import os
import tkinter as tk
from tkinter import filedialog, messagebox

import math

import numpy as np

import cv2

import pydicom

from PIL import Image, ImageTk

from scipy.signal import find_peaks
from scipy.optimize import curve_fit

import matplotlib

matplotlib.use("TkAgg")

import matplotlib.pyplot as plt

from matplotlib.figure import Figure

from matplotlib.widgets import Slider

from matplotlib.backends.backend_tkagg import FigureCanvasTkAgg, NavigationToolbar2

def vysoky kontrast(image_original, image value):
# 1 - tvorba preview

image_norm = cv2.normalize(image_value, None, ©, 255, cv2.NORM_MINMAX).astype(n
preview = cv2.cvtColor(image_norm, cv2.COLOR_GRAY2BGR)

# 2 - odstranénti sumu, zvyraznéni hran a nalezeni kontur

blurred = cv2.GaussianBlur(image_norm, (5, 5), 0)

edges = cv2.Canny(blurred, 5, 20)

contours, _ = cv2.findContours(edges, cv2.RETR_LIST, cv2.CHAIN_APPROX_SIMPLE)

# 3 - hleddnil kruhové oblasti fantomu

contour_circ = None
max_area = 0

for cnt in contours:
area = cv2.contourArea(cnt)

perimeter = cv2.arcLength(cnt, True)

if perimeter ==
continue

circularity = 4 * np.pi * (area / (perimeter * perimeter))
if circularity > 0.8 and area > max_area:
contour_circ = cnt

max_area = area

center_circ, R_phantom = cv2.minEnclosingCircle(contour_circ)
S_phantom = (int(round(center_circ[@], ©)), int(round(center_circ[1], 9)))

cv2.drawContours(preview, [contour_circ], 0, (255, 9, 9), 2)



cv2.circle(preview, S_phantom, 1, (255, @, @), 2)
# 4 - hleddni centrdlniho obdélniku
ratio_rect = 308/255 ### hard-coded konstanta - pomér stran centrdlniho obdél

contour_rect = None
max_area = 0

for cnt in contours:
rect = cv2.minAreaRect(cnt)
center_rect, (w_rect, h_rect), angle_rect = rect

area = cv2.contourArea(cnt)

if w_rect == @ or h_rect ==
continue

else:
r = max(w_rect, h_rect)/min(w_rect, h_rect)

if round(r, 2) == round(ratio_rect, 2) and area > max_area:
max_area = area
contour_rect = cnt

center_rect, size rect, angle rect = cv2.minAreaRect(contour_rect)
size_rect = (int(round(size_rect[0], ©)), int(round(size_rect[1], 9)))
S _rect = (int(round(center_rect[@], ©)), int(round(center_rect[1], 0)))

cv2.drawContours(preview, [contour_rect], 0, (255, 9, 9), 1)
cv2.circle(preview, S_rect, 1, (255, 0, 9), 2)

# 5 - otocenil a orez centrdlniho obdélniku

## otocenil obrazu
(h, w) = image_value.shape[:2]
M = cv2.getRotationMatrix2D(S_rect, angle_rect, 1.0)
rotated = cv2.warpAffine(image_value, M, (w, h)) #irotace vy

## orez
image_value_rect = cv2.getRectSubPix(rotated, size rect, S_rect)

# 6 - hleddni ctverce v centrdlnim obdélniku

image_norm_rect = cv2.normalize(image_value_rect, None, 0, 255, cv2.NORM_MINMAX
blurred_rect = cv2.GaussianBlur(image_norm_rect, (5, 5), 9)

edges_rect = cv2.Canny(blurred_rect, 5, 20)

contours_rect, _ = cv2.findContours(edges_rect, cv2.RETR_LIST, cv2.CHAIN_APPROX

## hledani svétléeho ctverce
contour_white_sqr = None
max_area = 0
mean = 0

max_value = np.max(image_value_rect)
min_value = np.min(image_value_rect)



mean_value = min_value + (max_value-min_value)/2

for cnt in contours_rect:
mask = np.zeros(image_value_rect.shape, dtype=np.uint8)
cv2.drawContours(mask, [cnt], -1, color=255, thickness=-1)
mean_val = cv2.mean(image_value_rect, mask=mask)[0]
if mean_val >= mean_value:
mean = mean_val
area = cv2.contourArea(cnt)
if area > max_area:
max_area = area
contour_white_sqr = cnt

center_white_sqr, size_sqr, angle_sqr = cv2.minAreaRect(contour_white_sqr)
S_white_sqr = (int(round(center_white_sqr[@], 0)), int(round(center_white_sqr[1

## hledani tmavého ctverce
contour_black_sqr = None
max_area = 0
mean = 0

max_value = np.max(image_value_rect)
min_value = np.min(image_value_rect)

mean_value = min_value + (max_value-min_value)/2

for cnt in contours_rect:
mask = np.zeros(image_value_rect.shape, dtype=np.uint8)
cv2.drawContours(mask, [cnt], -1, color=255, thickness=-1)
mean_val = cv2.mean(image_value_rect, mask=mask)[0]
area = cv2.contourArea(cnt)
_ , size, __ = cv2.minAreaRect(cnt)
if round(size[@], 1) == round(size[1l], 1):
if area > max_area:
max_area = area
contour_black_sqr = cnt

center_black_sqr, size_black_sqr, angle_black_sqr = cv2.minAreaRect(contour_bla
S_black_sqr = (int(round(center_black_sqr[@], ©)), int(round(center_black_sqr[1
R_circ = int(round(size_black_sqr[@]/3, 9)) ### polomér Rruznice pro vypoce

mask_black = np.zeros_like(image_value_rect, dtype=np.uint8)
cv2.circle(mask_black, S_black_sqr, R_circ, 255, -1) # -1 = vyplnénd kruznice
values_black = image_value_rect[mask_black == 255]

black _value_rect = values_black.mean()

