------------------------------------------------------------

__fastcall TProcessingThread::~TProcessingThread()

{

    delete OutBuf;

}

//---------------------------------------------------------------------------

void __fastcall TProcessingThread::Execute()

{

    try

    {

        InputDevice->Start();

        OutputDevices->Start();

        while (1)

        {

            if (Stopped)

            {

                InputDevice->Stop();

                OutputDevices->Stop();

                Suspend();

                InputDevice->Start();

                OutputDevices->Start();

            }

            if (Terminated) break;

            InputDevice->GetData();

            dt = ReadTimeStampCounter();

            InBuf = InputDevice->GetBuffer();

            OutBuf->CopyBuffer(InBuf);

            FilterList->Execute(OutBuf->GetBuffer(), OutBuf->GetSamples(),

                OutBuf->GetDataFormat());

            OutputDevices->CopyBuffer(OutBuf);

            dt = ReadTimeStampCounter() - dt;

            PostMessage(hWnd, MSG_THREAD, 0, 0);

            OutputDevices->WriteData();

        }

        InputDevice->Stop();

        OutputDevices->Stop();

    } catch (TDSPException e)

    {

        Exception = e;

        Synchronize(ShowException);

    }

}

//---------------------------------------------------------------------------

void __fastcall TProcessingThread::ShowException()

{

    DisplayDSPException(Application->MainForm->Handle, &Exception);

    PostMessage(hWnd, MSG_THREAD, TRUE, 0);

}

//---------------------------------------------------------------------------

void __fastcall TProcessingThread::Start()

{

    Stopped = false;

    Resume();

}

//---------------------------------------------------------------------------

void __fastcall TProcessingThread::Stop()

{

    Stopped = true;

}

//---------------------------------------------------------------------------


59. Модуль TReverbDlg.h

//----------------------------------------------------------------------------

#ifndef TReverbDlgH

#define TReverbDlgH

//----------------------------------------------------------------------------

#include <vcl\ExtCtrls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\Classes.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Windows.hpp>

#include <vcl\System.hpp>

#include "Filters.h"

#include <ComCtrls.hpp>

//----------------------------------------------------------------------------

class TReverbDlg : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TLabel *Label1;

    TLabel *Label2;

    TLabel *Label3;

    TTrackBar *TrackBar1;

    TTrackBar *TrackBar2;

    TTrackBar *TrackBar3;

    TLabel *Level1;

    TLabel *Level2;

    TLabel *Level3;

    TButton *ApplyBtn;

    TLabeledEdit *ReverbTimeEdit;

    TTrackBar *TrackBar4;

    TLabeledEdit *DelayLinesEdit;

    TUpDown *UpDown1;

    TBevel *Bevel2;

    void __fastcall TrackBar1Change(TObject *Sender);

    void __fastcall TrackBar2Change(TObject *Sender);

    void __fastcall TrackBar3Change(TObject *Sender);

    void __fastcall TrackBar4Change(TObject *Sender);

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

    void __fastcall ReverbTimeEditChange(TObject *Sender);

    void __fastcall UpDown1Click(TObject *Sender, TUDBtnType Button);

private:

    double *DryLevel;

    double *EarlyLevel;

    double *ReverbLevel;

    int *ReverbTime;

    int *DelayLines;

    bool __fastcall Apply();

    void __fastcall UpdateLevel(TTrackBar *tb, TLabel *l, double *Level);

public:

    TFilter *Filter;


virtual __fastcall TReverbDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TReverbDlg *ReverbDlg;

//----------------------------------------------------------------------------

#endif


60. Модуль TReverbDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TReverbDlg.h"

#include "Procs.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TReverbDlg *ReverbDlg;

//---------------------------------------------------------------------

__fastcall TReverbDlg::TReverbDlg(TComponent* AOwner)


: TForm(AOwner)

{

    SetNumberStyle(ReverbTimeEdit->Handle);

}

//---------------------------------------------------------------------

void __fastcall TReverbDlg::TrackBar1Change(TObject *Sender)

{

    UpdateLevel(TrackBar1, Level1, DryLevel);

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::TrackBar2Change(TObject *Sender)

{

    UpdateLevel(TrackBar2, Level2, EarlyLevel);

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::TrackBar3Change(TObject *Sender)

{

    UpdateLevel(TrackBar3, Level3, ReverbLevel);

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::UpdateLevel(TTrackBar *tb, TLabel *l, double *Level)

{

    int Pos = -tb->Position;

    double t = LogToLin(Pos);

    l->Caption = AnsiString(Pos) + " дБ";

    if (*Level == t) return;

    *Level = t;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::TrackBar4Change(TObject *Sender)

{

    int Pos = TrackBar4->Position;

    if (*ReverbTime == Pos) return;

    *ReverbTime = Pos;

    ReverbTimeEdit->Text = Pos;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

bool __fastcall TReverbDlg::Apply()

{

    int t;

    try

    {

        if (ReverbTimeEdit->Text == "")

            throw "Введите время реверберации";

        t = StrToInt(ReverbTimeEdit->Text);

        if (t < 10 || t > 10000)

            throw "Время реверберации должно быть в пределах от 10 до 10000 мс.";

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *DryLevel = LogToLin(-TrackBar1->Position);

    *EarlyLevel = LogToLin(-TrackBar2->Position);

    *ReverbLevel = LogToLin(-TrackBar3->Position);

    *ReverbTime = t;

    *DelayLines = UpDown1->Position;

    TrackBar4->Position = t;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::FormShow(TObject *Sender)

{

    DryLevel = (double *)Filter->GetParameter("DryLevel");

    EarlyLevel = (double *)Filter->GetParameter("EarlyLevel");

    ReverbLevel = (double *)Filter->GetParameter("ReverbLevel");

    ReverbTime = (int *)Filter->GetParameter("ReverbTime");

    DelayLines = (int *)Filter->GetParameter("DelayLines");

    ReverbTimeEdit->Text = *ReverbTime;

    TrackBar1->Position = -Round(LinToLog(*DryLevel));

    TrackBar2->Position = -Round(LinToLog(*EarlyLevel));

    TrackBar3->Position = -Round(LinToLog(*ReverbLevel));

    TrackBar4->Position = *ReverbTime;

    UpDown1->Position = *DelayLines;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::ReverbTimeEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TReverbDlg::UpDown1Click(TObject *Sender,

      TUDBtnType Button)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------


61. Модуль TSelectDevicesDlg.h

//----------------------------------------------------------------------------

#ifndef TSelectDevicesDlgH

#define TSelectDevicesDlgH

//----------------------------------------------------------------------------

#include <vcl\ExtCtrls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\Classes.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Windows.hpp>

#include <vcl\System.hpp>

#include <Dialogs.hpp>

#include <ComCtrls.hpp>

#include "VirtDevs.h"

#include <CheckLst.hpp>

//----------------------------------------------------------------------------

class TSelectDevicesDlg : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;

    TLabel *Label1;

    TLabel *Label2;

    TBevel *Bevel1;

    TCheckListBox *InputDevsList;

    TCheckListBox *OutputDevsList;

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall DevsListDblClick(TObject *Sender);

    void __fastcall InputDevsListClickCheck(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

private:

    void __fastcall EnumWaveDevices();

public:

    TRecordingDevice *InputDevice;

    TPlaybackDevsList *OutputDevices;

    AnsiString DSPName;


virtual __fastcall TSelectDevicesDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TSelectDevicesDlg *SelectDevicesDlg;

//----------------------------------------------------------------------------

#endif


62. Модуль TSelectDevicesDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TSelectDevicesDlg.h"

#include "TDevParamDlg.h"

#include <mmsystem.h>

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TSelectDevicesDlg *SelectDevicesDlg;

//---------------------------------------------------------------------

__fastcall TSelectDevicesDlg::TSelectDevicesDlg(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------------

BOOL CALLBACK DSEnumProc(LPGUID lpGUID, LPTSTR lpszDesc,

    LPCTSTR, LPVOID lpContext)

{

    TCheckListBox *lb = (TCheckListBox *)lpContext;

    TAudioDevice *dev;

    char Name[256];

    lstrcpy(Name, lpszDesc);

    lstrcat(Name, " (DirectSound)");

    if (lb == SelectDevicesDlg->InputDevsList)

