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ДОДАТОК А 

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Початковий код програми визначення зубців на ЕКГ 

 

 

Лістинг Б.1 – Початковий код програми визначення зубців на ЕКГ 

import numpy as np 

import matplotlib.pyplot as plt 

 

# Read digitized ECG 

# Reading the file - assuming 3 columns format 

data = np.loadtxt(r".\signals\chf01-heartfailure.txt") 

f = data.T  # Transpose to match MATLAB format [3,inf] 

t = np.array(f[0, :])   # First row 

y = np.array(f[1, :])   #Second row 

 

Td = t[1] - t[0]  # Sampling period 

 

# Set masks for finding peaks 

RRmask = 215 

RQmask = 15 

RSmask = 79 

RPmask = 38 

RTmask = 102 

 

plt.figure() 

plt.plot(t, y)  # Plot original ECG 

plt.title('Вихідний сигнал ЕКГ') 

plt.xlabel('Час, сек.') 

plt.ylabel('Амплітуда') 

 

# Procedure for finding R peak 

 

nr = 0.21 

nq = 0.03 

ns = -0.18 

np_ = 0.04 

nt = -0.14 

 

dy = np.diff(y)  # Find derivative 

finR = round(RRmask + 0.1 * RRmask) 

nR = [0]  # Initialize list 

aR = [y[0]]  # Initialize list 

 

# Find first R peak 

for i in range(1, finR): 

    if i < len(y) and i - 1 < len(dy): 

        if (y[i] > aR[0]) and (dy[i - 1] <= nr): 

            nR[0] = i  # Sample number of first peak 

            aR[0] = y[i]  # Amplitude of first peak 
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# Find remaining R peaks 

start = round(nR[0] + 0.8 * RRmask) 

fin = round(nR[0] + 1.15 * RRmask) 

N = len(y) 

n = 1  # Python 0-based, so starting from 1 for second element 

 

# Initialize arrays for storing results 

RR = [] 

RRR = [] 

QQ = [] 

SS = [] 

PP = [] 

TT = [] 

nQ = [] 

aQ = [] 

nS = [] 

aS = [] 

nP = [] 

aP = [] 

nT = [] 

aT = [] 

 

while fin < N: 

    nR.append(start) 

    aR.append(y[start]) 

 

    for i in range(start, min(fin + 1, N)): 

        if i - 1 < len(dy): 

            if (y[i] > aR[n]) and (dy[i - 1] <= nr): 

                nR[n] = i  # Array of R peak sample numbers 

                aR[n] = y[i]  # Array of R peak amplitudes 

 

    # Calculate working RR interval 

    work = nR[n] - nR[n - 1] 

    RR.append(work) 

    RRR.append([nR[n - 1], aR[n - 1]]) 

 

    # Check duration of working RR interval 

    if (work < round(0.95 * RRmask)) and (work > round(1.05 * 

RRmask)): 

        RRmask = work 

 

    start = round(nR[n] + 0.8 * RRmask) 

    fin = round(nR[n] + 1.15 * RRmask) 

 

    # Determine Q peak 

    st = round(nR[n - 1] - 1.15 * RQmask) 

    finish = round(nR[n - 1] - 0.75 * RQmask) 

 

    st = max(0, st)  # Ensure we don't go below 0 

    finish = min(N - 1, finish)  # Ensure we don't exceed array 

bounds 
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    nQ.append(st) 

    aQ.append(y[st]) 

 

    for i in range(st, finish + 1): 

        if i < N and i - 1 < len(dy): 

            if (y[i] < aQ[n - 1]) and (abs(dy[i - 1]) >= nq): 

                nQ[n - 1] = i  # Array of Q peak sample numbers 

                aQ[n - 1] = y[i]  # Array of Q peak amplitudes 

 

    QQ.append([nQ[n - 1], aQ[n - 1]]) 

 

    # Determine S peak 

    st = round(nR[n - 1]) 

    finish = round(nR[n - 1] + 1.5 * RSmask) 

 

    st = max(0, st) 

    finish = min(N - 1, finish) 

 

    nS.append(st) 

    aS.append(y[st]) 

 

    for i in range(st, finish + 1): 

        if i < N and i - 1 < len(dy): 

            if (y[i] < aS[n - 1]) and (abs(dy[i - 1]) >= ns): 

                nS[n - 1] = i  # Array of S peak sample numbers 

                aS[n - 1] = y[i]  # Array of S peak amplitudes 

 

    SS.append([nS[n - 1], aS[n - 1]]) 

 

    # Determine P peak 

    st = round(nR[n - 1] - 1.35 * RPmask)  # Changed 1.35 to 

1.01 (comment from original) 

    finish = round(nR[n - 1] - 0.65 * RPmask) 

 

    st = max(0, st) 

    finish = min(N - 1, finish) 

 

    nP.append(st) 

    aP.append(y[st]) 

 

    for i in range(st, finish + 1): 

        if i < N and i - 1 < len(dy): 

            if (y[i] > aP[n - 1]) and ((dy[i - 1] >= np_) and 

(dy[i - 1] < nq)): 

                nP[n - 1] = i  # Array of P peak sample numbers 

                aP[n - 1] = y[i]  # Array of P peak amplitudes 

 

    PP.append([nP[n - 1], aP[n - 1]]) 

 

    # Determine T peak 

    st = round(nR[n - 1] + 0.75 * RTmask) 

    finish = round(nR[n - 1] + 1.2 * RTmask) 
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    st = max(0, st) 

    finish = min(N - 1, finish) 

 

    nT.append(st) 

    aT.append(y[st]) 

 

    for i in range(st, finish + 1): 

        if i < N and i - 1 < len(dy): 

            if (y[i] > aT[n - 1]) and ((dy[i - 1] >= nt) and 

(dy[i - 1] < nr)): 

                nT[n - 1] = i  # Array of T peak sample numbers 

                aT[n - 1] = y[i]  # Array of T peak amplitudes 

 

    TT.append([nT[n - 1], aT[n - 1]]) 

 

    n = n + 1 

 

# Convert lists to numpy arrays for easier indexing 

nP = np.array(nP) 

aP = np.array(aP) 

nQ = np.array(nQ) 

aQ = np.array(aQ) 

nR = np.array(nR) 

aR = np.array(aR) 

nS = np.array(nS) 

aS = np.array(aS) 

nT = np.array(nT) 

aT = np.array(aT) 

 

# Plot the detected peaks 

plt.plot(t[nP], aP, '*y', markersize=8)  # P peaks 

plt.plot(t[nQ], aQ, '*g', markersize=8)  # Q peaks 

plt.plot(t[nR], aR, '*r', markersize=8)  # R peaks 

plt.plot(t[nS], aS, '*m', markersize=8)  # S peaks 

plt.plot(t[nT], aT, '*k', markersize=8)  # T peaks 

 

plt.legend(['ЕКГ', 'P', 'Q', 'R', 'S', 'T']) 

plt.show() 

 