## dopocitdni polohy a signdlu Sedého ctverce

A = np.array([S_white_sqr[@], S_white_sqr[1]])
B = np.array([S_black_sqr[@], S_black_sqr[1]])
v=B-A
C=B+vV

mask_gray = np.zeros_like(image_value_rect, dtype=np.uint8)
cv2.circle(mask_gray, C, R_circ, 255, -1) # -1 = vyplnénd RkruzZnice



values_gray = image_value_rect[mask_gray == 255]
gray_value_rect = values_gray.mean()

# 7 - otoceni obdélniku svétlym ctvercem v pravém dolnim kvadrantu

h, w = size rect

C x = h/2

Cy =w/2

X, y = S_white_sqr

if x > Cx and y < C_y:
image_value_rect = cv2.flip(image_value_rect, 9)
y=h-y

elif x < Cx and y < C_y:
image_value_rect = cv2.flip(image_value_rect, -1)
X =W - X
y=h-y

elif x < Cx and y > C_y:
image_value_rect = cv2.flip(image_value_rect, 1)
X =W - X

S _white sqgr = (x, y)
# 8 - findlni orez vysokokontrastnich znacek
a_white = int(round(size_sqr[0], 0))

P = [int(round(a_white*©.45, 0)), int(round(a_white*9.45, 0))]
Q = [int(round(size_rect[0] - a_white*©.45, 0)), int(round((size_rect[1] - a_wh

image_value_rect = image_value_rect[P[1]:Q[1], P[©]:Q[0]]
# 9 - vykresleni profil( vysokokontrastnich znacek
profile_min = np.array(image_value_rect.min(axis=1))
d_profile_min = np.diff(profile_min)

d_profile _min_abs = np.abs(d_profile min)

peaks, _ = find_peaks(d_profile_min_abs)
borders = peaks[np.argsort(d_profile_min_abs[peaks])[-6:][::-1]]

borders = sorted(borders)

starts = borders[::2]
ends = borders[1::2]

profiles = []

for y 1, y 2 in zip(starts, ends):
image_profile = image_value_rect[y_1:y 2][:]
profile = image_profile.mean(axis=0)
profiles.append(profile)

# 10 - hleddni maxim a minim

profile 1 = profiles[@]



profile_2
profile_3

profiles[1]
profiles[2]

## hleddni vrcholl na svétlé strané profilu (bilé pruhy v obraze)

peaks_white 1, prop_white_ 1 = find_peaks(profile_1, width=True, height=True)
peaks_white_2, prop_white_2 = find_peaks(profile_2, width=True, height=True)
peaks_white 3, prop_white_ 3 = find_peaks(profile_3, width=True, height=True)

## hleddni vrchol na tmavé strané profilu (cerné pruhy v obraze)

profile_inverted_1 = -profile_1
profile_inverted_2 = -profile_2
profile_inverted_3 = -profile_3

peaks_black_1, prop_black_ 1
peaks_black_ 2, prop_black_2
peaks_black_3, prop_black_3

find_peaks(profile_inverted_1, width=True)
find_peaks(profile_inverted_2, width=True)
find_peaks(profile_inverted_3, width=True)

p_1 = peaks_black_1, peaks_white_ 1, prop_black_ 1, prop_white_1
p_2 = peaks_black_2, peaks_white 2, prop_black 2, prop_white_2
p_3 = peaks_black_ 3, peaks_white 3, prop_black 3, prop_white 3

# 11 - hleddnti skupin car

def find_groups(profile, peaks):
peaks_black, peaks_white, prop_black, prop_white = peaks
groups = []
width_black = prop_black["widths"]

width_white = prop_white["widths"]
height_white = prop_white["peak_heights"]

for i, x in enumerate(peaks_black):
above = [y for y in peaks_white if y > x]
closest_above = min(above) if above else None

if i >= len(peaks_black)-4:
break
else:
list_blacks = [x, peaks_black[i+1], peaks_black[i+2], peaks_black[i
j = np.where(peaks_white == closest_above)[0][9]
list whites = [peaks_white[j], peaks_white[j+1], peaks_white[j+2],

list_width_black = []
list_width_white = []
list_height_black = []
list_height_white = []
list_location_blacks = []

for ind, k in enumerate(list_blacks):
height = profile[k]
list _height _black.append(height)



if ind == @ or ind == len(list_blacks)-1:
continue

else:
ind_k = np.where(peaks_black == k)[0][0]
width = width_black[ind_k]
list width_black.append(width)

for 1 in list_whites:
ind_1 = np.where(peaks_white == 1)[0][0]
width = width_white[ind_1]
height = height_white[ind_1]
list_width_white.append(width)
list _height white.append(height)

std_w = round(np.std(list_width_black) + np.std(list_width_white),
std_h = round(np.std(list_height_white), 2)
std_h_black = round(np.std(list_height_black), 2)

for m in range(len(list_blacks)-1):
dev = list _blacks[m+1] - list _blacks[m]
list_location_blacks.append(dev)

std_1 blacks = round(np.std(list_location_blacks), 2)

if std_w < 0.5 and std_h < 50 and std_h_black < 50 and std_l_blacks
group = sorted(list_blacks + list_whites)
groups.append(group)

return groups

line_groups_1 = find_groups(profile_1, p_1)
line_groups_2 = find_groups(profile_2, p_2)
line_groups_3 = find_groups(profile_3, p_3)