    {

        lb->Items->AddObject(Name,

            (TObject *)new TDirectSoundRecordingDevice(lpGUID));

    }

    else

        lb->Items->AddObject(Name,

            (TObject *)new TDirectSoundPlaybackDevice(lpGUID,

            Application->MainForm->Handle));

    return TRUE;

}

//---------------------------------------------------------------------

void __fastcall TSelectDevicesDlg::OKBtnClick(TObject *Sender)

{

    OutputDevices = new TPlaybackDevsList();

    int i = 0, k = OutputDevsList->Items->Count;

    for (; i < k; i++)

        if (OutputDevsList->Checked[i])

            OutputDevices->AddDevice(

            (TPlaybackDevice *)OutputDevsList->Items->Objects[i]);

    DSPName = InputDevsList->Items->Strings[InputDevsList->ItemIndex];

    InputDevice = (TRecordingDevice *)InputDevsList->Items->

        Objects[InputDevsList->ItemIndex];

}

//---------------------------------------------------------------------------

void __fastcall TSelectDevicesDlg::DevsListDblClick(TObject *Sender)

{

    TCheckListBox *lb = (TCheckListBox *)Sender;

    int i = lb->ItemIndex;

    DevParamDlg->Dev = (TAudioDevice *)lb->Items->Objects[i];

    DevParamDlg->Caption = lb->Items->Strings[i] + ": свойства";

    DevParamDlg->ShowModal();

}

//---------------------------------------------------------------------------

void __fastcall TSelectDevicesDlg::InputDevsListClickCheck(TObject *Sender)

{

    int i = 0, j = InputDevsList->ItemIndex;

    int k = InputDevsList->Items->Count;

    for (; i < k; i++)

        if (i != j) InputDevsList->Checked[i] = false;

    InputDevsList->Checked[j] = true;

}

//---------------------------------------------------------------------------

void __fastcall TSelectDevicesDlg::FormShow(TObject *Sender)

{

    InputDevsList->Items->Clear();

    OutputDevsList->Items->Clear();

    DirectSoundCaptureEnumerate((LPDSENUMCALLBACK)DSEnumProc, InputDevsList);

    DirectSoundEnumerate((LPDSENUMCALLBACK)DSEnumProc, OutputDevsList);

    EnumWaveDevices();

    InputDevsList->Items->AddObject("Файл формата WAVE",

        (TObject *)new TWAVEFileRecordingDevice());

    OutputDevsList->Items->AddObject("Файл формата WAVE",

        (TObject *)new TWAVEFilePlaybackDevice());

    InputDevsList->ItemIndex = 0;

    InputDevsList->Checked[0] = true;

    OutputDevsList->ItemIndex = 0;

    OutputDevsList->Checked[0] = true;

    OKBtn->SetFocus();

}

//---------------------------------------------------------------------------

void __fastcall TSelectDevicesDlg::EnumWaveDevices()

{

    int i, k;

    WAVEINCAPS wic;

    WAVEOUTCAPS woc;

    k = waveInGetNumDevs();

    for (i = 0; i < k; i++)

    {

        if (waveInGetDevCaps(i, &wic, sizeof(wic)) != MMSYSERR_NOERROR)

            continue;

        InputDevsList->Items->AddObject(AnsiString(wic.szPname) +

            " (Wave Audio)", (TObject*)new TWAVEAudioRecordingDevice(i));

    }

    k = waveOutGetNumDevs();

    for (i = 0; i < k; i++)

    {

        if (waveOutGetDevCaps(i, &woc, sizeof(woc)) != MMSYSERR_NOERROR)

            continue;

        OutputDevsList->Items->AddObject(AnsiString(woc.szPname) +

            " (Wave Audio)", (TObject*)new TWAVEAudioPlaybackDevice(i));

    }

}

//---------------------------------------------------------------------------


63. Модуль TSelectFilterDlg.h

//----------------------------------------------------------------------------

#ifndef TSelectFilterDialogH

#define TSelectFilterDialogH

//----------------------------------------------------------------------------

#include <vcl\ExtCtrls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\Classes.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Windows.hpp>

#include <vcl\System.hpp>

//----------------------------------------------------------------------------

class TSelectFilterDialog : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;

    TLabel *Label1;

    TListBox *FilterListBox;

    void __fastcall FormCreate(TObject *Sender);

    void __fastcall FilterListBoxDblClick(TObject *Sender);

private:

public:


virtual __fastcall TSelectFilterDialog(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TSelectFilterDialog *SelectFilterDialog;

//----------------------------------------------------------------------------

#endif


64. Модуль TSelectFilterDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TSelectFilterDialog.h"

#include "Filters.h"

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TSelectFilterDialog *SelectFilterDialog;

//---------------------------------------------------------------------

__fastcall TSelectFilterDialog::TSelectFilterDialog(TComponent* AOwner)


: TForm(AOwner)

{

}

//---------------------------------------------------------------------

void __fastcall TSelectFilterDialog::FormCreate(TObject *Sender)

{

    for (int i = 0; i < NUM_FILTERS; i++)

        FilterListBox->Items->Add(FilterNames[i]);

    FilterListBox->ItemIndex = 0;

}

//---------------------------------------------------------------------------

void __fastcall TSelectFilterDialog::FilterListBoxDblClick(TObject *Sender)

{

    ModalResult = mrOk;

}

//---------------------------------------------------------------------------


65. Модуль TSynthDlg.h

//----------------------------------------------------------------------------

#ifndef TSynthDlgH

#define TSynthDlgH

//----------------------------------------------------------------------------

#include <vcl\System.hpp>

#include <vcl\Windows.hpp>

#include <vcl\SysUtils.hpp>

#include <vcl\Classes.hpp>

#include <vcl\Graphics.hpp>

#include <vcl\StdCtrls.hpp>

#include <vcl\Forms.hpp>

#include <vcl\Controls.hpp>

#include <vcl\Buttons.hpp>

#include <vcl\ExtCtrls.hpp>

#include <ComCtrls.hpp>

#include "Effects.h"

//----------------------------------------------------------------------------

class TSynthDlg : public TForm

{

__published:


TButton *OKBtn;


TButton *CancelBtn;


TBevel *Bevel1;

    TTrackBar *FreqTrackBar;

    TLabel *Label1;

    TEdit *FreqEdit;

    TRadioGroup *WaveFormGroup;

    TButton *ApplyBtn;

    TTrackBar *AmpTrackBar;

    TLabel *AmpLabel;

    TLabel *Label2;

    TBevel *Bevel2;

    void __fastcall OKBtnClick(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall FreqTrackBarChange(TObject *Sender);

    void __fastcall AmpTrackBarChange(TObject *Sender);

    void __fastcall FreqEditChange(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

    void __fastcall WaveFormGroupClick(TObject *Sender);

private:

    int *f;

    double *Amp;

    int *WaveForm;

    bool __fastcall Apply();

public:

    TFilter *Filter;


virtual __fastcall TSynthDlg(TComponent* AOwner);

};

//----------------------------------------------------------------------------

extern PACKAGE TSynthDlg *SynthDlg;

//----------------------------------------------------------------------------

#endif


66. Модуль TSynthDlg.cpp

//---------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TSynthDlg.h"

#include "Procs.h"

#include "VirtDevs.h"

#include <math.h>

//---------------------------------------------------------------------

#pragma resource "*.dfm"

TSynthDlg *SynthDlg;

//---------------------------------------------------------------------

__fastcall TSynthDlg::TSynthDlg(TComponent* AOwner)


: TForm(AOwner)

{

    SetNumberStyle(FreqEdit->Handle);

}

//---------------------------------------------------------------------

void __fastcall TSynthDlg::OKBtnClick(TObject *Sender)

{

    if (Apply()) ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TSynthDlg::ApplyBtnClick(TObject *Sender)

{

    if (Apply()) ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

bool __fastcall TSynthDlg::Apply()

{

    char msg[128];

    int t;

    try

    {

        if (FreqEdit->Text == "")

            throw "Введите значение частоты";

        t = StrToInt(FreqEdit->Text);

        if (t < 0 || t > Filter->GetSampleRate() >> 1)

        {

            wsprintf(msg,

                "Значение частоты должно быть в пределах от 0 до %d Гц",

                Filter->GetSampleRate() >> 1);

            throw msg;

        }

    } catch (char *ErrMsg)

