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Outline

WeintroduceanovelscaleinvariantCNNscalled
“weight-sharedmulti-stage”network(WSMS-Net).

ScaleinvarianceenablestheCNNstoacquirehigher
performanceofimageclassification.

▶
　

▶
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Index
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conv conv classify

w: weight parameters of neural network 
5

CNN(ConvolutionalNeuralNetwork)

WhatistheCNN?

conv conv
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WhatistheScaleInvariance?

The“scaleinvariance”meansthattheCNNcanclassify
thescaledimagescorrectly.

▶
　

scaledimages

“car”

“car”/“ship”

CNN
Invariant/not
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▶
　

VerydeepCNNsofResNetfamilyachievedhigherand
higheraccuracyontheimageclassification.

WhytheScaleInvariance?

Residual block

□ ExamplesofResNetfamilyCNNs

・ ResNet[He+,2015]

・ Shortcutconnection

・ UltradeepCNNs-100layersormore-

・ DenseNet[Zhuang+,2016]

・ Denselyconnectionofnetwork

・ UltradeepCNNs-100layersormore-
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▶
　

▶
　

VerydeepCNNsofResNetfamilyachievedhigherand
higheraccuracyontheimageclassification.

However,deepeningthenetworkcannotachievethescale

invariancebecauseoftheusingconvolution.

WhytheScaleInvariance?

scaledimages

“car”

“???”

CNN
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WhytheScaleInvariance?

ReceptivefieldofCNNdoesnotcoverthesamearea▶
　

receptivefield

inputs featuremaps

outputofCNN

localfeature

“car”

“???”
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WhytheScaleInvariance?

ReceptivefieldofCNNdoesnotcoverthesamearea▶
　

receptivefield

inputs featuremaps

outputofCNN

localfeature

“car”

“???”

Scaleinvarianceis
fundamentalproblemofCNN
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Index

▶ Introduction
▶ OurMethod(WSMS-Net)
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▶ FutureWorks



  12

WSMS-NetforScaleInvariance

WSMS-Net:Weight-sharedmulti-stagenetwork▶
　

・ Multi-stagearchitectureformulti-scalefeatureacquiring

・ Weight-sharedbetweenmultiplestages

・ Integrationlayerforselectingfeaturefrommultiplestages

CNN 1

CNN 1

CNN 1

CNN 2 CNN 3

CNN 2 +
weight-shared

1ststage

2ndstage

3rdstage

Integration
layer
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HowistheScaleInvariance?

resize

+

+

featureselecting

“car”

“car”

selected

overview
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HowistheScaleInvariance?

resize

+

+
“car”

A

・・
・

・・

featureselecting

inputtingimageA
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HowistheScaleInvariance?

resize

+

+
“car”

・・
・

・・

featureselecting

inputtingimageB-only1stage-

B

not similar

・・

A
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HowistheScaleInvariance?

resize

+

+

・・
・

・・

featureselecting

inputtingimageA-2stages-

B

A
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HowistheScaleInvariance?

resize

+

+

・・
・

・・

featureselecting

inputtingimageB-2stages-

B

share

similar

A



  18

HowistheScaleInvariance?

resize

+

+

・・
・

・・

featureselecting

inputtingimageB-2stages-

B
・・

feature
selecting

A
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HowistheScaleInvariance?

+

+

“car”

“car”

scale-invariantfeatureacquiring

overview
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Index

▶ Introduction
▶ OurMethod
▶ ExperimentalResults(graduationthesis)
▶ FutureWorks
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BasicarchitectureofWSMS-Netwith3stages▶
　

ExperimentalResults -network-



  22

ExperimentalResults

Datasets▶
　

・ CIFAR-10

10classescolorimages

imagesize:32x32x3

trainingdata:50,000images

testdata:10,000images

-dataset-
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ExperimentalResults -accuracy-
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ExperimentalResults

onlyscaledimages

WSMS-Net
newly

classify

-visualize-

CIFAR-10images
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Index
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▶ OurMethod
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・ generalizationcapability(model、dataset)

・ numberofstages

・ weightsharing
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Index

▶ Introduction
▶ OurMethod
▶ ExperimentalResults(new)

・ generalizationcapability(model、dataset)

・ numberofstages

・ weightsharing
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ExperimentalResults -model-

・ ResNet[He+,2015]

・ Shortcutconnection

・ UltradeepCNNs-100layersormore-

・ DenseNet[Zhuang+,2016]

・ Denselyconnectionofnetwork

・ UltradeepCNNs-100layersormore-

・ PreAct-ResNet[He+,2016]

・ ImprovedversionofResNet

Residual block

CIFAR-10 3.74%

CIFAR-10 6.61%

CIFAR-10 4.62%

+
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ExperimentalResults

Datasets▶
　

・ CIFAR-10/CIFAR-100

10/100classescolorimages

imagesize:32x32x3

trainingdata:50,000images

testdata:10,000images

-dataset-
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ExperimentalResults

Datasets▶
　

・ ImageNet

1000classescolorimages

imagesize:224x224x3

trainingdata:1.28millionimages

testdata:50,000images

-dataset-
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ExperimentalResults

ResNet

+

WSMS-Net

PreAct-

ResNet
PreAct-
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WSMS-Net
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WSMS-Net

generalizationcapability
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+
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ExperimentalResults
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Index

▶ Introduction
▶ OurMethod
▶ ExperimentalResults(new)

・ generalizationcapability(model、dataset)

