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[1] . | import cv2
import numpy as np
from pathlib import Path
import matplotlib.pyplot as plt

import shutil

def clear_directory(dirpath):
dirpath = Path(dirpath)
for p in dirpath.iterdir():
if p.is_file() or p.is_symlink():
p.unlink()
elif p.is_dir():
shutil.rmtree (p)

0.0.1 EfRDFHAH « FILE

i = I(x,y)
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[2] . def read_image(path,max_size):
# pizrpiz @ 0~1 D numpy LA & L TKT,
img_read=cv2.imread(str(path),cv2.IMREAD_GRAYSCALE)
cv2.imwrite(Path(path) .stem+"_gray"+Path(path) .suffix, img_read)
img=np.array(img_read, dtype=np.float32) / 255.0
print (img.shape)
max_size=max(max_size,max (img.shape))
return img,max_size

max_size=0
imgl,max_size = read_image("./imgl.png",max_size)
img2,max_size = read_image("./img2.png",max_size)

(4032, 3024)
(4032, 3024)
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[3] . from scipy.ndimage import gaussian_filter

def generate_sigmas(sigmal,k,max_size,max_sigma=1e10):

n=0
sigmas=[]
if (max_sigma < max_size):

max_size=max_sigma
while True:

sigma = (k*#*n)*sigmaO

if (sigma > max_size):

break

sigmas.append ((k**n)*sigma0)
n=n+1
return sigmas

sigmas = generate_sigmas(sigmaO=1,k=1.5,max_size=max_size,max_sigma=250)
print (sigmas)

def Gaussian_filters(img,sigmas,outdir):
# sigmas = [sigmal,sigma2,...] ICH U G(sigma1)*I,G(sigma2)+I,. .. % HiJ]
outdir = Path(outdir)
outdir.mkdir (parents=True, exist_ok=True)
clear_directory(outdir)
gaussianed = []

for i,sigma in enumerate(sigmas):
blurred = gaussian_filter(img,sigma)
gaussianed.append(blurred)

outpath=outdir / f'"gaussian_{i}_sigma{sigma:.3f}.png"
#print (outpath)
blurred=(blurred*255) .astype (np.uint8)
cv2.imwrite(outpath,blurred)

return gaussianed

def Dog_filters(images,outdir):

outdir = Path(outdir)
doged_images = []

for i in range(len(images)-1):
doged=images [i+1]-images[i]
doged_images . append (doged)
outpath=outdir / f"dogged_{i}.png"
#<AFZOEBMY 5 2 DT, ERHL
doged = (doged - doged.min())/(doged.max() - doged.min())

doged=(doged+*255) .astype (np.uint8)
cv2.imwrite (outpath,doged)

return doged_images

def images_print(images):



fig=plt.figure(figsize=(10,3))

for i in range(len(images)):
img_out = images[il
ax = fig.add_subplot(l, len(images), i+1, xticks=[], yticks=[])
ax.imshow(img_out, 'gray')

fig.tight_layout ()

plt.show()

[1.0, 1.5, 2.25, 3.375, 5.0625, 7.59375, 11.390625, 17.0859375, 25.62890625,
38.443359375, 57.6650390625, 86.49755859375, 129.746337890625,
194.6195068359375]

[4] . imgl_filtered=Gaussian_filters(imgl,sigmas,"imgl")
img2_filtered=Gaussian_filters(img2,signmas,"img2")
print ("After Gaussian filter")
images_print (imgl_filtered)
images_print (img2_filtered)

imgl_doged=Dog_filters(imgl_filtered,"imgl")
img2_doged=Dog_filters(img2_filtered,"img2")

print ("After Dog filter")
images_print (imgl_doged)
images_print (img2_doged)

After Gaussian filter

After Dog filter
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from scipy.ndimage import maximum_filter, minimum_filter
def find_keypoints(imges_doged,threshhold,sigmas,max_points):
image_stack = np.stack(imges_doged,axis=0)

#maz/min_filter FIRAMH, R/METE ZH2

max_filtered_stack = maximum_fllter(1mage_stack, size=(3, 3, 3))
min_filtered_stack = minimum_filter (image_stack, size=(3, 3, 3))
is_max = (max_filtered_stack==image_stack)

is_min = (min_filtered_stack==image_stack)

extreme_points = (is_max | is_min) & (np.abs(image_stack) > threshhold)
extreme_points[0, :, :] = False
extreme_points[-1, :, :] = False

extreme_points[:, 0, = False
extreme_points[:, -1, :] = False
extreme_points[:, :, 0] = False
extreme_points[:, :, -1] = False

