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Image Mining - Application

Conventional Image Mining Application

EE AR A S 6 EE E A EE RS EE
HannaannanannnEeanaon
(2]o]z|2]z]2]o] ) [2]z]2]2]2]2]2]a]=]=]2] 2]
EIEIHBEIEIHEIHEEHE EBEISHEE RS
(=0 12 10 2 71 P A I 2 I 1 1 1 K B2 E) ) A P
S| sS]ss|s|s|s]s|SIslAs A c]s | S]] ]
clolelefeléfelclelelolelclelelo]ée]o]ol
A [ A d 4 P Vd 1 51 e d 62 W o P P W A
HEEEOHOREHARAHBEEREHA
(2] slolalalslslglalalalsl s 71 9]g]8]7]7]8]

Image Classification

F LT g '
i |
Global Biodiversity

Fig. 1| MedSAM is trained on a large-scale dataset that can handle diverse segmentation tasks. The dataset covers a variety of anatomical structures, pathological
conditions, and medical imaging modalities. The magenta contours and mask overlays denote the expert annotations and MedSAM segmentation results, respectively,
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Image Mining - Application

GenAI Era Seed Dance

Editing Prompt: ‘Let the person’s hair turn pink’.

CLIP-S=N/A CLIP-S=0.091 CLIP-S=0.103 CLIP-S=0.118
(a) Source Image (b) Edited I (c) Edited 11 (d) Edited III

Editing Prompt: ‘Let the person wear a police suit

/ Prompt Fidelity X Prompt Fidelity =+ Prompt Fidelity
v Image Integrity " Image Integrity =~ X Image Integrity
(a) Source Image (b) Successful Case (c) Under-Editing (d) Over-Editing

Evaluation Metrics:
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MLP for Image Classification
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MLP for Image Classification

import torch
from torchvision import datasets, transtorms

transform = transforms.ToTensor()

train_dataset datasets.MNIST(root="'./data’', train= , down load= , transform=transform)
test_dataset datasets.MNIST(root='./data’', train= , download= , transform=transform)

print{f"Number of training samples: {len{train_dataset)}")

print{f"Number of test samples: {len(test_dataset)}")

Number of training samples: 62008
Mumber of test samples: 100080
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MLP for Image Classification

import matplotlib.pyplot as plt

show_images(dataset, indices):

"""Display images Trom the dataset given a list of indices.

plt.figure(figsize=(12, 3)}

for i, idx in enumerate{indices):
image, label = dataset [idx]
image = image.squeeze(@)
plt.subplot(l, len(indices), i+l1)
plt.imshow(image, cmap='gray')
plt.title{f"Label: {label}")
plt.axis('off')

plt.show()

sample_indices = [®, 1, 2, 3, 4]
show_images({train_dataset, sample_indices)

Label: 5 Label: 0 Label: 4 Label: 1 Label: 9
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MLP for Image Classification

shift_image(img_tensor, shift):

Original label: 7

if img_tensor.dim() == 3:

S e L T Original (label 7) Shifted Right 5px Shifted Left 5px

img img_tensor
img = img.clone()

shifted_img = ch.zeros_like(img)
it shift = @:

shifted_img[:, shift:] = imgl[:, :-shift]
elif shift < @:

s = abs(shift)
shifted_img[:, :-s1 = img[:, s:]

shifted_img = img

return shifted_img.unsqueeze(8)
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MLP for Image Classification

epochs =
model.train()
for epoch in range(l, epochs+1)
running_loss = 8.@
for images, labels in train_loader:
optimizer.zero_grad()
outputs = model{images)
loss = criterion{outputs, labels)
loss.backward()
optimizer.step()
running_loss += loss.item({)
avg_loss = running_loss / len{train_loader)
print{f"Epoch {epoch}/{epochs}, Training Loss: {avg_loss

Epoch 1/5, Training Loss: @.3457
Epoch 2/5, Training Loss: @.1578
Epoch 3/5, Training Loss: @.11@2
Epoch 45, Training Loss: @.8831
Epoch 5/5, Training Loss: @.0665
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Evaluate MLP on Shifted Images

evaluate_on_shift(shift):
model.eval(}
correct = @
total = @
with torch.no_grad():
for images, labels in test_loader:

shifted_images = torch.stack([shift_image(img, shift) for img in images])
outputs = model(shifted_images)
_» predicted = outputs.max(1)
total += labels.size(@)
correct += (predicted = labels).sum().item()
return correct / total

shifts = list(range(-5, 6))

shift_accuracies = []

for s in shifts:
acc = evaluate_on_shift(s)
shift_accuracies.append(acc)
print(f"Shift {s:+d}: Accuracy = {accx100 ')

1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
1 Accuracy
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MLP for Image Classification

Original Digit 7 Learned Mask for 7

import torch

t torch.optim as optim

optimize mask(model, image, target_label, num_iters=380, lr=8.1):

Optimizes a mask matrix to highlight important pixels for a given

model: Trained MLP model
image: Input image (1x28x28)
target_label: True label of the image
num_iters: Mumber of optimization iterations
1 Learning rate for optimization
model.eval()
image = image.unsqueeze(@)

image = image.detach() Original Digit 1 Learned Mask for 1

mask = torch.zeros_like(image, requires_grad=

optimizer = optim.Adam( [mask], 1lr=1lr)

or i in range{num_iters}:
optimizer.zero_grad()

masked_image = image * torch.sigmoid(mask)

output = model(masked_image)

confidence = output[®, target_label] Original Digit 0 Learned Mask for 0

loss = -confidence
loss.backward()
optimizer.step()

if i % 50 == @:

print{f"Iteration {i} nfidence: {confidence.item

return torch.sigmoid{mask}.detach()

KIND
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Image Mining

input image input vector
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Image Mining

input image input vector

must learn shift invariance from data!
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Image Mining

®-invariance f(p(a)x) = f(x)

j ) f e

®-equivariance f(p(a)x) = p(a)f(x)

@k




Image Mining
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CNN for Image Classification %

Class 1 Class 2

* The features of these classes are spatially local.
* Translation does not change the identity of the
classes, i.e., we require a translation equivariant

model.