# 12 - vykreslenti profili vysokontrastnich Linii do grafi
colors = ["green", "blue", "red", "orange", "purple", "yellow"]
a = (6, 3) # velikost grafu

fig 1, ax_1 = plt.subplots(figsize=a)

ax_1.plot(profile 1)

for i, group in enumerate(line_groups_1):
ax_1.scatter(group, profile 1[group], color=colors[i])

ax_1.set_title('Nalezené skupiny ¢ar na 1. 1linii')

ax_1.set xlabel("Osa x [px]")

ax_1.set_ylabel("Signal")

fig 2, ax_2 = plt.subplots(figsize=a)

ax_2.plot(profile 2)

for i, group in enumerate(line_groups_2):
ax_2.scatter(group, profile 2[group], color=colors[i])

ax_2.set_title('Nalezené skupiny ¢ar na 2. linii')

ax_2.set _xlabel("Osa x [px]")

ax_2.set_ylabel("Signal")



fig 3, ax_3 = plt.subplots(figsize=a)

ax_3.plot(profile 3)

for i, group in enumerate(line_groups_3):
ax_3.scatter(group, profile 3[group], color=colors[i])

ax_3.set_title('Nalezené skupiny ¢ar na 3. linii')

ax_3.set xlabel("Osa x [px]")

ax_3.set_ylabel("Signal")

# 13 - vypocet kontrastu a MTF

def kontrast(profile, group):
gray_values = []
black_values = []
for i, j in enumerate(group):
if i % 2 == 0:
black_values.append(profile[j])
else:
gray_values.append(profile[j])

—
=
I

= np.mean(gray_values)
np.mean(black_values)

—
N
I}

C =abs(I_1 - I_2)
return C

kontrast_list = []
mtf_© = gray_value_rect - black value_rect
kontrast_list.append(mtf_0)

max_len = max(len(line_groups_1), len(line_groups_2), len(line_groups_3))

for i in range(max_len):

if i < len(line_groups_1):
C = kontrast(profile_1, line_groups_1[i])
kontrast_list.append(C)

if i < len(line_groups_2):
C = kontrast(profile_2, line_groups_2[i])
kontrast_list.append(C)

if i < len(line_groups_3):
C = kontrast(profile_3, line_groups_3[i])
kontrast_list.append(C)

mtf = []
for i in kontrast_list:
mtf £ = i/mtf_0
mtf.append(mtf_f)
# 14 - vykresleni MTF do grafu
mtf = np.array(mtf)

freqs_ori = np.array([0.0, 0.5, 0.56, 0.63, 0.71, 0.8, 0.9, 1.0, 1.12, 1.25, 1.

mtf_len = len(mtf)
freqs = freqs_ori[:mtf_len]



order = np.argsort(fregs)
freqs = freqgs[order]
mtf = mtf[order]

fig mtf, ax_mtf = plt.subplots(figsize=a)
ax_mtf.plot(freqs, mtf, 'o', label='spoctené body MTF")
ax_mtf.set_title('Modulac¢ni prenosova funkce - MTF')
ax_mtf.set_xlabel('Prostorovd frekvence [lp/mm]")
ax_mtf.set_ylabel('MTF [%]")

ax_mtf.set_ylim(@, 2)

ax_mtf.grid(True)

# 15 - vykresleni fitu a vypocet MTF(36) a MTF(50)
mask = (freqs > 0.3) & (fregs < 2)

freqs_fit = freqs[mask]

mtf_fit = mtf[mask]

def mtf_model(f, a, b):
return b * np.exp(-(a * f)**2)

popt, _ = curve_fit(mtf_model, freqs_fit, mtf _fit, po=[0.5, 1])

freqs_smooth = np.linspace(freqs_fit.min() - 0.4, freqs_fit.max() + 1, 1000)
mtf_fit_curve = mtf_model(freqs_smooth, *popt)

ax_mtf.plot(fregs_smooth, mtf_fit_curve, 'm-', label='Gaussovsky fit")
mtf vals = mtf_model(freqs_smooth, *popt)

mtf50
mtf30

freqs_smooth[np.argmin(np.abs(mtf_vals - 0.5))]
freqs_smooth[np.argmin(np.abs(mtf_vals - 0.3))]

ax_mtf.plot(mtf50, 0.5, 'g+', markersize=12, markeredgewidth=2, label="MTF(50)"
ax_mtf.plot(mtf30, 0.3, 'r+', markersize=12, markeredgewidth=2, label="MTF(30)"

ax_mtf.legend()

# 15 - dpravy pro export funkce

phantom_parameters = S_phantom, R_phantom

output = preview

plot_list = [fig mtf, fig 1, fig 2, fig 3]

results = [mtf30, mtf50]

return output, plot_list, phantom_parameters, results
def nizky_kontrast(preview, image_value, list_S obj, phantom_parameters):

S_center, R_phantom = phantom_parameters

R_obj = int(round(©.06*R_phantom, 0))

R_bg 1 = int(round(@.65*R_phantom, 0))

