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ДОДАТОК А  

Графічний матеріал кваліфікаційної роботи 
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ДОДАТОК Б 

Наукові публікації за темою кваліфікаційної роботи 
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ДОДАТОК В 

Програмний код розробленої технології 

 

 

В.1 utils.py 

 

from collections import OrderedDict 
from PIL import ImageDraw, ImageFont, Image 
from torch.utils.data import Dataset, DataLoader 
import torchvision.transforms as transforms 
import os 
import json 
import torch 
 
proj_path = os.getcwd() 
model_path = os.path.join(proj_path, "weights", "model_299.pth") 
sources_path = os.path.join(proj_path, "data", "sources") 
dataset_path = os.path.join(proj_path, "data", "labels") 
 
with open(os.path.join(proj_path, "braille_letters.txt"), 
encoding='utf-8') as file: 
    braille = file.read() 
 
with open(os.path.join(proj_path, "braille_to_ru.json"), 
encoding='utf-8') as file: 
    braille_to_ru = json.loads(file.read()) 
 
with open(os.path.join(proj_path, "braille_to_eng.json"), 
encoding='utf-8') as file: 
    braille_to_eng = json.loads(file.read()) 
 
 
def flatten(l): 
    result = [] 
 
    for i in l: 
        result += i 
     
    return result 
 
 
def targets_to_lines(boxes, labels, scores): 
    min_height = min(map(lambda x: x[3] - x[1], boxes)) * 0.8 
    predictions = [] 
    for i in range(len(boxes)): 
        predictions.append({"box": boxes[i], "label": labels[i], 
"score": scores[i]}) 
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    lines = {} 
    for pred in predictions: 
        y = pred["box"][1] 
        key = list(filter(lambda x: abs(x - y) < min_height, 
lines.keys())) 
        key = None if len(key) == 0 else key[0] 
        if key is None: 
            lines[y] = [pred] 
        else: 
            lines[key].append(pred) 
 
    for key in lines: 
        lines[key].sort(key=lambda x: x["box"][0]) 
 
    sorted_keys = sorted(lines.keys()) 
    sorted_lines = OrderedDict() 
    for key in sorted_keys: 
        sorted_lines[key] = lines[key] 
 
    return sorted_lines 
 
 
 
def filter_res(boxes, labels, scores): 
    min_height = min(map(lambda x: x[3] - x[1], boxes)) * 0.8 
    predictions = [{"box": box, "label": label, "score": score} 
for box, label, score in zip(boxes, labels, scores)] 
 
    lines = {} 
 
    for pred in predictions: 
        y = pred["box"][1] 
        key = list(filter(lambda x: abs(x - y) < min_height, 
lines.keys())) 
        key = None if len(key) == 0 else key[0] 
        if key is None: 
            lines[y] = [pred] 
        else: 
            lines[key].append(pred) 
 
    for key in lines: 
        lines[key].sort(key=lambda x: x["box"][0]) 
 
    nms_predictions = {} 
 
    for key, line in lines.items(): 
        nms_predictions[key] = [] 
 
        for i in range(0, len(line)): 
            left_x1 = line[i]["box"][0] 
            left_y1 = line[i]["box"][1] 
            left_x2 = line[i]["box"][2] 
            left_y2 = line[i]["box"][3] 
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            left_width = left_x2 - left_x1 
            left_height = left_y2 - left_y1 
            score_left = line[i]["score"] 
            duplicate_i = None 
            for k in range(len(nms_predictions[key])): 
                right_x1 = nms_predictions[key][k]["box"][0] 
                right_y1 = nms_predictions[key][k]["box"][1] 
                right_x2 = nms_predictions[key][k]["box"][2] 
                right_y2 = nms_predictions[key][k]["box"][3] 
                right_width = right_x2 - right_x1 
                right_height = right_y2 - right_y1 
                if ((right_x1 - left_x1) ** 2 + (right_y1 - 
left_y1) ** 2) ** 1/2 < min(left_height, left_width, right_height, 
right_width) / 2: 
                    duplicate_i = k 
                    break 
 
            if duplicate_i is not None: 
                score_right = 
nms_predictions[key][duplicate_i]["score"] 
                if score_left > score_right: 
                    nms_predictions[key][duplicate_i] = line[i] 
            else: 
                nms_predictions[key].append(line[i]) 
 
    sorted_lines = {key: lines[key] for key in 
sorted(lines.keys())} 
 
    values = 
flatten(OrderedDict(sorted(nms_predictions.items())).values()) 
 
