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Introduction
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Densely Connected Convolutional Networks

▪ They alleviate the vanishing-gradient problem

▪ Strengthen feature propagation

▪ Encourage feature reuse

▪ Substantially reduce the number of parameters(less complexity)

▪ Reduce overfitting on tasks with smaller training set sizes.

2017 CVPR Conference “Densely Connected Network” 라는연구결과발표

2016 “Residual Network” 이후획기적인변화로발표

Dense connectivity advantages

“Dense Connectivity” 개념도입



Densely Connected Convolutional Networks (1)
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Dense Connectivity

ResNet 의 Skip Connection 은직전부분을더해주는것 (Addition) 이지만,

DenseNet의 Dense connectivity 는직전부분을연결하면서학습

𝒙𝒍 = 𝑯𝒍 𝒙𝟎, 𝒙𝟏, ⋯ , 𝒙𝑰−𝟏

𝑯𝒍 ∶ BN + ReLU + 3 x 3 Conv



Densely Connected Convolutional Networks (2)
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Growth rate (= 𝒌 )

𝑯𝒍가 𝒌개의 Feature Map 을생성한다고하면, 𝑙𝑡ℎ 레이어는 𝑘0 + 𝑘 × 𝑙 − 1 개의 Feature Map이입력

𝒌 = 𝟔

𝑘0 : Dense Block 의첫번째 Input Layer의 Feature Map 개수

모든 Feature Map 들을쌓아오기때문에깊은망을거치면서정보누실이일어나는것을방지



Densely Connected Convolutional Networks (3)
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Pooling Layers

𝑪𝒐𝒏𝒄𝒂𝒕𝒆𝒏𝒂𝒕𝒊𝒐𝒏(𝑯𝒍)연산을한후 Feature Map 사이즈가변한것에대해

Pooling 연산으로사이즈를줄임

reduce the number of parameter

한레이어당대략 12개 (𝒌 = 𝟏𝟐) 정도의필터를가지며, 

마지막 FC를하기전 GAP(Global Average Pooling 를사용함으로써

기존전통적인네트워크들에비해파라메터수가급격히감소

DenseNet과 ResNet 의 Parameter 수에따른 single-crop top-1 validation error
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Bottleneck Layers 

계산복잡성을줄이기위해 BN -> ReLU -> 1x1 Conv -> BN -> ReLU -> 3x3 Conv의 Bottleneck 구조를적용

Densely Connected Convolutional Networks (4)

𝑙 × 𝑘

Channels

𝟒 × 𝑘

Channels

𝑘

Channels

이전모든 Input을받아오는 DenseNet구조상더욱효과적임
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D ATA S E T CIFAR-10

32x32사이즈의 RGB 이미지와

10가지의레이블로구성 32, 32, 3), (10

INPUT DATA : 50000

TEST DATA : 10000
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실험결과
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Name # params precision recall accuracy

ResNet-20 0.27M 91.69% 91.62% 91.63%

ResNet-32 0.46M 92.21% 92.18% 92.19%

ResNet-44 0.66M 91.57% 91.52% 91.53%

ResNet-56 0.85M 92.46% 92.48% 92.48%

ResNet-110 1.7M 93.19% 93.17% 93.17%

DenseNet 1.78M 93.76% 93.77% 94.22%

정밀도 ( P r e c i s i o n ) :  
TP

TP+ FP

재현율 ( R e c a l l ) :  
TP

TP+FN

정확도 ( A c c u r a c y ) :  
TP+TN

TP+FP+FN+TN
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