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Efficient 3D dense residual network and its
application in human action recognition
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Abstract: In view of the problem that 3D-CNN can better extract the spatio-temporal features in video, but it requires
a high amount of computation and memory, this paper designs an efficient 3D convolutional block to replace the
3x3x3 convolutional layer with a high amount of computation, and then proposes a 3D-efficient dense residual
networks (3D-EDRNSs) integrating 3D convolutional blocks for human action recognition. The efficient 3D convolu-
tional block is composed of 1x3x3 convolutional layers for obtaining spatial features of video and 3x1x1 convolu-
tional layers for obtaining temporal features of video. Efficient 3D convolutional blocks are combined in multiple lo-
cations of dense residual network, which not only takes advantage of the advantages of easy optimization of residual
blocks and feature reuse of dense connected network, but also can shorten the training time and improve the effi-
ciency and performance of spatial-temporal feature extraction of the network. In the classical data set UCF101,
HMDB51 and the dynamic multi-view complicated 3D database of human activity (DMV action3D), it is verified that
the 3D-EDRNs combined with 3D convolutional block can significantly reduce the complexity of the model, effec-
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tively improve the classification performance of the network, and have the advantages of less computational re-

source demand, small number of parameters and short training time.
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Table 1 Experimental results of different C3D models based on DMV action3D database
Positive view Side view Dynamic view
Method Model size/M
recognition accuracy/% recognition accuracy/% recognition accuracy/%
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Table 2 Experimental results of 3D-EDRNs based on HMDB51 database

Method Accuracy/% Model size/M
3D-EDRNs(before joining E3DB)+linear SVM 70.35 4.25
3D-EDRNs(lower features are integrated into E3DB)+linear SVM 73.26 4.6
3D-EDRNSs(lower features and dense blocks are integrated into E3DB)+linear SVM 73.86 4.01
3D-EDRNs(upper features, lower features and dense blocks are integrated into E3DB)+linear SVM 76.29 3.97
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Table 3 Experimental results of 3D-EDRNs based on UCF101 database
Method Accuracy/% Model size/M
3D-EDRNs(before joining E3DB)+linear SVM 88.3 3.84
3D-EDRNs(lower features are integrated into E3DB)+linear SVM 93.53 3.26
3D-EDRNs(lower features and dense blocks are integrated into E3DB)+linear SVM 94.06 2.66
3D-EDRNSs (upper features, lower features and dense blocks are integrated into E3DB)+linear SVM 97.09 3.43
3D-EDRNs C3D 14.79%
E3DB
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Table 4 Experimental results based on different video feature extraction methods (UCF101 database)

Method Accuracy/% Model size/M Elapsed time/(ms/clip)
C3D+linear SVM 82.3 78.4 22.8
LTC+linear SVM 84.8 16.1 13.8

P3D ResNet+linear SVM 88.6 98 14.3
3D-EDRNs+linear SVM 97.09 3.43 1
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Overview: In view of the problem that 3D-CNN can better extract the spatio-temporal features in video, but it requires
a high amount of computation and memory, this paper designs an efficient 3D convolutional block to replace the 3x3x3
convolutional layer with a high amount of computation, and then proposes a 3D-efficient dense residual networks
(3D-EDRNSs) integrating 3D convolutional blocks for human action recognition. The efficient 3D convolutional block is
composed of 1x3x3 convolutional layers for obtaining spatial features of video and 3x1x1 convolutional layers for ob-
taining temporal features of video. The spatial dimension convolution results are directly used as the input of time di-
mension convolution, which is helpful to retain the original information with abundant spatio-temporal characteristics.
According to the residual network, the information flow can be transmitted from the shallow layer to the deeper layer.
The dense network can apply the extended repetition features to the entire network. 3D-EDRNS is designed as a combi-
nation of a small dense connection network and a residual structure, which is used to extract the spatial-temporal fea-
tures of video. The new dense residual structure extends the original dense residual structure from 2D to 3D, and inte-
grates E3DB, which can accelerate the network training and improve the performance of the residual network. Input of
the add layer is processed through the structural design of the DRB, which are all feature graphs of inactivated functions,
thus, 3D-EDRN s can effectively obtain the information flow between convolutional layers, which is helpful for the net-
work to extract the spatial-temporal features. The concatenate layer can fully integrate the shallow and high level fea-
tures obtained by the network. 3D-EDRNS extracts the variable and complex spatio-temporal features of video, and the
information flow between convolutional layers can also be transmitted to each layer smoothly, thus improving the utili-
zation rate of network parameters and avoiding the problem of parameter expansion of common neural networks. Effi-
cient 3D convolutional blocks are combined in multiple locations of dense residual network, which not only takes ad-
vantage of easy optimization of residual blocks and feature reuse of dense connected network, but also can shorten the
training time and improve the efficiency and performance of spatial-temporal feature extraction of the network. In the
classical data set UCF101, HMDB51 and the dynamic multi-view complicated 3D database of human activity (DMV
action3D), it is verified that the 3D-EDRNs combined with 3D convolutional block can significantly reduce the com-
plexity of the model, effectively improve the classification performance of the network, and have the advantages of less
computational resource demand, small number of parameters and short training time.

Citation: Li L H, Wang Y X. Efficient 3D dense residual network and its application in human action recognition[J]. Op-
to-Electronic Engineering, 2020, 47(2): 190139
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