
 

IIIa
geometry

2 linear filtering
Cross correlation
Convolution

iiiii.TT

1

E III
scale spare analysis

Image pyramids



1/22/25, 4:15 PM 06-template-matching

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/06-template-matching.html 1/16

http://vclab.science.ontariotechu.ca/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


1/22/25, 4:15 PM 06-template-matching

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/06-template-matching.html 2/16

wh

ER
48

max x 9FIiIitlamcncanmY
la11b1cosdIa
E aibi



1/22/25, 4:15 PM 06-template-matching

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/06-template-matching.html 3/16

ephah
3Wh
R

I

Aside at 5 a beR
Distance 1 511 d e

d

similarity bf



import cv2
import numpy as np
import scipy as sp
from scipy import signal
import matplotlib.pyplot as plt

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

I = cv.imread('data/where-is-waldo.jpg')
I = cv.cvtColor(I, cv.COLOR_BGR2RGB)
plt.figure(figsize=(10,10))
plt.imshow(I)

<matplotlib.image.AxesImage at 0x16861e490>

In [1]:

In [2]:

Out[2]:
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y, x = 250, 750
half_h, half_w = 100, 200

def pick_patch(I, y, x, half_h, half_w):
    return I[y-half_h:y+half_h+1, x-half_w:x+half_w+1, :]

for yi in range(3):
    for xi in range(1):
        x_ = x + 30 * xi
        y_ = y + 30 * yi
        patch = pick_patch(I, y_, x_, half_h, half_w)
        fig = plt.figure(figsize=(5,5))
        plt.imshow(patch)
        plt.title('Patch: yx = {}, size = {}'.format((y_,x_), patch.shape[:2]))
        plt.show()

In [3]:
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template = cv.imread('data/waldo.png')
template = cv.cvtColor(template, cv.COLOR_BGR2RGB)
plt.figure(figsize=(5,5))
plt.imshow(template)

<matplotlib.image.AxesImage at 0x168edbe90>

template = template.flatten()
patch = pick_patch(I, 300, 400, 15, 15).flatten()
print('Template size = {}'.format(template.shape[0]))
print('Patch size = {}'.format(patch.shape[0]))

In [4]:

Out[4]:

In [5]:
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Template size = 21939
Patch size = 2883

def highlight(R, T, I, use_max=True):
    W, H = I.shape[0], I.shape[1]
    w, h = T.shape[0], T.shape[1]
    wr, hg = R.shape[0], R.shape[1]
#     print(W,H)
#     print(w,h)
#     print(wr,hg)
        
    min_val, max_val, min_loc, max_loc = cv2.minMaxLoc(R)
    loc = max_loc if use_max else min_loc
    loc = loc + np.array([h//2, w//2])               # Size of R is different from I 
    tl = loc - np.array([h//2, w//2])
    br = loc + np.array([h//2, w//2])
    I_ = np.copy(I)
    c = (1.0, 0, 0) if I_.dtype == 'float32' else (255, 0, 0)
#     print(c)
#     print(tl)
#     print(br)
    cv.rectangle(I_, tuple(tl), tuple(br), c, 4)
    return I_

# Image
img_waldo = cv.imread('data/where-is-waldo.jpg')
img_waldo = cv.cvtColor(img_waldo, cv.COLOR_BGR2RGB)
img_waldo_zoomed = img_waldo[344:824, 1100:1440, :]
img = cv.cvtColor(img_waldo_zoomed, cv.COLOR_RGB2GRAY)
# plt.figure(figsize=(20,20))
# plt.imshow(img_waldo_zoomed)
# plt.xticks([])
# plt.yticks([])

# Template
waldo = img_waldo_zoomed[167:264,123:179,:]
template = cv.cvtColor(waldo, cv.COLOR_RGB2GRAY)
foo = np.ones(img_waldo_zoomed.shape, dtype=img_waldo_zoomed.dtype)*255
foo[0:waldo.shape[0],0:waldo.shape[1],:] = waldo

plt.figure(figsize=(15,5))
plt.subplot(131)
plt.title('Image')
plt.imshow(img_waldo_zoomed)
plt.subplot(132)
plt.title('Template')
plt.imshow(waldo)
plt.subplot(133)
plt.title('Template (Actual Size)')