    {

        Application->MessageBox(ErrMsg, "Ошибка", MB_OK | MB_ICONEXCLAMATION);

        return false;

    }

    *f = t;

    *Amp = LogToLin(-AmpTrackBar->Position);

    *WaveForm = WaveFormGroup->ItemIndex;

    Filter->Update();

    return true;

}

//---------------------------------------------------------------------------

void __fastcall TSynthDlg::FreqTrackBarChange(TObject *Sender)

{

    *f = (exp(FreqTrackBar->Position * 0.05) - 1) /

        (exp(5) - 1) * Filter->GetSampleRate() / 2;

    FreqEdit->Text = *f;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TSynthDlg::AmpTrackBarChange(TObject *Sender)

{

    int Pos = -AmpTrackBar->Position;

    double t = LogToLin(Pos);

    AmpLabel->Caption = AnsiString(Pos) + " дБ";

    if (*Amp == t) return;

    *Amp = t;

    Filter->Update();

}

//---------------------------------------------------------------------------

void __fastcall TSynthDlg::FreqEditChange(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------

void __fastcall TSynthDlg::FormShow(TObject *Sender)

{

    f = (int *)Filter->GetParameter("f");

    Amp = (double *)Filter->GetParameter("Amp");

    WaveForm = (int *)Filter->GetParameter("WaveForm");

    WaveFormGroup->ItemIndex = *WaveForm;

    FreqTrackBar->OnChange = NULL;

    FreqTrackBar->Position =

        log((double)*f * 2 / Filter->GetSampleRate() * (exp(5) - 1) + 1) * 20;

    FreqTrackBar->OnChange = FreqTrackBarChange;

    AmpTrackBar->Position = -Round(LinToLog(*Amp));

    FreqEdit->Text = *f;

    ApplyBtn->Enabled = false;

}

//---------------------------------------------------------------------------

void __fastcall TSynthDlg::WaveFormGroupClick(TObject *Sender)

{

    ApplyBtn->Enabled = true;

}

//---------------------------------------------------------------------------


67. Модуль TZPlaneFrm.h

//---------------------------------------------------------------------------

#ifndef TZPlaneFrmH

#define TZPlaneFrmH

//---------------------------------------------------------------------------

#include <Classes.hpp>

#include <Controls.hpp>

#include <StdCtrls.hpp>

#include <Forms.hpp>

#include <ComCtrls.hpp>

#include <ExtCtrls.hpp>

#include <ToolWin.hpp>

#include <ImgList.hpp>

#include "TIIRFilterDlg.h"

//---------------------------------------------------------------------------

class TZPlaneFrm : public TForm

{

__published:
// IDE-managed Components

    TControlBar *ControlBar1;

    TToolBar *ToolBar1;

    TToolButton *AddPole;

    TToolButton *AddZero;

    TPanel *Panel1;

    TPaintBox *PaintBox;

    TToolButton *ApplyBtn;

    TToolButton *DelBtn;

    void __fastcall PaintBoxPaint(TObject *Sender);

    void __fastcall PaintBoxMouseDown(TObject *Sender, TMouseButton Button,

          TShiftState Shift, int X, int Y);

    void __fastcall FormResize(TObject *Sender);

    void __fastcall ApplyBtnClick(TObject *Sender);

    void __fastcall FormShow(TObject *Sender);

private:
// User declarations

    int W, H;

    int ArcW, ArcH;

    TRect r;

    void __fastcall RedrawAll();

    void __fastcall DrawPoleZeroCoords(int x, int y, complex<double> Val);

    bool __fastcall CheckIfDel(int X, int Y,

        complex<double> *Val, int index, int &Size);

public:

// User declarations

    complex<double> Poles[MAX_POLESZEROS];

    complex<double> Zeros[MAX_POLESZEROS];

    int NumPoles, NumZeros;

    __fastcall TZPlaneFrm(TComponent* Owner);

};

//---------------------------------------------------------------------------

extern PACKAGE TZPlaneFrm *ZPlaneFrm;

//---------------------------------------------------------------------------

#endif


68. Модуль TZPlaneFrm.cpp

//---------------------------------------------------------------------------

#include <vcl.h>

#pragma hdrstop

#include "TZPlaneFrm.h"

#include "Procs.h"

//---------------------------------------------------------------------------

#pragma package(smart_init)

#pragma resource "*.dfm"

TZPlaneFrm *ZPlaneFrm;

//---------------------------------------------------------------------------

__fastcall TZPlaneFrm::TZPlaneFrm(TComponent* Owner)

    : TForm(Owner)

{

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::RedrawAll()

{

    int x, y, i;

    char s[32];

    TCanvas *Canvas = PaintBox->Canvas;

    Canvas->Brush->Color = clWindow;

    Canvas->FillRect(GetClientRect());

    Canvas->Font->Size = 16;

    Canvas->Font->Style = TFontStyles() << fsBold;

    Canvas->TextOut(4, r.Top + r.Height() / 2, "j");

    Canvas->TextOut(r.Left + r.Width() / 2, r.Bottom + 20, "x");

    Canvas->Font = Font;

    Canvas->Pen->Color = clBtnShadow;

    Canvas->Pen->Width = 1;

    for (i = 0; i <= 10; i++)

    {

        int y = r.Top + r.Height() * i / 10;

        int x = r.Left + r.Width() * i / 10;

        if (i && i != 10)

        {

            Canvas->MoveTo(r.Left, y);

            Canvas->LineTo(r.Right, y);

            Canvas->MoveTo(x, r.Top);

            Canvas->LineTo(x, r.Bottom);

        }

        SetBkMode(Canvas->Handle, TRANSPARENT);

        SetTextAlign(Canvas->Handle, TA_RIGHT);

        sprintf(s, "%.2f", (double)r.Height() / ArcH * (10 - i) / 10);

        Canvas->TextOut(r.Left - 4, y - 4, s);

        SetTextAlign(Canvas->Handle, TA_CENTER);

        sprintf(s, "%.2f", (double)r.Width() / ArcW * (i - 5) / 10);

        Canvas->TextOut(x, r.Bottom + 4, s);

    }

    SetTextAlign(Canvas->Handle, TA_LEFT);

    Canvas->Pen->Color = clBlack;

    Canvas->MoveTo(r.Left + r.Width() / 2, r.Bottom - 1);

    Canvas->LineTo(r.Left + r.Width() / 2, r.Top);

    Canvas->Arc(

        (r.Width() >> 1) + r.Left - ArcW,

        r.Bottom - ArcH,

        (r.Width() >> 1) + r.Left + ArcW,

        r.Bottom + ArcH,

        (r.Width() >> 1) + r.Left + ArcW,

        r.Bottom,

        (r.Width() >> 1) + r.Left - ArcW,

        r.Bottom);

    Canvas->Brush->Color = clBlack;

    Canvas->FrameRect(r);

    Canvas->Brush->Color = clWindow;

    Canvas->Pen->Width = 2;

    for (i = 0; i < NumZeros; i++)

    {

        x = r.Left + (r.Width() >> 1) + Zeros[i]._M_re * ArcW;

        y = r.Bottom - Zeros[i]._M_im * ArcH;

        Canvas->Ellipse(x - 5, y - 5, x + 5, y + 5);

        DrawPoleZeroCoords(x, y, Zeros[i]);

    }

    for (i = 0; i < NumPoles; i++)

    {

        x = r.Left + (r.Width() >> 1) + Poles[i]._M_re * ArcW;

        y = r.Bottom - Poles[i]._M_im * ArcH;

        Canvas->MoveTo(x - 5, y - 5);

        Canvas->LineTo(x + 5, y + 5);

        Canvas->MoveTo(x - 5, y + 5);

        Canvas->LineTo(x + 5, y - 5);

        DrawPoleZeroCoords(x, y, Poles[i]);

    }

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::PaintBoxPaint(TObject *Sender)

{

    RedrawAll();

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::DrawPoleZeroCoords(int x, int y, complex<double> Val)

{

    char s[32];

    sprintf(s, "r = %.3f, w = %.3f", abs(Val), abs(Val) ? arg(Val) : 0);

    SetBkMode(PaintBox->Canvas->Handle, TRANSPARENT);

    PaintBox->Canvas->TextOut(x + 8, y - 16, s);

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::PaintBoxMouseDown(TObject *Sender,