R_bg 2 = int(round(@.75*R_phantom, 9))
R_contrast_prof_1 = int(round(@.76*R_phantom, ©))



R_contrast_prof_2 = int(round(©.96*R_phantom, ©))
# 1 - vykresleni oblastil pro vypocet SNR a CNR

list S bg = []

cv2.circle(preview, S_center, R_bg 1, (@, 255, 9), 1) # zelend oblast pro
cv2.circle(preview, S_center, R_bg 2, (@, 255, 9), 1) # zelend oblast pro
for i in list_S_obj:
cv2.circle(preview, i, R_obj, (255, 255, 9), 1) # Zluté oblasti disku
dx = i[@] - S_center[9]

dy = i[1] - S_center[1]

L = math.sqrt(dx**2 + dy**2)

d = 0.7*R_phantom

X = S_center[0] + (d/L)*dx

y = S_center[1] + (d/L)*dy

M = (int(round(x, ©)), int(round(y, 90)))

list S_bg.append(M)
cv2.circle(preview, M, R_obj, (@, 255, 0), 1) # zelené oblasti pro CNR
# 2 - vypocet SNR a CNR

SNRs
CNRs

[]
[]

for i, j in zip(list_S_obj, list S bg):
Y, X = np.ogrid[:image_value.shape[0@], :image_value.shape[1]]
dist = np.sqrt((X - i[@])**2 + (Y - i[1])**2)
dist_bg = np.sqrt((X - S_center[0])**2 + (Y - S_center[1])**2)
dist_bg cnr = np.sqrt((X - j[O])**2 + (Y - j[1])**2)

mask_obj = (dist <= R_obj)
values_obj = image_value[mask_obj]
mean_value_obj = np.mean(values_obj)

mask_bg = (dist_bg >= R_bg 1) & (dist_bg <= R_bg 2)
values_bg = image_value[mask_bg]
mean_value_bg = np.mean(values_bg)

std_value_bg = np.std(values_bg)

differences = values_obj - mean_value_bg
sum_diff = np.sum(differences)
SNR = sum_diff/std_value_bg

mask_bg cnr = (dist_bg cnr <= R_obj)
values_bg cnr = image_value[mask_bg cnr]
mean_value_bg cnr = np.mean(values_bg cnr)



std_value_bg cnr = np.std(values_bg cnr)
CNR = (mean_value_obj - mean_value_bg cnr)/std_value_bg cnr

SNRs.append(round(SNR, 2))
CNRs.append(round(CNR,2))

# 3 - vykreslenti profilu nizkkokontrastnich znacek
## vykreslenil oblasti nizkokontrastnich znacek

cv2.circle(preview, S_center, R_contrast_prof_1, (0, 0, 255), 1)
cv2.circle(preview, S_center, R_contrast_prof 2, (0, 0, 255), 1)

## vypocet poldrnich souradnic pixeli
Yy, X = np.indices(image_value.shape[:2])
X_C = X - S_center[0]
y c =y - S _center[1]

r = np.sqrt(x_c**2 + y c**2)
theta = (np.degrees(np.arctan2(y_c, x _c))) % 360 # uhel v °

## vybér pixell v mezikruzi
mask = (r >= R_contrast_prof_1) & (r <= R_contrast_prof_2)
r_selected = r[mask]
theta_selected = theta[mask]
intensity_selected = image_value[mask]

## vytvorenti profilu
num_bins = 1080 # rozliseni uhld (napr. 1°)
bins = np.linspace(@, 360, num_bins + 1)
mean_intensity = np.zeros(num_bins)

for i in range(num_bins):
in_bin = (theta_selected >= bins[i]) & (theta_selected < bins[i + 1])
if np.any(in_bin):
mean_intensity[i]
else:
mean_intensity[i] = np.nan

np.mean(intensity selected[in_bin])

## vytvorenti grafu intenzity v zdvislosti na uhlu
fig contrast, ax_contrast = plt.subplots(figsize=(6, 3))
ax_contrast.plot(bins[:-1], mean_intensity, color='blue')
ax_contrast.set xlabel("Uhel [°]")
ax_contrast.set_ylabel("Primérna intenzita")
ax_contrast.set_title("2D profil intenzity v zdvislosti na uhlu")
ax_contrast.grid(True)

return preview, SNRs, CNRs, fig contrast
from tkinter import font
def show_about(parent):

about = tk.Toplevel(parent)

about.title("0 programu")
about.resizable(False, False)



def

frame = tk.Frame(about)
frame.pack(padx=20, pady=15)

title = tk.Label(

frame,

text="TORanalyser",

font=font.Font(family="Segoe UI", size=14, weight="bold")
)
title.pack(pady=(0, 5))

version = tk.Label(
frame,
text="Verze 1.0 - 2026",
font=font.Font(family="Segoe UI", size=12)

)
version.pack(pady=(0, 10))

author = tk.Label(
frame,
text="Autor: Bc. Daniel Pitonak\n"
"Prirodovédécka fakulta - Masarykova Univerzita",
font=font.Font(family="Segoe UI", size=10)

)
author.pack(pady=(0, 10))

contact = tk.Label(
frame,
text="Kontakt: 500050@muni.cz, daniel.pitonak@outlook.com\n",
font=font.Font(family="Segoe UI", size=10)