#RAMES5 2% z,y,sigma DF| (FEFIFHLE L T2 DTHER )
sigma_i,y,x = np.where(extreme_points==True)
values = np.abs(image_stack[sigma_i, y, x])
order = np.argsort(values)[::-1]
order = order[:max_points]
sigma_i = sigma_i[order]
= ylorder]
x = x[order]

keypoints_coord=[]

for sigma_i,y,x in zip(sigma_i,y,x):
sigma = sigmas[sigma_i]
keypoints_coord.append((x,y,sigma))

return keypoints_coord

def show_keypoints(img,keypoints_coord) :
plt.figure(figsize=(8, 8))
plt.imshow(img, cmap="gray")
xs = [kp[0] for kp in keypoints_coord]
= [kp[1] for kp in keypoints_coord]

plt.scatter(xs,ys,2.0,facecolors="none",edgecolors="r",linewidths=1.0)
plt.axis("off")
plt.tight_layout()

#if out_path s not Nome:
#plt.savefig(out_path, dpi=200, bboz_inches="tight", pad_inches=0)

plt.show()



. max_points=5000
[6]:

imgl_keypoints =

find_keypoints(imgl_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)
img2_keypoints =

find_keypoints(img2_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)

show_keypoints(imgl, imgl_keypoints)
show_keypoints(img2, img2_keypoints)
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“The highest peak in the histogram is detected, and then any other local peak that is within 80% of the

highest peak is used to also create a keypoint with that orientation.”
LHBIhH. —OORRIICH LERD AR 0, 5265 bR S S,
RFWTTRIDTIE T & 72 & RITFE UL CHEE AR O EE 21T 5, Lowe DX T

“In order to achieve orientation invariance, the coordinates of the descriptor and the gradient orientations

are rotated relative to the keypoint orientation”

EHB XD, TDODIFRHEAGERET 0y KX 722 KO BREBERE LD, I 0~0—0, DL
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BEBZDE s=4 kb, (272U, REFZEMITAO bin H72 D O pix MBFEED R 7y — LG L TE
LXBBZNETHD, s=40 BRELTERETH 2 L EbNL3,)

ZOET, ZOXSWCLTHELT: (2v,y) EZHBETENR, HIIRETRINIRERIHE->T

’U(i’j’ k) = Z G(JZ, Y, aw)m(x, y)wp(x - xi)wp(y - yj)wa<0(x7 y) - Gk)

(z,y)eR

ERETUERWV, 2R LI %, G(z,y,0,) D o, DD ITITOWTIE Lowe DR descriptor window
DF5FE LTVWEDT, SHEOGE 0, =2 WS Z LIk 53,

*7z.

“Therefore, we reduce the influence of large gradient magnitudes by thresholding the values in the unit

feature vector to each be no larger than 0.2, and then renormalizing to unit length.”

EH5 L5112, WADIERIEZL (7)) OFBZR TRDICIRBERZ "L 27 ) v By 7T 00n5H L
W,

# RIS AL D BT H

def compute_gradients(L):
# Gaussian filtered image L-\sigma %> 5ABEE m L AW/ theta ZFIHT 5,
L = L.astype(np.float32)

dx
dy

= np.zeros_like(L, dtype=np.float32)
= np.zeros_like(L, dtype=np.float32)
# ARLEHDED TS,

dx[:, 1:-11 = (L[:, 2:]1 - L[:, :-21)/2.0

dy[1:-1, :1 = (L[2:, :]1 - L[:-2, :1)/2.0

magnitude = np.sqrt(dx * dx + dy * dy)

orientation = (np.arctan2(dy, dx) + 2.0 * np.pi) % (2.0 * np.pi)

return magnitude, orientation

# KRITDBE
def find_main_orientation(X0,Y0,sigma,magnitude,orientation):
# X0, YO D DE%ffioT, HYS7 VEHA+ n(X,Y) BARMNRISRET S,
num_bins=36
h, w = magnitude.shape
vote_sigma = 1.5 * sigma
radius = int(round(3.0 * vote_sigma))

