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import numpy as np
import math
import cv2 as cv
import matplotlib.pyplot as plt

# %load solutions/image-pyramids/solution_01.py
#I = cv.imread('data/apple.jpg')
I = cv.imread('data/van-gogh.jpg')
I = cv.cvtColor(I, cv.COLOR_BGR2RGB)
I = cv.resize(I, (512, 512))

print('Shape of I = {}'.format(I.shape))

I[:,:,0] = cv.GaussianBlur(I[:,:,0], (5,5), 2, 2)
I[:,:,1] = cv.GaussianBlur(I[:,:,1], (5,5), 2, 2)
I[:,:,2] = cv.GaussianBlur(I[:,:,2], (5,5), 2, 2)

I2 = I[::2,::2,:]
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print('Shape of I2 = {}'.format(I2.shape))

plt.imshow(I2);

Shape of I = (512, 512, 3)
Shape of I2 = (256, 256, 3)

# %load solutions/image-pyramids/gen_gaussian_pyramid.py 
def gen_gaussian_pyramid(I, levels=6):
    G = I.copy()
    gpI = [G]
    for i in range(levels):
        G = cv.pyrDown(G)
        gpI.append(G)
    return gpI

# %load solutions/image-pyramids/gen_gaussian_pyramid.py 
def gen_pyramid(I, levels=6):
    G = I.copy()
    pI = [G]
    for i in range(levels):
        G = G[::2,::2,:]
        pI.append(G)
    return pI

foo = gen_gaussian_pyramid(I, levels=9)
boo = gen_pyramid(I, levels=9)

for i in foo:
    print(i.shape)

for i in boo:
    print(i.shape)
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(512, 512, 3)
(256, 256, 3)
(128, 128, 3)
(64, 64, 3)
(32, 32, 3)
(16, 16, 3)
(8, 8, 3)
(4, 4, 3)
(2, 2, 3)
(1, 1, 3)
(512, 512, 3)
(256, 256, 3)
(128, 128, 3)
(64, 64, 3)
(32, 32, 3)
(16, 16, 3)
(8, 8, 3)
(4, 4, 3)
(2, 2, 3)
(1, 1, 3)

def show_pyramid(p):
    n = len(p)
    for i in range(n):
        c = 4
        r = math.ceil(n / c)
        ax = plt.subplot(r,c,i+1)
        ax.imshow(p[i])

plt.figure(figsize=(20,15))
plt.title('Without Gaussian Blurring')
show_pyramid(boo)
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plt.figure(figsize=(20,15))
plt.title('Gaussian Blurring')
show_pyramid(foo)

In [8]:

1/29/25, 4:29 PM 04-image-pyramids

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/04-image-pyramids.html 5/20



pyrDown
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A = cv.imread('data/apple.jpg')
B = cv.imread('data/orange.jpg')
A = cv.cvtColor(A, cv.COLOR_BGR2RGB)
B = cv.cvtColor(B, cv.COLOR_BGR2RGB)

gpA = gen_gaussian_pyramid(A)
gpB = gen_gaussian_pyramid(B)

gp = gpB
num_levels = len(gp)
for i in range(num_levels):
    rows = gp[i].shape[0]
    cols = gp[i].shape[1]
    print('level={}: size={}x{}'.format(i, rows, cols))

level=0: size=512x512
level=1: size=256x256
level=2: size=128x128
level=3: size=64x64
level=4: size=32x32
level=5: size=16x16
level=6: size=8x8

gp = gpA
level = 3
plt.figure(figsize=(10,10))
plt.title('Level {}'.format(level))
plt.imshow(gp[level])