    return list(map(lambda x: x['box'], values)), list(map(lambda 
x: x['label'], values)), list(map(lambda x: x['score'], values)), 
sorted_lines 
 
def draw(img, boxes, labels, scores): 
    head, tail = os.path.split(img) 
    img = Image.open(os.path.join(sources_path, tail)) 
    draw = ImageDraw.Draw(img) 
 
    color = (0, 255, 0) 
    width = 2 
 
    text_color = (50, 50, 255) 
    braile_font = 
ImageFont.truetype("C:\\Users\\Drakosha\\Downloads\\BlistaBraille.
ttf", 15) 
    font = ImageFont.truetype("arial.ttf", 15) 
     
 
    for box, score, label in zip(boxes, scores, labels): 
        if score < 0.5: 
            continue 
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        x1, y1, x2, y2 = box 
        width = x2 - x1 
        height = y2 - y1 
        draw.rectangle((x1, y1, x2, y2), outline=color, width=2) 
 
        label_text = braille_to_ru.get(braille[label], 
braille[label]) 
 
        my_text_size_x, my_text_size_y = draw.textsize(label_text, 
font=font) 
        braille_text_size_x, braille_text_size_y = 
draw.textsize(braille[label], font=braile_font) 
        centred_x = x1 + width / 2 - my_text_size_x 
        centred_y = y1 + height / 2 - my_text_size_y / 2 
        draw.text((centred_x, centred_y), label_text, 
fill=text_color, font=font) 
        draw.text((x1 + width / 2, y1 + height / 2 - 
braille_text_size_y / 2), braille[label], fill=text_color, 
font=braile_font) 
         
    img.show() 
 
 
def load_data(): 
    transform = transforms.Compose([transforms.ToTensor(), 
transforms.Normalize((0.5,), (0.5,))]) 
 
    labels_path = os.path.join(proj_path, "data", "labels") 
    targets = [] 
    for label_file in os.listdir(labels_path): 
        with open(os.path.join(labels_path, label_file)) as file: 
            labels_dict = json.load(file) 
            boxes = [] 
            labels = [] 
            for label in labels_dict["labels"]: 
                boxes.append(label["box"]) 
                labels.append(label["class"]) 
            targets.append({"image": labels_dict["image"], 
"targets": {"boxes": boxes, "labels": labels}}) 
 
 
    trainset_len = round(len(targets) * 0.9) 
 
    trainset = BrailleDataset(targets[:trainset_len], transform) 
    testset = BrailleDataset(targets[trainset_len:], transform) 
 
    trainloader = DataLoader(trainset, batch_size=1, shuffle=True, 
num_workers=1, collate_fn=collate_fn) 
    testloader = DataLoader(testset, batch_size=1, shuffle=False, 
num_workers=1, collate_fn=collate_fn) 
 
    return trainloader, testloader 
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def collate_fn(batch): 
    images = [item[0] for item in batch] 
    targets = [item[1] for item in batch] 
 
    return images, targets 
 
 
class BrailleDataset(Dataset): 
    def __init__(self, data, transform=None): 
        self.data = data 
        self.transform = transform 
 
    def __len__(self): 
        return len(self.data) 
 
    def __getitem__(self, idx): 
        img_path = self.data[idx]['image'] 
        image = {"image": Image.open(img_path), "path": img_path} 
        targets = self.data[idx]['targets'] 
         
        if self.transform: 
            image['image'] = self.transform(image['image']) 
            targets['boxes'] = torch.tensor(targets['boxes']) 
            targets['labels'] = torch.tensor(targets['labels'], 
dtype=torch.int) 
         
        return image, targets 
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В.2 model.py 

 

import torch 
from torchvision.models.detection.retinanet import RetinaNet, 
RetinaNetClassificationHead, RetinaNetRegressionHead, 
LastLevelP6P7 
from torchvision.models.resnet import Bottleneck, ResNet 
from torchvision.models.detection.backbone_utils import 
BackboneWithFPN, LastLevelMaxPool 
from torchvision.models.detection.anchor_utils import 
AnchorGenerator 
from functools import partial 
 
class RetinaNetHead(torch.nn.Module): 
    def __init__(self, in_channels, num_anchors, num_classes, 
norm_layer = None): 
        super().__init__() 
        self.classification_head = RetinaNetClassificationHead( 
            in_channels, num_anchors, num_classes, 
norm_layer=norm_layer 
        ) 
        self.regression_head = 
RetinaNetRegressionHead(in_channels, num_anchors, 
norm_layer=norm_layer) 
 
