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ДОДАТОК А 

Програмний код 
 
 
# parameters for loading data and images 
emotion_model_path = './models/emotion_model.hdf5' 
emotion_labels = get_labels('fer2013') 
 
# hyper-parameters for bounding boxes shape 
frame_window = 10 
emotion_offsets = (20, 40) 
 
# loading models 
face_cascade = cv2.CascadeClassifier('./models/haarcascade_frontalface_default.xml') 
emotion_classifier = load_model(emotion_model_path) 
 
# getting input model shapes for inference 
emotion_target_size = emotion_classifier.input_shape[1:3] 
 
# starting lists for calculating modes 
emotion_window = [] 
 
# starting video streaming 
 
cv2.namedWindow('window_frame') 
video_capture = cv2.VideoCapture(0) 
 
# Select video or webcam feed 
cap = None 
    cap = cv2.VideoCapture(0) # Webcam source 
else: 
    cap = cv2.VideoCapture('./demo/dinner.mp4') # Video file source 
 
while cap.isOpened(): # True: 
    ret, bgr_image = cap.read() 
 
    #bgr_image = video_capture.read()[1] 
 
    gray_image = cv2.cvtColor(bgr_image, cv2.COLOR_BGR2GRAY) 
    rgb_image = cv2.cvtColor(bgr_image, cv2.COLOR_BGR2RGB) 
 
    faces = face_cascade.detectMultiScale(gray_image, scaleFactor=1.1, minNeighbors=5, 
         minSize=(30, 30), flags=cv2.CASCADE_SCALE_IMAGE) 
 
    for face_coordinates in faces: 
 
        x1, x2, y1, y2 = apply_offsets(face_coordinates, emotion_offsets) 
        gray_face = gray_image[y1:y2, x1:x2] 
        try: 
            gray_face = cv2.resize(gray_face, (emotion_target_size)) 
        except: 
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            continue 
 
        gray_face = preprocess_input(gray_face, True) 
        gray_face = np.expand_dims(gray_face, 0) 
        gray_face = np.expand_dims(gray_face, -1) 
        emotion_prediction = emotion_classifier.predict(gray_face) 
        emotion_probability = np.max(emotion_prediction) 
        emotion_label_arg = np.argmax(emotion_prediction) 
        emotion_text = emotion_labels[emotion_label_arg] 
        emotion_window.append(emotion_text) 
 
        if len(emotion_window) > frame_window: 
            emotion_window.pop(0) 
        try: 
            emotion_mode = mode(emotion_window) 
        except: 
            continue 
 
        if emotion_text == 'angry': 
            color = emotion_probability * np.asarray((255, 0, 0)) 
        elif emotion_text == 'sad': 
            color = emotion_probability * np.asarray((0, 0, 255)) 
        elif emotion_text == 'happy': 
            color = emotion_probability * np.asarray((255, 255, 0)) 
        elif emotion_text == 'surprise': 
            color = emotion_probability * np.asarray((0, 255, 255)) 
        else: 
            color = emotion_probability * np.asarray((0, 255, 0)) 
 
        color = color.astype(int) 
        color = color.tolist() 
 
        draw_bounding_box(face_coordinates, rgb_image, color) 
        draw_text(face_coordinates, rgb_image, emotion_mode, 
                  color, 0, -45, 1, 1) 
 
    bgr_image = cv2.cvtColor(rgb_image, cv2.COLOR_RGB2BGR) 
    cv2.imshow('window_frame', bgr_image) 
 
    if cv2.waitKey(1) & 0xFF == ord('q'): 
        break 
 
cap.release() 
cv2.destroyAllWindows() 
def extract_pulse(rPPG,fftlength,fs_video): 
     
