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ДОДАТОК А  

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

 

Б.1 Файл GazeProcessor.py, що містить відповідний клас 

 

import mediapipe as mp 

import cv2 

import time 

from landmarks import * 

from face_model import * 

import keras 

from AffineTransformer import AffineTransformer 

import numpy as np 

 

number=0 

number2=0 

 

model_path = "./face_landmarker.task" 

model_analyze="./ResNet.h5" 

 

model = keras.api.models.load_model("lenet_trained.h5", 

compile=False) 

 

model.compile( 

    optimizer=keras.api.optimizers.SGD() 

     

) 

 

FaceLandmarker = mp.tasks.vision.FaceLandmarker 

 

 

class AffineTransformer: 

 

    def __init__(self, m1_points, m2_points, m1_hor_points, 

m1_ver_points, m2_hor_points, m2_ver_points): 

 

        self.scale_factor = self._get_scale_factor( 

            np.array(m1_hor_points), 

            np.array(m1_ver_points), 

            np.array(m2_hor_points), 

            np.array(m2_ver_points) 

        ) 

 

        scaled_m2_points = m2_points * self.scale_factor 

 

        retval, M, inliers = cv2.estimateAffine3D(m1_points, 

scaled_m2_points) 

        if retval: 

            self.success = True 

            self.transform_matrix = M 

        else: 
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            self.success = False 

            self.transform_matrix = None 

 

    def _get_scale_factor(self, m1_hor_points, m1_ver_points, 

m2_hor_points, m2_ver_points): 

 

        m1_width = np.linalg.norm(m1_hor_points[0] - 

m1_hor_points[1]) 

        m1_height = np.linalg.norm(m1_ver_points[0] - 

m1_ver_points[1]) 

        m2_width = np.linalg.norm(m2_hor_points[0] - 

m2_hor_points[1]) 

        m2_height = np.linalg.norm(m2_ver_points[0] - 

m2_ver_points[1]) 

        scale_width = m1_width / m2_width 

        scale_height = m1_height / m2_height 

        return (scale_width + scale_height) / 2 

 

    def to_m2(self, m1_point): 

 

        if self.success: 

            m1_point_homogeneous = np.append(m1_point, 1)  # 

Convert to homogeneous coordinates 

            return np.dot(self.transform_matrix, 

m1_point_homogeneous) / self.scale_factor 

        else: 

            return None 

 

    def to_m1(self, m2_point): 

 

        if self.success: 

            affine_transform_4x4 = 

np.vstack([self.transform_matrix, [0, 0, 0, 1]]) 

            inverse_affine_transform = 

np.linalg.inv(affine_transform_4x4) 

            m2_point_homogeneous = np.append(m2_point * 

self.scale_factor, 1)  # Convert to homogeneous coordinates 

            m1_point_homogeneous = 

np.dot(inverse_affine_transform, m2_point_homogeneous) 

 

            # Convert back to non-homogeneous coordinates 

            return (m1_point_homogeneous[:3] / 

m1_point_homogeneous[3]) 

        else: 

            return None 

 

 

class GazeProcessor: 

 

    def __init__(self, camera_idx=0, callback=None, 

visualization_options=None): 

        self.camera_idx = camera_idx 

        self.callback = callback 
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        self.vis_options = visualization_options 

        self.left_detector = 

EyeballDetector(DEFAULT_LEFT_EYE_CENTER_MODEL) 

        self.right_detector = 

EyeballDetector(DEFAULT_RIGHT_EYE_CENTER_MODEL) 

        self.options = mp.tasks.vision.FaceLandmarkerOptions( 

            

base_options=mp.tasks.BaseOptions(model_asset_path=model_path), 

            running_mode=mp.tasks.vision.RunningMode.VIDEO 

        ) 

 

    async def start(self): 

        with FaceLandmarker.create_from_options(self.options) as 

landmarker: 

            cap = cv2.VideoCapture(0) 

            cap.set(cv2.CAP_PROP_FRAME_WIDTH, 1280) 

            cap.set(cv2.CAP_PROP_FRAME_HEIGHT, 720) 

            width = cap.get(cv2.CAP_PROP_FRAME_WIDTH) 

            height = cap.get(cv2.CAP_PROP_FRAME_HEIGHT) 

            while cap.isOpened(): 

                success, frame = cap.read() 

                frame = cv2.flip(frame, 1)  

                if not success: 

                    print("Ignoring empty camera frame.") 

                    continue 

                 

                timestamp_ms = int(time.time() * 1000) 

                mp_image = 

mp.Image(image_format=mp.ImageFormat.SRGB, data=frame) 

