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vO ={a07; oSO iR 5 %M

EE T,
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N — [pU0
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0 — (wl0)
wi” = {w}
N — (w0
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N _ (wU0)
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yi-u =y @ WH(D@WV(D oy WD(J') (1)
b, VUV, L_RLOZEBOEMICR > T3,
WE, FO@, )R, ZEVIDicksnt, XXXy icEIhTnwb T3,
fUVy) = ZCU Vo P y) (2)
B ()i, 0B 2 VIE 1 ZEE T BTS2 DT, ¢l VIafU (x, y) DBIfKE T
b5, BBV %, ZEvO, wP wP, wP o s o, zhbo
IEHREREKE ONEEZ KD 5,

0 _ - U0y _ U-1 U-1 U-1 U-1
Co = U, 057) = Z(CZh,Zk t Coneton T Conarer T CZh+1,2k+1) x 2/
o _ - U0y _ U-1 -1 -1 U-1
Dyjpi = <f(] Y, WH,h,k T2 (CZh,Zk - CZh+1,2k + CZh,2k+1 - CZh+1,2k+1) x 2/
(€) - U0y _ U-1 U-1 U-1 U-1
DV,h,k - (f(] 1)'I'UV,h,k> - Z(Czh,ZR + CZh+1,2k - CZh.2k+1 - CZh+1,2k+1) x 2/
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FRIC AT R E AN,
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Dy riney) =Dy X EI'UH,h,k (6, ¥) = Dy k Prin e (6, ¥)
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0 _ -1 -1 -1 -1
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. 1 ; . . .
0 _ G-1 G-1) U-1 U-1
Dyhi = 4 (CZh,Zk t Conioe ~ Canaker ~ CZh+1,2k+1)

. . . 1 . . .
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VA1 O z—7L v MEH

import cv2 # pip install opencv-python
import numpy as np

import matplotlib. pyplot as plt

imgl = cv2. imread (' Sample_4. png’) # E&512x512 71 ILDFEHAH
plt. imshow (img1)
plt. show()



f_0 = np. sum(imgl, axis=2)/3 ¥ =®/401t
#

# Dx—JLvy MEFEREREDN L LTRE

#

WaveletAnal = {}
WaveletAnal['0'] = {'f0': f_0}

n=29

N = 2%xn

#

# LRI j OETHEROBTR
#

def disp_map (j):
Cj = WaveletAnal [f' {j}' ][ f0'] #  R¥C_hk
DHj = WaveletAnal [f" {j} 1['DHj"]
DVj = WaveletAnal [f" {j} 10’ DVj']
DDj = WaveletAnal [f" {j} 1['DDj"]
#
#  EBRZEESI imgs [TERTE
B KEEH12x512ZF4HELTHEA
#
imgs = np. ful I ((612, 512, 3), 0.5)
for h in range ((2%(n-j))):
for k in range((2%x(n-j))):

for ii in range((2%xj)//2): B RT—ILIZAbLETIEEIEL
for jj in range((2%*]})//2):
for kk in range(3): ¥ K. & FO3IFrYURIL
#
# C_hk D&
#