In [6]:
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plt.imshow(foo)
plt.suptitle('Image and template used for the following examples');

T = template.copy()
I = img.copy()

method = 'cv2.TM_SQDIFF'
R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_zoomed, use_max=False)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)
plt.suptitle(method)
plt.show();

In [7]:
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T = template.copy()
I = img.copy()

method = 'cv2.TM_SQDIFF_NORMED'
R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_zoomed, use_max=False)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)
plt.suptitle(method)
plt.show();

In [8]:
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T = template.copy()
I = img.copy()

method = 'cv2.TM_CCOEFF'

In [9]:

1/22/25, 4:15 PM 06-template-matching

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/06-template-matching.html 10/16

a

iiiin



R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_zoomed, use_max=True)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)
plt.suptitle(method)
plt.show();

T = template.copy()
I = img.copy()

In [10]:
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method = 'cv2.TM_CCOEFF_NORMED'
R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_zoomed, use_max=True)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)
plt.suptitle(method)
plt.show();

T = template.copy()
I = img.copy()

method = 'cv2.TM_CCORR'
R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_zoomed, use_max=True)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)

In [11]:
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plt.suptitle(method)
plt.show();

T = template.copy()
I = img.copy()

method = 'cv2.TM_CCORR_NORMED'
R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_zoomed, use_max=True)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)
plt.suptitle(method)
plt.show();

In [12]:
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# Image
scale = 4
img_waldo = cv.imread('data/where-is-waldo.jpg')
img_waldo = cv.cvtColor(img_waldo, cv.COLOR_BGR2RGB)
img_waldo_zoomed = img_waldo[344:824, 1100:1440, :]
H, W = img_waldo_zoomed.shape[0], img_waldo_zoomed.shape[1]
img_waldo_resized = cv.resize(img_waldo_zoomed, (int(W*scale),int(H*scale)))
img = cv.cvtColor(img_waldo_resized, cv.COLOR_RGB2GRAY)

# Template
waldo = img_waldo_zoomed[167:264,123:179,:]
template = cv.cvtColor(waldo, cv.COLOR_RGB2GRAY)
foo = np.ones(img_waldo_resized.shape, dtype=img_waldo_resized.dtype)*255
foo[0:waldo.shape[0],0:waldo.shape[1],:] = waldo

plt.figure(figsize=(15,5))
plt.subplot(131)
plt.title('Image')
plt.imshow(img_waldo_resized)
plt.subplot(132)
plt.title('Template')
plt.imshow(waldo)
plt.subplot(133)
plt.title('Template (Actual Size)')
plt.imshow(foo)
plt.suptitle('Image and template used for the following examples')

Text(0.5, 0.98, 'Image and template used for the following examples')

In [13]:

Out[13]:
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T = template.copy()
I = img.copy()

methods = ['cv2.TM_CCOEFF', 
           'cv2.TM_CCOEFF_NORMED', 
           'cv2.TM_CCORR',
           'cv2.TM_CCORR_NORMED', 
           'cv2.TM_SQDIFF', 
           'cv2.TM_SQDIFF_NORMED']

method = methods[4]
R = cv.matchTemplate(I, T, eval(method))
I_ = highlight(R, T, img_waldo_resized, use_max=True)

plt.figure(figsize=(10,6))
plt.subplot(121)
plt.title('Response $R(i,j)$')
plt.imshow(R, cmap = 'gray')
plt.subplot(122)
plt.imshow(I_)
plt.suptitle(method)
plt.show();

In [14]:

1/22/25, 4:15 PM 06-template-matching

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/06-template-matching.html 15/16



 In [ ]:

1/22/25, 4:15 PM 06-template-matching

https://csundergrad.science.uoit.ca/courses/cv-notes/notebooks/06-template-matching.html 16/16