    if(rPPG.shape[1] < fftlength): 
        return np.zeros(int(fftlength/2)+1) 
    fft_roi = range(int(fftlength/2+1)) 
    bpf_div= 60 * fs_video / 2 
    b_BPF40220,a_BPF40220 = signal.butter(10, ([40/bpf_div, 220/bpf_div]),  'bandpass')  
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    col_c = np.zeros((3,fftlength)) 
    skin_vec = [1,0.66667,0.5] 
    for col in [R,G,B]: 
        col_stride = rPPG[col,-fftlength:]# select last samples 
        y_ACDC = signal.detrend(col_stride/np.mean(col_stride)) 
        col_c[col] = y_ACDC * skin_vec[col] 
    X_chrom = col_c[R]-col_c[G] 
    Y_chrom = col_c[R] + col_c[G] - 2* col_c[B] 
    Xf = signal.filtfilt(b_BPF40220,a_BPF40220,X_chrom) 
    Yf = signal.filtfilt(b_BPF40220,a_BPF40220,Y_chrom) 
    Nx = np.std(Xf) 
    Ny = np.std(Yf) 
    alpha_CHROM = Nx/Ny 
    x_stride_method = Xf- alpha_CHROM*Yf 
    STFT = np.fft.fft(x_stride_method,fftlength)[fft_roi] 
    normalized_amplitude = np.abs(STFT)/np.max(np.abs(STFT)) 
    return normalized_amplitude  
 
from scipy.spatial import distance as dist 
from imutils.video import VideoStream 
from imutils import face_utils 
import argparse 
import imutils 
import time 
import dlib 
import cv2 
 
def eye_aspect_ratio(eye): 
    
    
   A = dist.euclidean(eye[1], eye[5]) 
   B = dist.euclidean(eye[2], eye[4]) 
  
    
    
   C = dist.euclidean(eye[0], eye[3]) 
  
    
   ear = (A + B) / (2.0 * C) 
  
    
   return ear 
EYE_AR_THRESH = 0.23 
 
 
EYE_AR_CONSEC_FRAMES = 1 
  
 
COUNTER = 0 
TOTAL = 0 
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print("[INFO] loading facial landmark predictor...") 
detector = dlib.get_frontal_face_detector() 
predictor = dlib.shape_predictor("shape_predictor_68_face_landmarks.dat") 
 
 
(lStart, lEnd) = face_utils.FACIAL_LANDMARKS_IDXS["left_eye"] 
(rStart, rEnd) = face_utils.FACIAL_LANDMARKS_IDXS["right_eye"] 
 
 
print("[INFO] starting video stream thread...") 
 
fileStream = True 
vs = VideoStream(src=0).start() 
 
fileStream = False 
time.sleep(1.0) 
 
 
BLINKS = 0 
 
start_time = time.time() 
 
while True: 
    
    
    if fileStream and not vs.more(): 
        break 
  
    
    frame = vs.read() 
    frame = imutils.resize(frame, width=450) 
    gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY) 
  
    
    rects = detector(gray, 0) 
     
        
    for rect in rects: 
         
       
        shape = predictor(gray, rect) 
        shape = face_utils.shape_to_np(shape) 
  
       
        leftEye = shape[lStart:lEnd] 
        rightEye = shape[rStart:rEnd] 
        leftEAR = eye_aspect_ratio(leftEye) 
        rightEAR = eye_aspect_ratio(rightEye) 
  
       
        ear = (leftEAR + rightEAR) / 2.0 
         



 49 

     
        leftEyeHull = cv2.convexHull(leftEye) 
        rightEyeHull = cv2.convexHull(rightEye) 
        cv2.drawContours(frame, [leftEyeHull], -1, (0, 255, 0), 1) 
        cv2.drawContours(frame, [rightEyeHull], -1, (0, 255, 0), 1) 
         
         
        if ear < EYE_AR_THRESH: 
            COUNTER += 1 
        else: 
          
            if COUNTER >= EYE_AR_CONSEC_FRAMES: 
                    TOTAL += 1 
                    BLINKS+=1 
            COUNTER = 0 
          
         
        cv2.putText(frame, "Blinks: {}".format(TOTAL), (10, 30),cv2.FONT_HERSHEY_SIMPLEX, 
0.7, (0, 0, 255), 2) 
        cv2.putText(frame, "EAR: {:.2f}".format(ear), (300, 30),cv2.FONT_HERSHEY_SIMPLEX, 0.7, 
(0, 0, 255), 2) 
         
        end_time = time.time() 
        if(end_time - start_time > 60):              
            if(BLINKS < 10): 
                print("Blink now !") 
            else: 
                print("All okay") 
             