 

                face_landmarker_result = 

landmarker.detect_for_video(mp_image, timestamp_ms) 

 

                if face_landmarker_result.face_landmarks: 

                    lms_s = np.array([[lm.x, lm.y, lm.z] for lm 

in face_landmarker_result.face_landmarks[0]]) 

                    lms_2 = (lms_s[:, :2] * [frame.shape[1], 

frame.shape[0]]).round().astype(int) 

 

                    mp_hor_pts = [lms_s[i] for i in 

OUTER_HEAD_POINTS] 

                    mp_ver_pts = [lms_s[i] for i in 

[NOSE_BRIDGE, NOSE_TIP]] 

                    model_hor_pts = OUTER_HEAD_POINTS_MODEL 

                    model_ver_pts = [NOSE_BRIDGE_MODEL, 

NOSE_TIP_MODEL] 

 

                    at = 

AffineTransformer(lms_s[BASE_LANDMARKS,:], BASE_FACE_MODEL, 

mp_hor_pts, mp_ver_pts, model_hor_pts, model_ver_pts) 

                    indices_for_left_eye_center_detection = 

LEFT_IRIS + ADJACENT_LEFT_EYELID_PART 

                    left_eye_iris_points = 
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lms_s[indices_for_left_eye_center_detection, :] 

                    left_eye_iris_points_in_model_space = 

[at.to_m2(mpp) for mpp in left_eye_iris_points] 

                    

self.left_detector.update(left_eye_iris_points_in_model_space, 

timestamp_ms) 

 

                    indices_for_right_eye_center_detection = 

RIGHT_IRIS + ADJACENT_RIGHT_EYELID_PART 

                    right_eye_iris_points = 

lms_s[indices_for_right_eye_center_detection, :] 

                    right_eye_iris_points_in_model_space = 

[at.to_m2(mpp) for mpp in right_eye_iris_points] 

                    

self.right_detector.update(right_eye_iris_points_in_model_space, 

timestamp_ms) 

 

                    crop_img1 = frame[right_eye_iris_points[1]-

36:right_eye_iris_points[1]+36, right_eye_iris_points[0]-

60:right_eye_iris_points[0]+60] 

                    crop_img2 = frame[left_eye_iris_points[1]-

36:left_eye_iris_points[1]+36, left_eye_iris_points[0]-

60:left_eye_iris_points[0]+60] 

 

                    left_gaze_vector, right_gaze_vector = None, 

None 

 

                    img = np.asarray(img) 

                    img=cv2.cvtColor(img, cv2.COLOR_BGR2GRAY) 

                    ex=np.asarray([crop_img1]) 

                    values = model.predict([ex]) 

                    right_gaze_vector=values 

 

                    img = np.asarray(img) 

                    img=cv2.cvtColor(img, cv2.COLOR_BGR2GRAY) 

                    ex=np.asarray([crop_img2]) 

                    values = model.predict([ex]) 

                    left_gaze_vector=values 

                     

                    if self.left_detector.center_detected: #and 

self.right_detector.center_detected 

                        left_eyeball_center = 

at.to_m1(self.left_detector.eye_center) 

                        left_pupil = lms_s[LEFT_PUPIL] 

                        left_gaze_vector = left_pupil - 

left_eyeball_center 

                        left_proj_point = left_pupil + 

left_gaze_vector*5.0 

 

                    if self.right_detector.center_detected: 

                        right_eyeball_center = 

at.to_m1(self.right_detector.eye_center) 

                        right_pupil = lms_s[RIGHT_PUPIL] 
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                        right_gaze_vector = right_pupil - 

right_eyeball_center 

                        right_proj_point = right_pupil + 

right_gaze_vector*5.0 

 

                    if self.callback and (left_gaze_vector is 

not None or right_gaze_vector is not None): 

                        await self.callback(left_gaze_vector, 

right_gaze_vector) 

 

                    if self.vis_options: 

                        if self.left_detector.center_detected 

and self.right_detector.center_detected: 

                            p1 = relative(left_pupil[:2], 

frame.shape) 

                            p2 = relative(left_proj_point[:2], 

frame.shape) 

                            frame = cv2.line(frame, p1, p2, 

(255, 0, 0), self.vis_options.line_thickness) 

                            val=p2[1]-p1[1] 

                            val=int(val/2) 

                            val1=p2[0]-p1[0] 

                             

 (val1,val)) 

                            if val1<-30: 

                                print("rec") 

                                overlay = frame.copy() 

