a
PIIPAN
JI IVE

NANJING UNIVERSITY

ALE R 512

BARAY 2 W 4
(Convolutional Neural Network)
f 24

BEKF FRAFERAER
https://www.lamda.nju.edu.cn/guolz/IntroAl/fall2025/index.html

A\

Email: guolz@nju.edu.cn



https://www.lamda.nju.edu.cn/guolz/IntroAI/fall2025/index.html
mailto:guolz@nju.edu.cn

O 50 5 B AP 22 M 2%



1 F-HUAL % (Computer Vision)

4 = F AL
AL A AR G

ST A RS AR AR et AU AL S



1 H HLAL % (Computer Vision)
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Image (or video) Sen.si”r)g device Interpreting device Interpretations
\\r,

garden, spring,
bridge, water,

trees, flower,
/ green, etc.
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11 H ALAL 3 (Computer Vision)
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1% %~ & (Image Classification)
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mushroom erry

Madagascar cat
agaric dalmatian monkey
grille mushroom grape spider monkey
pickup jelly fungus elderberry titi
gill fungus re buliterrier indri
howler

beach wagon
fire engine | dead-man's-fingers currant monkey




El #74% 2 (Object Detection)
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{'traffic light': 3, 'person': 1, 'car': 6}




1% X %% (Semantic Segmentation)
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5% 17] 4% (Instance Segmentation)
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E] #73% #7 (Object Tracking)
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M, WAL -89 Bk X - intra-class variation
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Cat

Dog
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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1x1 1x0 1x1 0 0
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0(0|1(1|0
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Convolved
Image

Feature



B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)

* 34 % (Padding)
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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Mo x Pooling



B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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B ARA7 22 M 45 (Convolutional Neural Network, CNN)
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B ARAY 2 F 5(1980-)

Neocognitron
Ug, Uct
/ {4y « Usy
a | A ';'04
= H
I \ I
. "u= "
1 \-‘ | ’
/ ﬁ‘ A shared connections
. A = spatial filtering
pgtFt)eu:n T /1 = convolution )
I
feature : N
extraction pooling recognition
(S-cells) (C-cells) (classification)

Kenji Fukushima



F AU 2 B %(1980-2010)

20 2280-F X A A290-F 4K #7, Yann LeCunAeféy B PR3t — 7 FF & 7 CNN,
ANTEITAFBEHRHF AL T 89LeNet-5%H), BHATEE L ZRAH L%

LetNet-5 [LeCun and Bengio, 1995; LeCun et al. , 1998]

T%\ﬁﬂ
WNE A KA E AAE
32x%x32 6@28 x 28 6@14 x 14 16@10x 10 16@Q5 x5

B 5.15 AR EN%ATFE545 74 [LeCun et al., 1998

Yann LeCun



B AR AP 22 W 25 - AlexNet

- 2012 ILSVRC winner (top 5 error of 16% compared to runner-up with 26% error)
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B ARAP 22 M 2% -InceptionNet

. 2014 ILSVRC winner (22%)
% : GoogLeNet: 4M VS AlexNet: 60M
IR E: 6.7%
Inception M %% @1 7 % A~inceptiont® 2 4= ) & 49L& HE & dn A&




B ARAP 22 M 2% -InceptionNet
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BB AP 22 B 2% -ResNet

(152%)

« 2015 ILSVRC winner
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%47 : CIFAR-10E %5 %

https://www.kaggle.com/c/cifar-10

.9' - .- CIFAR-10 - Object Recognition in Images

E?H Identify the subject of 60,000 labeled images
== ﬂ ;'\ ' 231 teams - 4 years ago

Overview Data Discussion Leaderboard Rules

Overview

Description CIFAR-10 is an established computer-vision dataset used for object recognition. It is a subset of the 80
. million tiny images dataset and consists of 60,000 32x32 color images containing one of 10 object

Evaluation

classes, with 6000 images per class. It was collected by Alex Krizhevsky, Vinod Nair, and Geoffrey
Hinton.
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https://www.kaggle.com/c/dog-breed-i1dentification
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Fei-Fe1 L1i’s Lecture: http://cs23 1n.stanford.edu/

W R EKAERE

B 1% 5% : ImageNet. CIFAR. MNIST
B ARl : COCO% 8 &

& X 4 %|: Pascal VOC2012

M INELHESE : Kinetics-700
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