            start_time = time.time() 
            BLINKS=0 
                 
    
    cv2.imshow("Frame", frame) 
    key = cv2.waitKey(1) & 0xFF 
  
    
    if key == ord("q"): 
        break 
  
 
cv2.destroyAllWindows() 
vs.stop() 
import numpy as np 
import cv2 
 
import matplotlib.pyplot as plt 
 
from scipy import interpolate, signal, optimize 
from scipy.fftpack import fft, ifft, fftfreq, fftshift 
 
from sklearn.decomposition import PCA 



 50 

 
 
class SignalProcess: 
 
    def __init__(self, signal_source, fs=30, draw=False): 
 
        self.signal_source = signal_source 
        self.fs = fs 
 
        self.bpm_list = [] 
        self.mean_bpm = 0 
 
        self.draw = draw 
 
        # Graphs 
        self.fig, (self.ax1, self.ax2) = plt.subplots(2, 1) 
        self.graph_message = '' 
 
        if self.draw: 
            self.fig.show() 
 
    def get_diffs(self, traces, fps): 
        # Filter traces get 4sec or long nyquist freq for 0.5 hz -> 1 hZ 
        traces = [trace for trace in traces if len(trace) > 2*fps] 
        trace_max_len = max( [len(trace) for trace in traces] ) 
 
        #trace_max_len = 300 
        #TODO: This is quickfix 
        traces = [trace for trace in traces if len(trace) == trace_max_len] 
 
        # Calculate y movement of each 
        displacements = [] 
        #displacements = np.array([[]]) 
        for trace in traces: 
            trace = np.array(trace) 
 
            y_pts = trace[:, 1] 
            # Pad array to standart lenght 
            len_diff = trace_max_len-len(y_pts) 
            if len_diff > 0: 
                pass 
                print('Padded', len_diff) 
            y_pts = np.pad(y_pts, (len_diff, 0), 'edge') 
 
            displace = np.diff(y_pts) # y coordinates 
            displacements.append(displace) 
 
        if len(displacements) > 0: 
            displacements = np.stack(displacements, axis=0) 
 
        return displacements 
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    def get_y(self, traces): 
        """ Get Y coordinates of given traces """ 
        # Filter traces get 4sec or long nyquist freq for 0.5 hz -> 1 hZ 
        traces = [trace for trace in traces if len(trace) > 2*self.fs] 
        trace_max_len = max( [len(trace) for trace in traces] ) 
 
        #trace_max_len = 300 
        #TODO: This is quickfix 
        traces = [trace for trace in traces if len(trace) == trace_max_len] 
 
        # Calculate y movement of each 
        ys = [] 
        #displacements = np.array([[]]) 
        for trace in traces: 
            trace = np.array(trace)[:, 1] 
 
            ys.append(trace) 
        return np.stack(ys, axis=0) 
 
    def filter_signal(self, signal_data, fs=30, low_c=0.75, high_c=2.0): 
        """ 
        This function bandpass filters given signal 
        :param signal_data: Input Signal 
        :param fs: Sampling Frequency 
        :param low_c: Low Cutoff Frequency 
        :param high_c: High Cutoff Frequency 
        :return: Filtered signal 
        """ 
 
        # number of signal points 
        N = len(signal_data) 
        # sample spacing 
        T = 1.0 / fs 
 
        #Draw signal 
        #t = np.arange(len(displace))/fps 
        t = np.linspace(0.0, T*N, N) 
 
        # Filter signal 
        fc = np.array([low_c, high_c])  # Cut-off frequency of the filter 
        # 0.75 hz - 2 hz => 45bpm - 120bpm 
 
        w = fc / (fs / 2) # Normalize the frequency 
        b, a = signal.butter(5, w, 'bandpass') 
 
        filter_output = signal.filtfilt(b, a, signal_data) 
 
        return filter_output 
 
    def filter_out(self, signals, low_c=0.5, high_c=2.0): 
        filtered_signals = [] 
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        for signal_data in signals: 
            filter_out = self.filter_signal(signal_data, fs=self.fs, low_c=low_c, high_c=high_c) 
            filtered_signals.append(filter_out) 
 
        if len(filtered_signals) > 0: 
            filtered_signals = np.stack(filtered_signals, axis=0) 
 