      TMouseButton Button, TShiftState Shift, int X, int Y)

{

    if (X <= r.Left || X >= r.Right ||

        Y <= r.Top || Y >= r.Bottom) return;

    double x = double(X - r.Left - r.Width() / 2) / ArcW;

    double y = double(r.Bottom - Y) / ArcH;

    if (AddPole->Down)

    {

        if (sqrt(x * x + y * y) >= 1.0)

        {

            Application->MessageBox("Координаты полюса выходят за границы \

единичной окружности", "Ошибка", MB_OK | MB_ICONWARNING);

            return;

        }

        if (NumPoles == MAX_POLESZEROS)

        {

            Application->MessageBox("Достигнуто максимальное количество полюсов",

                "Ошибка", MB_OK | MB_ICONWARNING);

            return;

        }

        Poles[NumPoles]._M_re = x;

        Poles[NumPoles++]._M_im = y;

        RedrawAll();

        ApplyBtn->Enabled = true;

    }

    else if (AddZero->Down)

    {

        if (NumZeros == MAX_POLESZEROS)

        {

            Application->MessageBox("Достигнуто максимальное количество нулей",

                "Ошибка", MB_OK | MB_ICONWARNING);

            return;

        }

        Zeros[NumZeros]._M_re = x;

        Zeros[NumZeros++]._M_im = y;

        RedrawAll();

        ApplyBtn->Enabled = true;

    }

    else if (DelBtn->Down)

    {

        int i = 0, x, y;

        for (; i < NumPoles; i++)

            if (CheckIfDel(X, Y, Poles, i, NumPoles))

            {

                RedrawAll();

                ApplyBtn->Enabled = true;

                return;

            }

        for (i = 0; i < NumZeros; i++)

            if (CheckIfDel(X, Y, Zeros, i, NumZeros))

            {

                RedrawAll();

                ApplyBtn->Enabled = true;

                break;

            }

    }

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::FormResize(TObject *Sender)

{

    W = PaintBox->ClientWidth;

    H = PaintBox->ClientHeight;

    r.Left = 50;

    r.Top = 20;

    r.Right = W - 20;

    r.Bottom = H - 40;

    ArcW = (r.Width() - 40) >> 1;

    ArcH = r.Height() - 20;

    if (ArcW < ArcH) ArcH = ArcW;

    else if (ArcH < ArcW) ArcW = ArcH;

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::ApplyBtnClick(TObject *Sender)

{

    ModalResult = mrOk;

}

//---------------------------------------------------------------------------

void __fastcall TZPlaneFrm::FormShow(TObject *Sender)

{

    ApplyBtn->Enabled = false;

    AddPole->Down = false;

    AddZero->Down = false;

    DelBtn->Down = false;

}

//---------------------------------------------------------------------------

bool __fastcall TZPlaneFrm::CheckIfDel(int X, int Y,

    complex<double> *Val, int index, int &Size)

{

    int x = Val[index]._M_re * ArcW + r.Left + r.Width() / 2;

    int y = r.Bottom - Val[index]._M_im * ArcH;

    x -= X;

    y -= Y;

    if (sqrt(double(x * x + y * y)) <= 5.0)

    {

        for (int i = index; i < Size - 1; i++)

            Val[i] = Val[i + 1];

        Size--;

        return true;

    }

    return false;

}

//---------------------------------------------------------------------------


69. Модуль VirtDevs.h

// Библиотека виртуальных устройств оцифровки/воспроизведения

#ifndef _VIRT_DEVS_H_

#define _VIRT_DEVS_H_

#include <windows.h>

#include <mmsystem.h>

#include <dsound.h>

#include "DSPException.h"

#include "Wave.h"

#define NUM_BUFFERS     16

#define DEV_TYPE_DSPLAYBACK         0

#define DEV_TYPE_WAVEAUDIOPLAYBACK  1

#define DEV_TYPE_WAVEFILEPLAYBACK   2

#define DEV_TYPE_DSRECORDING        3

#define DEV_TYPE_WAVEAUDIORECORDING 4

#define DEV_TYPE_WAVEFILERECORDING  5

class TAudioBuffer {

    WAVEFORMATEX DataFormat;

    DWORD BufferSamples;

    DWORD BufferSize;

    BYTE* Buffer;

public:

    TAudioBuffer();

    TAudioBuffer(TAudioBuffer* buf);

    ~TAudioBuffer();

    void SetDataFormat(WAVEFORMATEX *wfx) {

        DataFormat = *wfx; }

    void Create(int _BufferSamples);

    void* GetBuffer() { return Buffer; };

    DWORD GetSize() { return BufferSize; }

    DWORD GetSamples() { return BufferSamples; }

    WAVEFORMATEX* GetDataFormat() {

        return &DataFormat; }

    void CopyBuffer(TAudioBuffer *buf);

    void Clear();

};

class TAudioDevice {

protected:

    TAudioBuffer Buffer;

    HANDLE NotifyEvents[NUM_BUFFERS];

public:

    int Type;

    TAudioDevice();

    virtual ~TAudioDevice();

    virtual void Create();

    virtual void Destroy() = 0;

    virtual void Start() { };

    virtual void Stop();

    TAudioBuffer* GetBuffer() { return &Buffer; }

};

class TPlaybackDevice: public TAudioDevice {

public:

    TPlaybackDevice() { };

    virtual void WriteData() = 0;

};

class TPlaybackDevsList {

    int NumDevs;

    TPlaybackDevice** devs;

public:

    TPlaybackDevsList();

    ~TPlaybackDevsList();

    void AddDevice(TPlaybackDevice* dev);

    void Create();

    void Destroy();

    void Start();

    void Stop();

    void CopyBuffer(TAudioBuffer* buf);

    void WriteData();

    int GetNumDevs() { return NumDevs; }

    TPlaybackDevice* operator [](int Index);

};

class TDirectSoundPlaybackDevice: public TPlaybackDevice {

    LPGUID lpGUID;

    HWND hWnd;

    LPDIRECTSOUND lpDs;

    LPDIRECTSOUNDBUFFER lpDsb;

    DWORD WritePosition;

    DWORD BufferBytes;

public:

    TDirectSoundPlaybackDevice(LPGUID _lpGUID, HWND _hWnd);

    ~TDirectSoundPlaybackDevice() { Destroy(); };

    void Create();

    void Destroy();

    void Start();

    void Stop();

    void WriteData();

};

class TWAVEAudioPlaybackDevice: public TPlaybackDevice {

    HWAVEOUT hwo;

    int DeviceID;

    int CurBuf;

    WAVEHDR whdr[NUM_BUFFERS];

    static void CALLBACK waveOutProc(HWAVEOUT hwo, UINT uMsg,

        DWORD dwInstance, DWORD dwParam1, DWORD dwParam2);

    void ClearBuffers();

public:

    TWAVEAudioPlaybackDevice(int _DeviceID);

    ~TWAVEAudioPlaybackDevice() { Destroy(); };

    void Create();

    void Destroy();

    void Start();

    void Stop();

    void WriteData();

};

class TWAVEFilePlaybackDevice: public TPlaybackDevice {

    char FileName[MAX_PATH];

    HANDLE hFile;

    WAVEHeader WAVEHdr;

    WAVEFormatHeader FormatHdr;

    WAVEDataHeader DataHdr;

public:

    TWAVEFilePlaybackDevice();

    ~TWAVEFilePlaybackDevice() { Destroy(); };

    void Create();

    void Destroy();

    void WriteData();

    char* GetFileName() { return FileName; }

};

class TRecordingDevice: public TAudioDevice {

public:

    TRecordingDevice() { };

    virtual void GetData() = 0;

};

class TDirectSoundRecordingDevice: public TRecordingDevice {

    LPGUID lpGUID;

    LPDIRECTSOUNDCAPTURE lpDsc;

    LPDIRECTSOUNDCAPTUREBUFFER lpDscb;

    DSBPOSITIONNOTIFY PositionNotify[NUM_BUFFERS];

    DWORD BufferBytes;

public:

    TDirectSoundRecordingDevice(LPGUID _lpGUID);

    ~TDirectSoundRecordingDevice() { Destroy(); };

    void Create();

    void Destroy();

    void Start();

    void Stop();

    void GetData();

};

class TWAVEAudioRecordingDevice: public TRecordingDevice {

    HWAVEIN hwi;

    int DeviceID;