    def compute_loss(self, targets, head_outputs, anchors, 
matched_idxs): 
        return { 
            "classification": 
self.classification_head.compute_loss(targets, head_outputs, 
matched_idxs), 
            "bbox_regression": 
self.regression_head.compute_loss(targets, head_outputs, anchors, 
matched_idxs), 
        } 
 
    def forward(self, x): 
        return {"cls_logits": self.classification_head(x), 
"bbox_regression": self.regression_head(x)} 
 
def anchorgen(): 
    anchor_sizes = tuple((x, int(x * 2 ** (1.0 / 3)), int(x * 2 ** 
(2.0 / 3))) for x in [32, 64, 128, 256, 512]) 
    aspect_ratios = ((0.5, 1.0, 2.0),) * len(anchor_sizes) 
    anchor_generator = AnchorGenerator(anchor_sizes, 
aspect_ratios) 
    return anchor_generator 
 
def resnet_fpn_extractor( 
    backbone, trainable_layers: int, returned_layers = None, 
extra_blocks = None, norm_layer = None, 
) -> BackboneWithFPN: 
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    layers_to_train = ["layer4", "layer3", "layer2", "layer1", 
"conv1"][:trainable_layers] 
    if trainable_layers == 5: 
        layers_to_train.append("bn1") 
    for name, parameter in backbone.named_parameters(): 
        if all([not name.startswith(layer) for layer in 
layers_to_train]): 
            parameter.requires_grad_(False) 
 
    if extra_blocks is None: 
        extra_blocks = LastLevelMaxPool() 
 
    if returned_layers is None: 
        returned_layers = [1, 2, 3, 4] 
 
    return_layers = {f"layer{k}": str(v) for v, k in 
enumerate(returned_layers)} 
 
    in_channels_stage2 = backbone.inplanes // 8 
    in_channels_list = [in_channels_stage2 * 2 ** (i - 1) for i in 
returned_layers] 
    out_channels = 256 
    return BackboneWithFPN( 
        backbone, return_layers, in_channels_list, out_channels, 
extra_blocks=extra_blocks, norm_layer=norm_layer 
    ) 
 
def create_retinanet( 
    *, 
    num_classes = 64, 
    trainable_backbone_layers = 5, 
    **kwargs, 
) -> RetinaNet: 
 
    backbone = ResNet(Bottleneck, [3, 4, 6, 3]) 
    backbone = resnet_fpn_extractor( 
        backbone, trainable_backbone_layers, returned_layers=[2, 
3, 4], extra_blocks=LastLevelP6P7(2048, 256) 
    ) 
    anchor_generator = anchorgen() 
    head = RetinaNetHead( 
        backbone.out_channels, 
        anchor_generator.num_anchors_per_location()[0], 
        num_classes, 
        norm_layer=partial(torch.nn.GroupNorm, 32), 
    ) 
    head.regression_head._loss_type = "giou" 
    model = RetinaNet(backbone, num_classes, 
anchor_generator=anchor_generator, head=head, 
detections_per_img=800, topk_candidates=1600, **kwargs) 
 
    return model 
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В.3 train.py 

 

import torch 
from torchvision.models.detection.retinanet import 
retinanet_resnet50_fpn_v2 
 
from object_detection.RetinaNet.utils import load_data 
from object_detection.RetinaNet.model import create_retinanet 
 
epochs = 100 
 
def train(): 
    torch.cuda.empty_cache() 
 
    trainloader, testloader = load_data() 
 
    model = create_retinanet(num_classes=64, 
trainable_backbone_layers=5, detections_per_img=800, 
topk_candidates=1600).cuda() 
 
    optimizer = torch.optim.Adam(model.parameters(), lr=0.001) 
 
    model.train() 
 
    for epoch in range(epochs): 
        i = 0 
        train_loader_len = len(trainloader) 
        for i, data in enumerate(trainloader, 0): 
            images, targets = data 
            optimizer.zero_grad() 
             
            # targets = [x.cuda() for x in targets] 
            images = [x.cuda() for x in images] 
            for target in targets: 
                target['boxes'] = target['boxes'].cuda() 
                target['labels'] = target['labels'].cuda() 
 
            loss = model(images, targets) 
 
            loss = sum(loss for loss in loss.values()) 
            loss.backward() 
            optimizer.step() 
 
            if i % 10 == 0: 
                print(f"Epoch {epoch + 1}/100, Batch 
{i}/{train_loader_len}, Loss: {loss.item()}") 
                with open("results.txt", "+w") as file: 
                    file.write(f"Epoch {epoch + 1}/100, Batch 
{i}/{train_loader_len}, Loss: {loss.item()}") 
 
    torch.save(model, f"model_{epoch}.pth") 
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В.4 validate.py 