・ numberofstages

・ weightsharing
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ExperimentalResults

Optimizationofnumberofstages▶
　

・ 2stagesontheCIFAR

・ 4stagesontheImageNet

numberofstages

CNN 1

CNN 1

CNN 1

CNN 2 CNN 3

CNN 2 +
weight-shared

1ststage

2ndstage

3rdstage

Integration
layer
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ExperimentalResults

1 2 3
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ExperimentalResults

1 2 3
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ExperimentalResults

1 2 3
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ExperimentalResults

1 2 3
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ExperimentalResults

1 2 3 4 5 6
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Index

▶ Introduction
▶ OurMethod
▶ ExperimentalResults(new)

・ generalizationcapability(model、dataset)

・ numberofstages

・ weightsharing
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ExperimentalResults

Theweightsharingreallyworks?/isnecessary?▶
　

・ evaluatebynotweightsharednetwork(MS-Net)

weightsharing

CNN 1

CNN 1

CNN 1

CNN 2 CNN 3

CNN 2 +
weight-shared

1ststage

2ndstage

3rdstage

Integration
layer
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ExperimentalResults
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ExperimentalResults

1 2 3
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ExperimentalResults
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ExperimentalResults

1 2 3
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▶ FutureWorks
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FutureWorks numberofstages
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FutureWorks

28M

11M

28M

enoughparameters:goodeffect

notenoughparameters:badeffect

63M

numberofstages

numberofparameters
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FutureWorks weightsharing
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FutureWorks

28M

11M

28M

enoughparameters:goodeffect

notenoughparameters:badeffect

63M

numberofstages

numberofparameters
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ModelExtension▶
　

CNN 1

CNN 1

CNN 1

CNN 2 CNN 3

CNN 2 +
weight-shared

1ststage

2ndstage

3rdstage

Integration
layer

FutureWorks

?
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Appendix
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Conclusion

WSMS-Netisscale-invariant,oratleastrobusttothescaling
ofobject.

WSMS-Netachievedthebetterperformancethanthe
ExistingCNNs.

Scaleinvarianceiseffectiveforbetterclassification

▶
　

▶
　

▶
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＊
H

W
N L

L N

x : input
w : filter

y : output

ｉjk   ： height, width, channel of image 

□ Convolution

WhatistheCNN?
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Introduction

□ ExamplesofscaledtypeimagesofCIFAR-10



  58

Introduction

□ Gradientvanishingproblem

input output

input output

Deepening the layers results in the 
unreached of gradient information
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Relatedworks

Residual block

overcome the gradient 
vanishing problem

□ ResNetfamilyCNNsweuse

▶ ResNet[He+,2015]

・ Shortcutconnection

・ UltradeepCNNs-100layersormore-

▶ DenseNet[Zhuang+,2016]

・ Denselyconnectionofnetwork

・ UltradeepCNNs-100layersormore-



  60original PreActResNet

Relatedworks

▶ PreAct-ResNet[He+,2016]

・ Differentorderofconvolution,BatchNormandReLU
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BasicarchitectureofWSMS-Netwith3stages▶
　

Proposedmethod-network-
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Proposedmethod-integrationlayer-

□ Weprepare3typesofintegrationlayers
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ExperimentalResults-network-

WSMS-NetwithResNet▶
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ExperimentalResults-network-

WSMS-NetwithDenseNet▶
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ExperimentalResults-network-

WSMS-NetwithResNetforImageNet▶
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ExperimentalResults -classificationaccuracy-

□ DetailresultsontheImageNetwithResNet+WSMS-Net

□ resultsforoptimizationofthenumberofstages
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WhatistheScaleInvariance?

The“scaleinvariance”meansthattheneuralnetworkmodel
canclassifythescaledimagescorrectly.

▶
　

Kobe-University, Japan

scaledimages NN

“car”

〜
“car”

or

not



  68

HowtheScaleInvariance?

Multi-stageandsharingweights▶
　

resize

+

+

selectfeature

“car”

“car”
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OurApproach

ReceptivefieldofCNNdoesnotcoverthesamearea▶
　

receptivefield

inputs featuremaps

notsimilar

outputofCNN

“car”/“???”

“???”/“car”
alocalfeature
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ExperimentalResults
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ExperimentalResults

WSMS-NetwithDenseNetforCIFAR▶
　

✕

・ 2stagesontheCIFAR

・ 2/4stagesontheImageNet

numberofstages
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ExperimentalResults

WSMS-NetwithDenseNetforCIFAR▶
　

・ 2stagesontheCIFAR

・ 2/4stagesontheImageNet

numberofstages
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ExperimentalResults
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ExperimentalResults

variationsofIntegrationLayer(3pattern)▶
　

-detailedexperiments-

CNN 1

CNN 1

CNN 1

CNN 2 CNN 3

CNN 2 +

weiaght-shared

1ststage

2ndstage

3rdstage

Integration
layer

・ useallfeaturemapsfrommultiplestages(noconv)

・ 3x3convolution

・ 1x1convolution

・・
・ ・・

feature selecting
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ExperimentalResults
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ExperimentalResults
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ExperimentalResults
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FutureWorks numberofstages
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FutureWorks

28M

11M

28M

enoughparameters:goodeffect

notenoughparameters:badeffect

63M

numberofstages

numberofparameters
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FutureWorks weightsharing
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FutureWorks weightsharing

11M13M

moreparametersallowthemodelthemoreperformance

28M41M

numberofparameters