    WAVEHDR whdr[NUM_BUFFERS];

    static void CALLBACK waveInProc(HWAVEIN hwi, UINT uMsg,

        DWORD dwInstance, DWORD dwParam1, DWORD dwParam2);

public:

    TWAVEAudioRecordingDevice(int _DeviceID);

    ~TWAVEAudioRecordingDevice() { Destroy(); };

    void Create();

    void Destroy();

    void Start();

    void Stop();

    void GetData();

};

class TWAVEFileRecordingDevice: public TRecordingDevice {

    char FileName[MAX_PATH];

    HANDLE hFile;

public:

    TWAVEFileRecordingDevice();

    ~TWAVEFileRecordingDevice() { Destroy(); };

    void Create();

    void Destroy();

    void GetData();

    char* GetFileName() { return FileName; }

};

void ThrowDirectSoundException(HRESULT hr, char *FunctionName);

void ThrowWAVEAudioException(HRESULT hr, char *FunctionName);

void ThrowWAVEFileException(char *FunctionName);

void ThrowNotification(char* msg);

#endif


70. Модуль VirtDevs.cpp

#include "VirtDevs.h"

#include "AudioFormats.h"

#include "Procs.h"

#include <math.h>

TAudioBuffer::TAudioBuffer()

{

    BufferSize = 0;

    Buffer = NULL;

    DataFormat = AudioFormats[DEFAULT_FORMAT];

}

TAudioBuffer::TAudioBuffer(TAudioBuffer* buf)

{

    DataFormat = buf->DataFormat;

    Create(buf->GetSamples());

}

TAudioBuffer::~TAudioBuffer()

{

    if (Buffer) delete Buffer;

}

void TAudioBuffer::Create(int _BufferSamples)

{

    BufferSamples = _BufferSamples;

    BufferSize = BufferSamples * DataFormat.nBlockAlign;

    Buffer = new BYTE[BufferSize];

    Clear();

}

void TAudioBuffer::CopyBuffer(TAudioBuffer *buf)

{

    ConvertAudioData(&buf->DataFormat, buf->Buffer, buf->BufferSize,

        &DataFormat, Buffer, BufferSize);

}

void TAudioBuffer::Clear()

{

    memset(Buffer, DataFormat.wBitsPerSample == 8 ? 128 : 0, BufferSize);

}

TAudioDevice::TAudioDevice()

{

    for (int i = 0; i < NUM_BUFFERS; i++)

        NotifyEvents[i] = CreateEvent(NULL, FALSE, FALSE, NULL);

}

TAudioDevice::~TAudioDevice()

{

    for (int i = 0; i < NUM_BUFFERS; i++)

        CloseHandle(NotifyEvents[i]);

}

void TAudioDevice::Create()

{

    Buffer.Create(1 << log2(Buffer.GetDataFormat()->nSamplesPerSec / 10));

}

void TAudioDevice::Stop()

{

    Buffer.Clear();

}

TPlaybackDevsList::TPlaybackDevsList()

{

    devs = NULL;

    NumDevs = 0;

}

TPlaybackDevsList::~TPlaybackDevsList()

{

    if (!devs) return;

    for (int i = 0; i < NumDevs; i++)

        delete devs[i];

    delete devs;

}

void TPlaybackDevsList::AddDevice(TPlaybackDevice *dev)

{

    TPlaybackDevice **t;

    t = new TPlaybackDevice *[NumDevs + 1];

    if (devs)

    {

        memcpy(t, devs, NumDevs * sizeof(TPlaybackDevice *));

        delete devs;

    }

    t[NumDevs++] = dev;

    devs = t;

}

void TPlaybackDevsList::Create()

{

    for (int i = 0; i < NumDevs; i++)

        devs[i]->Create();

}

void TPlaybackDevsList::Destroy()

{

    for (int i = 0; i < NumDevs; i++)

        devs[i]->Destroy();

}

void TPlaybackDevsList::Start()

{

    for (int i = 0; i < NumDevs; i++)

        devs[i]->Start();

}

void TPlaybackDevsList::Stop()

{

    for (int i = 0; i < NumDevs; i++)

        devs[i]->Stop();

}

void TPlaybackDevsList::CopyBuffer(TAudioBuffer* buf)

{

    for (int i = 0; i < NumDevs; i++)

        devs[i]->GetBuffer()->CopyBuffer(buf);

}

void TPlaybackDevsList::WriteData()

{

    for (int i = 0; i < NumDevs; i++)

        devs[i]->WriteData();

}

TPlaybackDevice* TPlaybackDevsList::operator [](int Index)

{

    return devs[Index];

}

TDirectSoundPlaybackDevice::TDirectSoundPlaybackDevice(

    LPGUID _lpGUID, HWND _hWnd)

{

    Type = DEV_TYPE_DSPLAYBACK;

    lpGUID = _lpGUID;

    hWnd = _hWnd;

    lpDs = NULL;

    lpDsb = NULL;

}

void TDirectSoundPlaybackDevice::Create()

{

    LPDIRECTSOUNDNOTIFY lpDsn;

    DSBPOSITIONNOTIFY PositionNotify[NUM_BUFFERS];

    DSBUFFERDESC dsbd;

    HRESULT hr;

    int i;

    TAudioDevice::Create();

    BufferBytes = GetBuffer()->GetSize() * NUM_BUFFERS;

    WritePosition = 0xFFFFFFFF;

    if (FAILED(hr = DirectSoundCreate(lpGUID, &lpDs, NULL)))

        ThrowDirectSoundException(hr, "DirectSoundCreate");

    if (FAILED(hr = lpDs->SetCooperativeLevel(hWnd, DSSCL_PRIORITY)))

        ThrowDirectSoundException(hr, "IDirectSound::SetCooperativeLevel");

    ZeroMemory(&dsbd, sizeof(DSBUFFERDESC));

    dsbd.dwSize = sizeof(DSBUFFERDESC);

    dsbd.dwFlags =  DSBCAPS_CTRLPOSITIONNOTIFY |

                    DSBCAPS_GLOBALFOCUS;

    dsbd.dwBufferBytes = BufferBytes;

    dsbd.lpwfxFormat = GetBuffer()->GetDataFormat();

    if (FAILED(hr = lpDs->CreateSoundBuffer(&dsbd, &lpDsb, NULL)))

        ThrowDirectSoundException(hr, "IDirectSound::CreateSoundBuffer");

    for (i = 0; i < NUM_BUFFERS; i++)

    {

        PositionNotify[i].dwOffset = GetBuffer()->GetSize() * (i + 1) - 1;

        PositionNotify[i].hEventNotify = NotifyEvents[i];

    }

    if (FAILED(lpDsb->QueryInterface(IID_IDirectSoundNotify, (void **)&lpDsn)))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::QueryInterface");

    if (FAILED(lpDsn->SetNotificationPositions(NUM_BUFFERS, PositionNotify)))

        ThrowDirectSoundException(hr,

            "IDirectSoundNotify::SetNotificationPositions");

    lpDsn->Release();

}

void TDirectSoundPlaybackDevice::Destroy()

{

    if (lpDsb)

    {

        lpDsb->Release();

        lpDsb = NULL;

    }

    if (lpDs)

    {

        lpDs->Release();

        lpDs = NULL;

    }

}

void TDirectSoundPlaybackDevice::WriteData()

{


BYTE *pb1, *pb2;


DWORD cb1, cb2;

    DWORD dwStatus;


BOOL RestoredBuffer = FALSE;

    DWORD dwPlay, dwWrite;

    HRESULT hr;

    DWORD Event = WaitForMultipleObjects(NUM_BUFFERS, NotifyEvents,

        FALSE, INFINITE) - WAIT_OBJECT_0;


if (FAILED(hr = lpDsb->GetStatus(&dwStatus)))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::GetStatus");

    if (dwStatus & DSBSTATUS_BUFFERLOST)

    {

        if (FAILED(hr = lpDsb->Restore()))

            ThrowDirectSoundException(hr, "IDirectSoundBuffer::Restore");

        WritePosition = 0;

        RestoredBuffer = TRUE;

    }

    else if (Event == NUM_BUFFERS || WritePosition == 0xFFFFFFFF)

    {

        if (FAILED(hr = lpDsb->GetCurrentPosition(&dwPlay, &dwWrite)))