x_min = max(1, X0 - radius)
x_max = min(w - 1, X0 + radius)
y_min = max(1, YO - radius)
y_max = min(h - 1, YO + radius)

hist = np.zeros(num_bins,dtype=np.float32)
for Y in range(y_min, y_max):
for X in range(x_min,x_max):
dX=X-X0
dY=Y-YO0
r2=dX*dX+dY*dY
if (r2>radius*radius):
continue

gaussian_weight = np.exp(-r2 /(2.0*vote_sigma*vote_sigma))
vote_weight = gaussian_weight * magnitudel[Y, X]

bin_float= (orientation[Y, X] * num_bins/(2.0 * np.pi)) % num_bins
bin_to_vote = int(np.floor(bin_float))

db = bin_float - bin_to_vote

hist[bin_to_vote] += vote_weight * (1.0 - db)

hist[(bin_to_vote + 1) 7 num_bins] += vote_weight * db



main_orientations=[]
max_val = hist.max()

for bin in range(num_bins):
left_hist_val = hist[(bin - 1) % num_bins]
center_hist_val = hist[bin]
right_hist_val = hist[(bin + 1) % num_bins]

if ((center_hist_val >= left_hist_val) and (center_hist_val >= right_hist_val) and center_hist_val >= 0.8 *_
<max_val):
theta = ((2.0 * np.pi) * bin/ num_bins) % (2.0 * np.pi)
main_orientations.append(theta)

return main_orientations

# =fMEAL
def triangular_weight(z):
return max(0.0, 1.0 - abs(z))

#MEHO=MEL (ZERXTL FOPOIE, ZHMEER LD AEORMNZIEFRILL TEREITEMEALSL>TS I EIEBRIL,)
def circular_bin_weight(bin_pos, bin_center, num_bins):

d = abs(bin_pos - bin_center)

d = min(d, num_bins - d)

return max(0.0, 1.0 - d)

#128 XIT descriptor DIERL
def compute_descriptor_one_keypoint(X0,Y0,sigma,thetal,magnitude, orientation):

spatial_bins=4
orientation_bins=8
bin_scale=4.0
sigma_w=2.0

#X0, YO:E{RFEEE b DORHEUALE

#sigma:DoG TIFI R A o — L

#theta0:RE1H

#magnitude, orientation: NIGAT —LD Gaussian HfED HFHHE L AEEE - AFCT

#bin_scale:1 DDZEM] bin AR LTl sigma 7 OWEFFON T, s = bin_scale * sigma L7325,
#sigma_w:descriptor FEEERTOA vV > 7 Y HADEMERE, 4x4 bin 2IAEDIED 4 2D T, F5D 2.0 25,

h, w = magnitude.shape
X0 = float(X0)
YO = float(YO)
s = bin_scale * sigma

#EALNT T

centers = np.arange(spatial_bins, dtype=np.float32) - (spatial_bins - 1) / 2.0
hist = np.zeros((spatial_bins, spatial_bins, orientation_bins), dtype=np.float32)
# PR EEC D PR

descriptor_radius_local = (spatial_bins/2.0) + 0.5

# AR ED D

cos_theta = np.cos(theta0)

sin_theta = np.sin(theta0)

#ERFERE (X, V) L TORREH

radius = int(np.ceil(np.sqrt(2.0) * descriptor_radius_local * s))
X_min = max(1, int(round(X0)) - radius)

X_max = min(w - 2, int(round(X0)) + radius)

Y_min = max(1, int(round(Y0)) - radius)

Y_max = min(h - 2, int(round(Y0)) + radius)

for Y in range(Y_min, Y_max + 1):
for X in range(X_min, X_max + 1):

dX = X - X0
dY = Y - YO
# FRRRZE A

x = ( cos_theta * dX + sin_theta * dY) / s

y = (-sin_theta * dX + cos_theta * dY) / s

phi = (orientation[Y, X] - theta0) % (2.0 * np.pi)

# A% bin BLICER

angle_bin_pos = phi * orientation_bins / (2.0 * np.pi)