MLP is not a good match to this problem

Can represent a small region with fewer parameters |

Np @
SE-@

“beak” detector
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CNN for Image Classification

* The features of these classes are spatially local.

Class 1 Class 2

* Translation does not change the identity of the
classes, i.e., we require a translation equivariant
model.

* MLP is not a good match to this problem

Can represent a small region with fewer parameters |

“beak” detector
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CNN for Image Classification

@ -°

They can be compressed
to the same parameters.

— f — g et From U-Waterloo’s
. “middle beak” ' Deep Learning Course

|H

What about training a lot of such “small” detectors and each detector must

“move around”.
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CNN for Image Classification

Convolution Layer
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32x32x3 image
ox5x3 filter

convolve (slide) over all
spatial locations

activation map
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CNN for Image Classification

Convolution Layer consider a second, green filter

_— 32x32x3 image activation maps

/ P 5x5x3 filter %
i ____. ¥

convolve (slide) over all

spatial locations
32 / 28
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CNN for Image Classification

For example, if we had 6 5x5 filters, we'll get 6 separate activation maps:

activation maps

28

Convolution Layer

: A

3 6

We stack these up to get a “new image” of size 28x28x6!
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CNN for Image Classification
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6 x 6 image

KIND

Each filter detects a
small pattern (3 x 3).
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CNN for Image Classification

stride=1
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6 x 6 image
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CNN for Image Classification

-3 -1
0 -3
0 1

6 x 6 image -2 -2 -1
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CNN for Image Classification

Convolutions (typically with prespecified filters) are a common operation in
many computer vision applications

Original image z Gaussian blur Image gradient

1 4 7 4 / 1
4 16 26 16 =1 0 ATYR = =9 =AYt
zx |7 26 41 26 /273 (z* !_2 0 2]) +(Z*[() 0 ()])
4 16 26 16 10 1 1 2 1
1 4 4 4

[l = S
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CNN for Image Classification %

Zi+1

1 ] .
o\ v& Convolution is a linear operator
W2

o BN We need to follow convolution with a
@ : />9 e ’ "(“’“ +wa"f) =ow'%) nonlinearity (e.g., ReLU) to get nonlinear

.| ! functions.
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CNN for Image Classification

bird
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CNN for Image Classification %
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CNN for Image Classification

Define your CNN

)o__init__()

2d{1, 32 ize=3, padding=1}
, padding=1)

- 14 * 14, 128)
18)

forward(self,
«reluf{self.

nn_model.parameters(), Lr=0.0081}

train_loader i 5 batch_size=64, shuffle=
test_loader = , batch_size=1888, shuffle=

epochs = 5
cnn_model.train()
i ch ir

labels im train_loader:
er.zero_grad()
= cnn_model(images)
iterion{outputs, labels)

optimizer. step()
running_loss += loss.item()

running_less / len{train
{ {avg_loss ]

KIND
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MLP for Image Classification

Original Digit 7 Learned Mask for 7

import torch

t torch.optim as optim

optimize mask(model, image, target_label, num_iters=380, lr=8.1):

Optimizes a mask matrix to highlight important pixels for a given

model: Trained MLP model
image: Input image (1x28x28)
target_label: True label of the image
num_iters: Mumber of optimization iterations
1 Learning rate for optimization
model.eval()
image = image.unsqueeze(@)

image = image.detach() Original Digit 1 Learned Mask for 1

mask = torch.zeros_like(image, requires_grad=

optimizer = optim.Adam( [mask], 1lr=1lr)

or i in range{num_iters}:
optimizer.zero_grad()

masked_image = image * torch.sigmoid(mask)

output = model(masked_image)

confidence = output[®, target_label] Original Digit 0 Learned Mask for 0

loss = -confidence
loss.backward()
optimizer.step()

if i % 50 == @:

print{f"Iteration {i} nfidence: {confidence.item

return torch.sigmoid{mask}.detach()
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MLP for Image Classification

Toilet tissue

Loudspeaker Spider web  American egret Tank Seawall Space heater

. . . (e
-

P=0.65681 P=0.22357 P=0.64185 P=0.01176

Input
image

ResNet50

ResNet50
+ SE

P=0.77550 P=0.25093

P=0.15367 P=0.97166 P=0.26611

ResNet50
+ CBAM

P =0.19994 P =0.93707 P = 0.35248 P =0.87490 P =0.53005 P =0.99085 P = 0.59662
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MLP for Image Classification

Original Image Grad-CAM -Cat’ Grad-CAM ‘Dog’

0
y = fo(x) _y How much change of each input
d0x of unit will change the output

KIND
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MLP for Image Classification

Original Image Grad-CAM “Cat’ Grad-CAM ‘Dog’

Can we learn a mask so that the

— M % prediction can become more
Y f 9( O ) confident or prediction can

become less right?
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Question Time!
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