            ThrowDirectSoundException(hr,

                "IDirectSoundBuffer::GetCurrentPosition");

        WritePosition = (dwWrite + (GetBuffer()->GetSize() << 1)) % BufferBytes;

    }

    if (FAILED(hr = lpDsb->Lock(WritePosition, GetBuffer()->GetSize(),

        (LPVOID *)&pb1, &cb1, (LPVOID *)&pb2, &cb2, 0)))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::Lock");

    if (pb1) memcpy(pb1, Buffer.GetBuffer(), cb1);

    if (cb2 && pb2) memcpy(pb2, (BYTE *)Buffer.GetBuffer() + cb1,

        GetBuffer()->GetSize() - cb1);

    if (FAILED(hr = lpDsb->Unlock(pb1, cb1, pb2, cb2)))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::Unlock");

    WritePosition += GetBuffer()->GetSize();

    WritePosition %= BufferBytes;

    if (RestoredBuffer)

    {

        if (FAILED(hr = lpDsb->SetCurrentPosition(0)))

            ThrowDirectSoundException(hr,

                "IDirectSoundBuffer::SetCurrentPosition");

        if (FAILED(hr = lpDsb->Play(0, 0, DSBPLAY_LOOPING)))

            ThrowDirectSoundException(hr, "IDirectSoundBuffer::Play");

        WritePosition = 0xFFFFFFFF;

    }

}

void TDirectSoundPlaybackDevice::Start()

{


BYTE *pb1, *pb2;


DWORD cb1, cb2;

    HRESULT hr;

    if (FAILED(hr = lpDsb->Lock(0, 0, (LPVOID *)&pb1, &cb1,

        (LPVOID *)&pb2, &cb2, DSBLOCK_ENTIREBUFFER )))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::Lock");

    memset(pb1,

        GetBuffer()->GetDataFormat()->wBitsPerSample == 8 ? 128 : 0, cb1);

    if (FAILED(hr = lpDsb->Unlock(pb1, cb1, pb2, cb2)))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::Unlock");

    if (FAILED(hr = lpDsb->Play(0, 0, DSBPLAY_LOOPING)))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::Play");

}

void TDirectSoundPlaybackDevice::Stop()

{

    HRESULT hr;

    if (FAILED(hr = lpDsb->Stop()))

        ThrowDirectSoundException(hr, "IDirectSoundBuffer::Stop");

    WritePosition = 0xFFFFFFFF;

    if (FAILED(hr = lpDsb->SetCurrentPosition(0)))

        ThrowDirectSoundException(hr,

            "IDirectSoundBuffer::SetCurrentPosition");

    TAudioDevice::Stop();

}

TWAVEAudioPlaybackDevice::TWAVEAudioPlaybackDevice(int _DeviceID)

{

    Type = DEV_TYPE_WAVEAUDIOPLAYBACK;

    DeviceID = _DeviceID;

    hwo = 0;

}

void CALLBACK TWAVEAudioPlaybackDevice::waveOutProc(HWAVEOUT hwo, UINT uMsg,

    DWORD dwInstance, DWORD dwParam1, DWORD dwParam2)

{

    if (uMsg == WOM_DONE)

    {

        WAVEHDR* whdr = (WAVEHDR*)dwParam1;

        SetEvent((HANDLE)whdr->dwUser);

    }

}

void TWAVEAudioPlaybackDevice::Create()

{

    HRESULT hr;

    TAudioDevice::Create();

    if ((hr = waveOutOpen(&hwo, DeviceID, GetBuffer()->GetDataFormat(),

        (DWORD)waveOutProc, (DWORD)this, CALLBACK_FUNCTION)) != MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveOutOpen");

    ZeroMemory(whdr, sizeof(whdr));

    for (int i = 0; i < NUM_BUFFERS; i++)

    {

        whdr[i].dwBufferLength = Buffer.GetSize();

        whdr[i].lpData = new BYTE[Buffer.GetSize()];

        whdr[i].dwUser = (DWORD)NotifyEvents[i];

    }

}

void TWAVEAudioPlaybackDevice::Destroy()

{

    waveOutReset(hwo);

    for (int i = 0; i < NUM_BUFFERS; i++)

    {

        waveOutUnprepareHeader(hwo, &whdr[i], sizeof(WAVEHDR));

        delete whdr[i].lpData;

    }

    waveOutClose(hwo);

}

void TWAVEAudioPlaybackDevice::Start()

{

    HRESULT hr;

    ClearBuffers();

    for (int i = 0; i < NUM_BUFFERS; i++)

    {

        ResetEvent(NotifyEvents[i]);

        if ((hr = waveOutPrepareHeader(hwo, &whdr[i], sizeof(WAVEHDR))) !=

            MMSYSERR_NOERROR)

            ThrowWAVEAudioException(hr, "waveOutPrepareHeader");

        if ((hr = waveOutWrite(hwo, &whdr[i], sizeof(WAVEHDR))) !=

            MMSYSERR_NOERROR)

            ThrowWAVEAudioException(hr, "waveOutWrite");

    }

    CurBuf = 2;

}

void TWAVEAudioPlaybackDevice::Stop()

{

    HRESULT hr;

    if ((hr = waveOutReset(hwo)) != MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveOutReset");

    ClearBuffers();

    TAudioDevice::Stop();

}

void TWAVEAudioPlaybackDevice::WriteData()

{

    HRESULT hr;

    DWORD Event = WaitForMultipleObjects(NUM_BUFFERS, NotifyEvents,

        FALSE, INFINITE) - WAIT_OBJECT_0;

    if ((hr = waveOutUnprepareHeader(hwo, &whdr[Event], sizeof(WAVEHDR))) !=

        MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveOutUnprepareHeader");

    if ((hr = waveOutPrepareHeader(hwo, &whdr[Event], sizeof(WAVEHDR))) !=

        MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveOutPrepareHeader");

    if ((hr = waveOutWrite(hwo, &whdr[Event], sizeof(WAVEHDR))) !=

        MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveOutWrite");

    memcpy(whdr[CurBuf++].lpData, Buffer.GetBuffer(), Buffer.GetSize());

    CurBuf %= NUM_BUFFERS;

}

void TWAVEAudioPlaybackDevice::ClearBuffers()

{

    BYTE b = Buffer.GetDataFormat()->wBitsPerSample == 8 ? 128 : 0;

    for (int i = 0; i < NUM_BUFFERS; i++)

        memset(whdr[i].lpData, b, whdr[i].dwBufferLength);

}

TWAVEFilePlaybackDevice::TWAVEFilePlaybackDevice()

{

    Type = DEV_TYPE_WAVEFILEPLAYBACK;

    hFile = 0;

    memset(FileName, 0, sizeof(FileName));

}

void TWAVEFilePlaybackDevice::Create()

{

    DWORD Written;

    TAudioDevice::Create();

    hFile = CreateFile(FileName, GENERIC_WRITE, 0, NULL,

        CREATE_ALWAYS, FILE_ATTRIBUTE_NORMAL, 0);

    if (hFile == INVALID_HANDLE_VALUE)

        ThrowWAVEFileException("CreateFile");

    memcpy(WAVEHdr.RIFF, RIFF_STRING, 4);

    WAVEHdr.Size = sizeof(WAVEFormatHeader) + sizeof(WAVEDataHeader) + 4;

    memcpy(WAVEHdr.WAVE, WAVE_STRING, 4);

    memcpy(FormatHdr.fmt, FMT_STRING, 4);

    FormatHdr.Size = sizeof(WAVEFormatHeader) -

        sizeof(FormatHdr.fmt) - sizeof(FormatHdr.Size);

    memcpy(&FormatHdr.wFormatTag, GetBuffer()->GetDataFormat(),

        sizeof(WAVEFORMATEX) - sizeof(GetBuffer()->GetDataFormat()->cbSize));

    memcpy(DataHdr.data, DATA_STRING, 4);

    DataHdr.Size = 0;

    WriteFile(hFile, &WAVEHdr, sizeof(WAVEHeader), &Written, 0);

    WriteFile(hFile, &FormatHdr, sizeof(WAVEFormatHeader), &Written, 0);

    WriteFile(hFile, &DataHdr, sizeof(WAVEDataHeader), &Written, 0);

}

void TWAVEFilePlaybackDevice::Destroy()

{

    DWORD Written;

    if (!hFile) return;

