JIOJIATOK A

['padiunmii marepian kBamidikaniiHoi podoTH
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BucHoBKU

B xopi navoi poboti 6\,rno PO3rAHYTO aKTyanbHICTb 3aBAaHHA nepeknagy wpudty bpanna Ha ¢

BOGPB‘HEHHl FJO:'I'J'IHH\[T Hy}ﬂ'—l! MeTonun BM[J[LUEHHH 3aBA3HHA, a8 TAKOX roTosi HOMGF)LLIHHE FIILLIEHHH EYﬂM

npoaHanisoBaHi icHy1oui NiXo AWM MallMHHOTO HABUAHHA, 3aBAAHHA KOMN' IOTEPHOTO 20pY ANA ARUX *
eeKTUBHO 3aCTOCYBaHHA HEMPOHHWX Mepesk, Pi3Hi TeXHOOTIT, AR BUKOPUCTOBYIOTBHCA B CYUacHHX
apxiTeKTypax HEMPOHHUX MepesK, Ta HanbibLL cydacHi apXITEKTYPK, AKI aKTMBHO 33CTOCOBYIOTLCY Y Wik |
ranysi. ¥ pobori HaBegeHo ornag cydacHmx cepegosmil pespobru Ta 3acobis ana poapobkm TexHoNerii Ha
6asi HelpoHHOI Mepe:ki, HasegeHo 06rpyHTyBaHH#A obpaHux TexHonorii. [lposegeHo aHani3 icHyIOUMX
metogais Ginapwzallii. 3Hakaeno Haibinbw onTumansHuii anroputm ans Bitapwvaaii 306 paxenb, WO
mictaTe wpudT bpaina. byna emkoHaHa onTMmizauia Gucrpoaii 6iHapusauii 306paeHs, 3aBaAKK
peanizauii anropuTmMy Ha Binbli HU3LKOPIBHEBOMY A3UKY NporpamyBaHHA. PozpobneHo TexHonorio Ha
6a3i HelpoHHoi mepexi RetinaNet, Aka BUKOHYE AeTexLLil0 Ta nepeknas cumeonis bpaiina Ha
306pakeHHAX. 3a8AKM BUKOPUCTAHHIO HANBibLL CydacHUX XMapHWX Nposaiaepis byno 3aificHeHo
LWBUAKICHE HaBYaHHA HEMPOHHOT Mepei Ta il TectysaHHA. Npu aHanisi ebexTmsHocTi, poapobnena
TexHoaoriA nokazana 90% touHocti getekuii Ta 98% TouHocTi knacudikawii cumsonie wpudty bpaina Ha
306 paweHHnAx.
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Problems of Informatization: the eleventh intermational scientific and technical conference

TEXHOJIONS PO3SINIZHABAHHS ILIPH®OTY BPAILIS
HA BA3I HEITPOHHOI MEPEKI

boruamok C. 5., Bpybnercwkmnii B. O.
XapriBcbKHil HAIOHATEHHIT YHIBEPCHTET pajioeneKTpodik, Xapkis, Yxpaiua

WpugT bpaiina — ue penbedHo-kpankoBHi TakTHABHHI wpndT, Axuii gac
3MOTY THOAM 3 00MEeKEHHMH MOMIIHBOCTAMH 30pY 4HTaTH | nucath. lenye Barato
MeTO/IE posnisHasaHHs wipngTy Opaiing, skl 06'eanani ma repminom OBR (Optical
Braille Recognition) [1]. ¥ mam 4ac OypXJIHBOro po3sBHTKY HEHPOHHHX MEpe 1
INITY4HOTO IHTENEKTY, 3 HBISIOTECA Jelall HOBIIN cpep IX 3aCTOCYBaHHA, OTHICIO
3 NONYIAPHUX cthep 3acTOCYBaHHA € MAIMHHHI 31p. Y MalHHHOMY 30p1 TakKHM
METO/J0M € KOHBEPTaLif 300pakeHsb 10 BIATIHKIB CIPOro, SK 1 NOBHA OlHapH3aiis
mikcenis [2].

Merow agomoeini € BH3HAYEHHS ONTHMANBHHX METOAIB  OiHapu3anii
300paikeHb [UIA 3MEHIIEHHA KinbKocTi iHGopMauii npo 3obpaxenns He3 nomitTHol
BTpaTH HKOCTI JaHHMX, @ TAKOX BHALICHHA KMOHOBHX O3HAK, HEOOXITHMX ans
noaansmoi poborn 12 100paxeHHAM.

binapuzama — ue npotec nepereopeHHA 300paxeHHA 3 rpajauiii ciporo Ha
AeokomipHe (OinapHe) zo0paxkeHHs, MIKcenl AKOIO MOXYTE MATH JIHIIE [Ba
IHAYEHHA: JopHHii abo Simmit. V xonTexcti 00pobku 300pakens. GiHapH3amia Mae
HA YBAll BHKOPHCTAHHA MOPOrOBOrO 3HAYEHHA, UM JH(epeHUIOBAHHA KilaciB
mikceme uopHoro (ob'exkt) 1 6inoro (don). Meroam 3HaxomkeHHs nopory
OinapH3alii MOKHA PO3ILTHTH Ha JB1 YMOBHI KaTeropii — rnobansHi Ta nokanesHi. ¥
rnobalbHUX  MeTojax oOpobnacThca  Bce  300pakeHHA, BHKOPHCTOBYIOHH
3azfanerifb nigibpanuii nopir OiHapuzamii, 3a 10NOMOrol #KOro BiAGYBacThCH
AupepeHUilOBaHHA HA 4opHuH 1 Gumnd komip. Metoan Oinapuzaumii, 3a AKHX
3o00paskeHHs OUMMTECE Ha HacTHHM abo Oepersca AKeck OTOMEHHS MIKCcens
HA3HBAIOTE JOKAIbHHMH.