# 1L

if (abs(x) >= descriptor_radius_local or abs(y) >= descriptor_radius_local):
continue

gaussian_weight = np.exp(-(x * x + y * y) / (2.0 * sigma_w * sigma_w))

for j, y_center in enumerate(centers):
wy = triangular_weight(y - y_center)
if wy <= 0:
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continue

for i, X_center in enumerate(centers):
wx = triangular_weight(x - x_center)

if wx <= 0:
continue

for k in range(orientation_bins):
wa = circular_bin_weight(angle_bin_pos, k, orientation_bins)

if wa <= 0:
continue

hist[j, i, k] += gaussian_weight * magnitudel[Y, X] * wx * wy * wa

descriptor = hist.reshape(-1)
norm = np.linalg.norm(descriptor)
descriptor = descriptor / norm

descriptor = np.clip(descriptor, 0, 0.2)

norm = np.linalg.norm(descriptor)
if norm < le-12:

return None
descriptor = descriptor / norm

return descriptor.astype(np.float32)

def precompute_gradients(gaussian_images) :

magnitudes = []

orientations = []

for L in gaussian_images:
mag, ori = compute_gradients(L)
magnitudes.append (mag)
orientations.append(ori)

return magnitudes, orientations

def compute_descriptors(keypoints_coord,gaussian_images,sigmas,max_keypoints) :

magnitudes, orientations = precompute_gradients(gaussian_images)

valid_keypoints = []
descriptors = []

keypoints_coord = keypoints_coord[:max_keypoints]
sigmas_np = np.array(sigmas, dtype=np.float32)

for _, (X0, YO, sigma) in enumerate(keypoints_coord) :
# sigma \Z—FLW Gaussian Hf§%{H 5
scale_idx = int(np.argmin(np.abs(sigmas_np - sigma)))

magnitude = magnitudes[scale_idx]
orientation = orientations[scale_

idx]

thetaO_list = find_main_orientation(X0,Y0,sigma,magnitude,orientation)

for theta0 in thetaO_list:

descriptor = compute_descriptor_one_keypoint (X0,Y0,sigma,thetal,magnitude,orientation)
valid_keypoints.append((X0, YO, sigma, theta0))
descriptors.append(descriptor)

descriptors = np.stack(descriptors, axis=0)

return valid_keypoints, descriptors

imgl_valid_keypoints, imgl_descriptors =

img2_valid_keypoints, img2_descriptors =

compute_descriptors(imgl_keypoints,imgl_filtered,sigmas,max_keypoints=1000)

compute_descriptors(img2_keypoints,img2_filtered,sigmas,max_keypoints=1000,)

print ("imgl valid keypoints:", len(imgl_valid_keypoints))
print("imgl descriptors:", imgl_descriptors.shape)

print("img2 valid keypoints:", len(img2_valid_keypoints))
print ("img2 descriptors:", img2_descriptors.shape)

imgl valid keypoints: 1461
imgl descriptors: (1461, 128)
img2 valid keypoints: 1463
img2 descriptors: (1463, 128)

10
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[10]:

0.0.5 EREFEIFE +Ratio Test

ZODHEFIZOWT 128 ZKIT descriptor d;,d? BohTtnarx, |d —d?H D/ 7225 X 5 7% descriptor
DRT7EYF V7T 5, FZOBE B OAHELHR L. ratio test ZXALb DRIy F U IRT L
THAT 2, (Fbb, dist(i,)) = [|d; —d5]| 2RAE T2 $(1,j 1) $ LXEATRMEZS5X 3 (iy, j,)
BEEL. dist(iy, j,)/ dist(iy, jy) <7 L7072 bDERT Y UTHRATS 2 21T 5.) 5552 ¥ T 0%
Ry FUTERITE S Z eI NS,

def

def

match_descriptors(descriptorl, descriptor2, ratio):

matches = []

# BEREATS (4, 5)

distances = np.linalg.norm(descriptori[:, None, :] - descriptor2[None, :, :], axis=2)

for i in range(distances.shape[0]):
order = np.argsort(distances[i])
j1 = order[0]
j2 = order[1]

dl = distances[i, j1] #%—iif#
d2 = distances[i, j2]1 #%5 _iif%

if d1 < ratio * d2:
matches.append((i, j1, dil, d2))

return matches

show_matches(imgl, keypointsl, img2, keypoints2, matches, max_matches):
H1i, W1 = imgl.shape
H2, W2 = img2.shape