        return filtered_signals[:-self.fs] 
 
    def get_mean(self, filtered_signals, show=True): 
        if len(filtered_signals) < 5: 
            return 0 
 
        mean_signal = np.mean(filtered_signals, axis=0, dtype=np.float64) 
        maxFreq, percentage = self.get_dominant_frequency(mean_signal, fs=self.fs, draw=False) 
 
        bpm = maxFreq * 60 
 
        if show: 
            self.ax1.cla() 
            self.ax2.cla() 
            self.get_dominant_frequency(mean_signal, fs=self.fs, draw=True) 
            self.fig.canvas.draw() 
 
        return bpm 
 
 
    def get_dominant_frequency(self, signal_data, fs=30, draw=False): 
        # number of signal points 
        N = len(signal_data) 
        # sample spacing 
        T = 1.0 / fs 
 
        # Get fft 
        spectrum = np.abs(fft(signal_data)) 
        spectrum *= spectrum 
        xf = fftfreq(N, T) 
 
        # Get maximum ffts index from second half 
        #maxInd = np.argmax(spectrum[:int(len(spectrum)/2)+1]) 
        maxInd = np.argmax(spectrum) 
        maxFreqPow = spectrum[maxInd] 
        maxFreq = np.abs(xf[maxInd]) 
 
        total_power = np.sum(spectrum) 
        # Get max frequencies power percentage in total power 
        percentage = maxFreqPow / total_power 
 
        if draw: 
            t = np.linspace(0.0, T*N, N) 
 
            self.ax1.set_title('Signal data') 
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            self.ax1.plot(t, signal_data) 
            #self.ax1.plot(peaks/fps, signal_data[peaks], "x") 
            #self.ax1.plot(np.zeros_like(t/fps), "--", color="gray") 
            self.ax1.set(xlabel='Time', ylabel='Pixel movement') 
            self.ax1.grid() 
 
            self.ax2.plot(xf, 1.0/N * spectrum) 
            self.ax2.set_title('FFT') 
            self.ax2.axvline(maxFreq, color='red') 
            self.ax2.grid() 
            self.ax2.set(xlabel='Freq', ylabel='') 
 
            #print("Max power Freq {} % {} BPM:{}".format(maxFreq, percentage, bpm)) 
 
        return maxFreq, percentage 
 
 
    def do_pca(self, filtered_signals, fps, show=True): 
        """ 
         Reduces signals into 5 channels by PCA then finds dominant frequency on each of them and 
         selects the most dominant one based on how much power it has on total power 
         """ 
        if len(filtered_signals) < 5: 
            return 0 
 
        pca = PCA(n_components=5) 
        pca_result = pca.fit_transform(filtered_signals.T).T 
 
        max_ratios = [] 
        max_freqs = [] 
        for i, signal_data in enumerate(pca_result): 
            maxFreq, percentage = self.get_dominant_frequency(signal_data, fs=fps, draw=False) 
            max_ratios.append(percentage) 
            max_freqs.append(maxFreq) 
 
        # Find most dominant out of pcas 
        idx = np.argmax(max_ratios) 
        last_pca = pca_result[idx] 
 
        self.graph_message = "Selected PCA:{}".format(idx) 
 
        bpm = max_freqs[idx]*60 
 
        if show: 
            self.ax1.cla() 
            self.ax2.cla() 
            self.get_dominant_frequency(last_pca, fs=fps, draw=True) 
            self.fig.canvas.draw() 
        return bpm 
 
    def find_bpm(self, bpm_list_len=10, low_c=0.5, high_c=3.0): 
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        bpm = 0 
 
        traces = self.get_y(self.signal_source.traces) 
        filtered_signals = self.filter_out(traces, low_c=low_c, high_c=high_c) 
 