Hna toro, mob Bu3HauywTH HAHOLIBM edeKTHBHMI anropuTM OiHapu3amii,
Oyno obpano pizHi komOiHawii 3 nap: pexum KoHBepTauii so0paxkeHHs B rpagauii
ciporo Ta Mmerony Oimapmianii. 3a pe3yAkTaTaMH OTPHMAHHX 300pameHb MOMKHA
3po0HTH BHCHOBOK, 10 Haii0LIbIl ONTHMANLHHUM BHABHBCA anroputM bpemmi,
OCKUILKH KIHLIEBHMIl Pe3ylbTaT MICTHTh HalMEHUIY KUIBKICTh MIyMYy, 30epexeHa
KI040Ba IHGOpMaIia 3 BHXiAHOro 3obpameHHA, a oDMMCTIOBANBHA CKIATHICTE
MOCTYNAETLCA JTHILE MeToaaM raobansHol OiHapm3amii.

Cnucox giveparypu

1. Isayed. S. A review of optical Braille recognition / 8. Isayed, R. Tahboub /2015 2nd
World Symposium on Web Applications and Networking (WSWAN). — IEEE. 2015. - C. 1-
f.

2. Romano He, K., Zhang, X., Ren, 5., & Sun, 1. (2016). Deep Residual Learming for

Image Recognition. B 2016 IEEE Conference on Computer Vision and Pattern Recognition
{CVPR) (c. 770-778).
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JIOJIATOK B

[Iporpamuuit Ko po3po0IEHOT TEXHOJIOT]

B.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 1 in 1:
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 1 in range (0, len(line)):
left x1 = line[i] ["box"] [0]
left yl = 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 yl

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 yl = 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 xI
right height = right y2 - right yl
if ((right x1 - left x1) ** 2 + (right yl -
left yl) ** 2) ** 1/2 < min(left height, left width, right height,
right width) / 2:
duplicate 1 = k
break

1f duplicate 1 is not None:
score right =

nms predictions[key] [duplicate i] ["score"]
i1f 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'], wvalues)), list(map(lambda x: x['score'], wvalues)),
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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x1l, vyvl, x2, y2 = box

width = x2 - x1

height = y2 - yl

draw.rectangle ((x1, yl, 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 = yl + 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, yl1 + 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,))1)

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 = DatalLoader (trainset, batch size=1, shuffle=True,
num workers=1, collate fn=collate fn)

testloader = DatalLoader (testset, batch size=1l, 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[1l] 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.datal[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



B.2 model.py

import torch

from torchvision.models.detection.retinanet import RetinalNet,
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, Xx):
return {"cls logits": self.classification head(x),

"bbox regression": self.regression head(x)}

def anchorgen() :
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anchor sizes = tuple((x, int(x * 2 ** (1.0 / 3)), 1nt(x * 2 **
(2.0 / 3))) for x in [32, 64, 128, 256, 5121])

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:



layers to train = ["layer4", "layer3", "layer2", "layerl",
"convl"] [:trainable layers]
if trainable layers ==
layers to train.append("bnl")
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
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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, 31)
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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B.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 (), 1lr=0.001)
model.train ()

for epoch in range (epochs) :
i=20
train loader len = len(trainloader)
for i, data in enumerate (trainloader, O0):
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 1 % 10 ==
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")



B.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 (predictionslkey p]):

min distance = [10000, O]
for num t, box t in enumerate(targetslkey t]):
distance = abs(box p['box'][0] - box t['box'][0])
1f distance < min distance[0]:
min distance = [distance, num t]
iou value = calculate iou(box p['box'],
targets[key t][min distance[l]]['box'])

if iou value > 0.5:
correct detections += 1
1f box p['label'] ==

targets([key t][min distance[l]]['label']:

def

correct classifications += 1

return correct detections, correct classifications

calculate iou(targets, prediction
xA = max (targets[0], predictions]|
yA = max (targets[1l], predictions]|
XxB = min(targets[2], predictions]|
yB = min(targets[3], predictions]

WN PP O

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[1l] + 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"])) 1)

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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B.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, yl, x2, y2 = box
width = x2 - x1
height = y2 - yl
draw.rectangle ((x1, yl, 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 = yl + 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, yl1 + 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,))1)

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))



B.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, vl1, x2, y2;
for (int x = 0; x < w; x++){
sum = 0;
for (int yv = 0; y < h; y++){
index =y * w + Xx;
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 v = 0; y < h; ++y) {
index =y * w + Xx;
xl = x - s82;
X2 = x + 82;
vl = vy - s2;
y2 =y + 82;
if (x1 < 0)
x1 = 0;

if (x2 >= w)

W
if (yl < 0)
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if (y2 >= h)
y2 = h - 1;
count = (x2 - x1) * (y2 - yl);
sum = integral image[y2 * w + x2] - integral image[yl

integral image[y2 * w + x1] + integral image[yl *

long p = PyLong AslLong (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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B.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)