    SetFilePointer(hFile, 0, NULL, FILE_BEGIN);

    WriteFile(hFile, &WAVEHdr, sizeof(WAVEHeader), &Written, 0);

    WriteFile(hFile, &FormatHdr, sizeof(WAVEFormatHeader), &Written, 0);

    WriteFile(hFile, &DataHdr, sizeof(WAVEDataHeader), &Written, 0);

    CloseHandle(hFile);

}

void TWAVEFilePlaybackDevice::WriteData()

{

    DWORD Written;

    WriteFile(hFile, Buffer.GetBuffer(),

        GetBuffer()->GetSize(), &Written, NULL);

    if (Written < GetBuffer()->GetSize())

        ThrowWAVEFileException("WriteFile");

    WAVEHdr.Size += Written;

    DataHdr.Size += Written;

}

TDirectSoundRecordingDevice::TDirectSoundRecordingDevice(LPGUID _lpGUID)

{

    Type = DEV_TYPE_DSRECORDING;

    lpGUID = _lpGUID;

    lpDsc = NULL;

    lpDscb = NULL;

}

void TDirectSoundRecordingDevice::Create()

{

    LPDIRECTSOUNDNOTIFY lpDsn;

    DSCBUFFERDESC dscbd;

    HRESULT hr;

    int i;

    TAudioDevice::Create();

    BufferBytes = GetBuffer()->GetSize() * NUM_BUFFERS;

    if (FAILED(hr = DirectSoundCaptureCreate(lpGUID, &lpDsc, NULL)))

        ThrowDirectSoundException(hr, "DirectSoundCaptureCreate");

    ZeroMemory(&dscbd, sizeof(DSCBUFFERDESC));

    dscbd.dwSize = sizeof(DSCBUFFERDESC);


dscbd.dwBufferBytes = BufferBytes;


dscbd.lpwfxFormat = GetBuffer()->GetDataFormat();

    if (FAILED(hr = lpDsc->CreateCaptureBuffer(&dscbd, &lpDscb, NULL)))

        ThrowDirectSoundException(hr,

            "IDirectSoundCapture::CreateCaptureBuffer");

    for (i = 0; i < NUM_BUFFERS; i++)

    {

        PositionNotify[i].dwOffset = GetBuffer()->GetSize() * (i + 1) - 1;

        PositionNotify[i].hEventNotify = NotifyEvents[i];

    }

    if (FAILED(hr = lpDscb->QueryInterface(IID_IDirectSoundNotify,

        (void **)&lpDsn)))

        ThrowDirectSoundException(hr,

            "IDirectSoundCaptureBuffer::QueryInterface");

    if (FAILED(hr = lpDsn->SetNotificationPositions(NUM_BUFFERS,

        PositionNotify)))

        ThrowDirectSoundException(hr,

            "IDirectSoundNotify::SetNotificationPositions");

    lpDsn->Release();

}

void TDirectSoundRecordingDevice::Destroy()

{

    if (lpDscb)

    {

        lpDscb->Release();

        lpDscb = NULL;

    }

    if (lpDsc)

    {

        lpDsc->Release();

        lpDsc = NULL;

    }

}

void TDirectSoundRecordingDevice::Start()

{

    HRESULT hr;

    if (FAILED(hr = lpDscb->Start(DSCBSTART_LOOPING)))

        ThrowDirectSoundException(hr, "IDirectSoundCaptureBuffer::Start");

}

void TDirectSoundRecordingDevice::Stop()

{

    HRESULT hr;

    if (FAILED(hr = lpDscb->Stop()))

        ThrowDirectSoundException(hr, "IDirectSoundCaptureBuffer::Stop");

    TAudioDevice::Stop();

}

void TDirectSoundRecordingDevice::GetData()

{


LPBYTE pbInput1 = NULL, pbInput2;


DWORD cbInput1, cbInput2;


DWORD InputStart = 0, InputEnd;

    HRESULT hr;

    DWORD Event = WaitForMultipleObjects(NUM_BUFFERS, NotifyEvents,

        FALSE, INFINITE) - WAIT_OBJECT_0;

    if (Event > 0)



InputStart = PositionNotify[Event - 1].dwOffset + 1;


InputEnd = PositionNotify[Event].dwOffset + 1 - InputStart;


if (FAILED(hr = lpDscb->Lock(InputStart, InputEnd,

        (LPVOID *)&pbInput1, &cbInput1, (LPVOID *)&pbInput2, &cbInput2, 0)))

        ThrowDirectSoundException(hr, "IDirectSoundCaptureBuffer::Lock");

    memcpy(Buffer.GetBuffer(), pbInput1, cbInput1);


if (pbInput1)



if (FAILED(hr = lpDscb->Unlock(pbInput1, cbInput1, pbInput2, cbInput2)))

            ThrowDirectSoundException(hr,

                "IDirectSoundCaptureBuffer::Unlock");

}

void CALLBACK TWAVEAudioRecordingDevice::waveInProc(HWAVEIN hwi, UINT uMsg,

    DWORD dwInstance, DWORD dwParam1, DWORD dwParam2)

{

    if (uMsg == WIM_DATA)

    {

        WAVEHDR* whdr = (WAVEHDR*)dwParam1;

        SetEvent((HANDLE)whdr->dwUser);

    }

}

TWAVEAudioRecordingDevice::TWAVEAudioRecordingDevice(int _DeviceID)

{

    Type = DEV_TYPE_WAVEAUDIORECORDING;

    DeviceID = _DeviceID;

    hwi = 0;

}

void TWAVEAudioRecordingDevice::Create()

{

    HRESULT hr;

    TAudioDevice::Create();

    if ((hr = waveInOpen(&hwi, DeviceID, Buffer.GetDataFormat(),

        (DWORD)waveInProc, (DWORD)this, CALLBACK_FUNCTION)) != MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveInOpen");

    ZeroMemory(whdr, sizeof(whdr));

    for (int i = 0; i < NUM_BUFFERS; i++)

    {

        whdr[i].dwBufferLength = Buffer.GetSize();

        whdr[i].lpData = new BYTE[Buffer.GetSize()];

        whdr[i].dwUser = (DWORD)NotifyEvents[i];

    }

}

void TWAVEAudioRecordingDevice::Destroy()

{

    waveInReset(hwi);

    for (int i = 0; i < NUM_BUFFERS; i++)

    {

        waveInUnprepareHeader(hwi, &whdr[i], sizeof(WAVEHDR));

        delete whdr[i].lpData;

    }

    waveInClose(hwi);

}

void TWAVEAudioRecordingDevice::Start()

{

    HRESULT hr;

    for (int i = 0; i < NUM_BUFFERS; i++)

    {

        ResetEvent(NotifyEvents[i]);

        if ((hr = waveInPrepareHeader(hwi, &whdr[i], sizeof(WAVEHDR))) !=

            MMSYSERR_NOERROR)

            ThrowWAVEAudioException(hr, "waveInPrepareHeader");

        if ((hr = waveInAddBuffer(hwi, &whdr[i], sizeof(WAVEHDR))) !=

            MMSYSERR_NOERROR)

            ThrowWAVEAudioException(hr, "waveInAddBuffer");

    }

    waveInStart(hwi);

}

void TWAVEAudioRecordingDevice::Stop()

{

    HRESULT hr;

    if ((hr = waveInReset(hwi)) != MMSYSERR_NOERROR)

        ThrowWAVEAudioException(hr, "waveInReset");

    TAudioDevice::Stop();

}

void TWAVEAudioRecordingDevice::GetData()

{

    DWORD Event = WaitForMultipleObjects(NUM_BUFFERS, NotifyEvents,

        FALSE, INFINITE) - WAIT_OBJECT_0;

    memcpy(Buffer.GetBuffer(), whdr[Event].lpData, Buffer.GetSize());

    waveInUnprepareHeader(hwi, &whdr[Event], sizeof(WAVEHDR));

    waveInPrepareHeader(hwi, &whdr[Event], sizeof(WAVEHDR));

    waveInAddBuffer(hwi, &whdr[Event], sizeof(WAVEHDR));

}

TWAVEFileRecordingDevice::TWAVEFileRecordingDevice()

{

    Type = DEV_TYPE_WAVEFILERECORDING;

    hFile = 0;

    memset(FileName, 0, sizeof(FileName));

