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Abstract

In this article, we propose a two-stream action recognition
technique for recognizing human actions from dark videos.
The proposed action recognition network consists of an im-
age enhancement network with Self-Calibrated Illumination
(SCI) module, followed by a two-stream action recognition
network. We have used R(2 4 1) D as a feature extractor for
both streams with shared weights. Graph Convolutional Net-
work (GCN), a temporal graph encoder is utilized to enhance
the obtained features which are then further fed to a classi-
fication head to recognize the actions in a video. The experi-
mental results are presented on the recent benchmark “ARID”
dark-video database.

Introduction

Action recognition in dark-light environments is an impor-
tant task in computer vision. It has a wide range of applica-
tions, including military surveillance systems, night security,
autonomous robots, mobile robots, etc. Despite an increase
in research interest in video processing tasks in the dark en-
vironment, an adequate study in this area is still lacking. The
lack of research for action recognition in low-light situations
could be attributed to a lack of low-light datasets and appro-
priate image enhancement approaches for enhancing low-
light data. Although it is difficult to recognize actions in dark
video data, it would be very advantageous to use effective
models for dark video action identification. Several pioneer
works have been developed to solve the action recognition
problem in dark-light conditions. A dark video dataset, ac-
tion recognition in dark (ARID) dataset has been developed
by (Xu et al. 2021).

A delta sampling approach has been introduced by (Hira
et al. 2021), which makes the use of a Zero-DCE module
to enhance the low-light video data and a combination of
R(2 + 1)D and BERT networks are deployed to classify
the actions. An action recognition called the DarkLight Net-
works is proposed by (Chen et al. 2021) where the Gamma
intensity correction (GIC) is used to enhance the dark-light
frames sampled from the video and a self-attention mecha-
nism is used for the action classification.

In this abstract, we propose a novel human action recogni-
tion architecture for dark videos. The proposed scheme used
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a two-stream network which consists of a dark stream and
a light stream. The dark video frames are directly fed to the
dark stream while the light stream uses Self-Calibrated Il-
lumination (SCI) (Ma et al. 2022) to enhance the low-light
frames. The dark and low light frames are fed to the weight-
shared R(2 + 1) D features extractor. The extracted features
from the dark and low-light networks are complementary in
nature. Further, these complementary features are concate-
nated and then fed into a three-layer Graph Convolutional
Network (GCN) to enhance and smooth the obtained fea-
tures. After that, the classification head is used to recognize
the actions in the video.

We test the suggested method using the "ARID” dark
video dataset. Top-1 and Top-5 accuracy have been em-
ployed as assessment metrics to demonstrate the proposed
method’s performance. A total of fifteen state-of-the-art
(SOTA) techniques are used to evaluate the performance of
the proposed scheme, and the results corroborate our find-
ings.

Proposed Methodology

It may be observed that many SOTA algorithms use CNN ar-
chitectures for action recognition in dark videos. However,
most of the SOTA techniques are ineffective in characteriz-
ing the spatio-temporal information in low-light videos for
action recognition. As a result, in this work, we have uti-
lized the capabilities of the R(2+ 1) D and a temporal graph
encoder for recognizing actions in low-light videos. In this
paper, we have proposed a novel two-stream action recog-
nition network for dark videos. The two streams network
consists of a dark stream and a light stream. The dark stream
uses dark input video frames. Similarly, the light stream uses
the enhanced version of the dark dark frame using the Self-
Calibrated Illumination (SCI) (Ma et al. 2022) approach.
Further, we have used the pre-trained R(2 + 1) D network to
extract the deep features from the low-light video frames to
enhance them. The deep extracted features are complimen-
tary in nature and characterize the video frame with a deeper
level. Both the R(2 + 1) D networks operate in weight shar-
ing mechanism. The reason behind choosing R(2 + 1)D as
a feature extractor is that, R(2 + 1).D factors the 3D convo-
lutional filters into discrete spatial and temporal components
which provides considerable accuracy gains.