)

contact.pack(pady=(0, 10))

description = tk.Label(
frame,
text=("Program vznikl v rdmci diplomové prace\n"
",Nalezeni optimdalniho pristupu k hodnoceni kvality obrazu\n"
"v ramci fyzikalnich méreni® pod vedenim Ing. Jany TamaSové a\n
"za vyznamné pomoci Ing. Davida Kozaka.\n\n"

)>

justify="left",

wraplength=420
)

description.pack()

button = tk.Button(
about,
text="Zavrit",
command=about.destroy

)
button.pack(pady=(10, 10))

show_instructions(parent):

instructions = tk.Toplevel(parent)
instructions.title("Ndvod k pouziti programu")
instructions.geometry("600x450")



frame =

tk.Frame(instructions)

frame.pack(fill="both", expand=True, padx=15, pady=15)

body font = font.Font(family="Segoe UI", size=10)

title =

tk.Label(

frame,
text="Ndvod k pouziti programu TORanalyser",
font=font.Font(family="Segoe UI", size=13, weight="bold")

)

title.pack(anchor="w", pady=(0, 10))

text = tk.Text(
frame,
wrap="word",
font=font.Font(family="Segoe UI", size=10)

)

text.pack(side="1left", fill="both", expand=True)

scrollbar = tk.Scrollbar(frame, command=text.yview)
scrollbar.pack(side="right", fill="y")
text.config(yscrollcommand=scrollbar.set)

text.insert("1.0",

",

)

Nacteni DICOM souboru\n"

- Kliknéte na tlacitko ,,Vybrat soubor®“ a vyberte radiograficky obraz fa
- Program nejlépe funguje s obrazem porizenym pri napéti 70 kV.\n"

- Pokud nevidite soubor v ocekdavaném adresari, zkuste prepnout druh zob

. Nahled snimku\n"

- Po nacteni se zobrazi zakladni informace a nahled vybraného snimku.\n
- V pripadé nacteni nevhodného snimku lze prejit na uUvodni obrazovku st
- Stisknutim zeleného tlacitka ,,Spustit analyzu‘ pokracujte v procesu.\

. Pribéh analyzy\n"

- SpuSténim analyzy dojde k otevreni nového okna, kde je treba oznacit
- Oznaceni bodu lze provést dvojklikem levého tlacitka, odstranéni posl
- Pro zvySeni viditelnosti nizko-kontrastnich diskd v obraze je treba z

. Vysledky\n"

- V oddilu Prostorové rozliseni je k dispozici graf MTF a tri vysoko-ko
- V oddilu Kontrast se zobrazuje kruhovy profil oblasti se 17 nizko-kon
- V oddilu Vysledky jsou uvedeny hodnoty MTF(30), MTF(50) a posledni SN
- Nahled snimku zobrazuje kruhovy sumac¢ni profil v mezikruzi oznacené m

. Ukonceni prace\n"

- Program ukoncite zavrenim hlavniho okna."

text.config(state="disabled")

close button = tk.Button(
instructions,
text="Zavrit",
command=instructions.destroy



)
close _button.pack(pady=(10, 0))

def resource_path(relative path):
try:
base_path = sys. MEIPASS
except Exception:
base_path = os.path.abspath(".")
return os.path.join(base_path, relative path)

class UrceniStreduNKDisku:
def __init__ (self, parent, ds):
self.parent = parent
self.img = ds.pixel_array

self.body = []
self.markers = []
self.max_bodu = 17 # maximdlné 17 NK diski

self.data_min = self.img.min()
self.data_max = self.img.max()

# --- ROZLOZENI OKNA (1 rddek, 2 sloupce) ---

self.fig = Figure(figsize=(14, 8))

self.ax_img = self.fig.add_subplot(121)

self.ax_table = self.fig.add_subplot(122)
self.fig.subplots_adjust(bottom=0.2) # Misto pro slidery dole

# --- LEVA CAST - obrdzek ---
self.im = self.ax_img.imshow(self.img, cmap="gray', vmin=self.data_min, vma
self.ax_img.set_title(f"Vybér stredd nizkokontrastnich diskd\n"

£"DVOJKLIK LEVEHO TLACITKA: vybér bodu\n"

f"PRAVE TLACITKO: odebrani posledniho bodu")
self.ax_img.axis('off")

# --- PRAVA CAST - tabulka ---
self.ax_table.axis('off")
self.ax_table.set_title("Seznam vybranych bod(")

self.canvas = FigureCanvasTkAgg(self.fig, master=self.parent)
self.canvas.draw()

self.canvas_widget = self.canvas.get_tk widget()
self.canvas_widget.pack(fill=tk.BOTH, expand=True)

self.toolbar = NavigationToolbar2Tk(self.canvas, self.parent)
self.toolbar.update()

# --- Tlacitko HOTOVO ---
btn_frame = tk.Frame(self.parent)
btn_frame.pack(fill=tk.X, pady=5)

btn_hotovo = tk.Button(
btn_frame,
text="Hotovo",
command=self.ukoncit_vyber,
bg="#4CAF50" ,



def

def

fg="white",
font=("Arial", 10, "bold"),
padx=20,
pady=5
)

btn_hotovo.pack(padx=10)

# Priprava prdzdnych dat pro tabulku
self.table_data = []
for i in range(self.max_bodu):
self.table data.append([str(i+1), "", ""]) # Cislo, X, Y

col_labels = ["Bod &.", "X [px]", "Y [px]"]