H = max(H1, H2)
W=Wwl+ W2

canvas = np.ones((H, W), dtype=np.float32)
canvas[:H1, :Wi] = imgl
canvas[:H2, Wi:Wl + W2] = img2

plt.figure(figsize=(14, 8))
plt.imshow(canvas, cmap="gray")

matches_sorted = sorted(matches, key=lambda t: t[2])
matches_draw = matches_sorted[:max_matches]

for i, j, di, d2 in matches_draw:
X1, Y1, sigmal, thetal = keypointsi[i]
X2, Y2, sigma2, theta2 = keypoints2[j]

plt.plot([X1, X2 + Wil, [Y1, Y2], linewidth=0.7)
plt.scatter([X1, X2 + wil, [Y1, Y2], s=8)

plt.axis("off")
plt.tight_layout ()
plt.show()

matches = match_descriptors(imgl_descriptors,img2_descriptors,ratio=0.7)
show_matches (imgl,imgl_valid_keypoints,img2,img2_valid_keypoints,matches,max_matches=1000)

11



0.0.6 MHOEHKTHHALTHS

[11] . max_size=0
img3,max_size = read_image("./img3.png",max_size)
img4,max_size = read_image("./img4.png",max_size)

(4032, 3024)
(4032, 3024)

[12] : sigmas = generate_sigmas(sigmao=1,k=1.5,max_size=max_size,max_sigma=250)
print (sigmas)

img3_filtered=Gaussian_filters(img3,sigmas,"img3")
img4_filtered=Gaussian_filters(img4,signmas,"img4")
print("After Gaussian filter")

images_print (img3_filtered)

images_print (img4_filtered)

img3_doged=Dog_filters(img3_filtered,"img3")
img4_doged=Dog_filters(img4_filtered,"img4")

print ("After Dog filter")
images_print (img3_doged)
images_print (img4_doged)

[1.0, 1.5, 2.25, 3.375, 5.0625, 7.59375, 11.390625, 17.0859375, 25.62890625,
38.443359375, 57.6650390625, 86.49755859375, 129.746337890625,
194.6195068359375]

After Gaussian filter

12
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[13]: max_points=2500

img3_keypoints = find_keypoints(img3_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)
img4_keypoints = find_keypoints(img4_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)

show_keypoints (img3,img3_keypoints)
show_keypoints(img4,img4_keypoints)

13
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[ 14] . img3_valid_keypoints, img3_descriptors = compute_descriptors(img3_keypoints,img3_filtered,sigmas,max_keypoints=1000)

img4_valid_keypoints, img4_descriptors = compute_descriptors(img4_keypoints,img4_filtered,sigmas,max_keypoints=1000)

15



print ("img3 valid keypoints:", len(img3_valid_keypoints))
print ("img3 descriptors:", img3_descriptors.shape)

print("img4 valid keypoints:", len(img4_valid_keypoints))
print("img4 descriptors:", img4_descriptors.shape)

img3 valid keypoints: 1247
img3 descriptors: (1247, 128)
img4 valid keypoints: 1266
img4 descriptors: (1266, 128)

[15] . matches = match_descriptors(img3_descriptors,img4_descriptors,ratio=0.8)
show_matches (img3, img3_valid_keypoints,img4,img4_valid_keypoints,matches,max_matches=1000)

[ ] . max_size=0
imgh,max_size = read_image("./img5.png",max_size)
img6,max_size = read_image("./img6.png",max_size)

(4032, 3024)
(4032, 3024)

[17] : sigmas = generate_sigmas(sigmao=1,k=1.5,max_size=max_size,max_sigma=250)
print (sigmas)

img5_filtered=Gaussian_filters(imgh,signmas, "img5")
img6_filtered=Gaussian_filters(img6,signmas,"img6")
print("After Gaussian filter")

images_print (img5_filtered)

images_print (img6_filtered)

16



img5_doged=Dog_filters(img5_filtered,"img5")
img6_doged=Dog_filters(img6_filtered,"img6")

print("After Dog filter")
images_print (img5_doged)
images_print (img6_doged)

[1.0, 1.5, 2.25, 3.375, 5.0625, 7.59375, 11.390625, 17.0859375, 25.62890625,
38.443359375, 57.6650390625, 86.49755859375, 129.746337890625,