 

from object_detection.RetinaNet.train import load_data 
from object_detection.RetinaNet.load_model import load_model 
from object_detection.RetinaNet.utils import filter_res, draw, 
targets_to_lines 
import torch 
 
 
def calculate_precision(predictions, targets): 
    correct_detections = 0 
    correct_classifications = 0 
    for key_p, key_t in zip(predictions.keys(), targets.keys()): 
        for num_p, box_p in enumerate(predictions[key_p]): 
            min_distance = [10000, 0] 
            for num_t, box_t in enumerate(targets[key_t]): 
                distance = abs(box_p['box'][0] - box_t['box'][0]) 
                if distance < min_distance[0]: 
                    min_distance = [distance, num_t] 
            iou_value = calculate_iou(box_p['box'], 
targets[key_t][min_distance[1]]['box']) 
            if iou_value > 0.5: 
                correct_detections += 1 
                if box_p['label'] == 
targets[key_t][min_distance[1]]['label']: 
                    correct_classifications += 1 
 
    return correct_detections, correct_classifications 
 
 
def calculate_iou(targets, predictions): 
    xA = max(targets[0], predictions[0]) 
    yA = max(targets[1], predictions[1]) 
    xB = min(targets[2], predictions[2]) 
    yB = min(targets[3], predictions[3]) 
 
    inter_area = max(0, xB - xA + 1) * max(0, yB - yA + 1) 
 
    boxA_area = (targets[2] - targets[0] + 1) * (targets[3] - 
targets[1] + 1) 
    boxB_area = (predictions[2] - predictions[0] + 1) * 
(predictions[3] - predictions[1] + 1) 
 
    return inter_area / float(boxA_area + boxB_area - inter_area) 
 
 
def validate(): 
    model = load_model().eval().cuda() 
 
    total_detections = 0 
    total_classifications = 0 
    total_correct_detections = 0 
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    total_correct_classifications = 0 
 
 
    trainloader, testloader = load_data() 
 
    with torch.no_grad(): 
        for images_dict, targets in testloader: 
            images = [x['image'].cuda() for x in images_dict] 
            for target in targets: 
                target['boxes'] = target['boxes'].cuda() 
                target['labels'] = target['labels'].cuda() 
             
            print(f"Processing {images_dict[0]['path']}") 
                 
            outputs = model(images)[0] 
            boxes = outputs['boxes'].tolist() 
            labels = outputs['labels'].tolist() 
            scores = outputs['scores'].tolist() 
            boxes, labels, scores, lines = filter_res(boxes, 
labels, scores) 
            draw(images_dict[0]["path"], boxes, labels, scores) 
             
            targets_lines = 
targets_to_lines(targets[0]['boxes'].tolist(), 
targets[0]['labels'].tolist(), [1.0 for x in 
range(len(targets[0]["boxes"]))]) 
 
            total_detections += len(targets[0]["boxes"]) 
            correct_predictions, correct_classifications = 
calculate_precision(lines, targets_lines) 
            total_classifications += correct_predictions 
            total_correct_detections += correct_predictions 
            total_correct_classifications += 
correct_classifications 
     
    print(f"total detections: {total_detections}, correct: 
{total_correct_detections}, accuracy: {total_correct_detections / 
total_detections}") 
    print(f"total classifications: {total_classifications}, 
correct: {total_correct_classifications}, accuracy: 
{total_correct_classifications / total_classifications}") 
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В.5 infer.py 

 

import torchvision.transforms as transforms 
import os 
from preprocess_image.binarize import binarize_image 
from PIL import ImageDraw, ImageFont, Image 
import time 
 
from object_detection.RetinaNet.load_model import load_model 
from object_detection.RetinaNet.utils import filter_res, 
braille_to_ru, braille 
 
model = load_model().cuda() 
 
model.eval() 
 
 
def draw(img, boxes, labels, scores): 
    draw = ImageDraw.Draw(img) 
 
    color = (0, 255, 0) 
    width = 2 
 
    text_color = (50, 50, 255) 
    braile_font = 
ImageFont.truetype("C:\\Users\\Drakosha\\Downloads\\BlistaBraille.
ttf", 15) 
    font = ImageFont.truetype("arial.ttf", 15) 
     