<matplotlib.image.AxesImage at 0x14b22c4d0>
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Out[12]:
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# 1D kernel for computing derivatives
Hx = np.array([1,-1], dtype='float32')

s = 4
ticks = np.linspace(-s,s,2*s+1)

gxx = np.linspace(-40,40,801)
mu = 0
sigma = 5
g = np.exp(- (gxx-mu)**2 / (2*(sigma**2)) ) / ( 2 * np.pi * sigma)

plt.figure(figsize=(20,5))
plt.plot(gxx, g, 'k', linewidth=5)
plt.xlim([-s*sigma, s*sigma])
plt.yticks([])
plt.title(r'Gaussian.  ($\mu=0, \sigma=5$)');

dg = np.convolve(g, Hx, 'same')

plt.figure(figsize=(20,5))
plt.plot(gxx, dg, 'k', linewidth=5)
plt.xlim([-s*sigma, s*sigma])
plt.yticks([])
plt.title(r'Gaussian 1st derivative.  ($\mu=0, \sigma=5$)');
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ddg = np.convolve(dg, Hx, 'same')

plt.figure(figsize=(20,5))
plt.plot(gxx, ddg, 'k', linewidth=5)
plt.xlim([-s*sigma, s*sigma])
plt.yticks([])
plt.title(r'Gaussian Laplacian computed via 2nd derivative.  ($\mu=0, \sigma=5$)');

G_kernel = np.array([1., 4., 6., 4., 1.]) / 16.
g_smoothed = np.convolve(G_kernel, g, 'same')

s = 4
ticks = np.linspace(-s,s,2*s+1)

gxx = np.linspace(-40,40,801)
mu = 0
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sigma = 5
g = np.exp(- (gxx-mu)**2 / (2*(sigma**2)) ) / ( 2 * np.pi * sigma)

G_kernel = np.array([1., 4., 6., 4., 1.]) / 16.
g_smoothed = np.convolve(G_kernel, g, 'same')

plt.figure(figsize=(20,5))
plt.plot(gxx, g_smoothed-g, 'k', linewidth=5, label='approximation')
plt.plot(gxx, ddg, 'k', linewidth=1, label='2nd derivative')
plt.xlim([-s*sigma, s*sigma])
plt.yticks([])
plt.legend()
plt.title(r'Gaussian Laplacian approximation.  ($\mu=0, \sigma=5$)');
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# %load solutions/image-pyramids/gen_laplacian_pyramid.py
def gen_laplacian_pyramid(gpI):
    """gpI is a Gaussian pyramid generated using gen_gaussian_pyramid method found in py file of the same name."""
    num_levels = len(gpI)-1
    lpI = [gpI[num_levels]]
    for i in range(num_levels,0,-1):
        GE = cv.pyrUp(gpA[i])
        L = cv.subtract(gpA[i-1],GE)
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        lpI.append(L)
    return lpI

lpA = gen_laplacian_pyramid(gpA)
lpB = gen_laplacian_pyramid(gpB)

lp = lpA
num_levels = len(lp)
for i in range(num_levels):
    rows = lp[i].shape[0]
    cols = lp[i].shape[1]
    print('level={}: size={}x{}'.format(i, cols, rows))

level=0: size=8x8
level=1: size=16x16
level=2: size=32x32
level=3: size=64x64
level=4: size=128x128
level=5: size=256x256
level=6: size=512x512

plt.figure(figsize=(20,10))
plt.title('Laplacian Pyramid')
show_pyramid(lpA)
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plt.figure(figsize=(20,10))
plt.title('Laplacian Pyramid of Apple')
show_pyramid(lpA)

plt.figure(figsize=(20,10))
plt.title('Laplacian Pyramid of Orange')
show_pyramid(lpB)
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# %load solutions/image-pyramids/laplacian_blending.py
LS = []
for la, lb in zip(lpA, lpB):
    rows, cols, dpt = la.shape
    ls = np.hstack((la[:,0:cols//2,:], lb[:,cols//2:,:]))
    LS.append(ls)

plt.figure(figsize=(20,10))
plt.title('Laplacian Pyramid Blended')
show_pyramid(LS)
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# %load solutions/image-pyramids/reconstruct_from_laplacian.py
ls_ = LS[0]
for i in range(1,6):
    ls_ = cv.pyrUp(ls_)
    ls_ = cv.add(ls_, LS[i])

plt.figure(figsize=(10,10))
plt.imshow(ls_)

<matplotlib.image.AxesImage at 0x14a4c4350>
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real = np.hstack((A[:,:cols//2],B[:,cols//2:]))

plt.figure(figsize=(10,10))
plt.imshow(real);
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