G 161686 6116 166 8

After Gaussian filter

161618

SR

After Dog filter

PRI RRRRE
EEEEEEEEE

[18] ; max_points=2500

imgh_keypoints = find_keypoints(img5_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)
img6_keypoints = find_keypoints(img6_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)

show_keypoints (img5, imgh_keypoints)
show_keypoints (img6, img6_keypoints)
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[19]:

imgb5_valid_keypoints, imgb_descriptors

img6_valid_keypoints, img6_descriptors

compute_descriptors(img5_keypoints,imgS_filtered,sigmas,max_keypoints=1000)

compute_descriptors (img6_keypoints,img6_filtered,sigmas,max_keypoints=1000)
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print("img5 valid keypoints:", len(img5_valid_keypoints))
print("img6 descriptors:", img6_descriptors.shape)

print("img5 valid keypoints:", len(img5_valid_keypoints))
print("img6 descriptors:", img6_descriptors.shape)

imgb5 valid keypoints: 1330
img6 descriptors: (1381, 128)
img5 valid keypoints: 1330
img6 descriptors: (1381, 128)

[2()] . matches = match_descriptors(img5_descriptors,img6_descriptors,ratio=0.8)
show_matches (img5,img5_valid_keypoints,img6,img6_valid_keypoints,matches,max_matches=1000)

[ ] . del imgl,imgl_descriptors,imgl_doged,imgl_filtered,imgl_keypoints,imgl_valid_keypoints
del img2,img2_descriptors,img2_doged,img2_filtered,img2_keypoints,img2_valid_keypoints
del img3,img3_descriptors,img3_doged,img3_filtered,img3_keypoints,img3_valid_keypoints
del img4,img4_descriptors,img4_doged,img4_filtered,imgd_keypoints,img4_valid_keypoints
del img5,img5_descriptors,imgb_doged,img5_filtered,img5_keypoints,img5_valid_keypoints
del img6,img6_descriptors,img6_doged,img6_filtered,img6_keypoints,img6_valid_keypoints

[26] . | import gc

gc.collect ()

[26]: 103260
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[27] . max_size=0
img7,max_size = read_image("./img7.png",max_size)
img8,max_size = read_image("./img8.png",max_size)

(4032, 3024)
(4032, 3024)

[253] : sigmas = generate_sigmas(sigmao=1,k=1.5,max_size=max_size,max_sigma=250)
print (sigmas)

img7_filtered=Gaussian_filters(img7,sigmas,"img7")
img8_filtered=Gaussian_filters(img8,sigmas,"img8")
print ("After Gaussian filter")

images_print (img7_filtered)

images_print (img8_filtered)

img7_doged=Dog_filters(img7_filtered,"img7")
img8_doged=Dog_filters(img8_filtered,"img8")

print ("After Dog filter")
images_print (img7_doged)
images_print (img8_doged)

[1.0, 1.5, 2.25, 3.375, 5.0625, 7.59375, 11.390625, 17.0859375, 25.62890625,
38.443359375, 57.6650390625, 86.49755859375, 129.746337890625,

sleleleleielie gl

After Gaussian filter

CEEE R

After Dog filter
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[29] . max_points=2500

img7_keypoints = find_keypoints(img7_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)
img8_keypoints = find_keypoints(img8_doged,threshhold=0.03,sigmas=sigmas,max_points=max_points)

show_keypoints (img7,img7_keypoints)
show_keypoints (img8,img8_keypoints)
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[3()] . img7_valid_keypoints, img7_descriptors = compute_descriptors(img7_keypoints,img7_filtered,sigmas,max_keypoints=1000)
img8_valid_keypoints, img8_descriptors = compute_descriptors(img8_keypoints,img8_filtered,sigmas,max_keypoints=1000)

print ("img7 valid keypoints:", len(img7_valid_keypoints))
print("img8 descriptors:", img8_descriptors.shape)

print ("img7 valid keypoints:", len(img7_valid_keypoints))
print("img8 descriptors:", img8_descriptors.shape)

img7 valid keypoints: 1289
img8 descriptors: (928, 128)
img7 valid keypoints: 1289
img8 descriptors: (928, 128)

[31] . matches = match_descriptors(img7_descriptors,img8_descriptors,ratio=0.8)
show_matches (img7,img7_valid_keypoints,img8,img8_valid_keypoints,matches,max_matches=1000)

E32] . del img7,img7_descriptors, img7_doged, img7_filtered, img7_keypoints, img7_valid_keypoints
del img8,img8_descriptors,img8_doged,img8_filtered,img8_keypoints,img8_valid_keypoints
gc.collect ()

[32]: 108188