                                cv2.rectangle(overlay, (0, 0), 

(30, 720), (0, 0, 200), -1)   

                                alpha = 0.4  

                                frame = cv2.addWeighted(overlay, 

alpha, frame, 1 - alpha, 0) 

                            elif val1>30: 

                                print("rec") 

                                overlay = frame.copy() 

                                cv2.rectangle(overlay, (1280, 

720), (1250, 0), (0, 0, 200), -1)  # A filled rectangle 

                                alpha = 0.4  

                                frame = cv2.addWeighted(overlay, 

alpha, frame, 1 - alpha, 0) 

                            elif val<-10: 

                                print("rec") 

                                overlay = frame.copy() 

                                cv2.rectangle(overlay, (0, 0), 

(1280, 30), (0, 0, 200), -1)  # A filled rectangle 

                                alpha = 0.4  

                                frame = cv2.addWeighted(overlay, 

alpha, frame, 1 - alpha, 0) 

                            elif val>10: 

                                print("rec") 

                                overlay = frame.copy() 

                                cv2.rectangle(overlay, (0, 690), 

(1280, 720), (0, 0, 200), -1)  # A filled rectangle 
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                                alpha = 0.4  

                                frame = cv2.addWeighted(overlay, 

alpha, frame, 1 - alpha, 0) 

                            else: 

                                overlay = frame.copy() 

                                

cv2.circle(frame,(int(1280/2)+val1*15,int(720/2)+val*15+50),150,

(0,200,0), -1) 

                                alpha = 0.8  

                                frame = cv2.addWeighted(overlay, 

alpha, frame, 1 - alpha, 0) 

                            if val<0: 

                                

cv2.ellipse(frame,(94,94),(80,abs(val)),0,0,-180,( 255, 0, 0 

),2) 

                            else: 

                                

cv2.ellipse(frame,(94,94),(80,abs(val)),0,0,180,( 255, 0, 0 ),2) 

                             

                             

 

                            if val1<0: 

                                

cv2.ellipse(frame,(94,94),(abs(val1),80),0,90,270,( 255, 0, 0 

),2) 

                            else: 

                                

cv2.ellipse(frame,(94,94),(abs(val1),80),0,270,450,( 255, 0, 0 

),2) 

                            p1 = relative(right_pupil[:2], 

frame.shape) 

                             

 

                            p2 = relative(right_proj_point[:2], 

frame.shape) 

                            # crop_img2 = frame[p1[0]-

60:p1[0]+60, p1[1]-36:p1[1]+36] 

                            # np.save("file"+str(number), 

crop_img1) 

                            # number = number +1 

                            val=p2[1]-p1[1] 

                             

                             

                            val2=p2[0]-p1[0] 

                            val2=int(val/2) 

                            np.save("file2-"+str(number2), 

(val2,val)) 

                            number2 = number2 +1 

                            frame = cv2.line(frame, p1, p2, (0, 

255, 0), self.vis_options.line_thickness) 

 

                            if val2<0: 
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cv2.ellipse(frame,(262,94),(80,abs(val2)),0,0,-180,(0, 255, 

0),2) 

                            else: 

                                

cv2.ellipse(frame,(262,94),(80,abs(val2)),0,0,180,(0, 255, 0),2) 

                            val3=p2[0]-p1[0] 

                            if val3<0: 

                                

cv2.ellipse(frame,(262,94),(abs(val3),80),0,90,270,(0, 255, 

0),2) 

                            else: 

                                

cv2.ellipse(frame,(262,94),(abs(val3),80),0,270,450,(0, 255, 

0),2) 

                             

                             

                        else: 

                            text_location = (10, frame.shape[0] 

- 10) 

                            # cv2.putText(frame, 

"Calibration...", text_location, cv2.FONT_HERSHEY_SIMPLEX, 0.5, 

self.vis_options.color, 2) 

 

                cv2.imshow('Amogus', frame) 

                if cv2.waitKey(5) & 0xFF == 27: 

                    break 

 

Б.2 Файл main.py, що викликає програму 

 

from GazeProcessor import GazeProcessor 

from VisualizationOptions import VisualizationOptions 

import asyncio 

 

async def gaze_vectors_collected(left, right): 

    print(f"left: {left}, right: {right}") 

 

async def main(): 

    vo = VisualizationOptions() 

    gp = GazeProcessor(visualization_options=vo, 

callback=gaze_vectors_collected) 

    await gp.start() 

 

if __name__ == "__main__": 

    loop = asyncio.get_event_loop() 

    try: 

        loop.run_until_complete(main()) 

    finally: 

        loop.close() 