        # If finding bpm from face shape 
        if self.signal_source.face.dedector_type == 'face_shape': 
            bpm = self.get_mean(filtered_signals, self.draw) 
        else: 
            bpm = self.do_pca(filtered_signals, self.fs, show=self.draw) 
 
        self.bpm_list.insert(0, bpm) 
 
        if len(self.bpm_list) > bpm_list_len: 
            self.bpm_list.pop() 
 
        self.mean_bpm = sum(self.bpm_list) / len(self.bpm_list) 
 
        return bpm 
import numpy as np 
import cv2 
 
 
def draw_str(dst, target, s): 
    x, y = target 
    cv2.putText(dst, s, (x+1, y+1), cv2.FONT_HERSHEY_PLAIN, 1.0, (0, 0, 0), thickness = 2, 
lineType=cv2.LINE_AA) 
    cv2.putText(dst, s, (x, y), cv2.FONT_HERSHEY_PLAIN, 1.0, (255, 255, 255), 
lineType=cv2.LINE_AA) 
 
 
class TrackPoints: 
    def __init__(self, face_dedector, max_trace_num=150, max_trace_history=60): 
 
        self.traces = [] 
        self.max_trace_num = max_trace_num 
        self.max_trace_history = max_trace_history 
        self.track_started = False 
         
        self.lastest_points = [] 
 
        self.face = face_dedector 
 
        self.lk_params = dict( winSize  = (15,15), 
                  maxLevel = 2, 
                  criteria = (cv2.TERM_CRITERIA_EPS | cv2.TERM_CRITERIA_COUNT, 10, 0.03)) 
 
 
    def get_first_points(self, prev_frame, curr_frame): 
        track_point_candidates = self.face.get_points_pipeline(prev_frame) 
 
        if track_point_candidates is not None: 
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            if self.face.dedector_type == 'face_shape': 
                initial_points = track_point_candidates 
            else: 
                initial_points = self.filter_unbacktrackable(prev_frame, curr_frame, track_point_candidates) 
 
            # Add initial points 
            for i, (x, y) in enumerate(np.float32(initial_points).reshape(-1, 2)): 
                if i < self.max_trace_num: 
                    self.traces.append([(x, y)]) 
 
            self.track_started = True 
         
    def filter_unbacktrackable(self, prev_frame, curr_frame, track_point_candidates, 
ret_nextPts=False): 
        if len(track_point_candidates) < 1: 
            if not ret_nextPts: 
                return [] 
            else: 
                return [], [] 
         
        #Forward optical flow 
        nextPts, st, err = cv2.calcOpticalFlowPyrLK(prev_frame, curr_frame, track_point_candidates, 
None, **self.lk_params) 
        # Backward optical flow 
        backNextPts, _st, _err = cv2.calcOpticalFlowPyrLK(curr_frame, prev_frame, nextPts, None, 
**self.lk_params)  
         
        # Find differance between 2 estimates 
        dist = abs(track_point_candidates-backNextPts).reshape(-1, 2).max(-1) 
 
        # Select backtraced points that are in 1 pixel dist 
        bool_filter = dist < 1 
         
        if not ret_nextPts: 
            return track_point_candidates[bool_filter.flatten()] 
        else: 
            return nextPts, bool_filter 
 
    def add_new_traces(self, prev_frame, curr_frame): 
        track_point_candidates = self.face.get_points_pipeline(prev_frame) 
        if track_point_candidates is not None: 
            initial_points = self.filter_unbacktrackable(prev_frame, curr_frame, track_point_candidates) 
 
            # Add initial points 
            for x, y in np.float32(initial_points).reshape(-1, 2): 
                if len(self.traces) < self.max_trace_num: 
                    # Check if same as another point 
                    if not [x,y] in self.lastest_points: 
                        self.traces.append([(x, y)])         
 
    def filter_none_face(self, curr_frame): 
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        # Update face rectangle 
        face_rect = self.face.detect_face(curr_frame) 
        mask = self.face.get_roi_mask(curr_frame, face_rect) 
 
        if face_rect is not None: 
            new_lastest_points = [] 
            new_traces = [] 
            for i, (x,y) in enumerate(self.lastest_points): 
 
                # If inside of face region add new list 
                if self.face.point_in_rectangle(x,y, *self.face.face_rectange): 
                    if not self.face.point_in_rectangle(x,y, *self.face.eyes_rectangle): 
                        #print(i, 'in face') 
                        new_lastest_points.append(self.lastest_points[i]) 
                        new_traces.append(self.traces[i]) 
                 
            self.lastest_points = new_lastest_points 
            self.traces = new_traces 
 
 
    def track_points(self, prev_frame, curr_frame): 
        if not self.track_started: 
            self.get_first_points(prev_frame, curr_frame) 
            if not self.track_started: 
                return 
             