}

void TWAVEFileRecordingDevice::Create()

{

    DWORD Read;

    WAVEHeader WaveHdr;

    WAVEFormatHeader FormatHdr;

    WAVEFactHeader FactHdr;

    WAVEDataHeader DataHdr;

    hFile = CreateFile(FileName, GENERIC_READ, FILE_SHARE_READ, NULL,

        OPEN_EXISTING, 0, 0);

    if (hFile == INVALID_HANDLE_VALUE)

        ThrowWAVEFileException("CreateFile");

    ReadFile(hFile, &WaveHdr, sizeof(WAVEHeader), &Read, NULL);

    if (memcmp(WaveHdr.RIFF, RIFF_STRING, 4))

        ThrowWAVEFileException("Неверный формат файла");

    if (memcmp(WaveHdr.WAVE, WAVE_STRING, 4))

        ThrowWAVEFileException("Неверный формат файла");

    ReadFile(hFile, &FormatHdr, sizeof(WAVEFormatHeader), &Read, NULL);

    if (memcmp(FormatHdr.fmt, FMT_STRING, 4))

        ThrowWAVEFileException("Неверный формат файла");

    if (FormatHdr.wFormatTag != WAVE_FORMAT_PCM ||

        !FormatHdr.nChannels || FormatHdr.nChannels > 2 ||

        (FormatHdr.wBitsPerSample != 8 && FormatHdr.wBitsPerSample != 16))

        ThrowWAVEFileException("Неподдерживаемый формат файла");

    memcpy(GetBuffer()->GetDataFormat(), &FormatHdr.wFormatTag,

        sizeof(WAVEFormatHeader) - 8);

    ReadFile(hFile, &FactHdr, sizeof(WAVEFactHeader), &Read, NULL);

    if (!memcmp(FactHdr.fact, FACT_STRING, 4))

    {

        SetFilePointer(hFile, FactHdr.Size, NULL, FILE_CURRENT);

        ReadFile(hFile, &DataHdr, sizeof(WAVEDataHeader), &Read, NULL);

    }

    else

        memcpy(&DataHdr, &FactHdr, sizeof(WAVEDataHeader));

    if (memcmp(DataHdr.data, DATA_STRING, 4))

        ThrowWAVEFileException("Неверный формат файла");

    TAudioDevice::Create();

}

void TWAVEFileRecordingDevice::Destroy()

{

    if (!hFile) return;

    CloseHandle(hFile);

}

void TWAVEFileRecordingDevice::GetData()

{

    DWORD Read;

    GetBuffer()->Clear();

    ReadFile(hFile, Buffer.GetBuffer(), GetBuffer()->GetSize(), &Read, NULL);

    if (Read != GetBuffer()->GetSize())

        ThrowNotification("Достигнут конец файла");

}

void ThrowDirectSoundException(HRESULT hr, char *FunctionName)

{

    TDSPException e;

    e.Notification = false;

    e.Code = hr;

    lstrcpy(e.FileName, "VirtDevs.cpp");

    lstrcpy(e.FunctionName, FunctionName);

    switch (hr)

    {

        case DSERR_ALLOCATED: lstrcpy(e.Description, "The request failed because resources, such as a priority level, were already in use by another caller"); break;

        case DSERR_BADFORMAT: lstrcpy(e.Description, "The specified wave format is not supported"); break;

        case DSERR_BUFFERLOST: lstrcpy(e.Description, "The buffer memory has been lost and must be restored"); break;

        case DSERR_CONTROLUNAVAIL: lstrcpy(e.Description, "The buffer control (volume, pan, and so on) requested by the caller is not available"); break;

        case DSERR_GENERIC: lstrcpy(e.Description, "An undetermined error occurred inside the DirectSound subsystem"); break;

        case DSERR_INVALIDCALL: lstrcpy(e.Description, "This function is not valid for the current state of this object"); break;

        case DSERR_INVALIDPARAM: lstrcpy(e.Description, "An invalid parameter was passed to the returning function"); break;

        case DSERR_NOAGGREGATION: lstrcpy(e.Description, "The object does not support aggregation"); break;

        case DSERR_NODRIVER: lstrcpy(e.Description, "No sound driver is available for use"); break;

        case DSERR_NOINTERFACE: lstrcpy(e.Description, "The requested COM interface is not available"); break;

        case DSERR_OUTOFMEMORY: lstrcpy(e.Description, "The DirectSound subsystem could not allocate sufficient memory to complete the caller's request"); break;

        case DSERR_PRIOLEVELNEEDED: lstrcpy(e.Description, "The caller does not have the priority level required for the function to succeed"); break;

        case DSERR_UNINITIALIZED: lstrcpy(e.Description, "The IDirectSound::Initialize method has not been called or has not been called successfully before other methods were called"); break;

        case DSERR_UNSUPPORTED: lstrcpy(e.Description, "The function called is not supported at this time"); break;

        default: lstrcpy(e.Description, "");

    }

    throw e;

}

void ThrowWAVEFileException(char *FunctionName)

{

    TDSPException e;

    e.Notification = false;

    e.Code = GetLastError();

    lstrcpy(e.FileName, "VirtDevs.cpp");

    if (e.Code)

    {

        lstrcpy(e.FunctionName, FunctionName);

        FormatMessage(FORMAT_MESSAGE_FROM_SYSTEM |

            FORMAT_MESSAGE_IGNORE_INSERTS, NULL, e.Code,

            MAKELANGID(LANG_NEUTRAL, SUBLANG_DEFAULT), e.Description,

            sizeof(e.Description), NULL);

    }

    else

    {

        lstrcpy(e.FunctionName, "");

        lstrcpy(e.Description, FunctionName);

    }

    throw e;

}

void ThrowWAVEAudioException(HRESULT hr, char *FunctionName)

{

    TDSPException e;

    e.Notification = false;

    e.Code = hr;

    lstrcpy(e.FileName, "VirtDevs.cpp");

    lstrcpy(e.FunctionName, FunctionName);

    switch (hr)

    {

        case MMSYSERR_ERROR: lstrcpy(e.Description, "unspecified error"); break;

        case MMSYSERR_BADDEVICEID: lstrcpy(e.Description, "device ID out of range"); break;

        case MMSYSERR_NOTENABLED: lstrcpy(e.Description, "driver failed enable"); break;

        case MMSYSERR_ALLOCATED: lstrcpy(e.Description, "device already allocated"); break;

        case MMSYSERR_INVALHANDLE: lstrcpy(e.Description, "device handle is invalid"); break;

        case MMSYSERR_NODRIVER: lstrcpy(e.Description, "no device driver present"); break;

        case MMSYSERR_NOMEM: lstrcpy(e.Description, "memory allocation error"); break;

        case MMSYSERR_NOTSUPPORTED: lstrcpy(e.Description, "function isn't supported"); break;

        case MMSYSERR_BADERRNUM: lstrcpy(e.Description, "error value out of range"); break;

        case MMSYSERR_INVALFLAG: lstrcpy(e.Description, "invalid flag passed"); break;

        case MMSYSERR_INVALPARAM: lstrcpy(e.Description, "invalid parameter passed"); break;

        case MMSYSERR_HANDLEBUSY: lstrcpy(e.Description, "handle being used simultaneously on another thread"); break;

        case MMSYSERR_INVALIDALIAS: lstrcpy(e.Description, "specified alias not found"); break;

        case MMSYSERR_BADDB: lstrcpy(e.Description, "bad registry database"); break;

        case MMSYSERR_KEYNOTFOUND: lstrcpy(e.Description, "registry key not found"); break;

        case MMSYSERR_READERROR: lstrcpy(e.Description, "registry read error"); break;

        case MMSYSERR_WRITEERROR: lstrcpy(e.Description, "registry write error"); break;

        case MMSYSERR_DELETEERROR: lstrcpy(e.Description, "registry delete error"); break;

        case MMSYSERR_VALNOTFOUND: lstrcpy(e.Description, "registry value not found"); break;

        case MMSYSERR_NODRIVERCB: lstrcpy(e.Description, "driver does not call DriverCallback"); break;

        default: lstrcpy(e.Description, "");

    }

    throw e;

}

void ThrowNotification(char* msg)

{

    TDSPException e;

    e.Notification = true;

    lstrcpy(e.Description, msg);

    throw e;

}
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