imgs[512//2 + ((2%%])//2)%h + ii]¥
[512//2 + ((2%xj)//2)*k + jj1[kk] ¥
= Cj[h1[k] / 255
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# DH, DV, DD I, fBO #&IZFRE
#
imgs[512//2 + ((2%xj)//2)*h + ii1[((2%xj)//2)*k + jj1[kk] ¥
=0.0
imgs[((2%xj)//2)%h + ii1[(512//2) + ¥
((2%x])//2) %k + jj1[kk] ¥
=0.0
imgs [ ((2%%]j) //2)*%h + ii1[((2%*]j)//2)*k + jj]1[kk] ¥
=0.0
if DHj[hl1[k] > O: # EESIRERICERE
imgs[((2%x]))//2)%h + ii1[(512//2) + ¥
(%)) //2)*k + jj1[1] ¥
= DHj[h]1[k] / 255
elif DHj[h1[k] < 0: # BHLIEFRIZHE
imgs[((2%x]))//2)*%h + 1i1[(512//2) +¥
(2*xj)//2)*k + jj1[0] ¥
= -DHj[h][k] /255
if DVj[hl[k] > O:
imgs[512//2 + ((2%%j)//2)*h + ii1[((2%xj)//2)*%k + jjI1[1] ¥
= DVj[hl[k] / 255
elif DVj[h][k] < 0:
imgs[512//2 + ((2%%j)//2)*h + ii1[((2%xj)//2)*%k + jj1[0] ¥
= -DVj[h][k] /255
if DDj[h1[k] > O:
imgs [ ((2%xj)//2)*h + 1i10((2%xj)//2)*k + jj1[1] ¥
= DDj[h]1[k] / 255
elif DDj[h][k] < 0:
imgs [ ((2%xj)//2)*h + 1i10((2%x])//2)*k + jj1[0] ¥
= -DDj[h][k] /255

plt. imshow (imgs) ¥ ERES imgs DERT
plt. xticks ([])

plt.yticks ([])

plt. title(f j = {j}")

plt. show()



for j in range(1,n):
# LRIV j DT
print (f'Level {j} started.’)
Cj_1 = WaveletAnal [f’ {j-1}"1[ f0']
Cj = np. empty ((2%x(n-]j), 2%*(n-j)))

DHj = np. empty ((2#x(n-j), 2%x(n-j)))
DVj = np. empty ((2#x(n-j), 2%x(n-j)))
DDj = np. empty ((2#x(n-j), 2%x(n-j)))

Ty Ty

for h in range (2%x(n-j)):
for k in range (2% (n-j)):
Cj[h]1[k] = (Cj_1[2xh][2+k] + Cj_1[2%h+1][2xk] +
CJj_1[2%h] [2%k+1] + Cj_1[2*%h+1] [2xk+1]) / 4

DHj[h]1 (k] = (Cj_1[2%h]1[2%k] — Cj_1[2¢h+1]1[2%k] +
Cj_1[2xh] [2%k+1] - Cj_1[2%h+1][2+k+1]) / 4
DVj[h1[k] = (Cj_1[2%h]1[2%k] + Cj_1[2¢h+1]1[2%k] -
Cj_1[2xh] [2%k+1] - Cj_1[2*h+1][2+k+1]) / 4
DDj[h] [kl = (Cj_1[2%h]1[2%k] — Cj_1[2¢h+1]1[2%k] -

Cj_1[2%h] [2%k+1] + Cj_1[2xh+11[2*k+1]) / 4
WaveletAnal [f' {j}'] = { 0" : Gj}

WaveletAnal [f' {j}'J['DHj' 1 = DHj
WaveletAnal [f' {j}'1['DVj' ] = DVj
WaveletAnal [f' {j}'1['DDj' ] = DDj

disp_map (j) # WBITEREORTE

while True:
print(f'0 < j < {n}")
j = int(input( j ="))
if j <=0 or j >=n:
break

disp_map (j)
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Y X+ 2 Numpy @ ndarray %] & OpneCV DHEIER & D X

import cv2 # pip install opencv-python
import numpy as np
import matplotlib. pyplot as plt

img = np. ful 1 ((300, 500, 3), 128, dtype = np.uint8)
#
# Numpy @ ndarray B ERINDERIZ{EFERTE
#
for i in range(130, 170):
for j in range (500) :
img[il1[j101] = 255

# OpenCV D EA% THE

#

cv2. rectangle (img, (225, 0), (275, 300), (0, 0, 255), thickness = -1)
#

t E{$ % &9 ndarray BE S| DRT

#

plt. imshow (img)

plt. show()

YAFP2%FTTELRADT + —LBRIRIND,
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