# Vykresleni tabulRy
self.table = self.ax_table.table(
cellText=self.table_data,
collLabels=col_labels,
loc="'center’',
celllLoc="center',
colWidths=[0.2, 0.4, 0.4]
)
self.table.auto_set_font_size(False)
self.table.set_fontsize(10)
self.table.scale(1l, 1.5) # Roztdhneme rddRy na vysku

# --- SLIDERY pod obrdzkem ---
ax_min = self.fig.add_axes([0.15, ©0.08, 0.5, 0.93]) # [left, bottom, width,
ax_max = self.fig.add_axes([©.15, ©.12, 0.5, 0.03])

Slider(ax_min, 'Cerny', self.data_min, self.data_max, val
Slider(ax_max, 'Bily', self.data_min, self.data_max, vali

self.slider_min
self.slider_max

self.slider_min.on_changed(self.update_contrast)
self.slider_max.on_changed(self.update_contrast)

# --- EVENTY ---
self.cid = self.fig.canvas.mpl_connect('button_press event', self.on_click)

update_contrast(self, val):

vmin = self.slider_min.val

vmax = self.slider_max.val

if vmin >= vmax: return
self.im.set_clim(vmin=vmin, vmax=vmax)
self.fig.canvas.draw_idle()

update_table_content(self):
# Projdeme vSech 17 rddRi
for i in range(self.max_bodu):

cell x
cell y

self.table[(i+1, 1)] # sloupec X
self.table[(i+1, 2)] # sloupec Y

if i < len(self.body):
# Mdme bod -> zapiseme souradnice



X, y = self.body[i]

cell x.get_text().set_text(f"{x:.1f}")

cell y.get_text().set_text(f"{y:.1f}")
else:

# Nemdme bod -> vymaZzeme text

cell x.get_text().set_text("")

cell y.get text().set_text("")

self.fig.canvas.draw_idle()

def on_click(self, event):
if event.inaxes != self.ax_img: return

# 1. PRIDANI BODU (DVOJKLIK)
if event.button == 1 and event.dblclick:
if len(self.body) >= self.max_bodu:
print("Dosazen maximalni pocet bodi!")
return

bod = (event.xdata, event.ydata)
self.body.append(bod)

line_object, = self.ax_img.plot(event.xdata, event.ydata, 'rx', markers
self.markers.append(line_object)

self.update_table_content() # Aktualizace tabulkRy

# Vykreslenil grafu se stane uvnitr update_table_content, ale pro jistot
self.fig.canvas.draw()

# 2. SMAZANI BODU (PRAVE TLACITKO)
elif event.button == 3:
if self.body and self.markers:
self.body.pop()
odstraneny_marker = self.markers.pop()
odstraneny_marker.remove()

self.update_table_content() # Aktualizace tabulky
self.fig.canvas.draw()

def ziskej_vysledky(self):
return [(int(x + ©.5), int(y + ©.5)) for x, y in self.body]

def ukoncit_vyber(self):
self.parent.destroy()

### GUI

class TORanalyser:
def __init_ (self, master):
self.master = master
master.title("TORanalyser")

try: # pro pripad
master.iconbitmap(resource_path("icon.ico"))
except:



def

def

def

def

def

pass

screen_w = master.winfo_screenwidth()

screen_h = master.winfo_screenheight()

width = int(screen_w * ©.7) # Trochu zvétsSime pro grafy
height = int(screen_h * 0.7)
master.geometry(f"{width}x{height}")
master.minsize (800, 600)

self.container = tk.Frame(master)
self.container.pack(fill="both", expand=True)

self.zobraz_uvodni_obrazovku()

_on_mousewheel(self, event):
# funkRéni pro Windows / MacOS
if event.delta:
self.results_canvas.yview_scroll(int(-1 * (event.delta / 120)), "units"
# funkini pro Linux
elif event.num ==
self.results_canvas.yview_scroll(-1, "units")
elif event.num ==
self.results_canvas.yview_scroll(1l, "units")

clear_container(self):
for widget in self.container.winfo_children():
widget.destroy()

zobraz_uvodni_obrazovku(self):

self.clear_container()

self.main_title = tk.Label(self.container, text="Vybér DICOM souboru", font
self.main_title.pack(pady=40)

btn = tk.Button(self.container, text="Vybrat soubor", command=self.vyber_sc
btn.pack()

vyber_soubor(self):
filepath = filedialog.askopenfilename(filetypes=[("DICOM Files", "*.dcm"),
if not filepath: return
try:
ds = pydicom.dcmread(filepath)
self.zobraz_info_obrazovku(filepath, ds)
except Exception as e:
messagebox.showerror("Chyba", f"Nelze nacist soubor:\n{e}")

zobraz_info_obrazovku(self, filepath, ds):
self.clear_container()
self.filename = os.path.basename(filepath)

self.main_title = tk.Label(self.container, text=f"Soubor: {self.filename}",
self.main_title.pack(pady=10)

content = tk.Frame(self.container)
content.pack(fill="both", expand=True, padx=10)

# KONFIGURACE sloupcii: @ - Info + Ndhled, 1 - Grafy
content.columnconfigure(®, weight=0, minsize=200)



content.columnconfigure(l, weight=1)
content.rowconfigure(1l, weight=0)
content.rowconfigure(2, weight=1)

# LEVY BLOK
## informace o souboru

self.info_frame = tk.LabelFrame(content, text=" Informace o snimku
self.info_frame.grid(row=1, column=0, sticky="nsew", padx=5)