        # Get previous frames from traces 
        prevPts = np.float32([tr[-1] for tr in self.traces]).reshape(-1, 1, 2) 
        nextPts, bool_filter = self.filter_unbacktrackable(prev_frame, curr_frame, prevPts, 
ret_nextPts=True) 
        nextPts = nextPts.reshape(-1, 2) 
 
        # Reset tracking 
        if len(nextPts) < 1: 
            self.track_started = False 
            return 
 
        # TODO: a hacky implementation 
        if self.face.dedector_type == 'face_shape': 
             
            # Get face points 
            points = self.face.get_points_pipeline(curr_frame) 
            points = np.array(points) 
 
            # check if every point is at (0,0) 
            if (points == 0).all(): 
                # Face is not dedected use lastest points 
                return 
 
            # Check untracable points and replace them with facepoints (int) 
            idx = np.where(bool_filter == False) 
            nextPts[idx] = points[idx] 
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            new_traces = [] 
            self.lastest_points = [] 
            # add from starting point 
            for trace, (x,y) in zip(self.traces, nextPts): 
 
                trace.append((x,y)) 
                self.lastest_points.append([x, y]) 
 
                # If trace history gets too big delete oldest element 
                if len(trace) > self.max_trace_history: 
                    del trace[0] 
 
                new_traces.append(trace) 
             
            self.traces = new_traces             
        else: 
 
            new_traces = [] 
            self.lastest_points = [] 
            # add from starting point 
            for trace, (x,y), good_flag in zip(self.traces, nextPts.reshape(-1, 2), bool_filter): 
                # Delete unbacktrackable traces 
                if not good_flag: 
                    continue 
 
                trace.append((x,y)) 
                self.lastest_points.append([x, y]) 
 
                # If trace history gets too big delete oldest element 
                if len(trace) > self.max_trace_history: 
                    del trace[0] 
 
                new_traces.append(trace) 
             
            self.traces = new_traces 
 
            # Filter out points outside face mask 
            #self.filter_none_face(curr_frame) 
 
            # Add new traces if it shrink 
            if len(self.traces) < self.max_trace_num: 
                self.add_new_traces(prev_frame, curr_frame) 
 
 
    def get_current_points(self): 
        return np.int32([tr[-1] for tr in self.traces]).reshape(-1, 1, 2) 
 
 
if __name__ == "__main__": 
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    capture = cv2.VideoCapture(0) 
    #capture = cv2.VideoCapture('./data/face_videos/sitting2.avi') 
    frame_c = 0 
    gray_frames = [] #0 is newest -1 is oldest 
 
    face = FacePoints(dedector_type='face_shape') 
    tracking = TrackPoints(face_dedector=face) 
 
    # Create some random colors 
    color = np.random.randint(0,255,(100,3)) 
 
 
    while capture.isOpened(): 
        # getting a frame 
        ret, frame = capture.read() 
        gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY) 
        vis = frame.copy() 
 
        gray_frames.insert(0, gray) 
 
 
        # Wait 10 frames before selecting points 
        if frame_c >= 10: 
            gray_frames.pop() 
 
            tracking.track_points(gray_frames[1], gray_frames[0]) 
            nextPts = tracking.get_current_points() 
 
            # Draw points 
            for i, new in enumerate(nextPts): 
                a,b = new.ravel() 
                vis = cv2.circle(vis,(a,b),5,color[i%100].tolist(),-1) 
 
            # Draw Tracks 
            cv2.polylines(vis, [np.int32(tr) for tr in tracking.traces], False, (0, 255, 0)) 
            draw_str(vis, (20, 20), 'trace count: %d' % len(tracking.traces)) 
        # Show 
        cv2.imshow('Track points', vis) 
        if cv2.waitKey(1) == 27: 
            break 
        frame_c += 1 
 
    capture.release() 
    cv2.destroyAllWindows() 
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ДОДАТОК Б 

Слайди презентації 



 60 



 61 



 62 



 63 



 64 



 65 



 66 



 67 



 68 



 69 



 70 

 
  



 71 

ДОДАТОК В  

Апробація результатів роботи
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