The dark stream in the proposed two-stream model ex-
tracts deep textural features which may be disrupted by an



image enhancement module or light network. The image en-
hancement technique SCI improves the brightness of dark-
light images. Self-Calibrated Illumination (SCI) is a learn-
ing framework for robustly illuminating dark frames in low-
light environments. It sets up a cascaded illumination learn-
ing mechanism with weight-sharing connections to address
the objectives. It builds a self-calibrated module to avoid the
computing weight of the cascaded pattern, which concedes
the convergence between results at each level and produces
benefits that only need a single basic block for inference,
significantly reducing computation costs. It then improved
the model’s ability to adapt to generic scenarios using unsu-
pervised training loss.

Further, the three-layer GCN network (a feature
smoother) fuses and selects enhanced spatio-temporal infor-
mation from the two-streams: Dark and Light. The classifi-
cation head is utilized to recognize the actions in the video.
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Figure 1: Proposed two-stream action recognition network

Implementation details The input frames of dimension
3 x 64 x 112 x 112 are fed directly into the feature extrac-
tor R(2 + 1)D used as a dark-stream as well as to SCI and
R(2+1)D, which forms the light-stream. Both streams pro-
vides the output of dimension 512 x 8 x 7 x 7. After the
average pooling is applied on both streams, which gives the
features of dimension 512 X 8 and then transposed to get the
features of size 8 x 512 in each stream. Then two stream
features are concatenated to a dimension of 16 x 512, which
is further fed to the temporal graph encoder. The three-layer
GCN provides the output of dimension 16 x 256. After ap-
plying the adaptive average pooling, which outputs the fea-
tures of dimension 256. This is fed to a classification head to
classify the action. The ADAMW optimizer with a learning
rate of 1077 is utilized for training in the proposed scheme.
We have used the same action class setting as the other fif-
teen SOTA techniques to evaluate the result.

Experimental Results

We have tested the proposed technique on the ARID
database. The effectiveness of the proposed technique is ver-
ified by comparing the results obtained with those of the
fifteen SOTA techniques. The effectiveness of the proposed
action recognition network is verified using two evaluation
measures: Top-1 and Top-5 accuracies. Table 1 shows the
performance comparison of the proposed method using Top-
1 and Top-5 accuracy without replicating the results of con-
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sidered SOTA techniques. It may be observed that the pro-
posed technique provides better results than all fifteen SOTA
techniques. In the proposed method, the use of GCN has re-
duced the number of parameters by more than one million
in comparison to (Chen et al. 2021). The references for all

Models Top-1 Accuracy | Top-5 Accuracy
VGG-TS 32.08% 90.76%
TSN 57.96% 94.17%
C3D 40.34% 94.17%
Separable-3D 42.16% 93.44%
3D-ShuffleNet 44.35% 93.44%
3D-SqueezeNet 50.18% 94.17%
3D-ResNet-18 54.68% 96.60%
I3D-RGB 68.29% 97.69%
3D-ResNet-50 71.08% 99.39%
3D-ResNet-101 71.57% 99.03%
Pseudo-3D-199 71.93% 98.66%
I3D Two-stream 72.78% 99.39%
3D-ResNext-101 74.73% 98.54%
DarkLight-ResNeXt-101 87.27% 99.47%
DarkLight-R(2+1)D-34 94.04% 99.87%
Proposed Method 95.86% 99.87%

Table 1: The Top-1 and Top-5 accuracy results on ARID
V1.0 of a few competitive models and our.

the considered techniques used for comparison are available
at (SupplementaryMaterials 2022).

Conclusions

We proposed a two-stream action recognition network
model for recognizing the actions from low light or dark
videos. The use of complementary deep dark and light fea-
tures in a graph convolutional networks improves the ef-
ficiency of the network. This is verified by comparing it
against fifteen SOTA techniques. To improve its accuracy,
further tuning of the parameters is in progress.
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