, padx=

table = tk.Frame(self.info_frame)
table.pack(anchor="w")

def add_row(r, 1lbl, val):
tk.Label(table, text=1bl+":", font=("Arial", 9, "bold")).grid(row=r, co
tk.Label(table, text=val, wraplength=350, justify="left").grid(row=r, c

tags = [
("Cesta k souboru", filepath),
("Pacient", getattr(ds, "PatientName", "N/A")),
("ID", getattr(ds, "PatientID", "N/A")),
("Datum", getattr(ds, "StudyDate", "N/A")),
("Modalita", getattr(ds, "Modality", "N/A")),
("kvp", getattr(ds, "KVP", "N/A")),
("mAs", getattr(ds, "Exposure", "N/A")),
("SID", getattr(ds, "DistanceSourceToDetector", 'N/A')),

for i, (1, v) in enumerate(tags):
if 1 == "Datum":
v = f"{v[6:8]}. {v[4:6]}. {v[0:4]}"
add_row(i, 1, v)

## ndhled
self.preview_frame = tk.LabelFrame(content, text=" Nahled snimku
self.preview_frame.grid(row=2, column=0, sticky="nsew", padx=5)
self.preview_img_label = tk.Label(self.preview_frame)
self.preview_img label.pack()

, padx=18@

try:
img = ds.pixel_array.astype(float)
img = (img - img.min()) / (img.max() - img.min()) * 255
pil_img = Image.fromarray(img.astype(np.uint8)).convert("L")
pil _img.thumbnail( (400, 400))
self.preview_img = ImageTk.PhotoImage(pil_img)
self.preview_img_label.configure(image=self.preview_img)
self.preview_img_label.image = self.preview_img
except Exception as e:
self.preview_img_label.configure(text=f"Nahled nelze zobrazit\n{e}")

# PRAVY BLOK

self.graph_container = tk.LabelFrame(content, text=" Analyza ")
self.graph_container.grid(row=1, column=1, rowspan=2, sticky="nsew", padx=5
self.graph_container.columnconfigure(0, weight=1)

## prostorové rozlisenti
right_inner = tk.Frame(self.graph_container)



right_inner.pack(fill="both", expand=True, padx=5, pady=5)

right_inner.columnconfigure(0, weight=2)
right_inner.columnconfigure(l, weight=1)
right_inner.rowconfigure(0, weight=3)
right_inner.rowconfigure(1l, weight=1)

self.resolution_frame = tk.LabelFrame(

right_inner, text=" RozliSeni pri vysokém kontrastu

)

, padx=5, pady=5

self.resolution_frame.grid(row=0, column=0, rowspan=2, sticky="nsew", padx=

self.results_canvas = tk.Canvas(self.resolution_frame, highlightthickness=6

self.results_scrollbar =

tk.Scrollbar(self.resolution_frame, orient="vertic

self.results_frame = tk.Frame(self.results_canvas)

self.results_canvas.create_window((©, 0), window=self.results_frame, anchor
self.results_canvas.configure(yscrollcommand=self.results_scrollbar.set)

self.results_canvas.pack(side="left", fill="both", expand=True)
self.results_scrollbar.pack(side="right", fill="y")

## nastaveni scrollovadnt
self.results_frame.bind("<Configure>", lambda e: self.results_canvas.config
self.results_canvas.bind("<Enter>", lambda e: self.results_canvas.bind_all(
self.results_canvas.bind("<Leave>", lambda e: self.results_canvas.unbind_al

## kontrast

self.contrast_frame = tk.LabelFrame(

right_inner, text="

)

RozliSeni pri nizkém kontrastu

, padx=5, pady=5

self.contrast_frame.grid(row=0, column=1, sticky="nsew")

self.contrast_frame.rowconfigure(0, weight=1)
self.contrast_frame.rowconfigure(l, weight=90)
self.contrast_frame.rowconfigure(2, weight=90)
self.contrast_frame.columnconfigure(0, weight=1)

self.contrast_graph_container = tk.LabelFrame(self.contrast_frame)
self.contrast_graph_container.grid(row=0, column=0, sticky="nsew", pady=(0,

self.SNR_table = tk.LabelFrame(self.contrast_frame)
self.SNR_table.grid(row=1, column=0, sticky="ew")
self.SNR_table.columnconfigure(0, weight=9)
self.SNR_table.columnconfigure(1l, weight=0)
self.SNR_table.columnconfigure(2, weight=1)
self.SNR_table.columnconfigure(3, weight=1)

tk.Label(self.SNR_table,
tk.Label(self.SNR_table,
tk.Label(self.SNR_table,
tk.Label(self.SNR_table,

number_ list = ["1", "2",
contrast_list = ["7,60",
for i in range(1, 18):

text="Disk ¢.", font=("Arial", 9, "bold")).grid(ro
text="Tabulkovy kontrast [%]", font=("Arial", 9, "
text="SNR", font=("Arial", 9, "bold")).grid(row=e,
text="CNR", font=("Arial", 9, "bold")).grid(row=e,