 
    for box, score, label in zip(boxes, scores, labels): 
        if score < 0.5: 
            continue 
        x1, y1, x2, y2 = box 
        width = x2 - x1 
        height = y2 - y1 
        draw.rectangle((x1, y1, x2, y2), outline=color, width=2) 
 
        label_text = braille_to_ru.get(braille[label], 
braille[label]) 
 
        my_text_size_x, my_text_size_y = draw.textsize(label_text, 
font=font) 
        braille_text_size_x, braille_text_size_y = 
draw.textsize(braille[label], font=braile_font) 
        centred_x = x1 + width / 2 - my_text_size_x 
        centred_y = y1 + height / 2 - my_text_size_y / 2 
        draw.text((centred_x, centred_y), label_text, 
fill=text_color, font=font) 
        draw.text((x1 + width / 2, y1 + height / 2 - 
braille_text_size_y / 2), braille[label], fill=text_color, 
font=braile_font) 
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    # img.show() 
 
    return img 
 
def get_results(folder_path, result_path=""): 
    for file in os.listdir(folder_path): 
        print(f"processing {file}") 
        img_path = os.path.join(folder_path, file) 
        img = binarize_image(img_path) 
        transform = transforms.Compose([transforms.ToTensor(), 
transforms.Normalize((0.5,), (0.5,))]) 
        input_image = transform(img).unsqueeze(0).cuda() 
        output = model(input_image)[0] 
        boxes = output['boxes'].tolist() 
        scores = output['scores'].tolist() 
        labels = output['labels'].tolist() 
        orig_img = Image.open(os.path.join(folder_path, file)) 
        filtred_boxes, filtred_labels, filtred_scores, 
sorted_lines = filter_res(boxes, labels, scores) 
        res_image = draw(orig_img, filtred_boxes, filtred_labels, 
filtred_scores) 
        res_image.save(os.path.join(result_path + file)) 
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В.6 bin_module.cpp 

 

#include <Python.h> 
#include <algorithm> 
 
 
extern "C" void bradley_binarization(PyObject *pixels, PyObject 
*width, PyObject *height, PyObject *bradley_param){ 
    long w = PyLong_AsLong(width); 
    long h = PyLong_AsLong(height); 
    long bradley_p = PyLong_AsLong(bradley_param); 
 
    bradley_p = std::clamp(bradley_p, 1L, 32L); 
     
    const int S = w / bradley_p; 
    int s2 = S / 2; 
    const float t = 0.15; 
    unsigned long* integral_image = (unsigned 
long*)malloc(sizeof(unsigned long) * w * h); 
    long sum = 0; 
    int count = 0; 
    int index; 
    int x1, y1, x2, y2; 
 
 
    for (int x = 0; x < w; x++){ 
        sum = 0; 
        for (int y = 0; y < h; y++){ 
            index = y * w + x; 
            sum += PyLong_AsLong(PyList_GetItem(pixels, index)); 
            if (x == 0) 
                integral_image[index] = sum; 
            else 
                integral_image[index] = integral_image[index - 1] 
+ sum; 
        } 
    } 
 
    for (int x = 0; x < w; ++x) { 
        for (int y = 0; y < h; ++y) { 
            index = y * w + x; 
 
            x1 = x - s2; 
            x2 = x + s2; 
            y1 = y - s2; 
            y2 = y + s2; 
 
            if (x1 < 0) 
                x1 = 0; 
            if (x2 >= w) 
                x2 = w - 1; 
            if (y1 < 0) 
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                y1 = 0; 
            if (y2 >= h) 
                y2 = h - 1; 
 
            count = (x2 - x1) * (y2 - y1); 
 
            sum = integral_image[y2 * w + x2] - integral_image[y1 
* w + x2] - 
                integral_image[y2 * w + x1] + integral_image[y1 * 
w + x1]; 
             
            long p = PyLong_AsLong(PyList_GetItem(pixels, index)); 
            if ((p * count) < (long)(sum * (1.0 - t))) 
                PyList_SetItem(pixels, index, PyLong_FromLong(0)); 
            else 
                PyList_SetItem(pixels, index, 
PyLong_FromLong(255)); 
        } 
    } 
} 
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В.7 bin_module.py 

 

import ctypes as ct 
 
 
DLL = ct.CDLL(path_to_dll) 
 
def bradley_binarization(pixels, width, height, bradley_param): 
    bradley_bin = ct.PYFUNCTYPE(None, ct.py_object, ct.py_object, 
ct.py_object, ct.py_object)(('bradley_binarization', DLL)) 
    bradley_bin(pixels, width, height, bradley_param) 