"3", u4||’ ||5u, "6") u7u, "8", ||9u, "16", u11u’ ||12
"6,69", "5)59"_‘ ll4)50u’ ||3’90||, "3,3@", "2,79", ||2



def

tk.Label(self.SNR_table, text=number_list[i-1]).grid(row=i, column=0, s
tk.Label(self.SNR_table, text=contrast_list[i-1]).grid(row=1i, column=1,

self.detail table = tk.LabelFrame(right_inner, text=" Vysledky ", padx=5, p
self.detail table.grid(row=1, column=1, sticky="nsew", pady=(5, 9))
self.detail_table.columnconfigure(0, weight=1)

self.detail table.columnconfigure(1l, weight=1)

self.detail table.columnconfigure(2, weight=0, minsize=20) # mezera
self.detail table.columnconfigure(3, weight=1)

self.detail table.columnconfigure(4, weight=1)
self.detail_table.columnconfigure(5, weight=1)

## vysledky
tk.Label(self.detail table, text="RozlisSeni pri vysokém kontrastu", font=("
tk.Label(self.detail table, text=" ", font=("Arial", 9, "bold")).grid(row=
tk.Label(self.detail table, text="Rozliseni pri nizkém kontrastu", font=("A

# TLACITKA

btn_bar = tk.Frame(self.container)

btn_bar.pack(side="bottom", fill="x", pady=10)

btn_zpet = tk.Button(btn_bar, text="Vybér jiného souboru", command=self.zob

btn_zpet.pack(side="1left", padx=20)

self.btn_analyze = tk.Button(btn_bar, text="Spustit analyzu", bg="#4CAF50",
command=lambda: self.spust_analyzu(filepath)

)
self.btn_analyze.pack(side="right", padx=20)

spust_analyzu(self, filepath):
try:

self.main_title.config(
text=f"Analyza DICOM souboru: {self.filename}"

)

image = pydicom.dcmread(filepath)
image_value = image.pixel_array.astype(np.float32)

output, list S _obj, phantom_parameters, results = vysoky_ kontrast(image

win = tk.Toplevel(self.master)
win.title("Vybér stredd nizkokontrastnich diskd")

Centers_App = UrceniStreduNKDisku(win, image)
win.transient(self.master)
win.grab_set()
self.master.wait_window(win)
seznam_stredu = Centers_App.ziskej_vysledky()
output, SNRs, CNRs, fig angle = nizky_kontrast(output, image_value, sez
if isinstance(output, np.ndarray):
img = Image.fromarray(output)

img = img.resize( (400, 400))
img_tk = ImageTk.PhotoImage(img)



for

self.preview_img label.configure(image=img_tk)
self.preview_img_label.image = img_tk

plot in list_S obj:

if isinstance(plot, Figure):

plot.tight_layout()

canvas = FigureCanvasTkAgg(plot, master=self.results_frame)

canvas.draw()

canvas_widget = canvas.get_tk_widget()
canvas_widget.pack(pady=5)

self.results_frame.update_idletasks()
self.results_canvas.configure(
scrollregion=self.results_canvas.bbox("all"))

if isinstance(fig_angle, Figure):

for

fig _angle.tight_layout()

canvas_angle = FigureCanvasTkAgg(

fig_angle,

master=self.contrast_graph_container

)

canvas_angle.draw()

canvas_widget = canvas_angle.get_tk_widget()

canvas_widget.pack(fill=

i in range(©@, len(SNRs))
tk.Label(self.SNR_table,
tk.Label(self.SNR_table,

contrast_list = ["7,60", "6,

for

mtf30
mtf50

tk.
tk.
tk.
tk.

tk.
tk.

i, j in enumerate(SNRs):
if j >= 5:
SNR_1im = SNRs[i]
SNR_num = i+1

contrast = contrast_

continue
else:

SNR_1im

SNR_num

SNRs[i-1]
i

contrast = contrast_

break

str(round(results[0]
str(round(results[1]

Label(self.detail table,
Label(self.detail table,
Label(self.detail table,
Label(self.detail_table,

Label(self.detail_table,
Label(self.detail_table,

"both", expand=True)

text=str(int(round(SNRs[i], ©)))).grid(row
text=CNRs[i]).grid(row=i+1, column=3, stic

60", "5,50", "4,50", "3,90", "3,30", "2,70"

list[i]

list[i-1]

, 2)) + " 1p/mm"
, 2)) + " 1lp/mm"

text="MTF(30) =").grid(row=1, column=0, sti
text=mtf30).grid(row=1, column=1, sticky="w
text="MTF(50) =").grid(row=2, column=0, sti
text=mtf50).grid(row=2, column=1, sticky="w

text="Disk ¢. ").grid(row=1, column=4, stic
text=SNR_num).grid(row=1, column=5, sticky=



tk.Label(self.detail table, text="SNR = ").grid(row=2, column=4, sticky
tk.Label(self.detail table, text=SNR_lim).grid(row=2, column=5, sticky=
tk.Label(self.detail table, text="Kontrast: ").grid(row=3, column=4, st
tk.Label(self.detail table, text=contrast).grid(row=3, column=5, sticky

if hasattr(self, "btn_analyze"):
self.btn_analyze.pack_forget()

except Exception as e:
messagebox.showerror("Chyba", str(e))

if __name__ == "_main__":
root = tk.Tk()

root.iconbitmap(resource_path("icon.ico"))
root.title("TORanalyser")

app = TORanalyser(root)
menubar = tk.Menu(root)

help menu = tk.Menu(menubar, tearoff=0)
help_menu.add_command(
label="Navod",
command=lambda: show_instructions(root)
)
help_menu.add_command(
label="0 programu",
command=lambda: show_about(root)

)

menubar.add_cascade(label="Napovéda", menu=help_menu)
root.config(menu=menubar)

root.mainloop()



